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ENGINEERING. 


THE STIFFENING GIRDER WITH 
VARIABLE MOMENT OF INERTIA. 


In an article published in The Journal of the 
Franklin Institute, for October, 1925, Mr. L. S. 
Moisseiff, consulting engineer for the Delaware 
River suspension bridge, pointed out that the 
usual method of computing the stresses in the 
stiffening girder of a suspension bridge was very 
inaccurate, and led to calculated stresses about 
twice as great as the true values. In the method 
criticised, the stiffened suspension bridge was 
regarded as mathematically equivalent to an elastic 
arch. In the case of an arch, however, the shape of 
the neutral axis alters but little under different dis- 
tributions of the load, but the distortions of the chain 
of a suspension bridge are very much greater, and 
cannot accordingly be ignored with impunity. The 
calculation of the stresses in a stiffening girder is, 
therefore, a much less simple matter than the 
deduction of the stresses in an elastic arch. In 
the case of the elastic arch, each system of loading 
can be treated independently, and the stresses due 
to any combination of loads can be found by 
simply adding together the stresses which would 
be due to each component, if it alone acted on 
the bridge. With suspension bridges, however, the 
distortions of the chain are so large that they 
cannot in general be treated as small quantities. This 
matter was discussed at some length in ENGINEERING, 
last year (vol. cxxiii, page 506), where certain 
exceptions to this general rule were suggested. 

In a letter published on page 365 of the same 
volume, Mr. Moisseiff observed that ‘‘ the heavier 
the bridge, that is the more the cable curve is loaded, 
the more resistance it will offer to the distortion of 
its shape by any outside cause.” Ina note appended 
to Mr. Moisseiff’s letter, exception was taken to this 
because the direct effect of the dead load tends to 
increase the maximum bending moment on the girder. 
In addition to its direct effect, however, the dead 
load has an indirect effect, since by its presence 
the horizontal tension in the chain is increased, 
and, from the fuller treatment of the problem 
given in his appendix to the official description of 
the Delaware River bridge, it is evident it was this 
indirect effect of the dead load which Mr. Moisseiff 
had in view, in claiming that the stresses in the 
stiffening girder were diminished by the presence 
of the dead load. As thus explained, his claim 
is unquestionably correct. : 

To compute the stresses in a stiffening girder, 
it is necessary to determine the shape assumed by 
the chain as the loading on it changes, and this 
involves the solution of a linear differential 
equation of the second order. In the article 
previously published, and referred to above, it 
was shown that when the stiffening girder had 
a uniform moment of inertia, the differential 
equation in question could be solved in a very 
simple way, if the distribution of the load on the 
bridge were expressed in the form of a Fourier 
series. The same method of solution was indepen- 








| dently proposed, at about the same time, by Mr. 
| S. Timoshenko, of the Westinghouse Research 
| Department, Pittsburgh, Pa., U.S.A. 

When, however, the moment of inertia of the 
girder varies from point to point, the solution 
becomes very much more difficult, and in general 
can only be effected arithmetically. 

In view of the fact pointed out by Mr. Moisseiff, 
that the girder stresses are intimately connected 
with the distortion of the chain, it seemed of interest 
to repeat the calculation given in the article above 
cited, taking into account the fact that the moment 
of inertia of the girder embodied in the Dela- 
ware River bridge varies considerably from its 
average value. This average value suffices to 
determine the horizontal tension on the chain, 
which varies little with quite large changes in the 
moment of inertia of the stiffening girder. It 
appears, however, that the assumption of a uniform 
motion of inertia rather overrates the intensity 
of the stresses. The girder is in effect considerably 
stiffer than if its moment of inertia were constant 
and equal to its actual average value, and the 
stresses on it are correspondingly diminished. 

In the previous article we considered only the 
case in which the live load extended from one pier 
to mid-span, and we showed that in that case the 
differential equation to the deflection z of the girder 
might be written as follows :— 
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where » denotes each odd integer taken in 
succession. In this, H denotes the horizontal 
tension of the chain and z the deflection of the 
stiffening girder, which is taken as positive when 


With I constant, the above equation can be in- 
tegrated at sight, as shown in the article cited ; but 
with I variable, there is no advantage in expressing 
the right-hand side of equation. (1) in the form of 
a Fourier series. This right-hand side is, in fact, 
equivalent to 


[p+5+Hy’ | 52 (1—2)+2 2(t— 2a) 


The second term is positive on the left-hand half 
of the bridge and negative on the other half. The 
first term is relatively small and will be ignored 
in what follows. Its inclusion would merely in- 
crease the arithmetical work a little. 

Omitting this term, it will be obvious that z will 
be numerically the same, but of opposite sign at 
corresponding points of the two half-spans. It will 
suffice, therefore, if we find the solution between the 


limits x = 0 and zw = ‘ , to the equation 
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It is convenient to change the variable from x to k 
22 


where k = oe is Then when x=0, k=O and 
when x = A k=1. We also have 
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Equation (3) thus becomes 
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The value of H for the Philadelphia bridge in the 
conditions stated, was calculated in our previous 
article, and was found to be 3-069 x 107 lb., when 
D was 1,083 lb. per inch run and L was 500 Ib. per 
inch run. 
From the particulars of the bridge so far available 











; rele EI 4 
measured downwards. The moment of inertia| it appears that the values of am at eleven 
TABLE I. 

re EI 4 EL 4 eins EI 4 
Section No. HR Section No. H 2 Section No. H 2 

0 0-08880 IV 0-10110 VIII 0 -08680 

I 0-08880 Vv 0-10767 Ix 0-06238 

II 0-08880 VI 0-10767 x 0-05176 

II 0-09206 vil 0-10182 | — = 





of the stiffening girder is denoted by I, whilst 
E is Young’s modulus. The dead load per inch 
run of span is represented by D, and the live 
load by L. As already stated, this live load is 
taken as extending over half the span only. The 
ordinate to any point of the chain, when under 
dead load only, is denoted by y, and is measured 
downwards from the level of the saddles, so that 
os is negative. The length of the span is denoted 
by J, and x represents the horizontal distance of any 








point from the left-hand pier. 


equidistant points of the half-span are approxi- 
mately as given in Table I. 

These values cannot be represented by any simple 
curve, so that an arithmetical solution of equation 
(4) is all that is possible. 

Let us, therefore, assume that between the limits 
k = 0 and k = 1, z can be represented as the sum 
of.a series of functions R (the form of which is 
quite arbitrary and may be chosen at will), each 
multiplied by a numerical coefficient. We thus get : 


z=AR,+BR,+CR,+DR,+4&c., 
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and =AR,”+BR,”+CR,” + &c. 


ez 
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Then, if this proposed solution be exact, we 
should have at section No. 1 : 


Lh Oe eee a 
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and similarly for all the other points. 

Actually, unless we take as many terms as there 
are equations, this condition is never fulfilled, and 
the right-hand side is a small quantity « instead of 
zero. Then to solve our differential equation, 
we determine the coefficients A, B, C, &c., so as to 
make the sum of the squares of all these errors a 
minimum. 

It is convenient to choose the functions R, so 
that each satisfies the required boundary conditions, 
viz. : 


Also 


z= 0, whenk = 0, and when k = 1. 


he 

ok 
We shall accordingly take as our functions : 
R, = 26—kh—k whence R,” = 12 (k — k°) 
Rg=5k—3k5—2k ,, Ry” = 60(k2 — 29) 


= 0, when k = 0, and when k = 1. 


To make the sums of the squares of the errors a 
minimum we apply the method of least squares 
and multiply each equation by the coefficient of 
A and add the results. The process is repeated with 
B, C and D., and we thus get as our so-called 
“normal” equations 


1-932576A +- 4-841094B + 2-735600C + 5-875358D 
= 0-801007 

4-841094A + 12-694495B + 7-412648C + 16-313854D 
= 2-003718 

2-735600A + 7-412648B + 4-444017C + 9-991324D 


1-135808 


= 2-452690 


squares. Gauss’s method has the advantage that a 
constant check is provided on the arithmetic, and 
secondly, the sum of the squares of all the errors 
is determined stage by stage. Thus, if we took 
z = AR,, simply, then the sum of the squares of 
all the errors made, we find by Gauss’s method, 
would be 0-001301. Taking a second term 
diminishes this very little, but with z = AR, + 
BR, + CR;, the sum of the squares of all the errors 
is reduced to 0-0001235 and with z = AR, + 
BR, + CR; + DR,, the sum is 0-0000398. Solv- 





R, = 3h —2k —k » Rs’ =60(8— ks) | 

R,=7K—5k7—2k ,, Ry’ = 210(k4— 2) | 

We next tabulate values of the above for each | 
of the selected points of the span. A useful check 
on the accuracy of this work is provided by the fact | 
that if n be the highest power in any algebraic | 
expression, the nth difference of the tabulated | 
equidistant values must be constant. 

Having tabulated these values we form the} 
whole series of equations corresponding to (5). | 


ing the equations by means of 7-figure logarithms, 
we get in this case 

z = 0-54003R, — 0-0187015R, — 0+268243R, 

+ 0-099006 Ry 

The corresponding values of z — ts s : f are 
tabulated in Table IT. 

If we take an additional term, viz., FR;, where 
R, = 4k’? — 3k° — k, the error can be still further 
reduced, but it is not worth while to introduce this 



























































TABLE II. 
| | | | | | | 
Section No. | Oe ee | Ur | Iv. ee ease Vit. (| “Vad. IX. 
| | 
“iil aa 7 <a a a | a | 
EI 4 | | | | | | 
f— =~. 5-2"... 0-09198 | 0-16111 | 0-20829 | 0-23960 | 0-24984 | 0-23938 | 0-21191 | 0-16150 | 0-08546 
k (1—k).. 3 ..| 0-09 0-16 | 0-21 | 0-24 | 0-25 | 0-24 | 0-21 | 0-16 9-09 
Error os -| —0-00198 | —0-00111 | +0-00171 | 4-0-00040 | +0-00016 |+0-00062 | —0-00191 | 0-00150 | +0-00414 
| | | 
TABLE III. 
ia a See Tee ‘3 ae a j 
| | | 
Section No. I. i | Ut. | IV. | V. | Vi. vil. | VI. IX. 
ee ae = (a ——— | ~ See ae ae |. 
EI 4 | | 
t-F pe .-| 709203 16122 -20847 *23987 | 25026 | -23998 | -21267 -16228 “08595 
e | ' 
k(L—k).. - ..| 0-09 | 0-16 0-21 0-24 | 0-25 | 0-28 | 0-21 | 0-16 0-09 
| 
TABLE IV. 
PEAS rey ers reas same 5 i | 
Section No. EA Pome a. | C8V. | OW. VI 7. | Vt | m& 
ee fr | a as, = 
| | | 
a2z “ J | | | 
a .}2°31 x 1076/3 -77 x 10-6) 4-50 X 1076/4 - 70 x 1076/4 -63 x 10-6/4 -51 x 1075/4 «42 x ak i 11 X 1076/3 -00 x 10-6 
| | | | | 


2 | | 
= (I constant) ..|8°15 x 10~6/4-71 x 106)5-16 x 10-6] 4-71> 


| | | | | 
x 10-6)5-17 Xx 1076/4 +71 X 1076/5 +16 x 1076/4 +71 x 10-6/3-15 x 10-6 
| 
| ' | | 








Of these there are nine, since with the forms chosen | 


new term into the normal equations. We can 








this article some thirty-five years ago, and was then 
believed to be new. When the variable coefficients 
can be expressed analytically, integrations should, 
of course, be substituted for the summations 
employed above. 

It will be obvious that we have here also a 
method of representing a function of x between two 
chosen limits as the sum of a series of arbitrary 
functions. In particular, if these arbitrary functions 
are sines and cosines we get a Fourier series. The 
sum of the squares of the errors, which are always 


5-875358A + 16-313854B +. 9-991324C ++ 22-877446D | calculated in Gauss’s method of solving the simul- 


taneous equations involved, shows the probable 


These equations are best solved by Gauss’s method | error made in stopping the series at any selected 
as described in text-books on the method of least | term. 








BRITTLENESS IN CHAINS LINKS AS 
AFFECTED BY PROOFING AND 
ANNEALING. 

By I. R. Mucper. 


Tue brittleness of chains was discussed by Mr. 
C. G. Lutts, metallurgist in the Boston Navy Yard, 
in a paper published in the Proceedings of the 
American Society for Testing Materials, vol. xxiv., 
1924. Part Il. Experience in the Navy Yard had 
shown that large wrought-iron chains were fre- 
quently extremely brittle. In fact, ship chain 
cables sometimes broke on being merely dropped on 
an unyielding surface. It was already known that 
brittleness might result from overstrain, and tests 
were accordingly made to determine the effect of 
different factors on this brittleness. It is an 
accepted practice to anneal chains, but few definite 
data exist as to methods and results. All the 
links used in the Boston Navy Yard tests were of 
good quality wrought iron. Some of the links 
were tested as received after service at sea, or after 
simple exposure to the atmosphere, and others 
after being subjected to a proof load. In other 
cases the links were annealed. The tests were made 
by dropping individual links from a height of 16 ft. 
on to an anvil weighing about 2,000 lb. The 
results of this series of tests are represented in the 
Figs. 1 to 4, page 3. 

The tests represented in Fig. 2 were made on 
links forged out of 2?-in. iron and provided with 
studs. These links had never been in use, but 
before the test were submitted to 150,000 repeti- 
tions of a proof-load giving nominally a stress of 
10,000 lb. per square inch on the section. Of these, 
one failed at the second drop, another at the seventh, 
whilst two broke at the sixteenth and twentieth 
drops, respectively, and one survived 100 drops. 

The second set of experiments, Curve 2, (Fig. 2), 


| was made on four links, which had been submitted 


150,000 times to the above proof load, and were sub- 
sequently annealed at 960 deg. C. In this case one 
failed at the twentieth fall, whilst the remaining three 
were still unbroken after 100 drops. For further par- 
ticulars the reader must be referred to the original 
paper, and the author will merely note here that 
59 out of 67 links, which had been overstrained 


for R, the differential equation is always exactly | instead choose F so as to reduce to a minimum the| either in service or by proofing, broke off short. 


satisfied at k=O and k=1. The factor 


16 H| 


in equation (5) is best omitted in tabulating these | 
equations, since if z be the solution of the equa- 
tion with k (1 — &) as the right-hand member, then | 
a ; Ls z will be the solution when this right-hand | 

L ®P 


member is 75 - qj k(1—k). The equations thus | 
formed are :— 
Sect. No. 
I 0-19400A + 0-24748B + 0-10477C + 0-20167D 
— 0-69 =0 
II 0:35609A -+- 0-56345B + 0-23326C + 0-42348D 
—0-°16=0 
IIT 0:48605A + 0-91477B + 0-39856C + 0-70563 D 
—0-21=0 
IV 0-588738A + 1-28498B + 0-61037C + 1-10557 D 
— 0-24=0 | 
V 0-63551 + 1-058873B +- 0-84123C + 1-63625 D 
— 0:25 = 0 
VI 0-60769A + 1-71548B + 1-01817C + 2-18548D 
— 0-24 = 0 
VII 0-51068A +- 1-60166B +- 1- 
—0-21=0 
VIII 0-35224A + 1-20164B + 0-87452C + 2-30677D | 
—0-:16=0 | 
X 0-16547A + 0-59411B + 0-46425C + 1-33088D 


— 0:09 = 0 | 


EI 4 


and the corrected values of z — Ta 2” are then 


as given in Table ITI. 

The stresses in the stiffening girder are greatest 
in the neighbourhood of Section V, and in this 
region it will be seen the proposed solution of the 
differential equation is very accurate. The corre- 


. d2 z Beats 
sponding values of ——, which is equal to the curva- 
na d x? 


LF |errors tabulated above. We thus get F = 0-000543, | In the case of annealed links, this type of fracture 


| was seldom met with, and in most cases the weld 


partly opened. The results of other tests are 
represented in Figs. 1,3 and 4. Each break in the 
curves corresponds to the result of one test. 

On the suggestion of Mr. O. Jelsma, of the Dutch 
Lighthouse Board, it was decided to supplement 
Mr. Lutts’ tests on iron chains, with a similar series 
of tests on steel chains. The research was carried 


| ture of the stiffening girder at any point, are given | Ut at the Koninklijke Nederlandsche Grofsmederij, 


in Table IV, and in the second line of the table | Leyden, during the months September, 1926, to 


: . : | Ke ary 7 
are given the corresponding values if I were | February, 1927. 


constant and had the same average value as in 
the first case. 


The material used comprised 30 
new links, of which 15 were fitted with cast-iron 
studs. They were made from 1,,-in. bar, and the 


‘s . : . inks 2, ; R72 | j 
Since the maximum stress in the girder at any | links measured 8§ in. by 53% in. The stud links 


ee hE @z 
point is equal to —. 7a’ Where h denotes the over- 
dx 


all depth of the girder, the above figures show that 


weighed 12 lb. each, and the others 10 lb. The 
results are plotted in Figs. 5 to 8. 
The steel used had a tensile strength of 24 tons 


the variation in the moment of inertia has reduced | per square inch and an elongation of 28-2 per cent. 


than one of uniform section. 
The method of solving linear differential equa- 
tions described above was devised by the author of 


|the maximum stresses. This seems natural, since | on 8 in. 
05964C + 2-52833D | with a given weight of material, a properly-designed 
| girder with variable moment of inertia is stiffer | 


} 
| 


Its composition was as follows :— 


Per Cent. 
C aaa as ee we ane 0-085 
Mn ee at aes én aus 0-042 
Y ae as aa em 0-011 
Ss wet a Am me ive 0-04 
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Tests were also made on 20 studless links cut from 
a light-ship cable which had been in service for a 
considerable time. The bar from which these 
were made was originally 1.8 in. in diameter, but 
had wasted from 0-04 to 0-08inches by corrosion and 
by from 0-12 in. to 0-16 in. from the rubbing of 


Fig. io Group I, 1, Proot- loaded 7 000 times to.10 tons per, square ine ch. ee 
2. 1 uently annea a 10 
256 STUD LINKS “ YEARS OLD 3. ‘The same as 2: but subssquently peooled once 60 30 toms per aquans ineh. 
BUT Ni Group II. 1. As received. 
AT TIME OF MANUFACTU, ANNEALED 2. Annealed at 960 deg. C. for 10 min. 
1 THE EOROMIN ESUBSEQUENTLY . = $e. M3 ° g - 
PROOFED TO IOTONS PER SQ.IN. 5. 960 deg. CG. = 10 subsequently proofed to 10 tons per 
Group III. 1. As received. square inch. 
¢ 2. Annealed at 960 deg. C. for 10 mins. 
3. 700 deg. C. ,, 60 ,, 
4. en 600 deg. C. ,, 60 ,, 
5. 960 deg.C ,, 10 ,, subsequently proofed to 8°3 tons per 
Group IV. 1. As received square inch. 
2. Annealed at 960"deg. C. for 10 mins. 
3. 700 deg. C. ,, 60 ,, 
4. 600 deg. C. ,, 60 ,, 
5. 960 deg. C. ,, 10 ,, subsequently proofed to 8 tons per 
square inch. 
Fig. 2. Fig.3. Fig.4. 
GROUP I. GROUP IIT GROUP IV. 
NEWSTUD LINKS 254 LINKS,8YEARS OLD,NOT USED BUT 1%" LINKS 
254"DIAM. EXPOSED TO WEATHER FORANUMBEROF WITHOUT STUDS, 


Number of Drops 
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Fig. 5. Fig.6. Fig.7. Fig.8. 
NEW LINKS NEW USED LINKS WITHOUT STUDS. USED STUD LINKS. 
WITHOUT STUDS. _STUD LINKS. 





920 deg. 
7 +62 tons per square ‘inch —'650 deg. 


7°62 tons per square inch .. 
11-43 tons per square inch — 650 deg. 


a 


11. a —_ per om inch .. 
850 di . 
650 des. 
the links together. The links when new, measured 
8% in. by 5% in., and their average weight when 
tested was 9-35 lb. Twenty links were also cut 
from the cable of another light-ship. These were 
Similar to the foregoing, save that they wer: stud 
instead of open links. These studs were of steel 
and had been welded in electrically. They had 
been added to the cable owing to the very exposed 
position of the light-ship to which they belonged. 





This was such that one or more breakages of the 





After manufacture annealed at 920 deg. C. for 15 min. 

After manufacture proofed to 7°62 tons per square inch. 
subsequently annealed at 650 deg. C. for 30 min. 

After manufacture proofed to 7-62 tons per square inch. 

After manufacture proofed to 11-43 tons per square inch. 
subsequently annealed at 650 deg. C. for 30 min. 

After manufacture proofed to 11-43 tons per square inch. 

= Annealed at 850 deg. C. for 30 min. 

Annealed at 650 deg. C. for 30 min. 


cable were recorded every season. By the addi- 
tion of these studs the proof load was increased 
by 50 per cent. In this case the waste by corrosion 
was much the same as in the case of the open links 
already mentioned, but the local reduction due to 


MONTHS. AT TIME OF MANUFACTURE 
ANNEALED AT 960°C. FORIOMIN. AND 
SUBSEQUENTLY PROOFED 


9YEARS OLD;HAVE 
BEEN IN SERVICE 
FORA LONG TIME. 














Fracture Completed. 
of Fracture 


“ENGINEERING” 


wear was rather greater, being in some cases as 
much as } in. The average weight of these links 
was 10-7 lb. The steel from which the links were 
made was supplied to the following specification : 
Ultimate stress, 35 to 40 kg. per square millimetre ; 
elongation at failure, 28 per cent. on a length of 
200 mm.; and the limit for phosphorus and sulphur 
in the centre of the bar was 0-07 per cent. 

In his paper already mentioned, Mr. Lutts stated 





that his tests suggested that small links were tougher 
under shock than large links. This was found to be 
the case with various other small links drop tested, 
and seemed to be borne out by service experience, 
there being practically no cases on record of small 
links breaking off short. In the opinion of the 
present writer, the apparent difference may be due 
to the fact that large and small links dropped from 
the same height (which was uniformly 16 ft. in Mr. 
Lutts’ experiments), are not similarly stressed. 

The total stresses produced are, in fact, propor- 
tional to the mass of the link, that is to say, to d°, 
whilst the area over which this total stress is dis- 
tributed is proportional to d*. The bending 
moments produced by the impact are, moreover, 
proportional to d*, whilst the section modulus 
varies as d°. Hence the stresses in the links, if 
dropped from a constant height will be proportional 
to d. To make the conditions similar the smaller 
links should be dropped from a greater height. In 
general the work of deformation will be proportional 
to the square of the forces acting, and the stresses 
will be similarly proportional to the square root of 
the work of deformation. This work of deformation 
is some fraction of the kinetic energy of the link at 
the moment before impact, the remainder being 
absorbed by the link and the anvil. If the work of 
deformation be a constant fraction of the total 
kinetic energy, the height of fall in the Leyden tests 
should have been 21-3 ft. in order that a direct 
comparison might. be made with Mr. Lutts’ tests. 
The height actually adopted was 6-7 m. (22 ft.) 
from the lower surface of the suspended link to the 
anvil below. The links were dropped with the weld 
down. The results of the tests made at Leyden are 
represented in Figs. 5 and 8. 

The conditions for each set of tests are annexed 
to the diagrams. In each case the test was con- 
tinued until final fracture. Old links which had 
not been annealed, and new links which had been 
proofed, generally broke with a short fracture, 
which extended from surface to surface at the one 
impact instead of being developed progressively. 
This latter type of fracture was characteristic of 
links that had been annealed at 920 deg. C., and 
was also observed in some cases when the annealing 
had been effected at a lower temperature. With 
these annealed links the fracture commenced 
generally in a crack a few millimetres long, which 
appeared on the inner side of the link at its im- 
pact end, or else the weld opened. The number 
of drops required to break the link is indicated by 
the dotted line. Thus in the case of five links 
annealed at 920 deg. C., the weakest showed a 
crack at the 66th impact, and failed completely 
at the 88th. The toughest cracked at the 241st 
impact, and broke through at the 525th. Five 
links proofed at a calculated stress of 7-62 tons per 
square inch, and annealed at 650 deg. C., failed 
with short sharp fractures. The weakest broke 
at the 54th impact, the strongest at the 156th. 
Another five links were similarly proofed, but 
were not heat treated. The first began to fail 
at the 14th, blow and broke at the 18th. The 
toughest cracked at drop 41, and broke through 
at the 316th impact. 

In the case of the strongest link in the above 
series, the crack produced at the 241st impact* 
consisted in a slight opening of the weld at the 
inner side of the impact end. At the 384th 
drop a short crack perpendicular to the weld 
was noticed also on the inner side of the link. 
At the 432nd blow this inner side had become 
saddle shaped, and the weld had opened for some 
length. After drop No. 451 a flow of the metal 
along and parallel with the weld was observed. Forty 
blows later a new crack was observed, and the 
impact end of the link had been greatly flattened. 
At the final blow there were still some fibres 
adhering across the break, but the fracture was 
practically complete. In three of the experiments 
an initial crack at the impact end was followed by 
a short and sharp fracture at the weld. 

Annealing is intended either to remove the 
effects of working a link in the cold or at too low 
a temperature, and to improve coarseness of grain. 
For the latter purpose, the annealing temperature 
must exceed the upper critical range, as in nor- 
malising a steel according to the recommendations 
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given in Report No. 75 of the British Engineering 
Standards Association. 

To remove the effects of cold working a tempera- 
ture of 650 deg. C., maintained for 30 minutes, is 
recommended in a report (not yet published) on 
Dock Regulations. In interpreting this recom- 
mendation, the point arose as to whether, with the 
pyrometer held to a constant reading of 650 deg. C. 


steel. With steels containing less than 0-12 per 


cent., of carbon, a temperature of 875 deg. C. to 
925 deg. C. can be recommended, the temperature 
being higher the lower the carbon content. 
care is required with the harder steels. 
Further tests were also made with buoy chains, 
lengths consisting of six links, made from 1 in. 
iron and measuring 7 in. by 3-6 in., were broken 


Special 





920 deg. C. Those in the middle row had been 
proofed to 18 tons per square inch, whilst the three 
in the top row had after proofing to the same stress, 
been annealed for 30 minutes at 650 deg. C. In the 
case of the links represented in Fig. 10, those in the 
lowest row had been annealed at 920 deg. C., those 
in the top row had been annealed at 650 deg. C. 





after proofing to 12 kg. per square mm., whilst 
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Trests OF OPEN AND Stup Links. 


Fig. 11. 


for 30 minutes, the links would reach the tempera- 
ture named, but the instructions were faithfully 
followed. For comparative purposes, five links were 
annealed according to the practice of the maker, 
which consisted in exposing them for ten minutes 
to a temperature of 820 deg., after having heated 
them to a bright red in a furnace. 

The tests made included also a study of the 
effects of annealing at 650 deg. C. for 30 minutes, 
and the effect of proofing new chains to 7-62 tons 
per square inch in the case of open links, and to 
11-43 tons in that of stud links. The effects of 
normalising were also investigated. 

The results plotted in Figs. 5 to 8 suggested 
that the effects of cold working are removed by 
half an hour’s annealing at 650 deg. C. It also 
appears that normalising greatly affects the 
toughness. Proofing open links to 7-62 tons per 
square inch is practical:y without effect, but 
proofing stud links to 11-43 tons per square 
inch definitely reduces the resistance to shock. 

Whilst annealing a chain at 650 deg. C. for 30 
minutes is effective, there is no certainty that the 
maximum effect possible at this temperature is 
attained. A comparison with the results recorded 
‘with a temperature of 850 deg. C., shows a lack of 
uniformity, and, in the author’s opinion, the period 
of exposure should in the case of large links be 
increased to 1 hour. 

Whilst normalising is beneficial, the temperature 
required will vary with the carbon content of the 
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TypicaL DEFORMATIONS OF LINKS. 





under tensile test. All 
the specimens had been 
proofed to a nominal 
stress of 7-62 tons per 
square inch. Three were sub- 
sequently annealed at 650 deg. 
C. for 30 minutes. After four 
months’ rest, they were then 
broken in a testing machine. 
The unannealed links showed 
an average breaking strength 
of 33-8 tons, and the annealed 
links one of 34:4. The corre- 
sponding elongations were 11-4 
per cent. and 14-4 per cent. 
respectively, and the contraction 
of area averaged 24-5 per cent. 
in the case of the unannealed 
links and 28-3 per cent. in the 
case of the others. 

The ultimate strength is, 
therefore, little affected by an- 
nealing, but the toughness is 
increased, as was also indicated 
by the drop tests. It may be 
noted that a proof load giving a nominal stress of 
7°62 tons per square inch is somewhat more 
severe with links of the buoy chain type than for 
cable links. 

The photographs reproduced in Figs. 9 to 13 
illustrate typical fractures and the difference in the 
change of shape, suffered, respectively, by annealed 
and unannealed links. Of the links represented in 
Fig. 9, those shown on the lowest row had, after 








manufacture, been annealed for 10 minutes at 
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Test oF LARGE Stup LINK. 


the three in the middle row had been proofed 
to 12 kg. per square mm. and subsequently 
annealed. 





CONFERENCE ON BrrumINous Coat.—We have been 
informed that Dr. T. 8. Baker, President of the Carnegie 
Institute of Technology, Pittsburgh, Pennsylvania, 
U.S.A., is coming to Europe shortly to attend to matters 
relating to the Second International Conference on 
Bituminous Coal, which is to take place at Pittsburgh 
in November next. 
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THE ERECTION OF THE CARQUINEZ 
STRAIT BRIDGE, CALIFORNIA. 


Wits the opening to traffic on May 21, last, of a 
bridge over the Carquinez Strait, near the town of 
Crockett, thirty miles north of San Francisco, Cali- 
fornia, U.S.A., a long-needed link in the north and 
south highway traffic chain on the Pacific Coast was 
completed. Hitherto the crossing of the Strait had 
been possible only by means of a very inadequate 
ferry service, so that traffic had been forced to make 
a detour of many miles to the east in order to get 
round the Suisun Bay, and then across the delta of 
the Sacramento and San Jaoquin rivers. The loca- 
tion of the bridge is indicated in Fig. 1. 

The Carquinez Strait bridge is a toll bridge erected 
at a cost of 8,000,000 dollars. It is owned and 
operated by the American Toll Bridge Company, 
whose chief engineer, Mr. Charles Derleth, jr., was 
in charge of design and construction. As the waters 
above the strait are navigable for a considerable 
distance, provision had to be made for ocean-going 
vessel traffic, and as the ground on either side 
rises very rapidly, a high level bridge was the logical 
choice. Further, since the strait was too wide for 
a single suspension span, a bridge of the double 
cantilever type with a tower pier in the middle of 
the strait with two 1,100-ft. spans on either side, 
was built. A depth of water of 100 ft. plus a depth 
of mud of 30 ft. to bed rock, and a tidal current of 
9 miles per hour, necessitated some very difficult 
foundation work. Timber caissons were sunk by 
the open dredge method, and inside this the circu- 
lar concrete piers were built. The bridge is illus- 
trated in Figs. 2 and 3, on page 6. 

The main spans of the bridge are square with the 
strait, and have a total length of 3,350 ft. from 
pier No. 1 to pier No. 5, and except for the gradient 
are symmetrical about a point midway between 
piers Nos. 3a and 3B (Fig. 2). The anchor spans 
Nos. 5 and 13 are each 500 ft. long, the four cantilever 
spans each 333 ft. long, and the two suspended spans, 
Nos. 7 and 11, each 434 ft. long. The minimum 
channel clearance between mean high water and 
underside of the steel structure is 135 ft. near pier 
No. 4, but due to the gradient on which the bridge 
is built, this clearance becomes 156 ft., at pier 
No. 2. The south approach viaduct is on a 10 deg. 
curve to the right from pier No. 5 for a distance of 
620 ft., as shown in Fig. 3, and is then straight for 
512 ft., to the south abutment, giving a total length 
of bridge of 4,482 ft. The viaduct was placed on a 
curve in order to avoid very high priced land over 
which a straight approach would have passed. Three 
lattice truss spans 186 ft. long and two tower spans, 
49 ft. long, comprise the curved portion of this 
viaduct, with one lattice truss span 158 ft. long, three 
plate girder spans 75 ft. long, and two tower spans, 
one 60 ft. and one 30 ft. long, on the straight. 
Besides the curve and gradient, the viaduct was 
further complicated by the fact that it passed over a 
railway yard. This necessitated the towers being 
portal-braced so as to give clearance for trains. 

Temperature expansion was provided for at pier 
No. 1 by the use of a rocker anchorage and at pier 
No. 5 by making bent No. 5 a rocker bent, that is, 
pin jointed at top and bottom. Expansion was also 
provided for at points No. 30, between cantilever 
span No. 6 and suspended span No. 7, and between 
suspended span No. 11 and cantilever span No. 12. 
At each of these two points eleven inches of move- 
ment was provided for. The hanger vertical U30-L30 
was pin connected at both ends so as to obtain a 
pendulum effect, and the floor stringers were provided 
with sliding bearings. 

In the anchor spans all truss members were made 
of stiff, built-up sections, because of stress reversal, 
while the top chords over the towers and in the 
cantilever spans, which carried only tension stresses, 
were made of heat treated eye-bars, as were the 
tension diagonals of the cantilever spans and 
bottom chords and diagonals of the two suspended 
spans. 

A unique feature of the design should here be 
mentioned. As the bridge is located in a part of 
the country subject to earthquakes, a means was 
provided for damping the longitudinal movement 
of the spans at the above mentioned expansion 
joints in time of disturbance. At each of these 


each truss, were installed. The pistons were double- 
acting, with a fluid chamber at each side of the piston 
head connected by a small orifice by-pass so as to 
allow the liquid to flow freely from one chamber to 
the other during the slow movement due to tem- 
perature changes, but to arrest a quick movement 
due to earth motion, thus anchoring the main 
structure together, from end to end, in so far as the 
latter condition is concerned. 

The trusses of the main spans are spaced 42 ft., 
centre to centre, and all tower bents are battered 
below the bridge floor level to a width of 83 ft. at 
the pier tops transversely. Towers Nos. 2 and 4 are 
battered longitudinally to a width of 24 ft. at the 
pier tops. In order to relieve secondary stresses due 
to excessive motion during erection and and in 
the finished structure, the five truss members inter- 
secting at the tops of towers Nos. 2 and 4 at points 
L18 are all pin-connected, with a separate pin for 
each member, to a common shoe resting on the 
tower. At the points L18 at the tops of towers 
Nos. 34 and 3B these shoes were made with four 
pins instead of five as the change in direction of the 
tower diagonal is very slight. One of these shoes 
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the towers and main compression and main built-up 
tension members of the trusses of the suspended 
spans, cantilever and anchor spans, with a unit stress 
of 40 per cent. greater than that used (16,000 lb. 
per square inch tension) for the structural (carbon) 
steel. 

For the principal tension members, heat-treated 
carbon steel eyebars of a grade specified to have a 
minimum yield point of 50,000 lb. per square inch, 
a minimum ultimate strength of 80,000 lb. per 
square inch and a minimum elongation of 8 per cent. 
in 18 ft. were used. Heat-treated eyebars are now 
being used to a considerable extent for long-span 
bridges in the United States, and proved to be a 
very satisfactory and economical material for the 
Carquinez Strait Bridge. A series of full-size tests 
on 28 representative bars was made for this bridge 
without a single-bar failing to meet the requirements 
and showing an average considerably above. The 
table below give the test-bar sizes and their properties 
under the tests. 

Due to the height of the bridge, the length of 
spans and the depth of the water, many difficult 


Tests of Full Sized Eyebars, 


























Elastic Ultimate | Percentage 
Nominal Length limit, strength, of elon- 
No section, feet in lb. in Ib. gation, 
in inches. * | persquare | persquare| in 18 ft. 
inch. inch. 

1 14 x 144 37°5 54,640 82,600 14-1 
2] 14x 145 37-5 55,680 85,350 11:3 
S$] 2x 40-0 58,600 89,790 11-7 
4] 12x 1g 40-0 55,880 86,180 11-2 
5 | 12 x 143 40-0 54,850 85,000 13-5 
6 12 x if 40-0 55,060 82,590 13-3 
7| 2x1 35-0 55,180 83,150 14:7 
8 12 x 1% 40-0 61,480 91,940 9-6 
9 12 x1 35-0 60,580 91,020 8-1 
10 12 x1 35-0 58,260 84,950 11-2 
a | 12x 35-0 65,940 96,150 10-1 
12 12 x1 40-0 54,660 2,970 11:3 
13 | 121 40-0 60,660 90,990 11:8 
14] 12x1 40-0 52,510 80,270 11-6 
15 12 x1 40-0 56,600 86,980 11-8 
16 | 10 x 113 40-0 59,230 89,450 11-9 
17 10 x 143 40-0 56,700 85,610 11-6 
18 10 x 1 40-0 59,940 86,360 11-3 
19 10 x 1 40-0 57,670 85,570 9-4 
20} 10x 1 40-0+ | 59,470 88,310 12-2 
21 10 x1 40-0 58,230 83,500 11-0 
22 8x 35-0 56,820 85,860 9-7 
23 8 x 11g | 40-0 62,670 92,620 9-0 
24 8x1, | 40°5 60,480 89,520 11-8 
25 8 x 12 41-0 58,690 85,540 11-8 
26 8 x 145 29°5 58,090 85,710 11-7 
27 8x ly 31-0 63,450 2,080 9:3 
28 8 x 1% 31-0 59,780 91,120 9-8 
Average 58,280 87,190 11:3 
Minimum requirements ..| 50,000 80,000 8-0 














is shown in Fig. 4,on page 7. One inch diameter 
shop rivets and 1} in. field rivets were used generally 
in the main span trusses. 

The structure was designed for a 6-in. concrete 
slab roadway, 30 ft. wide between curbs, and two 
4-foot wide foot-paths. The following live loads 
were provided for : for the floor system, hangers and 
viaduct trusses and girders, 3 lines of 20-ton (40,000- 
lb.) lorry loads or two lines of 20-ton lorries, with an 
electric train occupying the middle line, followed 
and preceeded by a uniform loading of 600 lb. per 
linear foot and 50 lb. per square foot on the foot- 
paths. The electric train loading was assumed as a 
train of 96,000-Ib. cars, 60 ft. long, with concentrated 
wheel loads of 12,000 lb. This replaced the middle 
line of motor lorries with its uniform load, for a 
length of 500 ft. As a correction to cover the 
improbable occurrence of maximum concentrated 
loading on the three lines of traffic, 100 per cent. 
of the above loading was used for stringers, 90 per 
cent. for floor-beams and hangers and 80 per cent. 
for viaduct trusses, girders and columns. 

For the main span trusses and pier reactions, a 
uniform loading of 2,600 lb. per linear foot of 
bridge, was used for a length of 500 ft., followed and 
preceded by a uniform load of 1,800 lb. per linear 
foot. For the floor members and hangers an impact 
allowance of 30 per cent. was added to the stresses 
from the motor lorries and 20 per cent. to those from 
the electric train. 

Silicon steel of 80,000-95,000 Ib. per square inch 
ultimate tensile strength and 45,000 lb. per square 





erection problems were encountered. The approach 
viaduct over the main line and sidings of the 
Southern Pacific R.R. consisting of three 75-ft. 
deck plate girder spans and four deck lattice truss 
spans on towers was erected on falsework, as was 
the south anchor span of the main bridge, where the 
water was shallow. Under this 500-ft. span alone, 
1,500,000-ft. board measure of timber was used for 
falsework. A steel traveller on the level of the bridge 
deck erected the floor and all truss members and 
bracing in this span that could be reached, and also 
tower No. 4. This traveller then placed erection 
floor beams and stringers just under the top chord 
midway along the span and on them erected a top 
traveller. This traveller was similar to that shown 
in operation on the north shore anchor span in Fig. 8 
on page 16. The top traveller on the south anchor 
span proceeded northward on an up-grade of about 
13 per cent., placing all upper members of span No. 5 
and proceeding on a similar down-grade from tower 
No. 4 erected all of cantilever span No. 6, raising the 
steel for this span from barges in the Strait below. 
For somewhat less than half the 500-foot length 
of the north anchor span No. 13, a steeply sloping 
bank made falsework possible, as shown in Fig. 8, 
but for the rest of the span a water depth of 90 ft. 
precluded this method of work. A temporary steel 
bent was, therefore, placed at the water’s edge at 
panel point 8, beyond which this span was canti- 
levered out for a distance of 277 ft. 10 in. to tower 
No. 2. This temporary bent was made from the 
members of bent No. 34 of the central tower. This 








points two hydraulic cylinders and pistons, one for 





inch yield point, was used for the main material of 





bent in its temporary position carried a load of 
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THE CARQUINEZ STRAIT CANTILEVER BRIDGE, CALIFORNIA. 








Fig. 4. Muttrete-Connection SHor at L 18 Pornts, 


ToweERs 3A AND 3B. 

















Fia. 6. Navy Yarp CRANE ERECTING 
Tower No. 2. 


5,000,000 lb. Otherwise, the members of span No. 
13 were erected by the deck and top travellers in the 
same way as span No. 5 was erected. While this 
work was proceeding a crane of 150 tons capacity 
was obtained from the U.S. Navy Yard at Mare 
Island and erected tower No. 2 ready to receive 
the outer end of span No. 13. This operation is 
shown in Fig. 6, above. 

In order to have room to get in the last few 
members, near tower No. 2, a horizontal clearance 
between the span and tower of 3 in. was provided 
by erecting the whole span 3 in. north of its final 
position, and a vertical clearance of 6 in. was 
arranged by erecting the portion of the span on false- 
work higher than its normal position. After all 
members had been placed and securely riveted or 
bolted, connection to the tower was made by 
tilting the whole span about point 8 and by jack- 
ing it forward the 3 in. horizontally. A pin at 
point 8 provided the pivot for the vertical tilting 
and rockers provided for the horizontal movement. 
As soon as connections with the tower had been 
made the LO point was jacked up until all load 
was removed irom the temporary bent at point 8. 
The shoes at this point were then removed and point 
LO lowered to its final position, thus making this 
span No. 13 a simple span. 

As the forward end of span No. 13, together with 
the traveller, was considerably heavier than the 
shore end, there was an uplift equivalent to 328,000 
lb. per truss exerted at LO. To this amount was 
added 100,000 lb. as a safety factor. One-half of 
this uplift was provided for by an earth counter- 
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weight placed on the deck, and the other half was 
carried down to the anchorage in the abutment by 
eyebars. The tilting of span No. 13 was effected 
by releasing the strain on these eyebars by means 
of hydraulic jacks. This arrangement is shown in 
Fig. 5, above. After the counterweight on the 
deck had been thrown off and the strain on the 
eyebars released, hydraulic jacks were placed under 
the end floorbeam at point LO, and this point was 
raised enough to take the load from the temporary 
bent at the point 8, and then lowered to final posi- 
tion. This whole operation, although involving the 
handling of heavy loads, was accomplished with 
little difficulty and no accidents of any sort. 

While the two top travellers were erecting canti- 
lever spans Nos. 6 and 12, the floating crane erected 
tower span No. 9 up as far as the level of the deck, 
and then placed on this deck one of the top travellers 
(previously removed from span No. 6). The Navy 
crane was then released, and this top traveller 
erected a portion of the upper part of tower span 
No. 9 and placed the other top traveller at the upper 
level. As soon as both travellers had been placed at 
the upper level they proceeded in opposite directions 
to erect cantilever spans Nos. 8 and 10. They are 
shown on this work in Fig. 10 0n page 16. As soon 
as span No. 10 was finished its top traveller was 
removed but the traveller in span No. 8 was left at 
its outer end to aid in counterbalancing the north 
suspended span (span No. 11) and its counterweight 
during raising. 

The suspended span in the Quebec Bridge was 
raised by jacking a few inches at a time. This 


method required the better part of two days, 
and this long period was a source of much appre- 
hension and danger. 


A method of greatly shorten- 











.Fie. 5. Jacks AND EYEBAR ARRANGEMENT AT SHORE END 
oF NortH ANCHOR SPAN. 


ing the time occupied for the lifts was therefore 
adopted for the two suspended spans on the Car- 
quinez Strait Bridge. 

Two wooden counterweight boxes, 13 ft. by 14 ft. 
by 19 ft., one for each truss, were hung from panel 
points M29, on each cantilever span (spans Nos. 
10 and 12), and filled with sand to give a weight 
slightly in excess of that of the suspended span. 
To each box two steel wire cables were connected 
through an equalising device. These cables were 
2} in. in diameter. They passed up over 5 ft. 
sheaves at points M29 and over other similar sheaves 
at points U30, and then hung free with the ends 
socketed, to give the proper length to connect to 
the corners of the suspended span, when this was 
floated into position under the cantilever spans. 
These cables, eight in number, were each about 
250 ft. long. The counter weight arrangement is 
shown diagrammatically in Fig. 7. 

Delivery of the steel members for the various 
parts of the structure over the water was made by 
barges loaded at a dock built out into the stream 
near the south bank and about 1,200 ft. west of 
the bridge. At this dock, during the period of 
erecting spans Nos. 8 and 10, the suspended spans 
Nos. 7 and 11 were erected and riveted ready for 
floating to place. A view of this dock, with No. 11 
suspended span erected, is given in Fig. 10, page 16, 
the second span being in course of erection behind it. 

On the morning of March 3, 1927, at low tide, 
two 40 ft. by 130 ft. steel barges built especially 
for the purpose, were warped under span No. 11 
at the dock, One barge was placed at each end, 
and centred midway between the second two 
panel points, with their lengths transverse to the 
span. The weight of the span, some 1,240,000 Ib., 
was then transferred by means of eight 500-ton 
hydraulic jacks from the dock to the barges, the 
jacks being placed under the panel points and the 
follow-up blocking under the floorbeams. A 
distance of about 11 ft. was provided between the 
span and the top of the barges, in order to allow, 
at the time of transferring the span from the barges 
to the raising cables, for lost motion due to buoy- 
ancy, deflection of the cantilever spans, elongation 
of the lifting cables and height of jacks. It was 
estimated that the cantilever arms would deflect 
64 in., the lifting cables would stretch 18 in. in their 
250-ft. length, and the barges would rise 21 in. 
The actual amounts agreed with these estimates 
very closely. The span was guided in its vertical 
movements by timber brackets bolted to the decks 
of the barges, to be seen in Fig. 11, which is a view 
taken at a rather later stage of the proceedings. 

As soon as the load of the span had been jacked 
from the dock on to the barges, four large ocean- 
going tugs drew it out into the stream, and it was 
allowed to float with the incoming tide through the 
south channel, being then moved over to the north 
channel and towed into position against the tide. 











Here lines were put out to four anchors, previously 
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placed, to centre and hold the span transversely, 
and others to the adjacent piers to centre and hold 
it longitudinally. With the span made fast to the 
anchors and piers, the tugs were freed. The lifting 
cables were next attached to the four corners at 
points L 30 by the insertion of pins through long 
upright bars provided with multiple holes to 
accommodate a variation in height due to tide 
change. 

The operations up to this point occupied nearly 
the whole of the time the tide was on the flood, 
so that at approximately high tide the operation of 
transferring the load from the barges to the lifting 
cables was begun. To do this the same jacks were 


employed as were used for loading the span from the | 


dock on to the barges, it being necessary to fleet 
the jacks a number of times. 

As previously stated, the weight of the span was 
more than overbalanced by the weight of the 
counterweight boxes. This excess, amounting to 
about 22 tons per corner, was provided for the 
purpose of overcoming friction and inertia with a 
small amount included as a safety factor. To each 
counterweight box an eight part }-inch wire rope 
block and tackle was attached. The lead from each 
tackle was passed back to an electric hoisting 
engine on the deck of the cantilever spans. With this 
tackle the excess of the counterweight was relieved 
sufficiently so that pins attaching the boxes to the 
panel points M29 could be removed. The four 
boxes were thus freed and the counterweights 
could be lowered, thus raising the span. 

In order not to overstress the bracing system of 
the suspended span due to uneven lifting at the 
four corners, it was essential to keep any warping 
of the span within. a reasonable limit. Scale marks 


of lin. graduation were painted at the ends of each | 


end floorbeam at corresponding levels. These 
marks were kept under observation through transits, 
one being provided for each end of the span. They 
were set up on a horizontal strut half way up the 
adjacent towers. Before the lowering 
counterweight boxes was commenced, the span was 
levelled up transversely, but no attempt was made 
to level it longitudinally. At this time a careful 
inspection was made of the various parts of the 
apparatus, and then signals were given to lower 
the counterweight boxes simultaneously. <A stage 
of 20 ft. was first accomplished, after which levels 
were observed and corrected if necessary. The 
lowering of the counterweight boxes was accom- 
plished by releasing the brakes on two of the 
hoisting engines, one on each cantilever span. 
Each engine had two drums, the two leads from one 
engine going to the two counterweight boxes at that 
end of the span. 
by one brake, the two leads ran out equally, thus 
maintaining the same relative motion. 

All operations were controlled by telephone from 
a central station located on the deck at the outer end 


GENERAL VIEW. 


of the | 


As the two drums were controlled | 
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of one cantilever span, from which communication 
was maintained with the opposite cantilever span 
and with the two transit men on the towers. All 
three telephone lines were brought into a single 
receiver at the control station, so that communica- 
tion was not subject to the delay of switching. All 
operations were stopped at each 20 ft. stage of the 
lift so that levels could be observed and corrected 
if necessary ; then signals were given for lifting 
another 20 ft. stage, and so on. The actual time 
which elapsed from the beginning of the first 
stage until the span was in position was 40 
minutes. 

Before the span was lifted off the barges, block 
and tackle of manilla rope was attached to the 
hip points of the suspensed span. The leads 
of these were taken to the niggerheads on the 
operating engines above, as an emergency rig. 
These lines were crossed at each end of the span, 
in order to prevent any swaying of the span. Their 
|slack was taken up as the lifting progressed. It 
| was found unnecessary to use these lines during the 
| lifting of the span, but, as time did not permit of 
| placing the regular lateral system between the 
| Suspended. span and the cantilever spans until the 
pee day, they acted as temporary laterals. Con- 
| nection of the suspended span to the cantilever spans 
| was made by driving four pins, one at each corner. 
| With this accomplished, trap doors were opened in 
|the bottoms of the four counterweight boxes and 
| the sand was allowed to run out on to the barges 
|to be used later in filling the boxes for raising the 
| suspended span to 7. 
| On March 19, span No. 7 was raised in the same 
| manner, the two intervening weeks being occupied | 
/in transfering the engines and tackles to spans | 
Nos. 6 and 8. ‘The actual time consumed in raising 
|span No. 7 was 35 minutes. The raising of this 
|span is illustrated in Fig. 11. All operations on 
|each span were completed in one day and without 
| accidents of any kind. 

Under the supervision of Mr. Derleth, the design 








and contract drawings for this bridge were made | 
| by Mr. D. B. Steinman of Messrs. Robinson and Stein- | 
|man, consulting engineers, New York. In order to | 
| adapt the steelwork to shop practices and erection | 
| requirements, modifications in the design were made | 
}and erection schemes and programmes drawn up 
| by the American Bridge Co. in New York, in the | 
| office of the late Mr. C. W. Bryan, chief engineer, | 
| under the supervision of Mr. C. G. E. Larsson, chief | 
| consulting engineer, and in charge of Mr. C. F. Good- | 
| rich, designing engineer, subject to the approval of | 
Mr. William H. Burr, consulting engineer, in addi- 
tion to Messrs. Derleth and Steinman. 
| The steelwork for the Carquinez Strait Bridge, 
amounting in all to 13,000 tons, was erected by the 
| United States Steel Products Company, Pacific 
| Coast representatives of the American Bridge Com- 

pany, under the supervision of Mr. Richard Khuen, | 
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junr. We are indebted to Mr. C. F. Goodrich for 
the information embodied in the foregoing account 
of the bridge and its erection. 


INTERNAL-COMBUSTION SHUNTING 
LOCOMOTIVE. 


ATTENTION has been often drawn by the advocates, 
both of electric traction and of the internal-combustion 
engine, to the economy, using the term in a wide 
sense, which can be effected by employing their 
particular speciality for shunting locomotives. There is, 
of course, considerable justification for their arguments, 
for in both cases little time is expended in preparing 
the locomotive for use or in shutting down at night, 
neither is fuel wasted during the inevitable lengthy 
periods of standing-by. In addition, no great skill is 
required from the driver and the fire risks are reduced. 
While, then, it would be probably impossible, for our 
railway companies to adopt either internal-combustion 
engines or electric traction for shunting to any great ex- 
tent, these methods are worth consideration by private 
firms, especially in cases where the “load factor” is poor 
and the fuel costs are high. For work of this kind 
the petrol locomotive is obviously more advantageously 
placed than any electrically operated equipment. To 
use electricity would mean a battery or some form of 
overhead construction, neither of which can be adopted 
as readily as a self-contained petrol-engine unit. 
Considerable interest, therefore, attaches to the 40 brake 
horse-power petrol locomotive, which has recently been 
manufactured by Messrs. John Fowler and Co. (Leeds), 
Limited, of Leeds, for the Alsop-en-le-Dale quarries of 
the Buxton Lime Firms Company, Limited, whose chief 
engineer Mr. L. B. Ryder was to a considerable degree 
responsible for its design. 

A view of this locomotive, which we recently had 
the opportunity of inspecting at Alsop-en-le-Dale, is 
given in Fig. 1. Its frame is generally designed in 
accordance with locomotive practice, and is adequately 
braced to resist the shocks, which occur when running 
over unevenly-laid works tracks. The wheels are fitted 
with renewable steel tyres, and the springing arrange- 
ments follow railway practice. As will be seen, in 
general appearance the locomotive resembles one worked 
by steam, the funnel being used as an exhaust silencer. 
Brake blocks, which are operated by a hand screw, are 
fitted on all four wheels, and two sand boxes are 
provided. 

The engine is of the four-cylinder type and was 
manufactured by Messrs. W. H. Dorman and Company, 
Limited, of Stafford. It is arranged in the frame, 





|so that every part is accessible through the louvred 


side doors, while the bottom half of the crankcase is 
easily detachable, so that the main bearings can be 
inspected. The crankshaft is of high-grade steel, 
and in general design the engine follows those made 
by Messrs. Dorman for other work. The diameter 
of the cylinders is 120 mm. and the stroke 140 mm., 
while the speed is 1,100 r.p.m. Owing to the dusty 
nature of the atmosphere, in which the engine 1s 
to work, a Stromberg dust filter has been fitted on 
the air intake. This filter is heated by the engine 
exhaust, and the size of pipe leading from it to the 
engine was carefully adjusted on test, so that there 
should be no loss of power owing to its insertion. 
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INTERNAL-COMBUSTION SHUNTING LOCOMOTIVE. 


CONSTRUCTED BY MESSRS. JOHN FOWLER AND COMPANY (LEEDS), 
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Ignition is effected by a Bosch magneto, which is fitted 
with an impulse starter to give an increased spark at 
starting. The carburettor is of the Zenith type, and 
is suitable for use on either petrol or benzol, or, if 
a special vapouriser is used, on alcohol. The engine 
is provided with a governor to prevent a definite 
maximum speed being exceeded. The fuel is carried 
in a steel welded tank at the rear. 

The radiator, placed on the front of the engine, 
consists of a number of flat tubes with corrugated 
cooling fins. With this arrangement, it is claimed, a 
30 per cent. greater cooling area is obtained than if 
gilled tubes were used. The radiator is backed by 
a fan, which is driven from the engine shaft, a clutch, 
which can be operated from the driver’s cab, being 
fitted between the two, so that the air supply can be 
cut off when desired. 

it is, of course, necessary for efficient working to 
provide for the same number of speeds in both direc- 
tions, and this is effected by a gear box, the general 
arrangement of which is given in Figs. 3 to 5. A 
view of the box with the cover removed appears in 
Fig. 2, while a drawing of the flywheel and clutch 
arrangement is given in Fig. 6. As will be seen, all 
the change-speed and forward and reverse gears are 
engaged by jaw clutches, there being a neutral position 
between each running position. All the gear wheels are 
of forged steel, the teeth being machine-cut. The speeds 
in cach direction are 3, 5 and 9 milesper hour. The con- 
nection between the friction-clutch and the gear box is 










made by a universal coupling. The drive is trans- | 
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mitted from the jack shaft by connecting and coupling 
rods on both sides, as shown in Fig.1. The jack shaft 
is carried by the gear box as is, perhaps, best shown 
in Fig. 2. The transmission and all the principal parts 
of the machinery are rigidly attached to the frames, 
which are spring suspended over the axle boxes. 

The whole of the control is effected from the driver’ s 
cab. The clutch itself can be operated both by a hand 
lever and a footpedal. ; 

Mr. L. B. Ryder, Chief Engineer of the Buxton Lime 
Firms Company, Limited, has kindly provided us with 
the results of the acceptance tests. These were 
carried out on the Middleton colliery line between 
the coal staithes at Leeds and the colliery. We may 
first say that the engine when tested for one hour 
and a half on a Heenan and Froude brake, attained a 
maximum brake horse-power of 47-21 the average 
being 46-89. The petrol consumption worked out at 
0-673 pints per brake horse-power hour. The specified 
drawbar pull of the locomotive was 3,750 Ib., but a pull 
of 3,900 Ib. was sustained on test over a long period, 
and 4,700 lb. was attained on sanded rails on a seven- 
chain curve on a 1 in 80 gradient, when the locomotive 
was being stalled by braked wagons. A limiting load 
of 38-85 tons was hauled up a gradient of 1 in 27-6 
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and 78-4 tons up a gradient of 1 in 69-5. The axles 
boxes, horn cheeks, &c., of the wagons were in poor 
condition, and the track itself was only moderate. 
Fig. 7 shows the drawbar pulls obtained on test, as 
against those specified. 


OILS FROM COAL AND FROM OIL 
SHALE. 


THE natural resources of the Western United States 
comprise oil shales and both bituminous and low-grade 
non-coking coals, as well as oilfields. In view of the 
attention now being paid to the conversion of coal 
into oil, the United States Bureau of Mines, in con- 
junction with the State of Colorado, recently resolved 
to investigate the comparative yields and the pro- 
perties and approximate compositions of the gases and 
crude oils (or tars) to be obtained from typical shales 
and coals of the Rocky Mountain districts. The 
results of this investigation are given in Investigation 
Report, Serial No. 2832, on “Comparison of Oils 
Derived from Coal and from Oil Shale,” drawn up by 
Joseph W. Horne and Arthur D. Bauer. 

A large number of samples were retorted. Of the 
coal samples obtained from six States, 14 were classed 
as lignite coal, 16 as sub-bituminous, and 2 as 
bituminous coal, many of the mines in question work- 
ing under Government permits or leases. The oil 
shales came from Colorado, Utah, Kentucky and 
Nevada; for comparison, further samples were 
obtained from Scotland, Australia, and Brazil. In all 
cases about 300 to 350 grams of material were retorted ; 
those bulks were small, and more uniform results might 
possibly have been obtained if larger weights had been 
dealt with. The analytical work must have been very 
laborious. The retorting was effected in the assay 
retort of the Bureau, heated by gas burners, for about 
24 hours in the case of coal, for 2 hours in the case 
of shales; these figures were varied. At the 
end of the run the bottom of the coal would have 
a temperature of about 700 deg. C. The average crude 
oil yield of the lignites was 5 gallons per ton, that of 
the sub-hituminous coals 12-9 gallons; the two 
bituminous coals gave 26 gallons perton. Thescrubbed 
naphtha yield of all the oils averaged 1-4 gallons per 
ton, but all these figures fluctuated greatly. The 
average density of these products was 1-009, and the 
separation of the tars, which were heavier than shale- 
oil and petroleum tars, but lighter than high-tempera- 
ture carbonisation tars, proved very troublesome. The 
crude vils from the shale had the average density 
0:907; the 45 per cent. of light oils in them, partly 
suitable as motor fuel, contained about 65 per cent. of 
compounds absorbable by sulphuric acid. The oil 
yield ranged from 16 to 65 gallons per ton, against 
124 gallons obtained from the Australian shale. The 
residue of the coal remaining in the retort after car- 
bonisation was not a coke, but might be classed as a 
char ; the residue of the distillation was a pitch, too 
thick and heavy to serve as a fuel oil. The report 
also gives details of the gas analyses. 











HEALTH ExuHIBITION, PLymMouTH.—Held in connection 
with the thirty-ninth congress of the Royal Sanitary 
Institute, a Health Exhibition will take place at 
Plymouth from July 16 to 21, 1928. The exhibits will 
include housing and sanitary appliances industrial 
hygiene arrangements, sanitation plant for ships, rail- 
ways and public conveyances, sewage-disposal and 
refuse-collection arrangements, methods of exterminat- 
ing mosquitoes and insects, and smoke-preventing 
appliances. The function will be held in the drill hall, 
a large building near Millbay Station. Applications for 
space must be made on the official form, which should be 
returned not later than June 23, 1928, to the secretary 
of the Royal Sanitary Institute, 90, Buckingham Palace- 
road, London, 8.W.1, from whom further particulars 
may be obtained. 
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STANDARDS OF THERMAL EFFICI- 
ENCY FOR INTERNAL-COMBUSTION 
MOTORS.* 

By Sir Ducatp CiErK, K.B.E., F.R.S. 


Tue Heat Engine Trials Committee, in their recent 
report, after recording their acceptance of the 1905 
Air Standard, proceed to discuss the ideal efficiency 
standards for four distinct engine cycles : (1) constant- 
volume; (2) constant-pressure; (3) Diesel; and (4) 
Atkinson. Air is still used as the working fluid, but 
it is real air, with specific-heat varying with tempera- 
ture, not the ideal air with constant specific heat as 
used by the Institution committee of 1905. The 
specific-heat values adopted are those published by 
Partington and Shilling, ranging from 100 deg. C. to 
2,000 deg. C., and constant-volume values from 19-7 
ft.-lb. per standard cubic foot to 25-9 ft.-lb. at the 
highest temperature. The corresponding y values are 
1-399 and 1-303. The thermal efficiencies yn, follow- 
ing those assumptions, are obtained by means of the 
well-known equation 


yoa-(2)". . 20 


but instead of + — 1 = 0-4 as in the old air standard, 
the exponent becomes 0-399 for 100 deg. C., and 
0-303 for 2,000 deg. C. The exponent selected for 
the efficiency calculations varies with the temperature 
due to the heat input, and it is obtained from equa- 
tions which vary for the different heat-contents. In 
the case of the constant-volume and constant-pressure 
cycles, the equation is :— 
n= 0-404 — 0-00121. 


where I is the heat-input in Centigrade-pound heat- 
units per standard cubic foot. 

For the constant-pressure engine, the Heat-Engine 
Trials Committee have adopted the y value of 1-382, 


and the corresponding volumetric heat C,= 20-5 
for a heat-input of I = 30 C.H.U., and y = 1-364 and 
Cy = 28-5 for I = 60 C.H.U. Those values are quite 
justifiable for the temperature change between con- 
stant-volume and constant-pressure engines. From the 
values, the Committee have prepared four useful tables 
giving ideal thermal efficiency values for compression- 
ratios ranging from 4 to 20, and heat-inputs from 5 to 
60 C.H.U. Comparisons are also made between relative 
efficiencies and those of the old air standard. The 
efficiency values given by the Committee are in all 
cases lower. In the cases of the Diesel and Atkinson 
cycles, the report deals with the  — 1 values as in the 
two cycles just discussed. The attempt is made to find 
values for the exponent ”, which will similarly express 
the efficiency variation. 

In this matter, the author differs from his colleagues, 
the proceeding, in his view, being erroneous both 
in principle and practice. It is erroneous to use 
equation (1) for the Diesel diagram by trimming the 
exponent to obtain the changing » value by means 
of an impossible y value. The correct procedure is 
to find the mean temperature of expansion on the 
assumption of no heat loss and take out the volumetric 
heat at constant volume from a table, then use that 
value to get the corresponding y. This y — 1 gives 
the true exponent for the assumed expanding air. 

It is quite legitimate to use the varying exponent in 
equation (1) for the three symmetrical cycles, because 
the same equation is common to the three. When 
equations (2) and (3) deal with the modified cycles, 
the Diesel and Atkinson cycles, it is necessary to use 
the real C, values so far as they can be ascertained. 

pr—1 


—1 
nn1—(3)' (p= Dy 


Y—1 
n=1-(=) xe 1. @ 
r pY—1 

In equation (2), p is the ratio of the volume behind the 
piston at the point of cut-off of the heat-supply to the 
volume of compression. In equation (3), p is the 
ratio of the volume at atmospheric pressure after 
expansion to the total volume behind the piston before 
compression. 

Calculating from a formula given by the Committee 
for the exponent n to be used in the Diesel cycle, 
ranges from 0-290 to 0-240 for a range of heat input 
of 30 to 50. The exponent » for the Atkinson cycle, 
calculated in the same way, ranges between 0-498 
and 0-517 for heat inputs from 30 to 60. The exponent 
for the Diesel cycle, if assumed to be y — 1, gives very 
high volumetric heat equivalents, 26-7 to 32-3 ft.-lb., 
respectively, per standard cub. foot. The Atkinson 
exponent values are all high and the corresponding 
specific heat is low. For the value of the exponent 
0-517, the volumetric heat is only 15 ft.-Ib. per standard 
cub. foot, which is less than one-half of the value in 


(2) 





* Abstract of a paper to be read before the Institu- | PTé ¢ 
| plicated. The type does not exist now. 


tion of Civil Engineers, on Tuesday, January 10, 1928. 





the case of the Diesel cycle at exponent value 0: 240. 
The method leads to the use of false specific heats. 

No doubt the Committee recognise the artificial 
nature of the exponent 7 as used in the Diesel and 
Atkinson cycles, and do not intend to value specific 
heats of gases in the manner shown above. 

The air standard, equation (1), gives higher ideal 
thermal-efficiency values than could be obtained by 
the actual working fluid of the engines, because the 
volumetric heats of products of combustion are higher 
than that of the assumed air. It is accordingly 
important to obtain the true values in order to find 
the extent of possible improvement in the actual 
engine. If the actual working fluid had the same pro- 
perties as the ideal air, then, at 70 per cent. relative 
efficiency, 30 per cent. of the total heat still remains 
to be utilised to produce motive power if all heat-losses 
are avoided. It is for this purpose that true C, and 
y values are required, and determinations were made 
by the author in 1905 and 1906 by the then new 
method of compression and expansion of the flame 
gases in the cylinder of a gas-engine of 14-in. bore and 
22-in. stroke. The apparent specific heats were so 
determined up to 1,500 deg. C. The mean Cy 
value of the actual working fluid in the case 
of that particular engine was 27-2 ft.-lb. per 
standard cubic foot, and the corresponding yy = 1-285 
and ideal thermal efficiency 7 = 0-381. The actual 
indicated thermal efficiency of the engine was 0-338, 
so that the relative efficiency was 0-89. That is, the 
real working fluid under conditions of no heat-losses 
could give 38-1 per cent. thermal efficiency, and the 
actual results with the heat losses of the engine was 
33-8 per cent., or 89 per cent. of the possible ideal 
value. In the true case there only remained 11 per 
cent. on which to make further savings instead of 
303 per cent., as indicated by the air standard. 

The knowledge now in existence permits of the adop- 
tion of the properties of the actual working fluid for 
such investigations. The C, and y values could be 
prepared from Partington and Shilling’s table for air, 
carbon dioxide, and steam, and more accurate com- 
parisons between real and ideal could then be made for 
all engines using gaseous fuel. For petrol engines, 
the valuable work of Mr. Ricardo, and of Messrs. Tizard 
and Pye, gives reliable ratios, including allowances for 
dissociation at high temperatures and for the volume 
expansion due to molecular change. 

It is thought that the time has come for the 
application of accumulated knowledge to the substitu- 
tion of real working fluids for the ideal properties, 
which were necessary because of ignorance of the real. 

Referring to the Committee’s proposal to adopt the 
Atkinson cycle, instead of the actual cycle of opera- 
tions, as a standard for all types of engine, this cycle 
is quite unsuitable for any engine of any other cycle, 
because its efficiency increases with temperature rise, 
and it is always higher than the efficiency of the 
constant-volume or other engine of the same thermo- 
dynamic compression-ratio. 

In all actual working constant-volume, constant- 
pressure, and Diesel types of engine, indicated thermal 
efficiency falls with increasing temperature, and it is 
only in the Atkinson cycle that it increases with higher 
temperatures. It is a suitable ideal cycle for compari- 
son with a similarly operating cycle in actual use, but 
for no other. For constant-volume engines, the rela- 
tive efficiencies would be very much too low. It would 
increase the error of the old air cycle in constant- 
volume engines by showing an impossible margin still 
remaining for thermodynamic improvement. The 
relative efficiencies given, compared with the Atkinson 
cycle, as calculated in the report are for— 

Petrol Engines ... wee ... 53-1 per cent, 

Gas Engines ose eee va DOL 4, 

Airless-injection Oil Engines... 59-5 ,, 
That is, all these engines, according to this method 
of calculation, seem to have a possibility of utilising 
to better advantage respectively 46-9, 40-9, and 40-5 
per cent. of the heat given to them. No such possi- 
bility exists, as the consideration of the actual proper- 
ties of the working fluid accounts, at present, for nearly 
90 per cent. of the total heat which they could possibly 
turn into work. 

As has been pointed out, the Atkinson cycle 
gives a high ideal thermal efficiency, and engines 
built to follow it would be very economical, but, so far, 
no engines existing at present carry out the cycle 
required to produce such efficiencies. In 1882, the 
author built a two-stroke engine of this type, but he 
found that the mean pressure obtained was too low to 
permit of competition with the usual type of constant- 
volume explosion engine. Mr. Atkinson, at a later 
date, invented a very ingenious engine to carry out 
the cycle. The Royal Society of Arts trial in 1888 
proved the engine to be very economical, but the 
expansion was not complete in the sense used in the 
revious description, and the mechanism was com- 
It might, 





however, be useful for large cylinders, as great expan- 
sion could be obtained without unduly high com- 
pressions. Its cycle is still worth study, but not as a 
general standard for engines of other cycles. 





NOTES ON NEW BOOKS. 


WE do not know that boys take more interest in 
engineering matters than they did a generation ago, 
but certain it is that greater facilities for the culti- 
vation of such interest are placed in the way of those 
of the present-day than were presented to their fathers. 
This matter may be but a manifestation of the wider 
general public interest in the subject, owing to increase 
of mechanism, and of the evidence of mechanism, in 
daily life ; or it may be a form of the broader realisation 
of the essentials of education, which is a characteristic 
of the time. Whatever the cause, boys in the last few 
years have been catered for by a stream of engineering 
books of an elementary descriptive character. These 
have usually been illustrated in an attractive way, 
and must have been the source of much innocent and 
some informative entertainment. Usually they have 
been purely descriptive, and have avoided any attempt 
to explain even the broad principles of the structures 
and mechanisms with which they have dealt. A con- 
siderable distance beyond this stage has, however, been 
reached by Mr. P. M. Baker in his book entitled The 
World of Machines, which has just been published by 
Messrs. Wells Gardner, Darton and Company, at the 
price of 7s. 6d. Mr. Baker, who deals in various 
chapters with such subjects as the Steam Engine, Water 
Power, Ships, Bridges, &c., makes throughout a success- 
ful attempt to explain, and not merely to describe, the 
objects with which he deals. His chapter on the 
steam engine, for example, explains the operation of 
the slide valve, the governor, &c., and gives correct 
general ideas about the various purposes for which the 
simpler engines, compounds and steam turbines are 
used. This method is followed throughout, and in the 
chapter on electrical engineering, for instance, the de- 
scription of generators and motors is built up from an 
explanation of a permanent magnet generator with one 
turn on the armature. Mr. Baker very wisely, and 
soundly, begins with a chapter on steel, and gives some 
elementary indication of the reliance of modern engi- 
neering on metallurgy. The book may be cordially 
recommended, the only criticisms we would make 
being that a couple of pages on non-ferrous metallurgy 
would have added to its value, and that a cross- 
section of a simpler locomotive than the three-cylinder 
Pacific-type which is chosen, would have been more in 
character with the rest of the book. In general, the 
diagrams and drawings are excellent. Finally, Fig. 22 
is a misprint for Fig. 23, on page 46, while “ Still” 
is spelt “ Stay” on page 253. 





There is unmistakable evidence that the mechanicalisa- 
tion and organisation, which have permeated the 
engineering industry, have spread to the modern iron 
and steel foundry. Before the war, only a few foundries 
could be cited as examples of arrangement and 
efficiency. The convenience of the conveying and 
transporting systems, machine moulding, and other 
features soon became apparent, and almost all 
foundries are now adequately equipped on these lines. 
Handbuch der FEisen- und Stahlgiesserei, edited 
by Dr.-Ing. C. Geiger (Berlin : Julius Springer), now 
in its second edition, deals in its different volumes, with 
all aspects of iron and steel foundry practice. On 
account of the very considerable advances made in 
equipment, it was decided to publish a separate volume 
of the handbook (Vol. II) devoted exclusively to 
moulding and casting, Formen und Geissen (price, 57 
marks). The author, C. Irresberger, has carried 
out his task excellently. The mechanical develop- 
ments, still in progress, of machine moulding for 
repetition work, the production of very large cast- 
ings forced upon founders by modern tendencies of 
steam and internal combustion design, are very fully 
dealt with; so are also the production of rolls and 
decorative objects, statues, &c. Steel founding is 
very comprehensively treated. Centrifugal casting is 
the subject of a very interesting chapter. The author 
adheres to the subject matter, and all the examples 
given are well chosen. The book is excellently printed 
and illustrated with 1,702 figures. It undoubtedly 
forms a valuable work of reference on moulding and 
casting of an extremely well-informed kind. 





The appearance of each fresh edition of a reference 
work which has attained the rank of a standard is 
in the nature of a test of the elder Mr. Weller’s famous 
aphorism ‘“‘ Vidth and visdom, Sammy, alvays grows 
together,” and the inevitably bulkier volume invites 
examination of its additional pages to see if they really 
contain additions whose inclusion is merited. Parti- 
cularly is this the case if what is known as a pocket- 
book is in question. No one expects this class of book 
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actually to fit’ the pocket, but a certain handiness is 
implied. This, we fear is becoming lost in the sixteenth 
edition of Seaton and Rounthwaite’s Pocket Book of 
Marine Engineering Rules and Tables, which has 
been recently issued. Quite appropriately, suitable 
additions have been made since the issue of 1922, to keep 
abreast with modern practice. We notice, for instance, 
a reference to the high-pressure installation on the 
King George V, but we are not sure that all obsolete 
matter has been jettisoned, and there seems to be 
some overlapping. To give an example, of the 770 
pages of which the book now consists, about one-fifth 
is composed of appendices, largely copies of various 
Survey rules. Taking at random the formule for 
intermediate shafts on pages 137-8, with their accom- 
panying tables, we find them repeated under Lloyds’ 
New Unified Rules on pages 735-6, except that the 
constant is designated F, in one place and c in the 
other. Probably similar duplication occurs in other 
parts, for example, in the boiler rules. In the boiler 
section, we think, the tables giving the composition 
and value of fuels, Table 87 and the inserted table 87a, 
should be more clearly distinguished, if they cannot be 
placed on the same basis, as regards evaporative 
capacity. As they stand they are apt to be misleading 
when comparing the relative values of coal and oil. 
We have a high opinion of the utility of this work to 
the men for whom it is intended, and, in its earlier 
editions have found it of great service. We suggest 
some judicious re-arrangement and pruning before the 
next edition, to restore it to something like its original 
conciseness. The publishers are Charles Griffin & Co., 
Ltd., 42, Drury Lane, W.C. 2, and the price is 15s. net. 





Following the pioneer work of Professor Perry, it has 
become customary to give to part-time students a 
course in “‘ practical mathematics,”’ excluding matter 
which is not essential, and including only such portions 
of the subject as are directly useful. Unfortunately, 
such a course tends to degenerate into little more than 
a collection of rules and applications, without logical 
coherence, and the student’s progress is impeded from 
lack of knowledge of elementary algebraical pro- 
cesses. In Mathematics for Students of Technology 
(Oxford University Press, 10s. 6d. net) Mr. L. B. 
Benny has carefully avoided this defect, and has 
succeeded in presenting an arrangement of the subject 
which will prove useful to students preparing for 
the examinations of the professional institutions, and 
for the National Certificate. The examples are 
numerous and well chosen, and being of a practical 
nature, will prove distinctly encouraging to the student, 
leading him to think out for himself the application of 
the matter dealt with in his everyday work. 





Major Turner in his book, The Old Flying Days, 
(Sampson Low, Marston Company, Limited), published 
at 21s. net, declares it to be an attempt to recapture 
the ‘‘ atmosphere of the first phase of practical flying 
in this country . . . to the extent of my personal 
association with it.” He has chosen to create that 
atmosphere by the aggregation of a vast mass of facts, 
reports and anecdotes, but one could have wished that 
he had been less modest in his estimate of his competence 
for the more ambitious task of compiling a ‘“‘ complete 
history of the early development of flying in Great 
Britain.”” Those who were associated with the pioneers 
of flying will value the book as a prompter of reminis- 
cence, but it includes too great a proportion of gossip 
and records of events and facts of ephemeral importance 
to attract the general reader to do more than dip into 
its pages. This collection of data about the early flying 
days, with its fullness of detail compiled from contem- 
porary notes and press extracts, may be valuable for 
the future historian as a basis for comment and the 
deduction of trends of development, but, in its present 
form, it is both indigestible and unappetising. 








GREAT WESTERN Rattway Ports.—The sixth annual 
issue, of the handbook Great Western Ports, was pub- 
lished recently. Like its predecessors, it contains detailed 
descriptions of the Cardiff, Swansea, Newport, Barry, 
Port Talbot and Plymouth docks, each account being 
accompanied by a large-scale map. Shorter descriptions 
of the docks and harbours at Briton Ferry, Neath, 
Llanelly and Burry Port, Milford Haven, Fishguard, 
and other localitjes are also included. A chapter 
headed ‘Improvements at Great Western Docks,” will 
prove of interest to engineers. The crane equipment 
at Cardiff, Swansea and Newport has been increased 
considerably, and further improvements are under 
consideration. At Newport, additional sidings, to accom- 
modate 2,000 coal wagons, have been completed. At all 
the docks, the Company: has made rapid progress with the 
arrangements for the alteration or, where necessary, 
the reconstruction of coal hoists to deal with 20-ton 
capacity wagons. The book concludes with data and 
tables regarding dock accommodation and equipment, 
trade statistics, imports and exports, tides, and dock 
tates, wharfage dues and port charges. The handbook 
8 produced and published by Mr. H. M. Appleby, and is 
obtainable from the Chief Docks Manager, Great Western 
Railway Company, Cardiff, 
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COAL-HANDLING PLANT AT THE 
STOURPORT GENERATING STATION. 


THE increasing size of electrical generating stations, 
no@ less than the desire to reduce labour, both on the 
score of economy and efficiency, render the plant, 
whereby the coal is transferred from the waterside 
or railway siding to the boiler house bunkers, a factor 
of prime importance. The actual design and layout 
of this plant has, in its turn, led to the display of much 
ingenuity in design and layout, in order to render its 
utilisation possible under the varying conditions 
which exist. These points may be emphasised by 
giving some details of the coal-handling plant, which 
has been supplied by the Mitchell Conveyor and 
Transporter Company, Limited, of London, to the 
Shropshire, Worcestershire and Staffordshire Electric 
Power Company, Limited, for use in the latter’s 
Stourport generating station. A description of this 
station has already been given in these columns,* but 
it may be recalled that it is at present equipped with 
two 22,500 kv.-a. turbo-alternators and one 750-kw. 
direct-current set for auxiliary purposes, though further 
extensions are contemplated. The general layout of the 
site on which the station is built is shown in Fig. 1, 
from which it will be clear that the coal-handling 
installation is more than usually extensive, partly 
owing to the position of the boiler house relative 
to the canal, by which most of the fuel is brought 
in, and partly owing to the provision that has been 
made for obtaining both rail and water-borne coal. 
In addition the various lines of rails have been 
arranged, as shown both in Fig. 1 and in more detail 
in Fig. 2, so that it is possible to use them for trans- 
porting electrical and other equipment. A view of the 
station from the river is given in Fig. 3, on Plate I. 

Speaking generally, the coal-handling plant installed 
is designed for unloading barges in the canal basin and 
transferring the coal unloaded either to a store in 
front of the boiler house or to the boiler-house bunkers. 
Alternatively, it can be used for reclaiming the stored 
coal and transferring it to the bunkers. The plant on 
the wharf, a view of which is given in Fig. 14, on 
Plate III, consists of two electric cranes with a capacity 
of 50 tons per hour. These cranes discharge into two 
collecting conveyors, which run parallel to the edge of 
the quay, as shown in Fig. 14, on Plate ITI, and these con- | 
veyors in turn discharge on to a second series of belts 
(Fig. 8), which carry the coal toa 250-ton transit bunker 
(Figs. 9 and 16) on the generating station side of the road, 
as indicated in Fig. 2. From this bunker the coal is 
hauled by electric locomotites in 2-ton wagons to 
discharging hoppers near either the store or the boiler 
house. From these hoppers the coal is taken by the 
conveyors, shown in Figs. 4 to 7, either to the bunker 
or to the store as desired. On the storage ground, the 
coal is distributed by a third crane, shown in Fig. 15, 
and astacker, which is shown in detail in Figs. 5 and 11 
to 13. This last crane is also available for reclaiming coal 
and loading it either into the wagons or direct on to the 
boiler house conveyors. It may be added that the coal 
unloaded is weighed at two places before passing to 
the store, and that coal going direct to the boiler house 
is weighed separately on each conveyor, so that records 
can be kept of the total coal unloaded, of the coal taken 
to store and of the coal taken from store, or from the 
barges, direct to the boiler house. 

Turning to the details of the plant, we may begin 
with the quay cranes. These are of the ordinary jib 
type, each motion of which is driven by a separate 
electric motor. They have a capacity of 3 tons, and 
carry self-dumping grabs with a capacity of 1 ton. 
The unloading of the barges is facilitated by moving 
the cranes along the quayside and, as will be seen by 
reference to Fig. 10, the position of the receiving hoppers 
can also be changed for the same reason. The hoisting 
speed of these cranes is 100 ft. per min., the output 
of the motor used being 30-h.p., while the slewing 
speed is 2 r.p.m. and the travelling speed 75 ft. per 
min., the motors in these two cases having outputs 
of 6-h.p. and 13-h.p. respectively. The carriages of 
these cranes are arranged to suit rails set at an 8-ft. 
gauge, the wheel base being 10 ft. The electrical 
equipment consists of 460-volt direct-current motors 
of the ventilated enclosed design, which are controlled 
by hand-operated drum type controllers. The usual 
brake solenoids, overwinding switches and other safety 
equipment are also provided. The total length of 
crane track on the quay is 90 yards and is con- 
structed of flat bottom rails, weighing 70 lb. per yard, 
the rails themselves being carried on a reinforced 
concrete mat. This mat is bonded to the canal 
wall, and is carried back under the crane track and 
secured to the foundations of the trestles, supporting 
the jetty conveyor, by means of angle bars. The mat 
is thickened, where it passes directly under the crane 
rails. The quay cranes, as well as the one used on 
the storage ground, which is of exactly the same pattern 








* See ENGINEERING, vol, cxxiii, page 701 (1927). 


and capacity, were manufactured by Messrs. J. M. 
Henderson and Company, Limited, of Aberdeen. 

As shown more particularly in Fig. 10, the quayside 
cranes discharge into a travelling receiving hopper, 
the position of which, as already explained, is deter- 
mined by the position of the barge that is being un- 
loaded, and by the particular portion of the contents 
of that barge, which is being dealt with. The two 
travelling hoppers are constructed of }-in. mild-steel 
plates, which are stiffened with corner angles and 
securely riveted together. The box thus formed is 
mounted upon a steel under-carriage, which is sup- 
ported on cast-iron flanged rollers. The hopper is 
moved from one position to another by a hand winch 
gear, which is operated from ground level. Its capa- 
city is sufficiently large to receive the whole contents 
of the crane grab and its outlet is fitted with an adjust- 
able sliding plate, so as to regulate the flow of coal 
on to the belt, an operation, which is facilitated by the 
steel skirt boards, which are also fitted. ‘ 

The conveyors, on to which this hopper feeds are 
arranged in duplicate, so that different classes of coal 
can be handled, a policy which has, in fact, been 
adopted throughout the installation. They are 117 ft. 
long and run at 200 ft. per min., being driven by a 
3-h.p. motor. Like all the other conveyors in use on 
this installation, the belts employed are 24-in. wide. 
All the conveyors, too, are of the ball-bearing type. 
This possesses obvious advantages from the point 
of view, both of power and lubricant consumption. 
Maintenance costs are thereby reduced, especially as 
the idlers are designed to be easily adjustable, so that 
the belts can be lined up and kept running truly. An 
additional advantage of this design is that the belt 
tension is reduced to a fraction of that required by 
journal-bearing idlers, so that the life is increased. 
The belts, with one exception noted below, are 
built up of 4-ply duck, with an }4-in. rubber cover, 
and are driven from the motor through machine-cut 
cast-iron gearing. The tail pulley is also of cast-iron 
and is keyed to a steel shaft. The bearings, which 
carry the take-up pulley, are arranged on a cast-iron 
slide, which is operated by means of a screw-adjusting 
device. This device is rotated by a long-handled 
spanner at the end of the slide. 

The troughing idlers are designed, so that the belt is 
easily guided without the use of side guide idlers. 
Each idler carries three 5-in. cast-iron pulleys, which are 
bored to receive the outer races of the ball bearings, 
the inner races being carried on mild-steel shafts 
supported on the idler bracket. The brackets them- 
selves are cast in one piece, thus ensuring the 
maintenance of the idler alignment. This alignment 
can, however, be adjusted in case of need, since the 
holes through which the holding-down bolts pass are 
slotted. On the other hand, the return idlers are made 
of steel tubing. This is held together by two cast-iron 
caps, which are screwed to an internal pipe, thus draw- 
ing the entire pulley together. The cast-iron end caps 
are bored to receive the outer races of the ball bearings, 
the inner races being carried on mild-steel shafts, 
which are supported from cast-iron dead eyes bolted 
to the outer sides of the channel stringers, All the 
feed and transfer chutes connected with the conveyors 
are constructed of ;j,-in. mild-steel plates, which are 
stiffened with corner angles and rigidly supported on 
steel sections, 

The conveyors as a whole are supported on two 
channel stringers, which in turn are carried on steel 
or concrete supports, as shown in Figs. 8 and 10. In 
the case of the conveyors leading from the quay-side 
conveyors to the transit bunker, marked B and B, on 
Fig. 2, the inclined portion is carried on a latticed steel 
bridge, so that it can cross the road. This bridge 
is sheeted, as indicated in Fig. 8, with Robertson’s 
asbestos sheeting. The same arrangement is followed 
in the case of the conveyors, marked D (Fig. 2), which 
lead from the storage ground into the boiler-house, all 
four conveyors being provided with a hand-operated 
tripper for discharging the coal from the belts into the 
bunkers at any desired point. A view of one of these 
trippers is given in Fig. 17. The total length of the 
conveyors between the quayside conveyors and the 
transit bunker is 137 ft. Where necessary, timber foot- 
walks are provided alongside the various conveyors, 
and these are guarded with tubular hand-rails fixed to 
steel standards, 

Reference has already been made to the weighing 
arrangements, and it will be seen from Fig. 10 that an 
Avery automatic weigher is provided where the coal 
passes from the quayside conveyors to the transit 
conveyors. This weigher is situated at the junction 
of the two conveyors, and is constructed to weigh coal 
in 10-cwt. lots. 

As already pointed out, the coal is conveyed by the 
transit conveyors to the transit bunker, the position 
of which is shown in Fig. 2. An illustration of this 
bunker, which also shows the special wagons employed 
for carrying coal to the storage ground, and the elec- 
tric locomotives for hauling them is given in Fig. 16 
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It is a reinforced-concrete structure, which was built 
by Messrs. Mouchel and Partners, of London, and has 
a capacity of 250 tons. In order that the two sorts 
of coal supplied to the conveyors may be kept separate, 
this bunker is divided longitudinally into two equal 
compartments. The base of the bunker is formed 
with eight pyramid-shaped chutes, four on each side. 
The openings in the lower ends of these are provided 
with valves, which can be operated either individually 
or collectively in sets of four, so that the four trucks 
which make up a train can be filled at the same time. 
The coal, after delivery from the conveyors into the 
bunker, is unloaded from the latter into the train and 
taken over the railway to the 4-ton receiving hopper, 
shown at E in Fig. 2. This enables the coal to be dealt 
with more expeditiously than if the whole distance 
from the quay to the boiler-house were carried out on 
one set of conveyors, and it allows the barges to be 
cleared in the least possible time. 

The railway itself is 1,080 yards in total length, the 
track being made up of flat bottomed rails weighing 
30 lb. per yard. Crossings are provided at suitable 
places, so as to assist the flexibility of the operation. 
As will be seen from Fig. 2, the railway in its passage 
from the transit bunker \o the storage ground crosses the 
River Stour by a bridge. This was also constructed in 
reinforced concrete by Messrs. Mouchel and Partners, 
and consists of one span over the river, with connecting 
arches on each side. In addition to the railway the 
bridge also carries a roadway, so that access to the 
site can be obtained from this end. Ample head room 
is allowed for the passage of the flood water under the 
bridge. 

The rolling-stock consists of fourteen side discharge 
wagons, the general appearance of which can be 
seen in Fig. 16. These have a capacity of 100 cub. ft. 
The bodies are built up of a in. plates and the side 
doors are opened and clo by an eccentric gear. 


This arrangement enables the coal to be unloaded very 
easily. The wagon bodies are mounted on channel steel | 
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carried on 18 in. cast steel 
wheels. The axle-boxes are 
of cast-iron with brass bushes 
working in twin guides and 
carried on laminated springs. 
The gauge is 30 in. 

The storage battery loco- 
motives, which were manu- 
factured by the English Electric Company, Limited, 
of London, for hauling these wagons, are capable of 
drawing a fully loaded train of 18 tons on a level tangent 
track at a speed of about 6} m.p.h. The configu- 
ration of the site has allowed the track to be laid on a 
falling gradient from the transit bunker to the boiler 
house, so that gravity assists in the operation of the 
fully loaded trains, and only the empty wagons have 
to be hauled on an up grade. The battery on these 
locomotives consists of 60 Exide ironclad cells supplied 
by the Chloride Electrical Storage Company, Limited, 
of Clifton Junction, Manchester. This has a capacity of 
226 amp.-hours at the five-hour discharge rate. 

The weight of the locomotive in full working order 
is about 4} tons, and it has a rated tractive effort of 
1,300 lb. with a maximum tractive effort of 2,000 Ib. 
at starting. Its wheel base is 3 ft. and the length over 
the buffers 10 ft. 5in. It is operated by two 10-5 h.p- 
motors, which drive the axles through 10 to 1 gearing. 
A standard traction controller is provided, together 
with the ordinary safety and braking equipment. 

As shown in Fig. 2, the coal trucks are taken 
by the battery locomotive to the point E, where 
their contents are discharged into a 4-ton receiving 
hopper. In turn this hopper discharges its contents 
on to the storage ground conveyor, which serves to 
feed the storage ground. This hopper is of the 
same general construction as that used for supply- 
ing the quay belts, which we have described above. 
At the far end of this conveyor is a second 4-ton 
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hopper, which is used/ for feeding coal reclaimed 
from the storage ground: into the trucks, Finally, 
there is 'a;re-claiming hopper, similar to that in- 
stalled on the quay side, into which coal is tipped 
from the storage ground on to the conveyor by the 
crane shown in Fig. 15, which is also of the same type 
as those used on the quay side. This crane is used for 
trimming the coal into stock, or it can deliver coal 
direct into the hopper feeding conveyor, D and Dj. 
The coal is removed from the conveyor C to the 
storage ground by the butterfly stacker, an illustra- 
tion of which is given in Fig. 5, while the drawings 
in Figs. 11 to 18, on Plate II, show details of its 
construction. By means of this equipment the coal 
can be divided on each side of the conveyor or 
distributed to either side. In this way it is possible 
to form a complete coal storage heap without any re- 
handling by a crane, such as is necessary when the more 
usual form of tripper is employed. It will be seen that 
the conveyor belt runs up an inclined plane at one end 
of the stacker structure and discharges its contents 
through a chute on to one or other of two short secon- 
dary belt conveyors, which run at right angles to the 
direction of the main conveyor. These conveyors are 
built out on jibs, which are inclined upwards and dis- 
charge their contents over the-ends of these jibs on 
to the storage ground. The stacker can be traversed 
along the conveyor to any required position by the 
manually-operated gear and hand wheel visible in 


| Fig. 12. The auxiliary conveyors are operated through 
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(For Description, see Page 11.) 
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Fic. 3. GENERAL VIEW. 

















Fia. 4. Coat Conveyor Bwrertna Bolter Hovse. 























Fie. 5. CoNveyoR AND STACKER ON STORAGE GROUND. 
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Fig.7. CROSS SECTION SHOWING STORE, HOPPER & CONVEYORS OVER BUNKERS. 
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gearing from the same motors as those which drive the 
main conveyor. The belt on this conveyor is of 5-ply 
duck with an } in. rubber cover. 

_ Alternatively, the train of coal trucks can discharge 
its contents direct into the grab hopper H, whence it 
passes via the conveyors D and D, into the boiler 
house. This hopper, like the transit bunker, is divided 
into two compartments which are each fitted with a 
delivery chute and regulating plate valve so that the 
two conveyors can, if necessary, be supplied with 
different classes of coal. These conveyors are also 
provided with continuous belt weighers, so that the 
weight of the coal taken out of store into the boiler 
house can be recorded. 

_ The boiler house conveyors, of which mention has 
just been made, are illustrated in Figs. 4 and 17, the 
former view showing the inclined portion on the out- 
side of the boiler house and the latter the horizontal 
Portion over the boiler house bunkers, together with the 
movable hoppers, which enable the coal to be dis- 
charged at any point in the 1,000 tons bunker. These 
conveyors run at a speed of 200 ft. per minute, and are 
driven by a 8 h.p. motor. 
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THE GERLINGER HYDRAULIC CARRIER. 


CONSTRUCTED BY THE DALLAS MACHINE AND LOCOMOTIVE WORKS. 





CARRIER WITH LEVER LIFT. 


Fig. 2. CARRIER witH Direot Lirt. 


The completeness and flexibility of the installation 
at Stourport is well illustrated by the foregoing 
description. For the moment its capacity is 50 tons 
per hour, but it is easily capable of extension to 100 
tons per hour, while arrangements can be made with- 
out difficulty for rail-borne as well as canal-borne coal 
to be brought into the station. At the present time 
any coal which comes by rail is unloaded into 
barges at the railway station, but eventually the river 
facilities will enable 150-ton lighters to be unloaded in 
the canal basin in place of the 30-ton in barges by 
which the canal-borne coal is now brought. 





_ THe American Iron Inpustry.—According to statistics 
issued recently by the U.S. Department of Commerce, the 
iron ore mined in the United States during 1926 amounted 
to 67,623,000 tons, an increase, over the 1925 total, of 
9 per cent. The principal iron-ore producing States 
were Minnesota, Michigan, Alabama, Washington, and 
Pennsylvania. The output of pig-iron during 1926, 
exclusive of ferro-alloys, amounted to 38,755,700 tons, 
an increase of more than 2,500,000 tons over the figure 
for the previous year. 





THE GERLINGER HYDRAULIC 
CARRIER. 


Anyone who is at all familiar with the most common 
type of large British works or factory, namely, that 
which has grown by accretion as need arose from time 
to time, must be sometimes unfavourably impressed by 
the difficulties arising from the faulty methods of 
internal transport generally present in such places. 
The overhead travelling crane can only handle material 
situated between its gantries. It can lift this on to 
motor or electric runabout trolleys, but these must go 
under some sort of crane at their destination to dispose 
of their load. The travelling jib crane, on the other 
hand, can both lift and carry its load, but it, again, is 
generally either confined to a definite track, or is too high 
for most workshop doorways. What is postulated, 
then, by the above negatively-stated requirements, is 
an appliance which can move about anywhere, that is, 
is not confined to a rail track; that can lift the 
load, travel under its own power at a reasonable rate, 
and enter a normal shop door. The appliance, of which 
examples are illustrated in Figs. 1 and 2, meets 
these specific needs. It is known as the Gerlinger 
Hydraulic Carrier, and is made by the Dallas Machine 
and Locomotive Works, Dallas, Oregon, U.S.A. 

Tt consists of a plain chassis, with deep bar-framed 
sides and open ends. This is carried on four wheels, 
the rear pair of which is driven by a petrol motor, 
while the front pair is used for steering, an operation 
effected by a handwheel similar to that of a motor car. 
Inside the rigid frame is a movable one, supported in 
suitable guides, carrying at the bottom at each side a 
substantial angle bar known as the shoe. This inner 
frame can be given a certain amount of vertical travel 
by means of hydraulic gear. The machine is used as 
follows: It is run by its own power over the article to 
be lifted, which has been placed upon bars or other 
supports of such a length as to span the gap between 
the two sides of the inner frame, and are a little 
distance above the ground. By mancuvring the 
machine, the shoes are inserted under the ends of 
the supporting bars, and, when raised by the hydraulic 
apparatus, they lift up the single article or the built-up 
load, as the case may be. The carrier then moves off 
under its own power, and, on reaching its destination, 
deposits the load by a reversal of the processes above 
described. 

Dealing with the machine in more detail, the struc- 
ture of the chassis is sufficiently clear from the figures to 
require little comment. The end beams consist: of 
channel bars and plates, the former being wider than 
the body, and the overhanging ends being utilised to 
carry the upper bearings of the wheel-fork spindles. 
The bracing of the side frames is kept some distance 
above the normal position of the shoe bar. The 
wheel forks, of cast nickel steel, carry on their 
spindles heavy helical steel springs which are 
adjusted to ensure equalisation of the load. The 
wheels are of cast steel, and run on ball bearings 
having bronze caps. The tyres are rubber, with cushion 
treads, 36 in. in diameter by 6 in. wide. The two 
front fork spindles terminate in levers which are 
connected by a coupling rod. The back spindles each 
carry a pair of sprocket wheels on a substantial bearing. 
One of these wheels takes the drive from the motor, 
while a roller chain passing over a similar wheel 
on the back wheel axle occupies the other, an arrange- 
ment most clearly seen in Fig. 2. 

The main driving chains, which are the horizontal ones 
in the figures, are tightened by passing over an adjust- 
able idler sprocket, a device which does not interfere 
with the flexibility required by the vertical movements 
of the fork spindle when a rough road is being traversed. 
The driving shaft is carried across the machine and is 
coupled to the motor through transmission gear 
having three forward speeds and one in reverse. The 
motor, as will be seen in the figures, is of a commercial- 
car type, with the customary radiator in front. It is 
known as the S5 Red Seal Continental industrial 
motor, and is a four-cylinder vertical engine of 4} in. 
bore by 4} in. stroke. At its average speed of 1,200 
r.p.m., it develops 35 h.p., and it can be run up to 
2,200 r.p.m., when 50 h.p. is developed. Magneto 
ignition, storage batteries, and self-starter are fitted 
as in ordinary motor-car practice. Lubrication is 
effected by a gear-type pump, driven from the crank- 
shaft by spiral gears. The cooling-water pump is of the 
centrifugal type, also driven by spiral gears, and an 18-in. 
fan is fitted. Steering is effected by a cam and lever 
device, similar to that fitted in certain makes of car. 
The linkage with the front wheels is seen in Fig. 1. 

In addition to providing for traction, the motor 
is also used for operating the hydraulic pump which 
forms part of the lifting mechanism. This is of the 
rotary gear type, consisting simply of a pair of pinions 
in a close-fitting casing with an inlet and outlet port, 
respectively, below and above the point where the 
teeth intermesh. When engaged with the engine, 
it pumps the oil, or other liquid used, from a storage 
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tank into a simple cylinder 12 in. in diameter, the | 


piston rod of which actuates a lever upon a shaft 
running along the machine by the side of the engine. 
A similar shaft is fitted to the other side, and 
synchronous motion is ensured by a toothed quadrant 
on each shaft meshing together. These can be seen in 
Fig. 1, and it may here be pointed out that the slotted 
disc in front of them is merely a rather unusual form 
of nameplate. Each shaft is furnished with a pair of 
levers which are coupled by links to the ends of the 
shoe-bar frame. 

This frame is therefore lifted by starting up the pump, 
the resultant movement of the piston in the power 
cylinder causing partial rotation of the shafts, and the 
lever ends describing an arc sufficient to raise the 
load clear of the ground. The load is held in place 
by preventing escape of the fluid from the cylinder, 
when the shoe bars have been lifted sufficiently 
to jam the load against the top frame as shown in 
both figures. To release the load, the fluid is allowed 
to run back into the storage tank, when the load 
settles on to the ground, and the motion of the shoe 
bars is continued until they are clear. The machine 
is then driven off. The motion is very rapid, the lifting 
speed being 4 in. per second. It is possible, however, 
to put hydraulic pressure in what is normally the 
locking end of the cylinder, so that the shoe bars 
may be pressed downwards with considerable force. 
The object of this device is to provide a self-jacking 
movement, in order to free the wheels of the machine 
if some of them should have dropped into a hole. 

The machine is made in two widths, enabling a 
load measuring 42 in. or 48 in. wide, and 48 in. high, 
to be handled. The maximum safe loads are 6 to 8 
short tons. The overall dimensions of the narrower 
machine are 9 ft. 6 in. long, 6 ft. 9 in. wide, and 8 ft. 3 in. 
high. The height to the top of the driver’s seat is 
6 ft. 9 in. The shoe bars are 6 in. wide and 10 ft. 
long. The wheelbase is 8 ft. 7 in., with an inside turning 
radius of 12 ft. The speed is from 15 m.p.h. to 
20 m.p.h. forward, and 9 m.p.h. to 12 m.p.h. in reverse. 
So far we have referred to both figures when general 
features were being discussed, but when the hydraulic 
lifting gear was being described, Fig. 1 only was 
mentioned. The reason for this will be clear from 
a comparison of the two figures. Fig. 1 shows the 
new type of carrier, which is known as the H.S. 
model, and has a single hydraulic cylinder with shafts 
and levers operating the shoe bars. Fig. 2 is an older 
design, and has a different shoe-bar lifting device. 
This consists of four vertical hydraulic cylinders, 
one at each end of each shoe bar, the piston rods 
being connected to the bars and the lift being conse- 
quently a direct one. There are also some differences 
in the pumping plant, but, speaking generally, the 
principle of the carrier is the same in both instances. 








LETTER TO THE EDITOR. 


THE FATIGUE OF CAST IRON. 


To THE EpITor OF ENGINEERING. 


Sir,—The results of fatigue tests on two samples of 
cast iron described on page 827 of your issue of Decem- 
ber 23, 1927, by Professor C. H. Bulleid and Mr. A. R. 
Almond, are interesting, but the manner in which the 
results are juxtaposed may cause engineers to draw 
erroneous inferences. It would appear that what is 
referred to as “typical cylinder iron’ has a fatigue 
range of plus or minus 3-2 tons, whereas an iron said 
to be suitable for light castings has a fatigue range of 
plus or minus 6-4 tons. The discrepancy is due to 
the fact that the test pieces are neither characteristic 
of these irons nor comparable among themselves. 

The light castings iron was cast in §-in. diameter 
bars to imitate practical conditions and was presumably 
machined to 0-5-in. diameter for the test. On the 
other hand, the cylinder iron was cast in a slab 1 in. 
thick of unspecified width and length and presumably 
machined to the same diameter for the tests. Thus the 
fatigue test on the latter iron was carried out on the 
core of the metal where the cooling was slowest and 
graphite flakes largest. The machining removed the 
hardest end strongest part of the material and the 
results are low accordingly. If a piece of iron is cast to 
imitate practical conditions, it should surely be tested 
at the cast thickness. These considerations apply to all 
tests on cast iron, but especially to fatigue tests. 

A comparison of the compositions used also shows 
the danger of comparing the fatigue results. The light- 
castings iron may have been “ suitable for light cast- 
ings,” but it is certainly not typical, the silicon and 
phosphorus being low and the manganese high; these 
differences would favour fatigue strength. On the other 
hand, the cylinder iron has comparatively high silicon 
and phosphorus, and these would adversely affect the 


irons is 1-2:1, whereas characteristic irons would 
have shown a tensile relationship of 1-2 : 2. 

It may further be added that in neither case do the 
authors give the total carbon content, although the 
graphite content (total carbon less combined carbon) 
has considerable influence on fatigue strength. 

Any test on cast iron is difficult to evaluate unless 
it is accompanied not only by the size of the machined 
test piece, but also the size of section from which the 
test piece was cut and the location of the piece in the 
section, together with the complete analysis. This 
information in the above cases would doubtless enable 
the results, as they stand, to be reconciled. In its 
absence, it would be erroneous to assume that the 
fatigue strength of a cylinder iron is lower than that of 
a light-castings iron. The experience and tests of the 
Cast Iron Research Association constantly show the 
contrary. 

These comments are, of course, in no sense a criticism 
of the machine employed in the tests or the method of 
procedure adopted, and for the samples tested the 
results are doubtless perfectly accurate. 

J. G. Pearce, Director. 
The British Cast Iron Research Association, 
Birmingham, December 30, 1927. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business is still quiet, 
but a very hopeful feeling prevails. With the output of 
Cleveland pig iron insufficient to meet requirements, 
makers of that commodity are in a strong position, and 
values seem likely to stiffen. Stocks are much depleted 
and little improvement in demand is needed to create 
quickly a shortage. Consumers in Scotland are still able 
to purchase through producers’ direct selling agency at 
ls. to ls. 3d. a ton below fixed prices for all other home 
and export business, but ironmasters are less persistent 
in their efforts to recover trade beyond the Tweed. 
Official quotations stand: No. 1 quality, 67s. 6d. ; No. 3 
g.m.b., 65s.; No. 4 foundry, 64s. ; No. 4 forge, 63s. 6d. 
Hematite.—Prices of East Coast hematite, while some- 
what unsteady, are less weak than they have been, and 
makers look for improvement in demand both on home 
and export account. In this branch also production is 
not quite adequate to needs. There is little inquiry 
for ordinary brands, but sales of iron to special analysis 
continue to be made on the basis of quotations for mixed 
numbers, which range from 70s. to 70s. 6d. 
Foreign Ore.—Consumers of imported ore are well 
bought over the first half of the year, and are not dis- 
posed to commit themselves further ahead, despite the 
suggestion of sellers that, as Continental users have made 
heavy forward purchases, supplies may become some- 
what scarce. Nominally, best rubio remains at 21s. c.i.f. 
Tees. 
Blast-Furnace Coke.—Local consumers of Durham 
blast-furnace coke are still disinclined to purchase at 
all extensively on the unprofitable terms makers of that 
commodity are prepared to accept. Cood average 
qualities are in the neighbourhood of 17s, 6d. 
Shipments of Iron and Steel.—December shipments of 
iron and steel from the Tees totalled 99,671 tons, com- 
prising 18,527 tons of pig iron, 5,252 tons of manufac- 
tured iron, and 75,892 tons of steel. The aggregate 
clearances for November amounted to 92,766 tons. Load- 
ings of pig iron for foreign destinations last month were 
11,120 tons, whilst clearances to coastwise customers 
were 7,407 tons. There were 4,739 tons of manufactured 





fatigue strength. The ratio of the tensiles of the two 





iron sent abroad in December, coastwise shipments being 


513 tons. Of the steel cleared during the last month of 
the year, 63,833 tons went overseas, and 12,059 tons 
went coastwise. Scotland was again the largest buyer 
of pig iron, taking 4,249 tons, while Italy accepted 
2,705 tons, Wales, 2,550 tons, and Germany, 2,515 tons, 
The chief purchaser of manufactured iron was the Cape 
with an import of 1,671 tons. India was by far the 
heaviest receiver of steel, taking 25,417 tons. Other 
principal importers of steel were: Argentina, 9,578 tons, 
Australia, 9,008 tons, Japan, 6,944 tons, Portuguese East 
Africa, 2,468 tons, and Natal, 2,126 tons. 


“Manufactured Iron and Steel.—There are no quotable 
changes in manufactured iron and steel. Producers of 
some descriptions of material are well sold, but orders for 
some commodities are needed. Common iron bars 
are 101, 58. ; best bars, 101, 15s. ; best best bars, 111, 5s, - 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets ( soft), 77. 2s. 6d. ; steel billets (medium) 7J. 12s. 6d, ; 
steel billets (hard) 81. 2s. 6d. ; steel ship plates, 87. 2s. 6d, ; 
steel rivets, 111. 10s.; steel angles, 7/. 12s, 6d.; steel 
joists, 77, 12s. 6d.; heavy sections of steel rails, 87. 10s. ; 
black sheets (No, 24 gauge), 10/.; and galvanised corru. 
gated sheets (No, 24 gauge), 131. 7s. 6d. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Quiet conditions are widely antici- 
pated this month in the heavy iron and steel trades, 
There is little sign of forward buying in bulk steel of 
such a volume as would warrant the restarting of furnaces 
at the capacity at which they were operating before the 
year ended. Movement in iron and steel scrap and in 
ferro-alloys is confined to immediate needs. Prices 
mainly retain the low level that was last recorded, Fur. 
ther concessions seem unlikely in view of the unprofitable 
basis of much of the current working, though the experi- 
ence of last year showed the difficulty of determining 
when rock-bottom quotations had been reached. Depres- 
sion is common in wire rods, wire rope and bar iron, 
Four hundred operatives have been added to the roll of 
totally unemployed as the result of the permanent 
closing of the South Yorkshire Iron Works through 
successive trading losses, Complaint of the damaging 
effect of unrestrained price-cutting among makers of wire 
rope is freely heard. Mining requirements of this type of 
product have slumped, while the demands of the shipping 
industry have been below normal. Iron and steel quota- 
tions, per ton delivered at local works, are as follow :— 
Hard basic billets, 81. 2s. 6d.; soft basic billets, 6/. 10s. ; 
West Coast hematites, 31. 17s. 6d. ; East Coast hematites, 
3l. lls.; Lincolnshire No. 3 foundry iron, 3/. 2s.; 
Lincolnshire forge iron, 31. 0s. 6d. Derbyshire foundry 
iron, 3/1. 58. 6d.; Derbyshire forge iron, 3/1. 2s. 6d.; 
bars, 107. 10s.: sheets, 127. Quiet optimism is the key 
note in the engineering and tool trades. Electrical and 
automobile requirements will keep works busy for a 
considerable period, and there are signs of increased 
movement in railway steel, with prospects of more active 
conditions on home railway account. More steel is 
going into motor omnibus construction. Crucible fur- 
naces are not operating to the limit of capacity, but 
comfort is drawn from the fact that fine steels with 
special cutting properties are becoming essential for a 
growing number of purposes. Aeroplane engineers are 
taking increased quantities of alloy steel. Manufacture 
of rustless metals is being placed on a wider basis, mainly 
in view of the enlarged requirements of the chemical 
industry. Export business in files, saws, and general edge 
tools is steadily improving, despite the loss of the Russian 
market. 


South Yorkshire Coal Trade.—The local demand is 
inevitably restricted owing to the partial character of 
manufacturing operations. Some inquiries, are, however, 
circulating, and improved conditions are anticipated. 
Exports are on the light side, with prices fairly steady. 
There is no improvement in blast-furnace coke. Yodustrial 
needs are expected to expand with the gradual resumption 
in the production of heavy metals. Gas coke is a mode- 
rately active medium on inland account. While still 
below normal, house-coal requirements are in the ascen- 
dant. A better call from the South Yorkshire area is 
supplemented by increased consumption in the southern 
counties. Quotations: Best hand-picked branch, 27s. 6d. 
to 29s. 6d.; Derbyshire best brights, 20s. 6d. to 21s. 6d. ; 
best house, 19s. to 20s. 6d. ; screened house coal, 16s. to 
17s. 6d.; screened house nuts, 15s. to 16s.; Yorkshire 
hards, 14s, 6d. to 15s. 6d.; Derbyshire hards, 14s. to 
15s. 6d.; rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 
6s. to 7s.; smalls, 3s. to 4s. 





PERSoNAL.—The new offices of Messrs. Liquid Measure- 
ments, Limited, have been completed, and their address 
is now : Hammond Petrol Pump Works, Chase Estate, 
Willesden Lane, Park Royal, N.W.10.—The name of 
Messrs. Diamond Coal-Cutter Company, Limited, Sten- 
nard Works, Wakefield, has now been changed to British 
Jeffrey Diamond Limited. The business of the company 
will be continued exactly as heretofore.—Mr. R. 

Hilton, managing director and deputy chairman of 
Messrs. Metropolitan- Vickers, Limited, has accepted the 
position of sole managing director of the United Steel 
Companies, Limited.—We are informed that the rights in 
this country for the Peabody pulverised-fuel equipment. 
as regards Great Britain, are in the hands of the Peabody 
Engineering Corporation, of New York, whose London 
address is Sentinel House, Southampton-row, W.C.1. 
For convenience, business in this country will be handled 
by a subsidiary company, registered under the title of 
Peabody, Limited, and the equipment will be constructed 








over here, as already stated in our columns. 
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NOTES FROM THE NORTH. 


Guasaow, Wednesday. 
Scottish Steel Trade.—With the holiday season still 
on, there is practically no activity in the Scottish steel 
trade at present. Business, in general, is only starting 
to-day, and in few establishments will steam be raised 
before next Monday. Order books at the moment are 
not heavy, and the general outlook is far from bright. A 
year ago a different state existed, as all works had large 
commitments to fulfill owing to the accumulation of orders 
during the stoppage caused by the coal strike. Plant was 
kept running at fullspeed for fully six months, but, by that 
time, arrears had mostly been cleared off, and as buyers 
had few orders left to place, a period of dullness com- 
menced, That phase, unfortunately, has lasted for the 
other six months, The movement in prices throughout 
the year has been within narrow limits, The prices in 
January, 1927, were as follow :— 


Home 
Delivery. Export. 
8. d, £ 3s. d. 
Boiler plates, per ton i 0 0 ll 0 0 
Ship plates, Be ae “eee 3G 710 0 
Sections, a aa 7334 & 700 


These were the official minimum prices of the Associated 
Makers, but towards the end of May, the export rates were 
officially advanced to 7/. 12s. 6d. per ton forship plates, and 
71. 2s. 6d. per ton for sections. Shortly afterwards the 
premiums disappeared, and the official list prices ruled. 
Boiler plates remained fairly steady all the year, but a 
reduction in the price of 10s. per ton made the quotation 
that amount less at the close of the year than at the 
beginning. The following are the current quotations 
at the opening of business this year :— 


Home 
Delivery. Export. 
g «£ £ «4 4. 
Boiler plates, per ton 10 10 O 10 10 O 
Ship plates, aa 8 2 6 7126 
Sections, Pe 712 6 7 2 


Black Sheet Trade.—Throughout the past year quite a 
good business was put through in black sheets, par- 
ticularly for the thinner gauges and better qualities. 
Towards the end of the year the demand became easier, 
however, but there are prospects of a fair demand for 
the spring months. Sheets of the heavier grades have 
not had a very successful time, and, at the moment, the 
outlook is no better. Prices over the year showed an 
easier tendency, and are about 2/., per ton under those 
of a year ago. To-day, sheets, } in., are quoted 81. 17s. 6d. 
per ton, delivered at Glasgow stations. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron trade is not at present, in a very flourishing con- 
dition, but the outlook is considered to be more hopeful 
than of late. Last year the ouly active period was 
during the first quarter, when the hold-up orders of the 
coal strike kept the works running full. After that 
dullness was experienced, and many of the works were 
only employed at about half capacity. The mills re-rolling 
steel bars from Continental billets, have had quite a good 
spell of activity, and the prospects are encouraging. 
The price of Crown bars to-day, is 101. 5s. per ton 
delivered at Glasgow stations, and this is 30s. per ton 
under the highest value of 1927. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the last week of 1927 
amounted to 511 tons. Of that total 446 tons went 
overseas and 65 tons coastwise. For the corresponding 
week of last year the figures were 30 tons overseas and 
41 tons coastwise, making a total shipment of 71 tons. 


Scottish Pig-Iron Trade.—The position of the Scottish 
pig-iron trade is very serious, and at the close of the year 
there were only 31 furnaces in blast. Nine of these have 
now been damped down, and the possibility is that they 
may not be blown in again until conditions improve. 
Throughout the year the ironmasters had to face very 
severe competition, and prices gradually eased off. Even 
this had little effect on the demands, and stocks kept 
steadily increasing. In the matter of prices, the highest 
for No. 1 foundry iron in 1927 was 95s. per ton, and for 
No. 3, 90s. per ton, while, at the close of the year, the 
quotations were, No. 1, 75s. per ton and No. 3, 70s. per 
ton, both on trucks at makers’ yards. The hematite iron 
position has, of course, been very similar to that of 
foundry grades of iron. The new year will start with 
only eight furnaces on hematite and 14 on ordinary 
iron. The highest figure for hematite iron last year 
was 90s. per ton, delivered at the steel works, and to- 
day it is only 74s. per ton. 

Scottish Shipbuilding—The shipbuilding returns 
from the various Scottish districts for the year just 
— must be considered very satisfactory. They are as 
OLLOW :— 





Vessels. Tons. LHP. 

The Clyde 274 463,528 647,824 

The Forth pa = 58 21,652 1,800 

The Tay ... lent ae 10 24,950 7,950 
The Dee and Moray 

Firth cue 35 9,854 7,600 

377 519,984 665,174 





INDUSTRIAL RESEARCH IN CANADA.—We learn that 
& comprehensive scheme for industrial research is under 
Consideration in the Province of Ontario. The Pro- 
vincial Government is willi to finance the scheme 
to the extent of one million dollars and to grant the 
free use of a building, if the industries will raise a 


NOTICES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Thomas Gray Lecture: 
““The Marine Oil Engine,” by Professor C. J. Hawkes. 
Yorkshire Branch: Thursday, January 12, 7.30 p.m., 
Hotel Metropole, Leeds, “‘High Pressure Compound 
Locomotives,” by Mr. Lawford H. Fry. Glasgow and 
West of Scotland Branch: Thursday, January 12, 
7.30 p.m., Royal Technical College, Glasgow. ‘‘ Cutting 
Temperatures : Their Effect on Tools and on Materials,” 
by Mr. E. G. Herbert. 

Junior INSTITUTION OF ENGINEERS.—To-night, 6 p.m., 
37, Victoria Street, S.W.1. Exhibition of Instruments 
and Scientific Appliances. Friday, January 13, 7.30 p.m. 
‘** Air Conditioning—A General Survey of its Uses and 
Application,” by Mr. N. E, Jackson. 


INSTITUTE oF TRANSPORT.—Midland Local Section : 
Monday, January 9, 6 p.m., Queen’s Hotel, Birming- 
ham. ‘Goods Shed Operation,’”’ by Mr. H. P. Aggleton. 
North-Western Local Section: Friday, January 13, 
6.30 p.m., Midland Hotel, Manchester. ‘‘Some Aspects 
of Shipping Transport,” by Mr. L. C. Harris. Yorkshire 
Section.: Friday, January 13, 7 p.m., Albion Hall, 
Albion Place, Leeds. ‘The Railways’ Application for 
General Road Transport Powers,” by Mr. 8 
Shrapnell-Smith and Mr. H. B. Dickinson. 


InstTrITuUTE oF MeEtats.—Scottish Local Section: 
Monday, January 9, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. Open discussion on various subjects. North- 
East Coast LocalSection: Tuesday, January 10,7.30 p.m., 
Armstrong College, Newcastle-on-Tyne. ‘‘ Permanent 
Mould Casting in Aluminium Alloys,” by Mr. G. Mortimer, 
London Local Section: Thursday, January 12, 7.30 p.m., 
Society of Manufacturers and Traders, 83, Pall Mall, 
S.W.1. ‘Corrosion, with Special Reference to Standard 
Tests,” by Dr. G. D. Bengough. 

BRADFORD ENGINEERING Socrety.—Monday, Jan- 
uary 9, 7.30 p.m., Technical College, Great Horton-road, 





Bradford. Lecture: ‘‘ South America,” by Mr. C. O. 
Becker. 

INSTITUTION OF MintnG ENGINEERS.—Tuesday, Jan- 
uary 10, 11 a.m., Geological Society, Burlington 
House, Piccadilly, W.1. Presidential Address by 
Prof. Louis. ‘“‘The Rhéolaveur Coal-washer in 


Belgium,” by Prof. H. Rriggs. ‘‘The Use of a Lamp- 
room Photometer,” by Dr. J. S. Haldane and Dr. R. V. 
Wheeler. ‘ Life-saving in Colliery Explosions and 
Fires,” by Mr. T. A. Southern. ‘‘ The Measurement of 
Low Air-velocities in Mines,” by Mr. J. P. Rees. 


INSTITUTION OF PETROLEUM 'TECHNOLOGISTS.—Tues- 
day, January 10, 5.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘‘The Connection between Com- 
mercial Oil Deposits and Major Structural Features, with 
Special Reference to Asiatic Fields,” by Dr. L. D. Stamp. 


INSTITUTION OF CrviL ENGINEERS.—Tuesday, January 
10, 6 p.m., Great George-street, S.W.1. ‘‘ Standards of 
Thermal Efficiency for Internal Combustion Motors,” 
by Sir D. Clerk. Wednesday, January 11, 6 p.m., 
Informal meeting. ‘‘The Effect of Acceleration and 
Deceleration on the Wear of Railway Track,” by Mr. 
R. T. Smith. Birmingham and District Association : 
Thursday, January 12, 6 p.m. Chamber of Commerce, 
New-street, Birmingham. ‘The Development cf Heat- 
ing of Buildings,” by Mr. A. J. P. Pashler. 


INsTITUTION OF LOCOMOTIVE ENGINEERS (LONDON).— 
Tuesday, January 10, 6 p.m., Denison House, Vauxhall 
Bridge-road, S.W.1. ‘‘ Some Constructional Details of a 
High Pressure Locomotive,” by Mr. Lawford H. Fry. 


INstTITUTE OF MARINE ENGINEERS.—-Tuesday, Jan- 
uary 10, 6.30 p.m., 85-88, The Minories, Tower-hill, E.1. 
‘“‘ The Effect of Type and Disposition of Machinery on the 
Strength of Ships,” by Mr. T. R. Thomas. 


INSTITUTION OF ELEcTRICAL ENGINEERS.—Scottish 
Centre: Tuesday, January 10, 7 p.m., North British 
Hotel, Edinburgh. ‘“‘ Storage Batteries in Relation to 
Modern Supply of Electric Lighting and Power,” by Mr. 
E. C. McKinnon. North Midland Centre: Tuesday, 
January 10, 7 p.m., Hotel Metropole, Leeds. “The 
Problems of Public Lighting by Electricity,” by Mr. 
H. T. Harrison. South Midland Students’ Section: 
Tuesday, January 10, 7 p.m., Birmingham University, 
Edmund-street, Birmingham. ‘‘ The Mercury Are Rec- 
tifier Bulb,” by Mr. F. C. Orchard. 


OveRHEAD Lines AssocraTion.—Wednesday, Jan- 
uary 11, at 5.30 p.m., Institution of Electrical Engineers, 
Victoria-embankment, W.C.2. “Legislation, Regulations 
and Policy for Rural Distribution of Electricity in 
France,” by Major T. Rich. 


INnsTITUTE oF FuEL.—Wednesday, January 11, 6 p.m., 
Chemical Society, Burlington House, Piccadilly. W.1. 
“The Utilisation of Town’s Refuse and Refuse Fuels,” 
by Mr. A. B. Scorer. 


Betrast ASsocIATION OF ENGINEERS.—Wednesday, 
January 11, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Refrigeration on Land and Sea,” by Mr. 
H. W. Pasteur. 


Socrety or TECHNICAL ENGINEERS.—Wednesday, 
January 11, 7.45 p.m., 102, Belgrave-road, 8.W.1. 
“Industrial Prosperity in the United States : Report on 
@ Visit of Investigation,”’ by Mr. P. A. Molteno. 


Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 13, 7.30 p.m., Mining 
Institute, Newcastle-on-Tyne. ‘‘ Diesel Engine Drive for 
Generators and other Auxiliary Machinery on Board 


INSTITUTION OF ENGINEERING INSPECTION.—Friday, 
January 13, 7.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘‘ Some Interesting Points in the 
Operation of Dielectrics,” by Mr. P. Dunsheath. 


KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
January 13, 7.30 p.m., Temperance Institute, Keighley. 
‘** Heating of Mills and Workshops,”’ by Mr. F. Watson. 


Socrery or CHemicat Inpustry.—Chemical Engi- 
neering Group: Friday, January 13, 8 p.m., Chemical 
Society, Burlington House, Piccadilly, W.1. ‘The 
Manufacture of Artificial Silk : with Special Reference 
to Viscose,”’ by Mr. H. R. 8. Clotworthy. 








NOTES FROM THE SOUTH-WEST. 
CarpirFr, Wednesday. 


The Coal Trade.—Exports of coal as cargo foreign from 
the South Wales ports were badly affected in the past six 
days by the arctic conditions which prevailed at the 
beginning of the week. Difficulties were experienced both 
in regard to transport and shipment, and, in consequence, 
loading was seriously checked. In addition, vessels 
which were expected to arrive, failed to dock, and the 
coal was held up. This, in turn, delayed the return of 
empty wagons to the pits and caused a number of tem- 
porary stoppages. In the circumstances it was not sur- 
prising that exports amounted to only 274,050 tons, which 
was 74,000 tons less than in the preceding six days and 
compared with 362,910 tons in the corresponding period 
of a year ago. At Cardiff, clearances were lowered from 
232,170 tons to 156,100 tons, at Swansea, from 30,530 
tons to 27,150 tons, at Port Talbot, from 31,560 tons to 
30,220 tons and at Llanelly, from 5,200 tons to 420 tons, 
but at Newport, increased from 49,020 tons to 60,160 
tons. Shipments to France were raised from 79,530 
tons to 87,460 tons, and to Italy from 22,200 tons to 
26,050 tons, but for the Argentine reduced from 41,300 
tons to 36,700 tons, for Brazil from 50,420 tons to 32,240 
tons, for Egypt from 31,200 tons to 14,300 tons, for 
Portugal from 14,050 tons to 9,150 tons, and for Spain 
from 25,380 tons to 16,800 tons. 


Marketing Scheme.—The Welsh coal owners have defi- 
nitely launched their marketing scheme which is to 
remain in operation until the end of the year. Collieries 
are to pay 3d. per ton on output to a fund which is to 
be used for compensating undertakings losing shifts 
through lack of trade. Minimum prices are to be fixed 
for the different classes of coal, and collieries selling below 
the minimum, are to pay 2s. per ton on all coal sold at less 
than minimum. It is hoped in this way to stabilise 
prices at an economic level. Shippers, however, are not 
enamoured of the scheme, and hold to the opinion that 
prices must eventually be determined by world com- 
petition. The minimum prices are yet to be decided. 


Miners’ Wages.—The independent chairman of the 
South Wales Coal Board has decided that there shall be 
no alteration in wages for the Welsh colliery workers for 
the next twelve months. The owners had applied for a 
reduction in the minimum from 28 per cent. to 25 per 
cent. above the 1915 standard rates, while the men counter 
claimed for an increase to 35 per cent. Alterations were 
also requested in the subsistence wage, but were refused 
by the independent chairman of the Board. 


Local Plates for Cardiff Ship?.—Following the placing 
of an order by the Northumberland Shipbuilding Com- 
pany (1927), Limited, for 1,000 tons of ship plates, with 
the Dowlais Works at Cardiff for the building of a steamer 
for Sir Wm. Seager, D. L., Cardiff, Messrs. Wm. Pickers- 
gill and Son, Limited, Sunderland, have also contracted 
for plates with the Dowlais works to be used in the con- 
struction of a steamer building for Lord Glanely of the 
Tatem Steam Navigation Company, Limited. 





SHIPBUILDING IN 1927.—Messrs. Vickers Limited, 
Barrow-in-Furness, have launched and engined two 
steamers fitted with geared turbines. The larger of 
these, the 8.8. Orford, has a gross tonnage of 20,000 
and a s.h.p. of 19,500. The geared-turbine propelling 
machinery of H.M.S. Devonshire, which has as.h.p, of 
80,000, was also constructed.—Fifteen trawlers, drifters, 
and tugs, together totalling 3,121 gross tons, have been 
launched by Messrs. Cochrane and Sons, Limited, Ouse 
Shipbuilding Yard, Selby.—The vessels built and engined 
by Messrs. Lobnitz and Company, Limited, Renfrew, 
numbered 14. The total gross tonnage of these is 5,404 
and the i.h.p. 7,890.—Messrs. William Beardmore and 
Company, Limited, Dalmuir, have launched and com- 
pleted the propelling machinery of four vessels having 
a total gross tonnage of 36,434, and an aggregate i.h.p. 
of 29,300. The largest of these vessels is the 21,500-ton 
8.8. Duchess of Atholl, the engines of which have an 
ih.p. of 18,500.—The ships launched by Messrs. Work- 
man, Clark and Company, Limited, Belfast, numbered 13. 
The total gross tonnage of the vessels amounts to 48,911. 
The engines of four of these ships, giving an aggregate 
ich.p. of 17,700, were also built by the firm. The largest 
of the vessels is the Bermuda ; she has a gross tonnage 
of ‘19,086.—Messrs. Cammell Laird and Company, 
Limited, Birkenhead, have launched seven ships, five of 
which they have engined; the total gross tonnage is 
36,103, and the aggregate i.h.p. 29,900. These vessels 
include the 13,880-ton steamer Arandora.—Three vessels, 
having a total gross tonnage of 8,518, were launched 
by Messrs. Earle’s Shipbuilding and Engineering Com- 
pany, Limited, Hull. The total ih.p. of the engines 
constructed was 6,750.—Messrs. Napier and Miller, 
Limited, Old Kilpatrick, have launched five vessels 
having a total gross tonnage of 16,109. The aggregate 








further sum of one million dollars. 


Ship,” by Mr. J. Calderwood. 





i.h.p. of the engines was 10,850. 
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and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC | “ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 











~~ SUBSCRIPTIONS, HOME AND FOREIGN. 
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free, at the following rates, for twelve months, payable 
in advance :— 
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REACTIONS OF RECENT ELECTRICAL 
LEGISLATION. 


Tue administrative problems of electricity supply 
have an irresistible attraction for all classes of 
politician, both lay and professional. Even the 
Prime Minister has not been able entirely to resist 
the impulse to dabble in electrical matters to his 
undoing, while the smaller fry seem to have lost all 
their powers of logic and reasoning and have made 
it clear that they find the temptation to display their 
knowledge on a subject, which is not without its 
complications, too great to be withstood. The 
fateful result of this indulgence becomes plainer 
every day. Last year glowing predictions, by those 
who might have known better, were made that the 
effect of the passing of the 1926 Act would be a 
reduction in the retail price of electricity. These 
predictions mainly ignored the fact that the pro- 
visions of this measure dealt with production, 
although they also aimed at making electricity 
more generally available throughout the country. 
These prophetic utterances have changed into 
strident complaints, now that it is being realised 
that cheap electricity can be attained neither by a 
stroke of the pen nor by the creation of the “ grid.” 

For instance, an eminent lawyer has recently 
stated that the public is anxiously awaiting a reduc- 
tion in the price of electricity as the result of the 
Act. He warns them, however, to prepare for 
disappointment, since everything has gone wrong 
and the “ House of Commons has been hoodwinked 
by the electricity companies and confounded by the 
figures served out by experts.” In fact, a large 
amount of public money is to’ be expended with- 
out benefit to any one, except the various branches 
of the electrical industry. We would have regarded 
such arguments with more seriousness, though they 





are not, of course, unanswerable, had not the writer 


proceeded to inform us that the overhead lines, 
which will form the grid, will be luminous at night, 
and to attempt to make our flesh creep with the 


1| terrible results that may be expected, should this 


country be unfortunate enough to goto war. Here, 


2| however, he has misread his brief, or allowed his 


imagination too much play. The pressure, at 
which these lines are to be operated, will be well 
below the corona limit, and the picture of a corner 
of England where “ bright ribbons lead from the 
dark masses of the power stations to the dark bulk 
of the metropolis ”’ is, therefore, a pretty illusion. 

Comments such as these, besides unnecessarily 
misleading the public, tend to obscure other points, 
generally of detail, but nevertheless important, 
to which constructive criticism may well be directed. 
The success of the new scheme depends to a great 
extent on a good start being made, and comment 
that will prevent the committal of errors of fact 
or of judgment during its initiation is, therefore, 
to be encouraged. It is common knowledge that 
considerable criticism has been directed against 
the scheme of reorganisation, which the Electricity 
Comissioners have prepared for South-East England, 
and it is desirable that this criticism should be 
closely examined, so that the destructive and the 
factious may be separated from that which may 
be useful. This is desirable not only so far as 
South-East England is concerned, but so that the 
experience obtained may serve in future schemes, 
The question arises how that criticism may best 
be applied. 

Under the Act of 1926, all the undertakings and 
interests affected by such a scheme have the right 
to make representations to the Central Electricity 
Board, upon any points which they conceive may 
harmfully affect their interests. Full advantage 
has been taken of this privilege in South-East 
England. This is perhaps natural, but what is 
significant is that, in nearly every case, the protest is 
accompanied by a demand for a public inquiry. 
Stress is, in fact, laid not only on the need for an 
inquiry, but on it being held in public. Speaking in 
the House of Lords a short time ago, Lord Gainford 
threatened that, failing an inquiry, litigation might 
be initiated. Now the Central Electricity Board have 
the power to hold such an inquiry, and there are at 
least three reasons why they might decide to do so: 
The public interest, the need for more information, 
and the desirability that the representations made 
by one authority in the area should be known to 
every other. On the other hand, it is not compul. 
sory for an inquiry to be held, as it was under the 
1919 Act, and the Central Electricity Board at 
present show no signs of yielding to the clamour 
that they should take this course. Nor, when the 
reasons for doing so set out above come to be 
analysed, is this attitude surprising. For they have 
plenty of information at their disposal and, if this 
requires supplementing, the post or the telephone 
provides the necessary channels. They can quite as 
efficiently weigh conflicting evidence in their own 
offices as in public, and their judgment does not 
in the former case run the risk of being clouded by 
oratory and the desire to secure barren victories on 
unimportant legal points. It is betraying no con- 
fidence to say that the officials of the Board are in 
close touch with all the undertakings concerned, 
and are taking no steps without close consultation 
with them. A public inquiry, therefore, would only 
cause delay, expense, confusion, and probably bad 
feeling. Far from it being in the public interest 
the very reverse is the case, and it is not a forsenic 
display in which engineers and business men of 
judgment, such as those who form the Central 
Electricity Board, have any desire toindulge. They 
are probably confirmed in their dislike of this course 
by the not unfounded assumption that the request 
for an inquiry is not bona fide, but is engendered 
by a desire to obstruct and to delay. 

The next important criticism of the scheme is 
one of greater substance. Section 5 of the South- 
East England scheme obliges the owners of certain 
generating stations to work these stations as the 
Board may direct as a temporary measure. This, 
as we have already pointed out, creates a class of 
station which is not contemplated in the Act. It 
is therefore contended with some justice that it is 





ultra vires. For, while Section 4 of the Act permit 
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temporary arrangements to be made by the Board, 
this appears to apply only to the purchase of surplus 
energy from such non selected stations, and not to 
the control of the stations themselves. The position 
is complicated by the fact that no limit to the 
length of this temporary period of contro! has been 
laid down, and that during that period the stations 
concerned do not receive the same protection or 
financial advantages as those which have been 
selected. On the other hand no extensions to the 
majority of them are proposed, and would probably 
not be allowed, so that they are forced willy-nilly 
into the arms of the Board; whereas, had they 
been completely non-selected, they could have made 
a good fight for autonomy, if their interest dictated 
that course. To this extent, therefore, they are 
in a worse position than the stations which it is 
proposed to shutdown. These objections are sound 
and will have to be met, though the position is 
perhaps not so grave as appears at first sight. ‘ For, 
in the Supplementary Particulars to the South East 
England Scheme, a considerable number of the 
stations affected by Section 5, are treated as if they 
had been selected, 7.e., the Central Electricity Board 
is debited with all the charges on them. Though, 
therefore, the procedure adopted may be illegal, 
advantage has not been taken of the illegality, in 
so far as the preparation of the financial estimates 
is concerned. Obviously, however, the matter 
cannot finally be settled in this way. In general 
terms, the correct choice of selected stations is the 
most difficult task in the preparation of a scheme. 
For, once the stations are selected, it must be possible 
to work them, so that the greater part of the total 
load is carried on the most efficient plant. But a 
station once selected is selected for ever. It is, 
therefore, wise not to select too many to begin with. 
On the other hand, the selection of too few stations 
might lead to difficulties during the transition 
period, while, if too much generosity in this respect 
is displayed to begin with, later experience may show 
that some stations are not required. The procedure 
adopted is a not altogether successful attempt to 
avoid these two pitfalls, but it will require further 
consideration. 

Another important general point is that raised 
in the objections put forward by the West Ham 
Corporation, wherein it is contended that, as no 
extensions to their generating station are scheduled 
in the scheme, none can be permitted without a 
new scheme. ‘This criticism enshrines a widely-held 
fallacy that the Supplementary Particulars have 
all the rigidity of the laws of the Medes and Persians, 
and that the Centra] Board must follow them to the 
last footnote. In reality, there is no rigidity about 
the Supplementary Particulars, and not a great 
deal about the scheme itself. In any event, Sec- 
tion 5 of the 1926 Act permits the Board to carry 
out such extensions and alterations, not only as are 
required by the scheme, but as they think fit. Any 
modifications that subsequent experience show to 
be necessary can therefore easily be made. 

Another series of criticisms is based on the con- 
tention that the generation of all the electricity 
required in south-east England has been largely 
concentrated in the hands of the companies, and 
that the municipalities, in spite of what they 
have done in the cause of cheap electricity, have 
been cold-shouldered. The former part of the 
statement is, perhaps unfortunately, true enough. 
It arises, however, from the fact that most 
of the large and efficient stations in the area 
are in private hands. Jt is further argued that 
this policy is wrong, because local authorities 
can obtain capital more cheaply than can the 
companies. This ignores the fact that the London 
Power Company, which will generate a large 
quantity of the electricity required, is not allowed 
to make profits and will raise its money on deben- 
tures as the municipalities do. It will suffer, there- 
fore, neither from dear money, nor from the tempta- 
tion to earn excessive dividends. As regards the 


latter point, it is interesting to learn that some 
of the companies object to the scheme because 
their profit-earning powers are to be limited. When 
doctors disagree, it is sometimes a good thing for 
the patient. 

Great play has been made with the supposed in- 
accuracy of the statistics. on which the scheme is 








based. It is claimed that some figures, more up-to- 
date than those of 1925-26, should have been taken 
as a basis, and that the estimated rate of growth of 
load is also open to question. The deduction is 
that, if these charges of inaccuracy can be proved, 
the scheme will fail to the extent that the estimates 
are wrong. It is not necessary to expend much 
ink controverting arguments of this kind. As we 
have pointed out, the scheme is flexible, not rigid, 
and can therefore be adapted to square with facts 
as they arise. Nor need we do more than call 
attention to the statement that the amount of 
spare plant allowed is dangerously low. There will 
in reality be a margin. of 220,000 kw. of spare 
plant, available over and above the estimated 
maximum demand. Fears have also been ex- 
pressed that the Board and the Electricity Commis 
sioners will wield the great powers, which have been 
undoubtedly conferred upon them, in an arbitary and 
ungenerous spirit, especially in regard to the matters 
of tariff fixing, consents to extensions and adjudica- 
tion on the difficult question as to whether an 
undertaking can, or cannot, generate for itself as 
cheaply as it can be supplied by the Board. 

We very much doubt whether these fears are 
justified. But assuming that they are, it is surely 
bad policy for those concerned to cry out before they 
are hurt. The Electricity Commissioners and the 
Central Electricity Board have had certain duties 
laid on them, and they must perform these duties 
to the best of their abilities. That they will make 
mistakes, since they are human, is only natural. 
We believe, however, that they are also wholehearted 
in a desire to obtain the most efficient electrical 
re-organisation and development. They will, there- 
fore, not hesitate to correct those mistakes, when 
they discover them or when they are pointed out. 
In tackling South-east England so early in their 
career they have shown not a little courage, for 
they have hardly any experience to guide them, and 
still less past success to encourage them. The 
least, therefore, they have a right to expect is a 
chance to show what they can do. Nor is it perhaps 
too much to ask that their endeavours should be 
freed from a type of criticism, which savours a good 
deal more than we like of pure obstruction. This 
matter is not only of interest to those whose fortunes 
are bound up with electricity supply. It clearly 
affects the electrical manufacturers and less obvi- 
ously, but none the less profoundly, it will influence 
the well-being of the industries of the country 
and the ultimate comfort of its people. 





PNEUMATIC TYRES FOR USE ON 
COMMERCIAL VEHICLES. 


THE railway companies sometimes bewail the fact 
that while they are naturally responsible for the 
upkeep of the tracks over which their traffic runs, 
their road competitors are in the position of having 
a large proportion of these costs paid for them. 
This, however, is not so much to the disadvantage 
of the railways as might at first sight appear. The 
efficiency of any form of transport depends as much 
upon the condition of the surface traversed as 
upon that of the vehicle itself, and while the railway 
companies are in a position to ensure that the track 
is best suited to its assigned purpose, the road user 
is at the mercy of a series of highway authorities 
with widely diverse views. One of the ambitions of 
the Ministry of Transport is to impose some sort 
of uniformity in road construction, but it will 
certainly be many years before even the main roads 
have a common surfacing and a common rate of 
deterioration. At the present time, a transport 
company may be obliged to operate over sections of 
road in extremely bad condition, and this may to 
some extent explain the preference of most goods- 
carrying undertakings for solid over pneumatic 
tyres. Altruism rarely earns dividends, and it 
is vain to expect such companies to fit pneumatics 
on the grounds that they do less damage to the roads, 
unless such damage can be shown to affect any 
particular concern detrimentally from a financial 
standpoint. Such an argument might be effective 
in relation to the approach way to one of their own 
depots, but could obviously have no weight in 
connection with a road where their vehicles con- 
stitute a negligible percentage of the total traffic. 








In the case of passenger services, the fitting of 
pneumatic tyres has been largely forced upon the 
operating companies by the demand of the public 
for comfort, and it may be taken for granted that a 
company who proposed to operate charabancs 
fitted with solid tyres would now have no chance 
of success. To a certain extent, the same may be 
said of omnibuses, although the largest *bus organi- 
sation in the world still equips its vehicles with 
solid tyres, with corresponding discomfort to its 
passengers. This company operates in the Metro- 
politan area, and is thus exceptionally favoured 
in the matter of road surfaces. In the provinces, 
particularly where urban or country roads are 
included in the itinerary, omnibuses are almost 
invariably fitted with pneumatics. It is not 
improbable that in the future, the importance of 
maintaining the main traffic arteries in good con- 
dition will enforce legislation to ensure that the 
faster moving traffic is pneumatically equipped, 
whether it be used for passenger or goods carrying, 
and it is therefore of importance that as much 
data as possible should be available regarding the 
performance of pneumatics. Mileage figures are 
frequently given by individual users, but they are 
usually so discrepant under apparently similar 
conditions as to be of little value. The explanation 
no doubt lies in unrecorded factors, such as maximum 
and mean speeds, inflation pressures, and loading. 
In addition, tyres are particularly liable to fortuitous 
damage on the road, and as such damage frequently 
has a decisive influence on the life of a tyre, although 
often not at first apparent, it introduces a factor 
which is very difficult to compute. For actual 
road tests to be of any real value, it is essential 
that they should be on a sufficiently large scale to 
relegate initial defects and fortuitous damage to 
their correct proportions, and that the tests should 
be carried out by a single authority with power to 
ensure some degree of uniformity in running con- 
ditions. 

For these reasons, a paper entitled “The Use 
and Maintenance of Pneumatic Tyres as Applied to 
Commercial Vehicles,” read by Mr. L. G. Wyndham 
Shire, before the Institute of Transport, on Tuesday 
last, is of more than common interest. The data 
given in the paper refer to single-deck motor 
omnibuses, operated by the Birmingham and 
Midlands Motor Omnibus Company, Limited, and 
are based on a total of nearly 32 million road-miles. 
The area covered, some 9 thousand square miles, 
embraces a very wide variety of road surfaces, 
including roads singularly unfavourable to pneu- 
matic tyres, since they are liable to be strewn with 
metal swarf by passing lorries. The whole of the 
mileage mentioned has been covered by omnibuses 
shod with single pneumatics on all wheels. The laden 
front and rear axle weights were approximately 
2 tons 6 cwt., and 4 tons, respectively, 6-in. tyres 
being used on the front, and 8-in. tyres on the rear 
wheels. The tyres were subject to occasional 
overloading by standing passengers. Careful 
attention was given to inflation pressures, and under 
these circumstances, the overloading was not found 
to shorten appreciably the life of the tyres. The 
data given in the paper cover a period of 5 years, 
in which some 7,800 covers were fitted. Of these, 
3 completed 57,000 miles, 10 between 50,000 and 
55,000, 82 between 40,000 and 50,000, 304 between 
30,000 and 40,000, and 835 between 20,000 and 
30,000. These results were secured without 
nursing the tyres, and constitute a really remark- 
able tribute to the manufacturers. Could such 
mileage be ensured in all cases, little excuse would 
remain for fitting solids to any but the heaviest 
and slowest-moving vehicles. The bulk of the tyres 
tested, however, failed at between 10,000 and 20,000 
miles, while 280, or 3? per cent. of the whole, 
failed before 10,000 miles had been reached. The 
failures were traced to a variety of causes, of which 
the most frequent were that the tyres were initially 
defective, that the tread wore unduly rapidly, and 
that longitudinal cracks developed due to over- 
vulcanising. 

The initial defects were found to be of two kinds ; 
either the cord plies were detached from one 
another, or, more commonly, the tread was not 
securely fastened to the carcass. The author of the 
paper points out that a loose patch of tread may 
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arise from a cut or puncture not being properly 
filled, when separation gradually takes place 
between the tread and carcass, soon leading to 
total loss. He suggests that if the tread could be 
secured so that even when badly cut, no forcing 
away took place due to the introduction of water 
and road material, a great advance would be made 
in tyre manufacture. We fear that this amounts to 
a counsel of perfection, but it should not be impos- 
sible for manufacturers to ensure against over- 
vulcanising, the use of unsuitable rubber for the 
treads, and ineffective junction of the tread and 
carcass. If a mileage of anything over 20,000 
could be regarded as normal, it would place the 
pneumatic in an advantageous position as regards 
life when compared with the solid, thus presenting 
a very strong incentive for its universal adoption 
by the larger goods-carrying concerns. It must be 
borne in mind, however, that less than half the 
commercial vehicles on the road belong to large 
contractors, and for the small owner, the greater 
vulnerability of the pneumatic might be considered 
as more than offsetting its possible longer life. It 
is frequently argued that the reduction in shock to 
all parts of the vehicle, particularly when running 
light, together with the fuel economy resulting from 
reduced rolling resistance, in themselves justify the 
fitting of pneumatics. In the case of the small 
concern owning only two or three vehicles, however, 
the delays due to punctures may represent a very 
appreciable proportion of the total running time, 
and the cost of replacements of only a few defective 
tyres may be correspondingly high. It can therefore 
hardly be anticipated that a change over will be 
made in such cases without some additional stimulus, 
and a rebate in annual taxation has often been 
suggested as the simplest means of achieving this 
object. 


THE PRIVATE SUPPLY OF 
ELECTRICITY. 


A CASE recently heard by Mr. Justice Russell 
makes it plain that, notwithstanding a number of 
Acts of Parliament, the individual still has some 
rights in relation to the production of electricity. 
In Caerphilly U.D.C. v. Griffin (reported in The 
Times on December 8), an urban district council 
sought to prevent a draper at Caerphilly not only 
from generating electricity for his own use, but from 
supplying it to a few of his neighbours. It appears 
that he erected a generator plant on premises where 
he carried on business as a draper. Having acquired 
some neighbouring land, he erected certain buildings 
thereon, including a corner market, and a corner 
shop, which he leased to Messrs. Woolworth. He 
supplied electricity to all these buildings. There- 
upon the urban district council, who are undertakers 
for the purposes of the Caerphilly Electricity Special 
Order, 1922, applied for an injunction to restrain 
him. S. 23 of the Electric Lighting Act, 1909, 
provides that : 

“‘ Where in any area a local authority, company, 
or person is authorised to supply electricity under 
Act of Parliament or under licence or Provisional 
Order granted under the Electric Lighting Acts it 
shall not after the passing of this Act be lawful for 
any other local authority, company, or person to 
supply or distribute electricity within the said area, 
unless such supply or distribution is authorised by 
Act of Parliament, or by licence or Provisional Order 
in terms of the Electric Lighting Acts: Provided 
that this section shall not prevent any company or 
person from affording a supply of electrical energy 
to any other company or person where the business 
of the company or person affording the supply is 
not primarily that of the supply of electrical energy 
to consumers.” 

The defendant, not unnaturally, relied on the 
proviso to this section in order to justify his action ; 
and it is interesting to notice that, halfway through 
the hearing of the case, the plaintiff's counsel 
abandoned their claim to prevent the defendant 
from supplying electricity to his own shop. “ It 
would be startling,” said the learned Judge, “ if, as 
a result of the local authority being authorised to 
supply electricity within a particular area, a private 
individual could not install plant to light his own 
house.” As to the other point, he intimated that 
this is a monopoly section it must be construed 








strictly. But Mr. Justice Russell found no difficulty 
in coming to the conclusion that the action failed. 
He said: “The defendant primarily has two 
businesses, his draper’s business and the business 
of developing his property. In the course of those 
businesses, he provides plant to light his shop and 
residence, and he afforded the supply of electrical 
energy to Messrs. Woolworth and the market to 
attract tenants and develop his property. The 
supply of energy is only incidental to the defen- 
dant’s two business and is not his primary business.” 

The logic, the good sense and the justice of this 
decision are to our minds equally plain; and 
although it may be that the defendant has been put 
to some trouble and expense in the matter, we are 
glad to think that the rights of the individual to 
generate electricity for the benefit of himself and his 
neighbours has been emphasised in the law courts. 

From its very infancy, the whole business of 
electrical supply has suffered far too much from 
legislative interference and control. The mischief 
started so long ago as 1882, when the first Electric 
Lighting Act was passed. Taking their stand upon 
the report of a committee appointed in 1879, the 
authors of the measure declared it to be one of 
their guiding principles that provision should be 
made to prevent electricity becoming the subject 
of a monopoly in private hands. At the same time, 
it should be mentioned that the act aimed at avoid- 
ing any interference with the freedom of any person 
to generate electrical current for his own use, or 
with the right of anyone to supply electricity to 
consumers, so long as that right could be exercised 
without interfering with public rights in the streets 
or with other people’s property. What was the 
result of the measure ? In the preface to his ‘ Law 
Relating to Electricity ’ (1911), Mr. Knowles says : 
“The period immediately following upon the 
passing of the Act of 1882 was one of great depres- 
sion in electrical enterprise in this country. Other 
nations went ahead, but England stood still.” 
Speaking in the House of Lords on March 5, 1888, 
Lord Herschell declared that “in the South Sea 
Islands the electric light was more used than it was 
in London. The industry failed utterly to attract 
capital, and the local authorities were no more 
enterprising than the private capitalist. It was 
freely alleged that the Act of 1882 was responsible 
for this lamentable state of things.” 

The private supply of electricity, however, in so 
far as it could be carried on without interference 
with highways, &c., remained unchecked until the 
year 1909, when the statute which contains the 
clause interpreted by Mr. Justice Russell was passed. 
This is the first case so far as we are aware, in which 
its effect has been discussed in a court of justice. 
The interpretation which has been put upon it will 
serve to encourage those who are minded to generate 
electricity on their own account to do so with the 
knowledge that, with assistance of a few neighbours 
as consumers, there will be a fair return for the 
capital laid out. 





LONDON TRAFFIC PROBLEMS. 


Tue London and Home Counties Traffic Advisory 
Committee, appointed under the London Traffic 
Act of 1924, has just published its second annual 
report,* which consists largely of summaries of the 
reports of the sub-committees appointed by the 
main body to investigate particular problems. These 
reports were discussed in ENGINEERING as they 
appeared, so that the chief interest attaching 
to the new blue book lies in the account given of the 
progress so far achieved in giving effect to the recom- 
mendations made. Unfortunately, this has been 
but little. The most pressing of all London street 
improvements is an alternative to the Victoria Dock- 
road, and its approaches. From the west this road is 
reached via an iron bridge over the Lea, built in 1897. 
This is but 55 ft. wide and the gradient is in 1 in 29, 
and there is moreover, a sharp curve. Over this 
bridge some 31,103 tons of traffic pass every 24 
hours, of which the bulk has to find its way down 
the existing Victoria Dock-road. This is but 21 ft. 
wide and it crosses on the level, many of the railways 





* Second Annual Report of the London and Home 
Counties Traffic Advisory Committee for the year 1926-27. 
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serving the docks. At one of these crossings, the 
gates are closed during the busiest part of the day 
for 47 min. in the hour. Complete plans for an 
alternative road have been prepared and the 
Treasury has agreed to provide for 75 per cent. of 
the total cost. It was hoped that a Bill authorising 
the scheme would be lodged last November, but 
the negotiations have been very protracted, parti- 
cularly in connection with the rehousing of the 
population which would be displaced by the proposed 
works. Moreover, no agreement has yet been reached 
as to how the remaining 25 per cent. of the cost is 
to be shared between the local authorities and the 
Port of London Authority. The Advisory Commit- 
tee, nevertheless, are hopeful that the necessary Bill 
may be ready for lodgment next November. 

One of the sub-committees, in a report already 
published, drew attention to the need for a subway 
under Piccadilly, where much congestion is due to 
the fact that there is a heavy flow of traffic from 
the north to south crossing Piccadilly on the level. 
The route selected for the tunnel was from Berkeley- 
square to the Mall, passing under Stratton-street. 
Desirable as this work was, they pointed out that 
the cost would be prohibitive, unless advantage were 
taken of the extensive rebuildings in progress in this 
area, in order to arrange for wayleaves on easy 
terms, and to ensure that the foundations of the 
new structures should be at levels which would be 
unaffected by the subsequent construction of the 
proposed tunnel. The Committee urged immediate 
action, but it was found impossible in the time 
available, to adopt this policy in the case of a large 
structure then in course of erection. A second 
opportunity has now arisen, and an agreement has 
been reached by which the foundations of a new 
building in Stratton-street are being carried down 
to a depth of 28 ft., and certain vaults now existing 
under the roadway are to be transferred to the 
Ministry of Transport. It is proposed to take 
similar action in the future as the opportunity occurs. 

In their first annual report, the committee 
proposed the development of alternate traffic 
routes between certain points by the improvement 
of existing streets and thoroughfares. In this 
way much relief to traffic congestion could, it was 
stated, be obtained at a cost not exceeding some 
600,0007. Of this total nearly two-thirds could be 
expended in the Elephant and Castle area; and ~ 
most of the residue in providing an alternative 
route between Bayswater and Eastern-avenue. 
So far little has been done, since the London County 
Council, in view of heavy commitments for bridge- 
work, feel unable to assist. A start has neverthe- 
less been made, both in the Elephant and Castle 
area and in the Marylebone district. 

More has been done in connection with the pro- 
posed Western-avenue by which Bayswater-road is 
to be extended beyond Uxbridge to a total length of 
13} miles. The new road, in conjunction with the 
City, Pentonville, Euston and Marylebone roads, 
will ultimately form one of the principal east and 
west traffic routes. In furtherance of this scheme 
a new road about 5 miles long is being constructed 
from Wood-lane to Greenford. The works will 
iffclude a bridge over the Great Western Railway 
and under the West London line, authority for 
which was secured as far back as 1905. Part of 
the route has at present a carriage way only 24 ft. 
wide, whilst elsewhere the L.C.C. has secured land 
sufficient for a road 100 ft. wide between fences. 
The committee urge that at no point should the new 
carriage way be less than 40 ft. wide. 

We have dealt in a previous issue with the 
reports already issued which deal with rail 
transport. These showed clearly that further 
facilities were urgently required in the north-east, 
the east, and the south-east areas. An extension 
of the Piccadilly Tube north of Finsbury Park was 
urged, but although the London "lectric Railway 
Company have made the necessary surveys for this, 
and even completed some land purchases, they 
do not consider that their financial position is 
sufficiently good at the present time to justify any 
further tube construction. The main line com- 
panies, working suburban services in the same 
areas, have also studied the recommendations of the 
committee, but under present conditions have con- 
cluded that these are financially impracticable, 
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and indeed, they are not even prepared to provide 
some highly desirable flyover junctions. As regards 
the south-eastern area, the railway company is not 
willing to re-build the Old Kent-road station, 
which was closed during the war, and subsequently 
demolished. They are, however, about to build a 
new station near-by, which will serve much the 
same purpose, but when this is ready they will 
close their station at South Bermondsey. 

As the result of a very careful inquiry extending 
over many months, the committee published in 
April, 1926, a report in which they strongly urged 
the early completion of St. Paul’s Bridge and the 
reconstruction of Waterloo Bridge which, in its 
original form, had ceased to serve adequately traffic 
needs either by road or river. Owing to a skilfully- 
organised agitation, engineered largely by those 
who seem to suffer from a constant “‘ itch, To inter- 
fere with matters which, They do not understand,” 
Parliament decided to, in a sense, supersede the 
Traffic Advisory Committee, which had been 
studying the question for a couple of years, by a 
Royal Commission appointed ad hoc, who were 
urged to expedite their inquiry to the utmost. 

Appointed in July, 1926, and constituted largely 
of men little conversant with the questions at 
issue, this commission issued its report in December, 
and for the most part utterly repudiated the more 
important of the recommendations made by the 
Traffic Advisory Committee. A summary of the 
proposals of the Royal Commission is included in 
the report under review. As matters stand to-day, 
there seems every probability that this Royal Com- 
mission will merely illustrate once again the truth 
of the ancient adage, that “the more haste the 
less speed.” Further investigations made since 
their report show that their proposed alternative 
to the St. Paul’s bridge would involve a very heavy 
increase of cost, that it would be less effective in 
reducing traffic congestion, and that the conversion 
of the existing bridges into a tunnel some 400 ft. 
long would be far from welcome to those interested 
in river transport. As regards St. Paul’s cathedral, 
the stability of which various laymen and clergy have 
assumed to be threatened by the proposed St. Paul’s 
Bridge, matters would be in no way improved. 

It is also rumoured that further study has shown 
that the proposed road and rail bridge at Charing 
Cross would cost very much more than was esti- 
mated by the Royal Commission, so that presum- 
ably this project will also fall to the ground. As for 
their proposals in connection with the reconstruc- 
tion of Waterloo Bridge, these were obviously 
merely an uncourageous compromise, satisfying 
neither the architect and artist unversed in bridge 
design, nor those, with whom we all sympathise, who 
resent the disappearance of historic structures, 
whilst the interests of traffic both by road and rail 
received but scant consideration. In view of the 
foregoing, it would seem probable that all the more 
important of the proposals made in the Royal Com- 
mission’s report are little likely to become effective. 

It was the Traffic Advisory Committee which 
urged the restriction of competition between different 
methods of Metropolitan passenger transport. 
Their new report illustrates some of the difficulties 
which are likely to become increasingly troublesome 
as this policy is further developed. The tramway 
authorities are now claiming in effect that omnibuses 
should not be allowed to travel along tram routes 
unless the tramcars are definitely inadequate to 
traffic needs. The legality of the restrictions already 
announced is, however, still contested, and though 
the Transport Ministry has succeeded in the lower 
courts, an appeal from their decisions is still pending. 

Maps illustrating the “round about” traffic 
arrangements at the Victoria Memorial, at Hyde 
Park-corner, at Piccadilly, at Trafalgar-square, 
at the Marble-arch, at Sloane-square and at Knights- 
bridge are appended to the report. 





NOTES. 


CHARGES For ELEctRICITY—THE SLIDING SCALE. 
In a letter, which we published on page 625 of 
vol. ecxxiv of Enerverrina, Mr. W. C. Mountain 
incidentally drew attention to the differences in the 
prices charged for electricity used for lighting in 
different parts of London. We agree that the reason 





for these differences being so large is hard to find, 
and we hope that when in the future the wholesale 
prices become more uniform, a similar uniformity 
will also be apparent on the retail side. This hope 
seems to rest upon a sure basis when it is recalled 
that, by section 32 of the Electricity (Supply) Act 
of 1926, the Commissioners may “relate” the 
charges made for electricity to the dividends paid 
by a supply company, while, by the fifth schedule 
of the same Act, the net profits of a municipal 
electrical undertaking must be mainly applied to 
the reduction of the retail charges. A difficulty 
arises, however, when the “‘ central zero” from which 
the sliding scale is to start comes to be fixed, that 
determination being complicated by the fact that the 
companies are going concerns and that a certain 
proportion of the reserve funds should in equity, 
therefore, be included in the capital account upon 
which the dividend is paid. Exactly what these 
items should be is also largely a matter of opinion, 
and it is not perhaps, therefore, surprising that 
agreement has not been reached between the London 
County Council and the London electricity com- 
panies under the terms scheduled in the London 
Electricity Acts (Nos. 1 and 2) of 1925. According 
to a report of the Special Committee on London 
Electricity Supply, which was presented to the 
London County Council in November last, though 
agreement has been reached between the Joint 
Authority in all cases, except two, out of the ten in 
the west end group, on the costs and charges to be 
allowed for in the standard prices, these costs and 
charges have still to be sub-divided, so that separate 
standard prices may be fixed for the different 
classes of supply. These must be determined as 
decided by the Commissioners, but the latter have 
asked the Council for its views as to the method to 
be adopted. Mr. J. H. Rider is acting as adviser 
in this matter, and it is hoped that he will be able to 
report at an early date. As regards the other two 
companies, four outstanding points relating to 
goodwill {in two cases), preliminary expenses. and 
sinking fund still remain to be decided. Two 
of these will, it is hoped, be decided by the Commis- 
sioners shortly, while the other two will have to be 
dealt with by arbitration. It is, therefore, obvious 
that the way of the reformer in electrical finance is 
hard, and though the companies cannot be blamed 
for putting up a fight, the events we have 
sketched clearly indicate that the consumer has been 
subordinated to the shareholder, and that escape 
from the slough into which London’s electricity 
supply has been allowed to fall is only being achieved 
at the expense of enormous labour and waste of time. 


Tue New Year’s Honovrs List. 


This new year, in full accordance with precedent, 
the Fountain of Honour has played but sparingly 
on representatives of engineering and science. It 
is only fair to add that on this occasion the parsi- 
mony is equally noticeable in all branches of national 
activity, except politics and what is euphuistically 
called public service. On broad lines it is a little 
difficult to see why the man who builds a bridge or 
designs a power station should be less worthy of 
recognition than one who interests himself in 
politics or acts as the head of a town’s administrative 
services for twelve months. But such is the tradi- 
tion, and we suppose it must be accepted, like a 
war rate of income tax in peace time or the vagaries 
of the Clerk of the Weather. General reservations as 
these do not, however, prevent us congratulating 
most heartily those with engineering connections, 
whose names we find in the list. Among these 
mention may first be made of Sir Frederick Lugard, 
who becomes a baron. Sir Frederick, after a 
distinguished career in the Army, was appointed 
Commissioner of Nigeria and Lagos in 1897 and 
High Commissioner of Northern Nigeria in 1900. 
After serving as Governor of Hong-Kong, he returned 
to Nigeria in 1912, where he acted first as Governor 
and then as Governor-General until 1919. During 
his tenure of office, that country has developed 
exceedingly, not the least on the engineering side. 
Knighthoods have been conferred on Mr. J. R. 
Brooke, who, as permanent secretary of the Ministry 
of Transport, was largely concerned with piloting 
the Electricity (Supply) Act, 1926, through Parlia- 


Board ; on Brigadier-General H. B. Hartley, F.R.S., 
who was Assistant Director of Gas Services during 
the War; on Mr. C. Grant Robertson, who has 
been principal of Birmingham University since 
1920; and on Dr. T. E. Stanton, F.R.S., who, 
after being professor of civil and mechanical engi- 
neering at University College, Bristol, from 1899 
to 1901, joined the staff of the National Physical 
Laboratory, where he has for some years been 
superintendent of the Engineering Department. 
The C.B. has been conferred on Engineer Rear- 
Admiral F. W. Sydenham, Colonel C. Russell- 
Brown, Chief Engineer, South China Command, 
and Mr. W. T. Leech, Director of Telegraphs and 
Telephones, General Post Office. Sir Frank Baines, 
Director of Works, H.M. Office of Works, has received 
the K.C.V.O., and Bailie W. B. Smith, who was 
for many years convener of the Glasgow Electricity 
Committee, has been appointed to Membership of 
the same order. Mr. A. R. Astbury, Chief Engineer 
of the Public Works Department, Punjab, has 
received the Companionship of the Order of the 
Indian Empire. 





DRAINAGE SYPHONS ON THE UPPER JHELUM CANAL. 


The construction of the great irrigation works 
in North-West India which are now approaching 
completion, has required the solution of many 
difficult problems in practical engineering. In many 
places the canals cut across the main drainage of 
the country, and provision was therefore necessary 
for passing, under the canals, numerous rivers, many 
of which are torrential. In general these torrents 
have been carried under the canals in inverted 
syphons, of which some forty have been required in 
connection with the Upper Jhelum canal. The first 
designs were prepared in 1907, and during the next 
few years certain modifications were introduced as 
experience accumulated, but practice is now more 
or less standardised. A paper by Mr. L. V. Elsden, 
executive engineer, discussing present practice, 
has recently been published as No. 15 of the Punjab 
Irrigation Branch Papers. From this it appears 
that, in general, the culvert consists of from one to 
ten brick and concrete barrels measuring roughly 
12 ft. by 12 ft. These openings have vertical side 
walls or piers 3 ft. thick and 8 ft. high. The upper 
arch subtends 90 deg., and the bottom of the 
opening is closed by a 75 deg. invert which serves 
to distribute the load on the piers over the whole 
of the area occupied by the culvert. The number 
of openings is varied to suit local conditions, being 
proportioned on the basis that at maximum dis- 
charge the water velocity must not exceed 15 ft. 
to 20 ft. per second, nor must the water level in the 
pond formed up stream of the syphon rise to within 
less than 3 ft. of the top of the irrigation canal bank. 
Mr. Elsden gives in his paper drawings of the 
Gurha syphon which has eight openings. In this 
case the canal over the culvert is 215 ft. wide at 
top-water level and is 9 ft. 5 in. deep. On the up- 
stream side the entry has generally been of necessity 
much lower than the natural bed of the torrent in 
question. The barrels slope down rapidly till the 
depth required below canal level is reached and then 
pass under the canal at about the normal slope of 
the torrent. This slope is generally continued for 
some distance down stream of the discharge end of 
the culvert, but where the water to be passed has 
nothing but fine silt in suspension, it has been pos- 
sible to introduce a reverse slope at the outlet end. 
In most cases, however, this is impossible, and quite 
a long outlet channel is required. This is made to 
widen out gradually so as to conform at length as 
nearly as practicable to the natural section and 
level of the torrent, at the point where it forms the 
natural bed of the stream. Both the bed and the 
banks of the canal are protected by puddle over the 
culvert and for a distance of 50 ft. further up and 
down stream. This puddle is 2 ft. thick and is 
supplemented by a 1-ft. layer of sandy loam. The 
banks are, moreover, made of selected material. 
They have a 1} to 1 slope on the water side, and an 
external slope of 1 in 5. An appendix to Mr. 
Elsden’s paper gives detailed calculations of the 
proportions for this type of culvert, based on 
Rankine’s theory of earth pressure, but a large 
empirical element is necessarily involved in all such 
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THE ENGINEERING OUTLOOK. 


1. Economic RETROSPECT, AND PROSPECT FOR 
1928. 


THe absence, so far, of the usual end-of-year 
prophecies of a trade revival in 1928 should provide 
an interesting problem for the student of crowd 
psychology. For several years past the prophets 
have been confounded, and both in 1926 and 1927 
a series of articles in ENGINEERING,* under the 
above title, attempted to provide an antidote to 
ill-considered optimism, as far as the engineering 
industry was concerned. In making a similar fore- 
cast for 1928, it may at once be said that some of 
the temporary adverse factors, though paramount 
in 1926 and 1927, have passed away. If the more 
permanent and basic handicaps of the British 
engineering industry remain, its prospects never- 
theless are more favourable to-day than they 
have been since the war. It was a comparatively 
easy task to refute the optimists in 1926 and 1927, 
owing to the very definite counter-indications which 
were present. The absence of such pointers at the 
beginning of 1928 makes our task this year corres- 
pondingly difficult. The fact that the forecasts 
of the last two years have been corroborated in 
every important particular is nevertheless encourag- 
ing, and it is upon no less thorough a survey of the 
economic position of the industry that a note of 
qualified optimism is now sounded. 

Before proceeding to internal analysis, it will be 
desirable, as before, to consider the engineering 
group of industries as a whole in relation to the 
external economic situation. As anticipated in 
January last, there was a general quickening of 
activity in the early months of 1927, while over- 
taking the arrears of the 1926 stoppage. As antici- 
pated, this spirit was followed by a pronounced 
slackening during the summer, and a resumption 
of the pre-stoppage rate of progress in the autumn. 
At the end of 1927, it was hoped that the general 
position of the industry would be as good as at the 
end of 1925. From the available indices of activity 
this would seem to be an accurate description of the 
present state of the industry. 

By July, the effect of the 1926 stoppage had 
already been liquidated, as may be seen from the 
official statistics of employment given in the 
following table :— 


TABLE I.—Engineering, Construction of Motors, Cycles 
and Aircraft and Allied Industries, 








Numbers Numbers Numbers 

Week Ending— Insured. | Unemployed.| Employed. 
July 23, 1923 1,115,940 192,738 923,292 
», 28, 1924 1,080,000 133,236 946,764 
+» 27, 1925 1,100,850 122,439 978,411 
», 26, 1926 1,100,350 176,150* 924,200 
», 25, 1927 1,094,150 99,763 994,387 














* Of this number, 115,227 were wholly “ unemployed,” and 
60,923 ‘* temporarily stopped.” 


The above table, by comparing the numbers 
insured with the numbers unemployed at the same 
date, gives the actual number employed at these 
dates, and is free from the errors incidental to calcu- 
lations based on unemployment percentages. The 
decrease in the numbers insured shows that there 
is still a turnover of labour on balance away from 
the industry, but it is not expected that this process 
will go much further. The decrease in numbers 
wholly unemployed to less than 100,000 for the 
first time since 1921, is a milestone on the road to 
a normal post-war condition. The increase in 
employment in 1927 over all post-war years is also 
satisfactory though the level of unemployment has 
fluctuated considerably throughout the year. The 
indications of Table I. are that engineering has 
turned the corner. An increase in numbers insured 
and numbers employed is anticipated in 1928 with 
a decrease in numbers unemployed. 

The export position tells a similar story. In 
Table II., the volume, value and value per ton of 
machinery exported in recent years is given. 

The indication is that the volume of exports will 
be equal to that of 1925, and the value slightly 





_* See ENGINEERING, vol. cxxi, pages, 1, 31, 64, 129, 
157, 193 and 224, and vol. exxiii, pages, 4, 31, 83, 113, 
131, 174, 235, 266. 





greater. The increase in the value per ton of exports 
is an encouraging sign that machinery of British 
quality is once more becoming competitive in over- 
seas markets. 

The considerable increase in imports of machinery 
during 1927 is a more doubtful factor. It certainly 
argues an improved home demand for machinery, 
and, as will be seen from Table III., it is high-grade 
machinery with a high value per ton. 


TABLE II.—United Kingdom Exports of Machinery. 
| 











| a 
Year. Volume. | nomet V be woe per 
| 
| | 
Tons £ £ 

1913 .. 689,389 33,602,474 48-7 
1928 .. 432,486 44,516,164 102-9 
1924 .. 463,447 44,782,960 96-6 
1925 .. 515,901 49,053,070 95-0 
1926 .. ee 475,163 } 45,537,756 95-8 
1927* ee 512,938 | 49,917,668 97-4 





* Estimate based on incomplete returns. 


TasieE III.—United Kingdom Imports of Machinery. 
| | 











Year. | Volume. | Value. V —_ sad 
1913 82,769 | 5,960,866 72-0 
1923 50,047 8,202,301 163-9 
1924 55,577 9,290,777 167-2 
1925 66,153 10,347,587 156-4 
1926 73,970 | 11,387,302 153-9 
1927* 95,938 | 14,384,458 150-0 





* Estimated on incomplete returns. 


The high level and constant increase of these 
imports is a serious matter in years when, roughly, 
100,000 British engineers have been unemployed. 
It would appear that the British engineering indus- 
try does not yet supply the home requirements of 
new and rapidly developing industries, such as 
sugar beet and artificial silk, though there would 
seem to be no reason why it should not soon do so. 
On the whole, it may be concluded that the demand 
for good quality machinery both at home and 
abroad is on the upgrade, and that the present 
tendency is gradual and is soundly based on an 
upward trend of the trade cycle. 

What are the circumstances external to the indus- 
try that are likely to promote or impede this gradual 
improvement ? It must be borne in mind that trade 
activity in general has barely as yet regained the 
1913 level, whereas in normal circumstances it 
should by now be considerably in excess of that 
level. Since the worst years of depression, the 
strength of the upward trend of the trade cycle has 
been evidenced by its persistence in face of all diffi- 
culties with the exception of the paralysing general 
and coal stoppages. It is reasonable, therefore, to 
assume a continuance of what is a natural tendency 
in the absence of very definite adverse indications. 

At home, no predictable calamities are impending. 
The visible adverse balance of trade looks as though 
it will have been, if anything, a little less in 1927 
than in 1925. The Board of Trade estimates of net 
invisible exports on the other hand, may well be 
maintained at last year’s figure, leaving a surplus 
equal to that of 1924 or half of that in 1923. 
The high rate of the sterling dollar exchange last 
autumn coincided with the resumption of the net 
export of gold from the United States. This may 
be a sign that the United States has almost reached 
the limit of her capacity for foreign investment out 
of foreign balances accumulated in New York. 
If American gold actually begins to flow, an im- 
portant stimulus would be afforded to world trade 
revival. If the flow were restricted by the Federal 
Reserve authorities raising the bank rate, as is anti- 
cipated in the U.S., it would not seem necessary 
at present that the bank rate in this country should 
be altered. The Budget prospects are better than 
for some years past. Some small remissions of 
taxation are not impossible, although no reductions 
in social charges are in sight, and the burden of 
local rates on industry may well be as high as ever. 

There is no prospect of a political upheaval, at 
least until late in the year. The general outlook 
as far as industrial labour is concerned is brighter. 
Vague and (from the labour standpoint) irritating 
discussions about industrial peace in the corres- 
pondence columns of the newspapers have made 





way for a concrete invitation from responsible 
industrialists to the Council of the Trades Union 
Congress to co-operate in seeking a solution of our 
labour problems. If a conference of this kind were 
to materialise and were to address itself seriously 
to such problems as the anomalous relationship of 
sheltered and unsheltered wages, a solution of the 
gravest—because most permanent and basic—indus- 
trial difficulties would be in sight. 

Abroad, it is not impossible that France, after 
preparing the way in 1927 by the stabilisation of 
her exchange, will follow Belgium and Italy this 
year by returning to a gold exchange standard. 
This would be a great asset to the British engineer- 
ing industry in removing actual unfair competition, 
and still more the possibility of its recurrence in 
the future. 

The gradual improvement of economic condi- 
tions in Russia promises an ever-increasing demand 
for British machinery. In the United States, 
opinion is hopeful of the maintenance of a high 
level of business activity, at least for the first 
half of the year, though the presidential elections 
may have a disturbing influence later. New 
Zealand, South Africa, and India all seem to be 
expanding on a sound basis, while the South 
American countries generally are progressing. In 
spite of all her troubles, China shows some com- 
mercial resilience. 

On the other hand, Australia is likely to be a less 
valuable market in 1928. Her financial and labour 
policy has for some time only been made possible 
by persistence of the unexampled good fortune of 
her agriculture. In 1927 severe droughts have 
applied the touchstone to a position that was 
rapidly becoming unsound and have necessitated 
restriction of credit on a scale which is likely to 
curtail! business activity for some time to come. 

The most important single factor as far as 
engineering is concerned outside these Islands is 
likely to be the trend of events in Germany. During 
1927 Germany has steadily improved her competi- 
tive strength. Her record exports of 933 million 
Reichsmarks in value for the month of September 
were exceeded by 28 million Reichsmarks in 
October. Of this increase 25 millions were due to 
increased exports of finished goods, and throughout 
the year machinery exports have been one of the 
most buoyant categories of German finished goods 
exports. On the other hand, a labour crisis has 
arisen in the German metal industries as a result 
of dissatisfaction of the workpeople with long hours 
of work and rates of wages which are still some 
25 per cent. below those in this country. If 
this crisis ultimately develops into a dispute, 
a valuable access of orders should come to the 
British industry diverted from Germany’s grow- 
ing export trade. On the other hand, if the dispute 
is composed it is reasonable to think that it will be 
by concessions from the employers which will tend 
to bridge the gap between British and German 
engineering labour costs. In the early part of 1928 
German conditions should therefore be favourable to 
British industry. 

No less important, however, from a general point 
of view, is the question of reparations. In Sep- 
tember, 1928, will commence the first ‘‘ normal ” 
year of the Dawes Plan in which German obligations 
will rise to the full amount of 125,000,000/. per 
annum. The collection of this sum internally is 
no doubt within Germany’s capacity, but the 
transfer of such an amount to the creditor countries 
without disrupting her financial stability is another 
question. : 

Between 1924 and 1926 Germany reduced 
her adverse visible balance of trade from the 
equivalent of 138,000,0001. to 6,000,0007. Trans- 
fers during these years were facilitated by the 
flow of foreign money into Germany. Now that this 
flow is checked, will she be able to convert an 
adverse visible balance of 6,000,0001. into a favour- 
able balance of 125,000,000/. and make possible 
the transfer of reparation payments? Between 
1924 and 1926, German machinery exports increased 
from 23,000,000/. to 36,000,000/. or by 56 per cent. 
If she is successful in the further task, it may be 
expected that a further similar increase in machinery 
exports will be witnessed. If the unaided efforts 
of the German engineering industry are insufficient 
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in the face of competition it is highly probable that 
the German Government will come again to its 
assistance as in the past, and render its competitive 
power effective. 

To sum up, it may be said that indications are 
favourable for a continued slow expansion of British 
engineering activity in the first half of 1928. There 
is no definite external reason why progress should 
not be maintained throughout the year, subject to 
normal seasonal fluctuations. In the autumn, 
however, factors may arise to retard improvement 
for the time being. Internally, it must be borne 
in mind that the six months stabilisation of wages 
arranged in July last (after the concession of 2s. 
per week to time workers only), terminates in 
February. That concession when made had no 
justification in the economic position of the industry, 
nor is it easy to see that it made any contribution 
to a solution of the wages problems of the industry. 
In the event of a slow improvement materialising 
as anticipated, it may be possible to retain this 
advance at the end of the period, though it would 
not seem likely that engineering employers have a 
sufficient margin to make any further speculative 
concessions, Maintenance of the present level of 
wages rates, however, should at the worst mean 
no more than sectional stoppages, while if wise 
counsels prevail the workpeople will be contented 
for the time being with automatic increases in earn- 
ings on the existing wage rates in the more pros- 
perous branches of the industry. 

Finally, a word is due upon the most important 
factor of all in the future of British engineering. 
The re-organisation of Vickers and Armstrong 
Whitworths has been followed recently by a partial 
fusion between these concerns. A recent announce- 
ment with regard to Beardmore’s makes it appear 
that reorganisation here also is contemplated. Is 
it extravagant to see in these protracted and 
haphazard activities the first stirrings of the “ ration- 
alisation”’ of the British engineering industry ? 
The movement is long overdue, and an inconvenient 
start has been given to our foreign competitors, 
but if the task were carried through ruthlessly and 
universally it would be possible to foresee a long 
vista of prosperity and supremacy for British 
engineering. 

With this general economic background, an 
attempt will be made in subsequent articles to define 
the outlook of the more important branches of 
engineering individually. 





THE LATE MR. C. C. LINDSAY. 


WE regret to note the death, on January 2 last, 
at his home, 64, Harley House, Regent’s Park, London, 
N.W.1, of Mr. Charles Coxhead Lindsay, who, for 
many years, had practised as a consulting engineer 
in Glasgow. Of Scottish descent, Mr. Lindsay was 
born in London on December 29, 1845. He received 
his early education, first at a school in Tipperary 
and afterwards at Galway College. After leaving 
the latter institution, he became a pupil in the shops 
and offices of Messrs. W. and A. McOnie, engineers, 
Glasgow, and, on completing his five years’ apprentice- 
ship in 1867, he again returned to Ireland to attend 
engineering classes at Queen’s College, Belfast. Sub- 
sequently, he attracted the attention of Sir John 
Macneil, who invited Lim to join his staff. During 
the two years 1869 and 1870, Mr. Lindsay assisted 
in the completion of the Belfast Central Railway 
and works of a similar character. He returned to 
Glasgow, towards the end of 1870, to take up a 
responsible position in the business of Messrs. Storry 
and Smith, who, at the time, were among the foremost 
engineering firms in the city. While in their employ 
he carried out improvements at Irvine Harbour, and 
was also engaged on work; in connection with the 
water supply of Kirkintilloch and Lenzie. Mr. Lindsay 
entered the employ of Messrs. Bell and Miller in 1874, 
and, while with this firm, took part in the construction 
of Salterscroft Dock, the first graving dock to be 
built on the Clyde. 

Mr. Lindsay was also responsible for the design of 
the works, at Newton, of the Steel Company of 
Scotland, and for a time acted as manager of the 
workshops of the firm. He also designed and superin- 
tended the carrying out of works in connection with 
the water supply of Grangemouth, Falkirk, and other 
towns. Later he took a leading part in the planning 
of waterworks at Pelotas, and at Rio Grande do Sul, 
Brazil. Furthermore, Partick Bridge over the Kelvin, 
and Abbey and Abercorn bridges in Paisley, were 
constructed to his designs. 





Leaving the service of Messrs. Bell and Miller in 
1884, Mr. Lindsay opened a consulting practice on 
his own account. As engineer-in-chief of the under- 
taking, and in collaboration with an architect, he 
designed and erected structures of steel, masonry 
and wood, and planned the water and drainage 
arrangements and roads for the Edinburgh Inter- 
national Exhibition of 1886. His designs for the 
Glasgow Exhibition of 1887 won for him the premium 
offered by the exhibition committee. Later he became 
engineer in this country to the Municipality of 
Singapore, and a considerable number of bridges, 
suited to the peculiar local requirements, were erected 
to his designs. He was also engaged for many years 
on works in connection with Singapore water supply, 
and subsequently designed bridges and other civil 
engineering works for the Glasgow Corporation. He 
retired some years ago and came to live in London. 
During the whole of his active life, Mr. Lindsay devoted 
much of his spare time to the cause of technical 
education. He served for many years as honorary 
secretary of the Mechanics’ Institution, Glasgow, 
which was reconstituted in 1879 as the College of 
Science and Arts. Mr. Lindsay relinquished his office 
some years prior to 1886, when this college became 
one of the constituent institutions of the Glasgow 
Technical College. 

A life member, at the time of his death, of the 
Institution of Engineers and Shipbuilders in Scotland, 
Mr. Lindsay joined the Institution as a graduate 
member in 1873, and was elected to full membership 
on October 24, 1876. He was elected an associate 
member of the Institution of Civil Engineers on 
December 7, 1880, and became a full member on 
February 22, 1887. 





THE LATE MR. A. BROMLEY HOLMES. 


Tue death of Mr. Alfred Dickinson, city electrical 
engineer of Liverpool, which we recorded in our issue of 
December 2, 1927, has been followed at a short interval 
by that of Mr. Arthur Bromley Holmes, who held the 
same position from 1896 to 1903, when he was succeeded 
by Mr. A. Clough. Mr. Holmes, who died on Tuesday, 
December 27, 1927, after a long illness, was in fact, one 
of the pioneers of electricity supply in Liverpool and 
had also served on the City Council. 

Mr. Holmes was born on June 8, 1849, at Derby and 
received his early education at Repton. On leaving 
school in 1868, he served a pupilage of five years with 
Mr. A. Buchanan at the Britannia Ironworks, Derby, 
and was subsequently engaged for some time in the 
construction of several large engineering works for 
Messrs. Handyside and Company, also of Derby. He 
migrated to Liverpool in 1882, where he practised as a 
consulting engineer in partnership with the late Mr. 
J. C. Vaudrey, and almost at once became interested 
in a scheme for supplying the city with electricity. 
On the formation of the Liverpool Electric Supply 
Company in 1883, he was appointed its first managing 
engineer. This concern was one of the earliest of its 
kind to be established in the country, and, in addition to 
its more general work, was responsible for supplying light 
and power to the Liverpool International Exhibition 
of 1886 and 1887. Mr. Holmes also acted as consulting 
engineer to the Birmingham Electric Supply Company 
and the Liverpool District Lighting Company. 

When the undertaking of the Liverpool Electric 
Supply Company was purchased by the Corporation 
in 1896, Mr. Holmes was appointed city electrical 
engineer, retaining that position until 1903, when he 
became consulting engineer. During his term of 
office he designed the power station at Pumpfields 
and the original station at Lister Drive, and was also 
responsible for the electrical equipment of the tramways. 
On the formation of the Engineering Faculty of the 
University of Liverpool, he was invited to become a 
member and the honorary degree of Master of Engine- 
ering was conferred on him in 1907 in recognition of his 
services to that body. In 1914 he was elected a 
representative for the Sefton Park East ward in the 
City Council and continued to represent this constitu- 
ency until his resignation in 1919. 

Mr. Holmes was a member of the Institutions of 
Civil and Electrical Engineers and was president of 
the Liverpool Engineering Society in 1899. 





THE LATE MR. W. H. DINES. 


Mr. Witt1am Henry Dryness, F.R.S., who died on 
Christmas Eve in his house at Wallingford, Berks, 
in his 73rd year, was one of the British pioneers in the 
study of the upper atmosphere. 

Mr. W. H. Dines was born in 1855 at Hersham, near 
Walton-on-Thames, the son of the late George Dines, 
himself a meteorologist, and represented a second 
generation of meteorologists. Moreover, both his sons, 
Messrs. J. S. and L. H. G. Dines, are well-known 
workers on the staff of the Meteorological Office. 





After serving an apprenticeship as a railway engineer, 
Dines went to Corpus Christi College, Cambridge, was 
a wrangler of 1881, and then took up private physical 
work. He designed and constructed himself many 
instruments, including a barograph and microbaro- 
graph, a kite microbarograph, suitable for being taken 
up by kites and free balloons, but strong enough 
to leave distinct records after falling, a sunshine 
recorder and other instruments for measuring solar 
and terrestrial radiation. He did original work on 
wind pressure after the Tay Bridge disaster of 
Christmas, 1879, as member of the Royal Meteorological 
Society, of which he was President in 1901-1902; this 
Society awarded him the Symons Medal in 1914. He 
was admitted to the Royal Society in 1905. When 
a British Association Committee for the Investi- 
gation of the Upper Atmosphere by means of Kites 
was established in 1901, Dines was appointed its 
secretary, and Dr. W. Napier Shaw chairman. Douglas 
Archibald and A. Buchan, original members of this 
committee, and Lawrence Rotch, of the Blue Hill 
Observatory, Massachusetts, and Teisserene de Bort, 
regular attendants at the meetings of those years, 
are no longer with us. Dines flew kites and balloons 
from Oxshott, from the Crinan Canal, from H.M.S. Sea- 
shore, and later from Pyrton Hill and his estate at 
Benson, Wallingford. The early work was done in 
co-operation with the International Commission for 
Scientific Aeronautics, which, since 1896, has had its 
headquarters at Straburg under Hergesell (now at 
Potsdam), and with the Meteorological Society and 
Office. Since then the Meteorological Office has become 
a division of the Air Ministry, but the work of the 
British Association Committee for the Investigation 
of the Upper Atmosphere continues, with Sir Napier 
Shaw as chairman, Mr. C. J. P. Cave as secretary, and 
the two sons of Mr. Dines as members. 








Giascow TRAMWAyYS, OMNIBUSES AND SUBWAY.— 
The result of the operation of the Glasgow Corporation 
Tramways System for the twelve months ending 
May 31, 1927, shows that the ordinary income amounted 
to 2,345,207/., and the working expenses to 1,676,4171., 
thus leaving a net revenue of 668,790/. After adding 
interest on investments, the net revenue for the year 
under review amounted to 743,809. After paying the 
loss in operating the Glasgow District Subway and the 
omnibuses, income tax, and all other charges, there 
was a deficit on the year’s working of 78,6321. The 
mileage of tramway route open to traffic comprised 
130 miles of double track and 4 miles of single track. 
According to the annual report of the Glasgow 
Corporation Tramways Committee for 1926-27 the 
total revenue, per tramway car-mile, was 16-769d., 
and the working expenses per tramway car-mile, including 
power-works cost and the amount expended on permanent 
way renewals, was 12-655d. The mileage of the routes 
served by motor omnibuses was 10-16, during the year 
under review; the traffic revenue, per *bus mile, was 
9-088d., and the working expenses, per "bus mile, 
11-344d. The total mileage of the Glasgow Subway 
track is 13-12; the average traffic revenue per car mile 
during 1926-27, was 19-472d., and the average working 
expenses per car mile, 22-229d, 





Extensions aT St, Pancras GENERATING STATION.— 
Electricity supply in the St. Pancras area dates back to 
1883, when the Vestry of St. Pancras obtained an Act 
of Parliament enabling them to generate and supply 
electricity within the parish; they were thus the first 
public authorities in the metropolis to apply for, and 
obtain, such powers. The first generating station was 
erected at Regent’s Park, and the first public supply was 
given in November, 1891. In three years, the demand 
had so increased that it became necessary to erect a 
further station in King’s-road, Camden Town. Many 
additions and improvements were made to this station 
during the following years, and, in 1905 and 1906, the 
first turbo-generators were installed, which were of 
Parsons manufacture and had a capacity of 1,000 kw. 
each, In 1914, a 1,500 kw. Brush-Ljungstrém set was 
installed, which was the first turbo-generator of this type 
to be made in England. So satisfactory were the results 
that in 1919 and 1921 further Brush-Ljungstrém turbo- 
generators, each of 3,000 kw. capacity, were added. A 
7,000 kw. set of the same type was added in 1923 and, 
to meet the ever-increasing demand, the capacity of 
the station has been further increased this year by 
a 10,000 to 12,500 kw. Brush-Ljung-trém set, which 
was formally put into service on November 7. The 
machine generates at 5,050 to 5,300 volts and is supplied 
with steam at a pressure of 200 Ib. per square inch at the 
stop valve, superheated to a total temperature ol 
688 deg. F., exhausting into a vacuum of 28} in. The 
turbine, which is capable of developing an overload of 
25 per cent. continuously, is directly coupled to two 
alternators, having @ combined output of 12,500 kw. 
All the main bearings, Michell thrust blocks, &c., are 
lubricated and cooled by means of a supply of oil under 
pressure, and auxiliary oil pots are provided, so that in 
the event of the failure of either of the pumps sufficient 
oil will be supplied to the bearings to enable the plant 
to be shut down. The condenser, which carries the 
turbine and alternators, is of the Brush two-flow surface 
type, and is capable of dealing with the exhaust steam 
with a constant supply of circulating water at a tempera- 
ture not exceeding 70 deg. F. 
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LABOUR NOTES. 

Tue industrial peace movement initiated by Sir 
Alfred Mond is the subject of a resolution set down for 
discussion at this week-end’s meeting in Kilmarnock of 
the Scottish Independent Labour Party. Glasgow City 
Branch proposes that “‘ while welcoming the senti- 
ments expressed by the chairman of the T.U.C. and 
other Labour leaders on industrial peace and co-opera- 
tion, this conference is of the opinion that there can 
be no permanent peace under the present competitive 
system, and warns its members that unless a measure 
of control be granted, including representation on 
boards of directors, a right to voice in management, 
access to books and business transactions, and a 
guarantee of a living wage to all, no attempt at co- 
operation should be encouraged.”’ Of several amend- 
ments foreshadowed, one would have the effect of 
limiting the resolution to a simple statement that there 
can be no permanent peace under the present competi- 
tive system, and that no attempt at co-operation should 
be encouraged. Among the others is one asking the 
conference to dissociate itself from working-class 
leaders who use as a slogan ‘‘ Peace in industry.”’ 





The Executive Council has given notice of a resolu- 
tion which proposes nationalisation of the coal mines. 
Its terms are as follows :—‘‘ That this conference, in 
view of the failure of private enterprise to organise 
and regulate the production and distribution of the 
nation’s coal supplies, either in the interests of the 
producers, or the consumers, declares that the time 
has now arrived when the mining industry, in all its 
departments, and the distribution of coal and by- 
products should be reorganised under public ownership 
and control. We also demand the repeal of the Eight 
Hours Act; re-establishment of a seven-hours maxi- 
mum working day, and a guaranteed weekly minimum 
wage for all mine workers.” Two branches propose an 
amendment in favour of a six-hours maximum working 
day; one desires a guaranteed living wage for mine 
workers; while two propose to add the words “ without 
compensation ” to the resolution. 





A living wage for all workers and children’s allow- 
ances from State funds, in respect of all children under 
14 years of age in households where the annual income 
is less than 500/. a year, are advocated by the Executive 
Council, who further propose legislation enabling every 
worker to have two weeks’ holiday every year with full 


pay. 





According to the Berlin correspondent of the Times, 
the number of unemployed in receipt of relief in 
Germany reached a million during the first fortnight of 
December. The returns show an increase in the number 
of persons in receipt of ordinary relief between Decem- 
ber 1 and 15, of 226,000, or 37-4 per.cent., from 605,000 
to 831,000, and in the number of persons in receipt of 
extended benefits of 24,000, or 16-6 per cent., from 
147,000 to 171,000. The total number, therefore, 
increased in round figures by 250,000, or 33-3 per cent. 
from 750,000 to 1,000,000. The sudden increase is 
undoubtedly due, the correspondent says, to a great 
extent to the spell of severe weather, which put a stop 
to almost every form of outdoor work. Whether the 
frost is almost entirely responsible for it, or whether 
industrial conditions generally have also undergone a 
sudden change for the worse, it is impossible, he adds, 
to say, but the fact that the bulk of the latest batch of 
unemployed are men speaks, for various reasons, rather 
in favour of the first theory. During the same period 
last year, the number increased from 1,369,000 to 
1,464,000, and it had not been below 1,300,000 since 
1925. The highest figure reached was 2,000,000 in 
February, 1926. 





_ The difference between the Miners’ Federation of 
Great Britain and the National Union of General and 
Municipal Workers regarding the freedom of each to 
enrol workers who are eligible for membership of either 
organisation, has been referred to a joint sub-committee 
of ten. Messrs. Herbert Smith, A. J. Cook, W. P. 
Richardson, T. Richards, and C. Thompson are to 
represent the Miners’ Federation, and Messrs. J. R. 
Clynes, M.P., Will Thorne, M.P., Arthur Hayday, M.P., 
C. Dukes, and A. I. Bailey, the Municipal Workers. 





At a meeting in London last week, the Executive 
Committee of the Miners’ Federation agreed to work 
im conjunction with the Trades Union Congress in 
carrying out a campaign for the elimination of non- 
political unions in the coalfields. The campaign will 
be started in Nottinghamshire and Derbyshire early 
this year. The miners’ members of Parliament, in view 
of the present situation in the mining industry, have 
agreed to a reduction from 650/. to 6001. a year in 
their salaries and an allowance of 101. a year to cover 
postal expenses. 





The official organ of the International Labour Office 
states that notable progress has been made in connection 
with ratifications during 1927. The total number of 
ratifications registered, including conditional rati- 
fications, has increased by 34, and is now 248. The 
States which ratified the largest number of Conventions 
in 1927, were the Serb-Croat-Slovene Kingdom (twelve) 
and Belgium (five). The Washington Hours Con- 
vention has been conditionally ratified by France. 
Two Conventions adopted in 1925, concerning work- 
men’s compensation for accidents and workmen’s 
compensation for occupational diseases, have come into 
force in virtue of the registration of the requisite number 
of ratifications. The first ratifications (by Belgium, 
the Netherlands, and Great Britain) of Conventions 
adopted in 1926 have been registered and considerable 
progress has been made towards ratification of these 
Conventions by others States. In one State—Germany 
—the ratification of the Conventions concerning sick- 
ness insurance adopted by the Tenth Session of the 
Conference in 1927 has already been authorised by 
Parliament. 





The question of the ratification of the Washington 
Hours Convention has again been discussed in the 
Second Chamber of the Netherlands States General, on 
a motion to adopt the budget of the Ministry of Labour. 
Mr. Stenhuis, the president of the Netherlands General 
Confederation of Labour, moved a resolution calling 
on the Minister of Labour to take steps to ratify the 
Convention, and to bring about complete application of 
the Labour Act of 1919, and extend it to those groups 
of workers and undertakings to which it did not yet 
apply. During the debate, the Minister of Labour 
stated that the complete application of the forty-eight 
hour week did not seem possible under existing circum- 
stances, and that it was very difficult to apply those 
provisions of the Act of 1919 which were already in 
force. As for the ratification of the Hours Convention, 
he said that if the steps which he was called upon to 
take meant pressing for the revision of the Convention, 
he was not entirely opposed to them. The motion 
was rejected by 52 votes to 21. 





A manifesto recently issued by the French General 
Confederation of Labour contains an_ interesting 
reference to the question of rationalisation. While, 
it states, the working community accepts, in the 
general interest, the idea of rationalisation, it desires, at 
the same time, to be protected against the possible 
initial consequences of rationalisation. It may be 
predicted that before the new technical methods 
produce their full effect, they may cause unemployment, 
and against that danger provision must be contem- 
plated. Such provision must include aid for wage 
earners temporarily deprived of their employment, and 
the undertaking of works of public utility; further, 
the organisation of facilities for occupational re- 
education should be undertaken as a means of assisting 
the speedy re-employment in other industries of 
labour which has become superfluous in any given 
industry. In this connection the Confederation calls 
for the early bringing into operation of the Act 
relating to social insurance, and the completion of 
that legislation by an Act relating to unemployment 
insurance. 





The Confederation further demands: (1) Absolute 
respect for the Eight Hour Act. (2) Application to 
working women, as to working men, of the principle 
‘equal work, equal pay.” (3) The establishment of 
a system of holidays with pay. (4) The reorganisa- 
tion of the factory inspectorate, and the appointment 
of workers’ representatives to assist in safety measures. 
(5) The ratification of the International Labour 
Conventions, and especially those concerning the 
protection of women and children. (6) The extension 
of labour legislation, including that on freedom of 
association, to the Colonies and Protectorates. (7) 
The establishment of a compulsory jurisdiction for 
labour disputes, representatives of workers and em- 
ployers being given an equal voice in the exercise of 
such jurisdiction. 





A preliminary conference between the General 
Council of the Trades Union Congress and the group 
of employers headed by Sir Alfred Mond is to take 
place in London, on Thursday next. The Worker, 
the organ of the National Minority Movement, is, 
naturally, very greatly displeased with the General 
Council for having anything to do with the industrial 
peace movement. “If the present line of policy 
holds,” it says, ‘the British Labour Movement will 
be converted by rapid stages into a machine to ensure 
capitalism against revolution and capitalists against 
any encroachment upon their ill-gotten gains. It 
means that the worst and greatest treachery in the 
history of mankind is about to be consummated in 
the name of ‘ Sanity and Statesmanship,’ and that the 
robbed and plundered wage-slaves are left to their 





own resources. The rank and file have stood much. 
They are notorious for their patience and their long- 
suffering. They learn slowly. But they learn well. 
These ‘ industrial peace’ chiefs count upon the blind 
loyalty of the rank and file, whom they have duped 
over and over again. But have they reckoned upon 
this blind loyalty once too often ?” 





The writer does not answer his own question, but 
proceeds :—‘‘ The Minority Movement has lived 
through a year of bitter battering. It never expected 
to have an easy time, and it expects its difficulties to 
grow greater instead of less. But of one thing it is 
certain—it speaks the mind of the militant rank and 
file. And we are reasonably confident that this latest 
move will provide just the last touch of experience 
necessary to drive the immense majority (who have 
looked on at the fight between the Minority Move- 
ment and its persecutors, but who have not spoken 
yet) right over to our point of view.’ ‘‘ Whatever the 
odds or consequences,” the Worker declares, ‘the 
deserting leaders will not be allowed to have things all 
their own way. It is quite conceivable that by this, 
their latest and culminating act of treason, they will 
have committed suicide by making us the majority.” 





The relations of the Lancashire cotton industry’s 
employers and employees seem to have reached a 
rather critical stage, judging from the fears, which 
are finding expression locally, that manufacturers are 
about to look for a way out of their present very serious 
troubles in the direction of a wages reduction or a 
working hours’ decrease. So far, there has been no 
official intimation that such a step is impending, but 
that eventually one of these courses will be taken is 
assumed by well-informed people to be certain. In 
the meantime, there are suggestions of a round table 
conference of employers and employed, to consider 
the state of the industry and discuss ways and means 
of improving it. At such a joint meeting, the employers 
would be willing, it is stated, to place before the 
operatives the conclusions at which recent investiga- 
tions have enabled them to arrive. ‘“‘ There will be 
no threat as to reduced wages or increased hours,” 
one employer informed a representative of the Press. 
‘* Operatives will not be asked to compromise them- 
selves in any way. They will be told how things 
stand, and invited to say what they think ought to 
be done in the interests of both operatives and em- 
ployers.” 





That good might come of such a meeting everybody 
is agreed, for the manufacturer’s case for cost reduction 
is impressive. Most of these efforts to promote good- 
will in industry and bring about closer co-operation in 
production, have, however, the defect that while 
industry’s serious state calls for immediate practical 
remedies, the problems set down for discussion are 
remote from the practical affairs of day’s work, and, 
in any case, would take much too long a time to solve 
satisfactorily. The joint inquiry which the General 
Council and the Labour Party are making into the 
question of the living wage is acase in point. According 
to the Labour correspondent of the T'imes, it has been 
outlined as follows :—‘‘ General conception of the living 
wage.—Present productivity in relation to the wage 
standard arrived at. Present distribution of the product 
of industry. Defects of the present system of pro- 
duction, distribution, and finance, and the problem 
of foreign markets and international competition. 
Immediate improvements in the level of wage rates :— 
(1) Changes in organisation, technique, &c; (2) the 
high wage policy and maintenance of consuming power ; 
(3) family allowances; (4) social insurance and the 
extension of socially provided income, &c. The present 
tendencies of capitalism and transition forms of 
industrial organisation. Socialisation :—({1) General 
considerations, and (2) specific industries.” With 
Labour’s upper circles discussing questions of these 
abstract kinds, local or sectional conferences, which 
should deal with practical affairs, are unlikely to make 
much headway. 





The Ministry of Labour states that on December 19, 
1927, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,099,900, of whom 783,900 were wholly unemployed 
251,700 temporarily stopped, and 64,300 persons, 
normally in casual employment. Of the total number, 
902,900 were men, 26,900 boys, 146,700 women, and 
23,400 girls. On December 12, 1927, the number of 
unemployed persons was 1,125,223, of whom 792,118 
were wholly unemployed, 267,489 temporarily stopped, 
and 65,616 persons normally in casual employment ; 
911,063 were men, 29,545 boys, 158,397 women, and 
26,218 girls. The number of unemployed persons on 
December 20, 1926—when the figures were affected by 
the dispute in the coal-mining industry—was 1,309,739, 
of whom 1,040,617 were men, 29,865 boys, 209,829 
women, and 29,428 girls. 











24 


ENGINEERING. 


_ [JaN. 6, 1928. 








YEAR BOOKS AND ANNUALS. 


All the World’s Aircraft, 1927.—The seventeenth 
annual issue of All the World’s Aircraft has just 
been published by -Messrs. Sampson Low, Marston 
and Company, Limited, Overy House, 100, Southwark 
street, London, S.E.1. The work, which was founded 
in 1911 by the late Mr. F. T. Jane, is now edited by 
Mr. C. G. Grey, editor of The Aeroplane. As was the 
case in the previous edition, the subject matter is 
divided into four main sections. The first of these is 
entitled “‘The World’s Aeronautical Progress.” It 
contains historical notes on the year’s work of each 
nation in military, naval, and civil aviation, together 
with the names and addresses, where obtainable, of 
aeronautical departments, officials, associations and 
publications. The second section includes photo- 
graphic reproductions and scale drawings of the modern 
aeroplanes of all nations; complete specifications 
and performance figures of current types are also 
given. Part three of the volume is devoted to illus- 
trated descriptions of aero-engines of all countries ; 
in the case of the more important engines, the com- 
ponent parts are shown in separate views. Airships 
belonging to the various countries are dealt with in 
section four. Drawings of some recent airships are 
included in this section. The volume constitutes a 
reasonably complete record of aeronautical progress 
during the past year ; its price is 42s. net. 





B.B.C. Handbook, 1928.—The phrase that a book 
“should be in everyone’s hands’ is so much the 
commonplace of the lazy reviewer that we hesitate 
to apply it to the B.B.C. Handbook, 1928, which is 
published by Messrs. George Newnes, Limited, South- 
ampton Street, London, W.C.2., for the British 
Broadcasting Corporation, at 2s. net. Nevertheless, 
it is certainly worth the study of every broadcast 
listener, or whatever the proper appellation may be, 
not so much for its technical information, for that 
can be obtained equally well or better elsewhere, but 
from the interesting account of an organisation which 
enables highly diversified programmes to be sent out 
from many stations every afternoon and evening. The 
Corporation is subjected to a great deal of criticism, 
but this in itself is a sign of interest, and after what is 
set down in this book is studied, it will, we think, also 
be a sign of sympathy. The charts which show 
diagrammatically the hours during which the principal 
foreign stations are in operation, together with their 
wave-lengths and call signs, are a useful feature. An 
impressive diagram is a square of some 4 in. size, 
representing 65,800 hours of programmes in one year. 
In one corner of this is a, small black square scarcely 
bigger than a dot, a side of which represents the 
breakdown time, which works out at 0-07 per cent. of 
the whole. 





Diaries and Pocket Books.—A neat leather-bound 
diary bas been sent to us by Messrs. The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2. In addition to postal and other miscellaneous 
data, it contains several pages of information relating 
to G.E.C. electrical apparatus.—A useful loose-leaf 
pocket note book has reached us from Messrs. Barford 
and Perkins, Limited, Peterborough.—A handsome 
leather pocket wallet and note-case combined, has 
come to hand from Messrs. John I. Thornycroft and 
Company, Limited, Thornycroft House, Smith-square, 
London, S.W.1.—Messrs. Oil Well Supply Company, 
Pittsburgh, Pa., U.S.A., have sent us a useful pocket 
note book, which contains tables of data and brief 
illustrated descriptions of oil-well equipment. 


Almanacs and Calendars.—Messrs. Hopkinsons, 
Limited, Britannia Works, Huddersfield, have sent us 
a monthly card calendar fitted with a date indicator. 
We have received monthly tear-off calendars from 
Messrs. The Bristol Aeroplane Company, Limited, 
Filton, Bristol ; Messrs. Hulse and Company, Limited, 
Ordsal Works, Manchester; Messrs. John I. Thorny- 
croft and Company, Limited, Thornycroft House, 
Smith-square, London, 3.W.1; Messrs. S. S. Stott 
and Company, Laneside Foundry, Haslingden, near 
Manchester; Messrs. Tho Liverpool Electric Cable 
Company, Limited, Linacre-lane, Bootle, Liverpool ; 
Messrs. Dorman, Long and Company, Limited, Clarence 
House, 4, Central-buildings, Westminster, London, 
S.W.1; Messrs. Urquhart, Lindsay and Robertson 
Orchar, Limited, Blackness Foundry, Dundee ; Messrs. 
Atlantic Transport Company, Limited, 38, Leadenhall- 
street, London, E.C.3; Messrs. Alfred Herbert, 
Limited, Coventry; and Messrs. John Player and Sons, 
Castle Tobacco Factory, Nottingham. Daily tear-off 
calendars have reached us from Messrs. The Cambrian 
Wagon Company, Limited, East Moors-road, Cardiff ; 
Messrs. Crossley Brothers, Limited, Openshaw, Man- 
chester ; Messrs. The Davenport Engineering Company, 
Limited, Harris-street, Bradford; Messrs. William 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign ’ and “‘ standard ”’ metal, respectively. The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. 


Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices,are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent ls. each. 








Jessop and Sons, Limited, Brightside Works, Sheffield ; 
Messrs. Harrison and Sons, Limited, 44 to 47, St. Martin’s- 
lane, London, W.C.2 ; and Messrs. The English Electric 
Company, Limited, Queen’s House, Kingsway, London. 
W.C.2. Messrs. Liverpool Marine Appliances, Limited, 
Cunard-building, Liverpool, have sent us refills for their 
daily calendar. 





Contracts.—Messrs. The Brush Electrical Engineering 
Company, Limited, Falcon Works, Loughborough, have 
been awarded the contract for the Glasgow Corporation 
for ten double-deck, top-covered tramcar bodies.—Messrs. 
The British Thomson-Houston Company, Limited, Rugby, 
have received orders for 367 electro-magnetic automatic 
control equipments for motor coaches, and 194 control 
equipments for trailer coaches, for use on the London 
Underground Railways. 


'TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S8.W.1. 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The South African Railways and Harbours are 
inviting tenders for the supply of 14 bar frames for 
engines, class 8, 8a, &c.; two plate frames for engines, 





class H,1 and H.2 ; four rear bar frames for engines, class 
M.J.1; and two front bar frames for engines, class M.J.1. 
Tenders to reach Johannesburg by February 9. Local 
representation is, in practice, essential. Tender No. 1127. 
(Ref. No. A.X.5720).—-The Town Council of Johannesburg 
is calling for tenders, to be received by February 16, for 
the supply and delivery at the New Gas Works, Siding 
No. 1067, Cottesloe, of water-softening plant for boiler- 
feed purposes. Contract No. 914. Local representation 
is essential, (Ref. No. A.X.5721). 





WuitwortH ScHoLarsHip AwArbs, 1927.—The Board 
of Education informs us that Whitworth Senior Scholar- 
ships, having an annual value of 250/., and tenable for 
two years, have been awarded to Mr. A. W. Morley, 4 
student at the Imperial College of Science and Technology, 
London, and to Mr. W. Cowen, a student at Manchester 
University. Whitworth Scholarships, having an annual 


| value of 125/., and tenable for three years, were awarded 


to Messrs. E. F. Byng, H. W. Thomas, and D. J. Fee, 
apprentices at H.M. Dockyard, Portsmouth, to Mr. C. 8. 
Hudson, a student of the Imperial College of Science and 
Technology, to Mr. F. W. J. Sainsbury, an apprentice 
at H.M. Dockyard, Devonport, and to Mr. H. G. Rhoden, 
a student of the Wigan and District Mining and Teclivi- 


| cal College. The competitors in the Whitworth Senior 


Scholarship, and in the Whitworth Scholarship Examina- 
tions, numbered 10 and 87, respectively. Prizes, to ‘he 
value of 10/1. each, were awarded to 25 unsuccessful 
competitors for the Scholars hips. 
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OPERATING EXPERIENCES WITH 
1,300-LB. STEAM PRESSURE.* 
By JoHN ANDERSON. 

TuouaeH the high-pressure installation at the Lake- 
side Station, Milwaukee, has been in service for 57 per 
cent. of the eleven months since it started, and 
operated continuously at full capacity (approximately 
300 per cent. of U.S. boiler rating) for one period of 50 
days, with an improving overall plant efficiency of 4 per 
cent., certain major troubles have been experienced. 
The object of this account is to describe these troubles 
in detail for the benefit of the power industry. 


Fig.1. SERVICE & STOPPAGE PERIODS OF HIGH PRESSURE TURBINE . 
DAILY LOAD FACTOR OF I250LB. TURBINE SINCE INITIAL STARTING 
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sq. ft. 1,300-lb. boiler and the 7,000 kw. turbine with 
1,200-1b. admission pressure and 300-lb. exhaust pressure 
to operate in parallel with the existing 300-1b. equipment, 
at the Lakeside Station, whose capacity was 160,000 kw., 
it was realised that more attention to feed water purity 
was necessary. No scale troubles had been experienced 
with the 300-lb. boilers in the six years of their opera- 
tion, though evaporators were notemployed. Owing to 
the characteristics of the lake water used for make-up, 
a 300-lb. boiler after operating for 5,000 hours would 
contain less than 50 lb. of scale with a maximum 
thickness of j-in. No corrosion occurred, though 
the feed water was rich in oxygen. The steel tube 
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economisers installed 


on the more recent 
300-lb. boilers have 
shown no signs of 
pitting during the 
three years they 
have been in use. 
The higher stresses 
on the 1,300 - Ib. 
boiler tubes and 
the higher tempera- 
ture of the feed 
water led to the 
decision to supply 
this plant solely with 
evaporated make-up 
from the 300- Ib. 
boilers. Thus the 
installation is simi- 
lar to one in which 
evaporators are used. 
It was thought that 
corrosion troubles 
were satisfactorily 
guarded against by 
the use of a closed 
feed- water system 
and a steam-sealed V- 
notch meter. The 
installation was put 
into service on Octo- 
ber 25, 1926. Fig. 3 
shows the furnace 
of the high-pressure 
boiler unit. Steam 
and water cooling 
all six sides is em- 
ployed to eliminate 
heat storage in the 
furnace and to allow 
a very rapid reduc- 
tion in pressure and 
steam flow in case 
of emergencies. This 
radiant heat surface 
absorbs 60 per cent. 
of the heat released 


cee cate 








Fia. 3. Furnace oF HiauH Pressure Borer UNIT. 


Outline of Experiences.—Though only 11 boiler! 
and 14 turbine stoppages occurred in the 11 months 
of operation, several of which were necessary for inspec- 
tion, some were too long, others were for expensive tube 
replacements, and one stoppage of 42 days was neces- 
sary for an air-heater change. Reference to Fig. 1, 
showing graphically the output of the high pressure 
turbine, indicates the periods of service and stoppages 
of the installation. Table I (page 27), records service and 
hours of stoppage, and boiler and turbine outputs. 

Design of the Installation.—When designing the 28,500 
_* Paper read before the Institute of Fuel” on 
November 23 1927. Abridged. 











in the furnace. The 
7,000 kw. high pres- 
sure turbine is illus- 
trated in Fig.4. The 
steam flow is 240,000 lb. per hour and its efficiency 
is 75 per cent. 

Scale Trouble Period.—The first suggestion of tube 
trouble occurred after 880 hours’ operation, when a 
hissing noise was heard in the furnace, suggesting steam 
or water leakage. An inspection showed that a front 
wall fin tube near the east wall had bulged near its upper 
extremity, presumably where the maximum heat trans- 
fer occurred, due to nearness to the burner tips. Cutting 
showed that the tube was coated uniformly with 4, -in. 
of scale on the side exposed to the furnace except 
at the bulge, where the scale filled almost the entire 
extruded section. Whether the -in. scale caused 


greater previous to the failure could not be dis- 
covered. 

Fig. 5 (A and B) shows the nature of the bulge. Like 
the others experienced later, it was about 14 in. in 
diameter and } in. high. It should be noted that a 
localised flow of metal took place. Probably 50 
similar bulges were observed altogether, and though 
some were almost adjacent in lengths of several feet on 
a single tube, no splitting or explosive rupture occurred. 
Operation for over two weeks with this kind of leakage 
present proves that high-pressure operation is entirely 
safe. 

Characteristics of Failures.—A very small hole at the 
tip of the bulge of less than ,',-in. diameter apparently 
affords sufficient circulation to prevent further blister- 
ing. Moisture measurements in the flue gas by. the 
dew point method has on many occasions shown that 
about $ per cent. of the boiler output is lost through 
one opening. The maximum leakage occurring at any 
one time was 2-2 per cent. An analysis of the scale 
near the failures showed it to be similar to that in 
other boilers. It consisted of soft, non-scale-forming 
materials cemented to the tube by hard, scale-forming 
materials. Analyses of the sediment found in the 
lower drum and of the scale collected near a failure, 
together with typical analyses of the lake water are given 
in Tables II & III, page 27. Particular attention is called 
to the low calcium sulphate content of the lake water. 

Other fin tubes near the one that failed were bowed 
away from the furnace slightly, suggesting that the 
troubles were not confined to the one tube. 

Anemometer measurements made in the furnace 
with the unit out of service showed a shortage of air 
through the front wall ports near the side walls. This 
shortage of air was accordingly presumed to be a con- 
tributing cause of failure. Air deflectors: were there- 
fore installed to make the air flow through the front 
wall ports more uniform across the furnace width. 
Allthe tubes were cleaned, and 25 lb. of boiler compound, 
containing about two-thirds soda ash, was inserted in 
the boiler drums before the next run. How solids got 
into the boiler water was doubtful, since tests for con- 
denser leakage with the condenser shut down, its 
water box filled with lake water, and an appreciable 
vacuum on its steam side, disclosed no excessive raw 
water leakage. It was suggested that dissolved solids 
in the steam make-up from the low-pressure boilers 
might become insoluble at the higher boiler water 
temperatures, but it was not until a turbine test was 
undertaken that the correct cause was discovered to 
be condenser leakage. 

To test the high-pressure turbine it was necessary 
to isolate it from the remainder of the station. The 
water used was constantly re-circulated, and it was 
found that instead of make-up being necessary, some 
water had to be bled from the system. At the same 
time, electrical resistance readings indicated a 2 per 
cent. condenser leakage. These two observations 
showed that the scale found in the high-pressure 
boiler was due to this amount of condenser leakage 
into the feed water. The condenser responsible for 
the trouble was of single pass design, with tubes 
packed at one end and rolled at the other. All the 
high-pressure boiler feed water came from this unit. 
An adjustment of the tube packings was immediately 
commenced, but, as shown in Fig. 6, no success was 
obtained until in April, when the condenser was 
entirely repacked. During the intervening period, 
leakages from 0-5 per cent. to 1-5 per cent. occurred. 
It should be noted that scale troubles changed to 
those due to corrosion when the leakage was reduced 
from 2 per cent. to 0-1 per cent. 

After 720 hours’ further operation from the start, 
making 1,600 hours in all, 10 more fin tubes had to be 
replaced owing to excessive bowing. As before, the 
trouble was confined to tubes near the side walls, pre- 
sumably owing to air shortage still occurring at that 
point. Improvements in the baffling of the front wall 
were made, until the air flow was uniform across the 
furnace width. During this stoppage, 28 boiler tubes 
had to be removed owing to blisters or warping. These 
blisters occurred opposite the top of the first-pass 
baffle, at a point where the sum of the heat transfers by 
convection and by radiation reaches a maximum. To 
equalise the severity of the service throughout the 








length of the boiler tubes, the baffle was moved back 
two rows. The velocity of water circulation in the 
front row of boiler tubes was also increased by the 
installation of bell-mouth entrances and exits to the 
lower and upper drums, respectively. All the tubes 
were cleaned, and the boiler was put back into service 
with the feeling that at least localised overheating 
would be diminished, but that possibly more failures 
would occur. 

Tube Strength Calculations.—An attempt was made 
to obtain an explanation of the cause of failures by 
using known data of heat transfer rates and metal 
strengths at long-sustained high temperatures, and 
so to discover if the high pressure service was imposing 





the bulge or whether the thickness had _ been 


conditions requiring the use of better metal in the tubes 
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exposed to the furnace. A comparison with service 
conditions at 300-lb. pressure was made, and it was 
evident that the new conditions were more exacting 
because the water temperature was 150 deg. higher, the 
stress on the metal was 50 per cent. greater, and there 
was a slightly higher temperature drop through the 
thicker metal at furnace heat-transfer rates. The 
following figures show the relative stress requirements 
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Analysis, etc., of 1,300-lb. Boiler Tubes. 
Carbon oe ..- 0-16 per cent. 
Manganese ... a>. we = 0°43 = 
Phosphorus... 0-009 _ =s«s, 
Sulphur 0-036 = ’ 
Tensile strength ... 58,000 Ib. per sq. in. 
Yield point... = ... 46,000 - 

A metal stress only 1,500 Ib. per square inch greater 
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inch stress. Other data of long-period tests were 
plotted (see Fig. 7), and, though these disagreed con- 
siderably, it was felt that an average curve for low- 
carbon steel would be reliable. These data indicated 
that the maximum temperature to which boiler tubing 
could be subjected without failure was 900 deg., and 
that it was not necessary that this tubing should become 
red hot before blistering. 








Fia. 4. Hiau-PRESSURE TURBINE. 
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Fia. 5. 


of high and low pressure boiler tubes, such as those used 
at Lakeside, and a typical analysis of the low carbon 
steel employed for boiler tubes in the high-pressure 
boilers :— 


Stresses. 


Pressure 300 Ib. 300 Ib. 1,300 lb. 
Tubes ... .. Boiler Screen Boiler 
Thickness .. O-180in. 0-205in. 0-35 in. 
Outside diameter wat 4 in. 4 in. 3 in. 
Stress, lb. per sq. in.... 3,050 2,640 4,270 





Y 
$ 


than in the 300-lb. tubes appeared an inadequate 
explanation of the high pressure tube failures, until an 
investigation of the tensile strength of boiler tubing 
working at high temperatures over long periods was 
made. A paper read by Mr. A. E. White before 
the American Society of Mechanical Engineers showed 
that at 1,250 deg. F. a sample of low carbon boiler 
tubing failed at 213 lb. per square inch stress, and at 
1,000 deg. the data given suggested that ultimate 
failure would probably result at 3,000 lb. per square 





HigH-PreEssurE TuseE Fartures DvE To SCALE AND CorRROSION. 


Results of Calculations.—Calculations covering 4 
range of service conditions as regards heat transfer 
rates, velocity of water in the tubes, and thickness of 
scale, indicated that a temperature of 900 deg. could 
occur under actual operating conditions with scale 
dy-in. thick. An example of one of these calculations, 
which shows the effect of circulation through the 
tube and of scale thickness in terms of temperature 
differences, is given in Table IV. This table is based upon 
a heat transfer rate of 46,500 B.Th.U. per square foot, 
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a value realised in practice, and determined from the 
average transfer rate of the radiant heat superheaters 
and reheater. These calculations, when correlated 
with the long-period tensile strength data, show how 
factors of safety of five or more, calculated in the usual 
manner, falls to unity or less, when calculated for 
actual service conditions. This analytical work may 
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Taste I.—Oreratine PERIODS 





boiler which had failed, and of fin tubes in regions where 
the service was severe, were found to be 20 per cent. 
lower in tensile strength and elastic limit than samples 
taken from the same tubes at places where the heg; 
transfer was low. Samples from the front and reg; 
faces of a rectangular radiant superheater elemept 
after service at 300 lb. pressure, showed the overheatag 


RESULTING TUBE TROUBLES. 


CONDENSER LEAKAGE INTO BOILER FEED WATER. 


31 10 20 31 10 20 31 


AUG. SEP. ocr. 
“ENGINEERING” 


31 10 20 30 10 20 31 10 


MAY JUNE JULY 


oF HicH-PRESSURE INSTALLATION. 























me Date, Boiler. Turbine. Boiler Stoppage. 
Period | Start and 
No. Finish Output Thousand 
: Hours. | Thousand| Hours. Kw. Hours. For 
Lb. Output. 
l 25.10.26 541-75 84-166 381-75 2-143 288 Burner change. 
18.11.26 
2 Be 239-5 49-05 200-98 0-947 216 One fin tube failure due to scale. 
3 20.12.26 726-25 152-36 702 +37 3-985 192 Ten fin tubes replaced due to scale. 
20.1.27 
4 28.1.27 1,195-75 289-1 1,178 -02 7-526 360 Ten fin tubes and 28 boiler tubes replaced due 
; 19.3.27 to scale. 
5 uae 391-75 73-79 352-02 1-900 1,008 Air heater change. Tubes all right. 
6 31.5.27 86°25 15-99 73°13 0-462 312 One arch tube replaced due to burner mis- 
e 3.6.27 adjustment. 
7 bape 142°75 23-94 111-05 0-744 168 Four boiler tubes replaced due to corrosion. 
el.DO.ae 
38 Tear 92-25 16-98 85-53 0-585 144 Inspection, cleaned two front rows tubes. 
9 7.7.27 131-5 28-12 126-75 | 0-737 384 | Cleaned all tubes. Replaced three fin and 
12.7.27 seven boiler-tubes due to corrosion. 
10 rer 167-25 32-06 87-43 0-469 168 Inspection, tubes cleaned. O.K. 
8.27 
11 12.8.27 514-75 117°5 191-23 1-075 216 Inspection. O.K. 
3.9.27 
12 12.9.27 419-5 102-31 393-42 2-614 120 Inspection. O.K. 
29.9.27 
Total ..| 4,649-25 985 -366 3,883 -68 23-187 3,576 y 




















TABLE IV.—ErFrrect or CIRCULATION AND SCALE THICKNESS IN TERMS OF TEMPERATURE DRopP. 











Heat Transfer Conditions. Poorest. Best. 
Velocity of water in tube, feet per second 1 | 2 4 6 8 10 12 
Temperature drop through water film, deg. F. 175 100 58 42 33 27 24 
Thickness of scale, in. ne a ag 4 ay er i's as ye ay 
Temperature drop through scale ae 180 137 114 91 68 45 23 
Temperature drop through metal .. a AF ee 64 64 64 64 64 64 64 
Total temperature drop between water and tube exterior 420 301 236 197 165 136 111 
Temperature of water ee a ae fh ea 575 575 575 575 575 575 575 
Temperature of external tube metal za 995 876 811 772 740 711 686 
Assumed maximum long-period strength .-| 2,500 4,500 6,000 8,000 8,500 9,000 9,500 
Actual Stress ae oe ir xt ree | 4,300 4,300 4,300 4,300 4,300 4,300 4,300 
Factor of safety 0-6 1-05 | 1-4 1-85 2-0 2-1 2-2 


























TABLE V.—TREATMENT PERIODS. 


SHowING SIGNIFICANT DATA AND RESULTS OF EACH PERIOD. 

















Treat | Boiler Water Concentration, P.P.M.* Results. 
reat- | sat- Oxygen 
hw - — Hours in| in Feed- Mini 
eric n : Service. Water ' a Minimum 
No. NaOH | NagCO3 | NasHPO,| NaySo, | Total®* | P-P.M.° oc flitre.| oom? Seale. | Turbine 
‘ Solids. sion. re vad 
apacity. 
sega = 
l | 185 34 46 0 265 6-23 131-5 0-45 Yes Yes O.K. 
< | 138 35 171 437 781 6-08 167-25 0-055 No No 4,200 
> 80-5 29 82 408 585 3-98 514-75 0-03 No No 6,500 
t | 52 8 40 283 383 2°35 419-5 0-03 No No 6,800 




















* Pounds of chemical per million pounds feed water. 
** Not including small amounts of silica, oxides, &c. 


be summarised in the statement that a maximum scale 
thickness of ds-in. can be tolerated, but that -in. 
means a tube failure. This agrees with practice. 

_ Loss of Tensile Strength in Service.—About the same 
time test bars were prepared from the boiler, and fin 
tubes in service in various parts of the installation. 
These were tested for tensile strength to learn if lengthy 
Stress at high temperatures had permanently weakened 
the metal. Samples taken from the front and rear of the 


metal to be one-third lower in both tensile and elastic 
strength. Rough estimates indicated a 200-deg. 
difference in operating temperature, the front face 
having a maximum temperature between 900 deg. 
and 1,000 deg. F. Both the boiler tubes and super- 
heater elements indicated that annealing occurs in 





service. This temporarily lowers the tensile strength 
considerably below the original tensile strength and 
elastic limit. This is significant when computing 





factors of safety and tensile strength under actual 
operating conditions. 

The results obtained during this second operating 
period clearly showed either that raw water must be ex- 
cluded from the system and scale limited to },-in. thick- 
ness or that tubes of high strength must be substituted 
for the low carbon steel tubes exposed to the furnace. 


Fig.7 LONG-TIME STRENGTH OF METALS AT 
HIGH TEMPERATURES. 
STRENGTH OF STEEL AT HIGH TEMPERATURES 
COMPARISON OF VARIOUS DATA 


& 






%& 


Long-Time Proportional Limits, Thds.Lb.per Sy.In. 
a 


(499.F) 


TABLE II.— Analysis of Scale and Sludge. 














—_——- Sludge. Scale, 
per cent. | per cent. 
Tron and alumina oxides . . ae as 24-26 15-24 
Calcium hydrate a ‘ _ 33-63 
Calcium carbonate : ss we 21-46 _— 
Calcium silicate .. =e on wa _ 23 -66 
Calcium sulphate .. ee “a Pe 0-41 14-62 
Magnesium hydrate “, ie wa 8-63 6-90 
Magnesium carbonate - se wa 2-62 1-28 
Magnesium silicate = “ ae 38-31 — 
Magnesium sulphate os és ‘as 0-39 0-54 
Magnesium oxide .. wd Sa ae 4-23 _- 
Copper oxide o - *e an 0-28 1-58 
Lead oxide a2 ‘ “ ae — 2-06 
Total .. és “e “é ..| 100-59 99-57 














Taste III.—Analysis of Lake Michigan Water at 
Lakeside Station, 




















Previous Analyses. Samples 
| of 
aie 11.12.25. 
8.1.25. | 2.9.24. | 1.7.24. 
|per cent.|per cent./per cent.|per cent. 
Silica on Be «-| 0-67 0-28 0:3 0-41 
Tron and alumina oxides | 0:17 0-24 0-15 trace 
Calcium sulphate. . ..| none none 1-08 1-58 
Calcium carbonate | 5-39 2-48 3-80 _- 
Calcium bicarbonate |e ~- -— 6-30 
Magnesium sulphate 1-36 0-64 2-05 _- 
Magnesium bicarbonate — -- =. 3-44 
Magnesium carbonate ..| 2-45 2-73 os _ 
Magnesium chloride = aoe — _ 0-23 
Sodium carbonate .| trace —- _- -- 
Sodium sulphate .. ..| trace oo — _- 
Sodium chloride .. af 22 0-62 trace 0-29 
Organic matter .. ap -_- —_ — 0-88 
Suspended solids ..| none none _ 0-35 
Total me ..| 10-04 7-0 7:46 13-48 











The higher stress on the 1,300-Ib. tubes has the effect 
of lowering the maximum safe working temperature 
150 deg. below that of the 300-lb. tubes, while the 
150 deg. higher temperature of the 1,300-lb. boiler 
water was an additional handicap. The additive 
effects of these two factors showed that for the same 
heat transfer and water velocity conditions, metals 
having the same tensile strength as carbon steel, at 
a 300 deg. higher temperature, would be necessary 
to give results equivalent to those of the 300-lb. 
boiler tubes. In other words, scale } in. thicker may 
be allowed to accumulate in a 300-lb. tube than in a 
1,300-Ib. one. The greater thickness of metal in the 
high pressure tube has the same effect as 3, -in. of scale 
in a 300-lb. tube. It was found to be essential to 
clean the tubes every 500 hours, unless the condenser 
could be made watertight or some means of eliminating 
scale deposition could be found. 

The next run of 390 hours (No. 5) was made without 
a failure. The boiler was again cleaned, but the 
succeeding run (No. 6) came to an untimely end owing 
to the failure of a riser tube underneath the arch. This 
was due to high heat-transfer caused by radiation and 
unusually high convection combined. It was presumed 
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that the scale had nothing to do with this failure, since 
inspection showed the tube to be clean, while the burner 
close-by was so out of adjustment that its flame 
impinged directly on the fin tube. 


(T'o be continued.) 





SAFETY IN MINES RESEARCH 
BOARD. 


THE activities of the Safety in Mines Research 
Board during 1926, are recorded in the Board’s fifth 
annual report, recently published.* During the year 
under review laboratory researches, apart from those 
connected with the support of underground workings 
and wire ropes, continued to be carried out in the 
temporary accommodation rented from the University 
of Sheffield. The building of new laboratories on a 
site adjoining the Applied Science Department of the 
Sheffield University is well advanced, and it is hoped 
to move into them in the early part of 1928. The 
Imperial College of Science and Technology allow their 
engineering laboratories at South Kensington to be 
used for research work on methods of supporting under- 
ground workings, and wire ropes. 

The field and large-scale experiments connected 
with researches on coal-dust explosions, firedamp 
explosions, gob-fires and mining explosives, are carried 
out at the new research station at Buxton. The equip- 
ment and some of the buildings were not complete at 
the time of the report, but all essentials for carrying 
out the programme so far assigned, is already installed, 
and experimental work has been in full swing since 
June, 1926, explosives research having been started 
a year earlier. A description of the Buxton Research 
Station and its equipment has already been pub- 
lished in these columns.f 

During 1926, the scheme of co-operative research 
with the United States Bureau of Mines came into full 
operation. Dr. Thiessen, of the Bureau’s Pittsburgh 
Experiment Station, worked during most of the year 
in the Sheffield laboratories, assisting in the researches 
on the constitution of coal, and Dr. Coward, one of 
the British investigators of the Research Board worked 
at Pittsburgh in charge of some of the co-operative 
researches relating to firedamp explosions. During 
the latter part of 1926, Mr. Perrott, of the Explosives 
Section of the Bureau of Mines, visited this country 
and had useful consultations with the staff of the 
Safety in Mines Research Board in connection with 
researches on mining explosives. Exchange of infor- 
mation between the staffs of the two research organisa- 
tions and joint experimental work continued as in the 
previous year. Dr. W. Francis was selected as the 
member of the staff for service at Pittsburg during 
1927-8. The Bureau of Mines appointed Mr. L. C. 
lsley, Electrical Engineer at the Pittsburgh Experi- 
ment Station, for service in England. 

The new researches commenced during the year 
1926 include work on methods of dealing with gob 
fires; on the performance of oil-immersed switch- 
gear as regards the effects of arcing under oil; the 
efficiency of miners’ electric hand lamps; an improved 
form of ‘‘ plug and feather ’’ method of winning coal ; 
the loads carried by wood props tapered in different 
styles and the resistance of tapered wood stretcher 
bars, substitutes for timber cogs or chocks for packing, 
a comparison of quartered and round props of the 
same sectional area, the effects of wetting wood props 
and a comparison of the efficiency of home-grown and 
imported props; and on the changes that take place 
in the condition of a wire rope during service, on the 
corrosion resisting properties of special alloy steels for 


wire ropes, on the changes produced in the physical | 


properties of steel wire subjected to galvanising and 
other anti-corrosive processes, on the elasticity of wire 
ropes and on electrical methods of detecting wire 
fractures and corrosion in a wire rope. A new group of 
researches, on mine rescue breathing apparatus, has 
been begun. 


Researches on the ignition of coal dust have been | 


carried out mostly in the laboratory, during the period 
under review, and expe"iments on the propagation of 
explosions in the new 4-ft. gallery at Buxton. A 
satisfactory method of test in the laboratory for measur- 
ing the relative inflammability of different coal dusts 
has been devised. 








Previous work abroad, and the experiments made | 


by the Research Board have disclosed a rough relation- 


| 


incombustible, it is scarcely to be expected that this 
relationship can hold rigidly. The abnormally high 
inflammability of certain coal dusts may be due to the 
relatively high proportion of tarry vapours which these 
dusts have been found to yield during destructive 
distillation. With the object of investigating the 
chemical properties on which the inflammability of a 
coal dust depends, researches have been continued on 
the constitution of coal, in an attempt to separate the 
coal into its integral parts and to estimate the propor- 
tions, and study the properties, of each group of 
compounds present. It has thus been possible for 
estimates to be made of the proportions of organised 
plant remains in bituminous coals (chiefly spor exines 
and cuticles) resin and ulmin compounds, respectively. 
An important advance in the analsis of coal has thus 
been made, for each of these three groups of compounds, 
forming together nearly the whole of a bituminous 
coal, has characteristic properties. For example 
the plant remains and resins yield large quantities of 
tarry vapours on heating. This bears a direct relation 
to coal dust explosions, explaining as it does the 
abnormally high order of inflammability of certain 
dusts, which on examination have been found to 
contain an unusually high proportion of resins. 

Large scale experiments at Buxton became possible 
during July, 1926, and the chief object of the first 
series was to determine the conditions necessary to 
produce an explosion of moderate violence in the new 
4-ft. gallery ; some guide to this was available from the 
data already obtained at Eskmeals with 74-ft. and 3-ft. 
galleries, though the new gallery differed from the old 
not only in size but by being built with pressure-tight 
joints. With the particular coal dust then available, 
it was found impossible to produce an explosion that 
would travel more than two or three hundred feet 
when the interior of the gallery was perfectly smooth. 
By introducing one or two sets of props and bars not 
far from the point of ignition, however, it became 
possible to obtain a continued propagation of flame. 
The same result was obtained by making a small 
opening in the wall of the gallery, through which slight 
release of pressure could occur, near the point of igni- 
tion. 

The next matter on which information was desired, 
related to the effect of small percentages of firedamp 
in the air, on the inflammability of coal dust. This 
work was still in progress when the report was written. 
With a number of different coal dusts, it has been found 
that for every 1 per cent. of firedamp in the air about 
5 per cent. more incombustible dust is required to 
render the mixture incapable of propagating flame 
than when the air is free of gas. 

Progress in the researches undertaken in 1926 on 
firedamp explosions, was satisfactory. The problem 
of the ignition of firedamp by sparks from picks, or 
from rock, striking on rock, reached a point where but 
little remains to be done. It was found possible to 
cause ignition of firedamp by (sandstone) rock rubbing 
against rock ; not however by sparks thus produced, but 
by reason of the rubbing surfaces becoming sufficiently 
heated. Considerable power, however, is required, 
applied continuously at the same spot to obtain this 
result. Ignition of firedamp by sparks from picks 
could not be obtained, and it seems doubtful if such is 
possible. 

The study of explosions in closed, and partially 
closed vessels carried out during the year under review 
has been mainly in connection with the design of 
flameproof mining electrical apparatus. Experiments 
have also been made to ascertain the effect, on the 
pressure developed by a firedamp explosion, of parti- 
tions and inter-communicating compartments within 
a flameproof enclosure for mining electrical apparatus. 
Except in special circumstances, and contrary to com- 
mon belief, a greater pressure than the normal is not 
produced within an enclosure that is divided into com- 
partments. In the compartment remote from the 
ignition, however, there is always a very marked 
increase in the rate of development of pressure, such 
as may overtax the strength of the flameproof enclosure, 
and partitions, unless they are themselves flameproof, 
should be avoided in such apparatus. This work, 
except for a few confirmatory experiments, is com- 
pleted and a detailed account of it is being prepared. 

Researches on the spontaneous combustion of coal 
are being carried out in the Mining Research Laboratory 


jat Birmingham University, and by the Lancashire 


and Cheshire Coal Research Association at the College 
of Technology, Manchester University, as well as in 


ship between the inflammability of a coal dust and | the Board’s own laboratories. 


its volatile matter content determined in the usual 


| 


At Sheffield, the researches have been directed to 


way. The relationship suggests that the gases distilled | finding out which ingredient of the coal conglomerate 


from coal dust on first heating may play an important 
part in the initiation of a coal dust explosion. How- 
ever, since much of the volatile matter of coal is 





* H.M. Stationery Office, Adastral House, Kingsway, 
London, W.C.2. [Price 9d. net.] 
+ See ENGINEERING, vol. cxxiii, page 728. 


is mainly responsible for the reaction with the oxygen 
of the air which ultimately results in self-heating of the 
coal. In a given coal seam, the bright portions (vitrain 
and clarain) contain a higher proportion of ulmin 
compound than the dull (durain), and are in consequence 
more avid of oxygen. 

The activities of the Support of Workings in Mines 








Committee covered arrangements for taking accurate 
measurements of the actual earth pressures experienced 
underground in various parts of mine workings. A 
special steel prop fitted with a 100-ton dynamometer 
has been completed and calibrated in a testing machine, 
A lighter prop which will be more convenient for use 
where pressures are less is being made to take a dyna- 
mometer of 80,000 Ib. capacity. 

A critical examination is being made by Professor 
Dixon, at South Kensington, of self-adjusting steel props 
of various types, so strongly recommended by the 
committee in their report on the East Midland Coal- 
field. Many tests have been carried out with lids, 
tapered props and stretcher-bars under varying con- 
ditions. The area of the end of the taper, it was found, 
must generally be less than half the cross sectional 
area of the prop in order to insure “ burring” and 
shortening before failure. The total amount of shorten- 
ing before failure depends on the length of the taper, 
but if the taper is made too long the prop fails through 
buckling at some weak point in the tapered portion. 
Chisel-shaped and square saw-cut tapers did not behave 
well, and their use is not recommended. When wood 
props were tested after immersion in water, it was 
found that their strength was only about half that of 
similar air-dry specimens. Although wet props, 
machine tapered, shortened an equal amount to dry 
props before failing it was found that the shortening 
in the case of wet props was due to the tapered part 
bending sideways as a whole without splintering, 
whereas with the dry props it was due to burring of the 
tapered end. 

In the researches on wire ropes, two prime objects 
of the committee are to discover means of prolonging 
the life of a rope, and foretelling when risk of failure 
must be anticipated. In pursuance of the method 
adopted, arrangements have been made to obtain 
samples cut off winding ropes upon recapping at regular 
intervals, and where possible, samples of the same 
ropes before being put into service. These samples are 
thoroughly examined in the laboratory and a history 
of each rope is kept. Samples of ropes that have broken 
in service will also be obtained and examined. 

Metallurgical examinations have shown very great 
variations in the structure of the steel of the wires 
used in different layers of the same rope. Variations 
were found in the chemical composition of the wire, 
the grain size and metallographic structure produced 
during the preliminary heat treatment, the total 
amount of cold work applied subsequent to the heat 
treatment, and the rate at which it was applied. It has 
been observed that in some samples of rope the interior 
wires have been injured by pressing on one another, 
bruises being formed which under the torsion test are 
shown to make the wire unreliable. Research is needed 
to show how and when this bruising takes place. The 
committee is attempting in another investigation to 
find out how to decrease the susceptibility of wire rope 
to corrosion. The committee has the use of a complete 
wire drawing plant at the City and Guilds Engineering 
College, and wire will be made under laboratory 
conditions, commencing with carbon steels of various 
compositions. Internal corrosion has been recorded 
in ropes which have never been used. The results of 
experiments on the effect of various fibre cores on the 
corrosion of steel wires exposed to the weather seem to 
indicate that certain fibres, notably white hemp, 
accelerate corrosion considerably. 

For a study of the elasticity of ropes a special wire 
rope testing machine of 100 tons capacity, taking a 
specimen 30 ft. long has been completed and is being 
put into service. It is proposed to test a number of 
ropes of different types of structure and of various 
qualities of wire. 





Automatic Tus GREASER.—An appliance for lubri- 
cating the axle journals of colliery tubs with the minimum 
waste of oil was recently placed on the market by Messrs. 
Hadfields, Limited, East Hecla Works, Tinsley, Sheffield. 
This is the Edwards and Price automatic tub greaser. 
The appliance comprises a corrugated wheel, which is 
partially immersed in heavy oil, contained in a rect- 
angular cast-iron box. This oil reservoir is furnished 
with projecting flanges, at each end, to enable the 
greaser to be bolted to the sleepers, between the rails, 
towards the side of the colliery track. The corrugated 
lubricating wheel is carried by a plate which is a mode- 
rately loose fit in the top of the oil reservoir. On the 
under side of the plate there are four studs, two at each 
end. Each of these studs rests on a helical spring encased 
by atube. On the bottom of the box four shorter studs 
are provided, in the same relative positions as those on 
the plate, to keep the springs and tubes in an upright 
position. The springs, which are compressed by the 
tub axles as they pass over the corrugated wheel of the 
greaser, ensure at all times a sufficient quantity of oil 
being transferred from the wheel to the tub-axle bearings. 
The top plate of the greaser is provided with a lid, which 
enables the greaser to be charged with oil without the 
necessity for removing the wheel. It is stated that the 
appliance has been installed in a large colliery where it 18 
working very satisfactorily. 
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A QUICK-FASTENING HOSE 
CLIP. 


In engineering workshops, the rubber hose pipes used 
for the conveyance of water or air from the general 
supply system, are commonly held in place by means 
of clamps or clips secured by a screw. In some cases 
these are made of brass, and are somewhat heavy, 
and therefore costly, while in others simple steel press- 
ings are used, which suffer the disadvantage that 
frequent release and resetting causes the destruction 
of the threads. No matter how simple such fastenings 
may be, their use always entails the application of some 
type of hand tool, and the expenditure of time in fitting 
which might be avoided were the screw device replaced 
by a simple lever controlled fastening. In the accom- 
panying illustrations, Figs. 1 and 2 below, such a 
hose clip device is shown. This has now been 
put upon the market by the No-Screw Hose Clip 
Company, of Abbey House, Victoria-street, London, 
S$.W.1. 

As the illustrations show, the clamp consists of a 
simple curved band of galvanised steel, provided at 




















Fic. 2. 


one end with a series of projections for use in gripping 
the band together to forma hoop. The other part of 
the locking system consists of a pressed-steel lever 
with its fulcrum at the inner end. A short distance 
from this end two holes are provided’ for the ends of 
a steel wire hoop, which can be set against the suitable 
projection on the other end of the band before the 
lever is depressed to clamp the whole system together 
and effect a tight coupling for the hose. The lever, 
like the wire loop, is curved to the form of the hoop, 
and thus the device has no projections once it is set, 
only the deliberate action of raising the lever can 
Telease the hose. This can be done by the finger alone, 
although the pressure exerted upon the hose, ensuring 
the tightness of the joint, is so great that only the 
destruction of the clip by repeated hammer-blows 
could cause its removal otherwise. 

_ The obvious advantage of the No-Screw hose clip 
is that it can be fixed or released in an instant, 
without the use of tools of any kind. Applications 
have already been extensively made to the radiator 
hose connections of many types of motor cars in 
America as well as this country, but the range of 
standard sizes available, makes the hose clip suitable 
for use with a large range and variety of connections 
for water and air in the fitting shop and elsewhere. 





ABRASIVES. 


THE mineral resources of Canada include deposits 
of numerous minerals of economic importance to the 
abrasive industry, and in view of numerous inquiries 
concerning the uses, sources of supply, preparation 
and markets of these products, an investigation has 
been undertaken by Mr. V. L. Eardley-Wilmot of the 
Canadian Department of Mines, the results of which 
are being given in a series of bulletins, of which Parts IT. 
and III. have recently been published, and which deal 
respectively with corundum and garnet. 


Although corundum is supposed to have been used 
by the ancient Egyptians for carving inscriptions and 
figures on their stone monuments, it is only within the 
last hundred years that it has been used in granular 
form for abrasive purposes. The transparent forms 
of pure corundum which occur as ruby and sapphire 
have, however, been used from time immemorial as 
gems for jewellery, and the early Greek and Roman 
writers reveal an intimate knowledge of the physical 
properties of these stones, although they did not 
recognise them as different forms of the same mineral 
whose colouring depended on the impurities present. 
The colouring of corundum varies from the intense 
blues and reds of the gems into the opaque dull hues 
through white, grey, pink, bluish to brown or bronze 
—the most common colour being brown. The theore- 
tical composition of corundum is given as 52-9 per cent. 
aluminium and 47-1 per cent. oxygen, but it invariably 
contains small amounts of impurities, such as silicon, 
iron, lime, water, etc. It is the hardest mineral 
known next te diamond, and is practically unaffected 
even by the strongest acids. The mineral corundum 
is generally classified into three groups: Sapphire or 
gem stone group; Common corundum, which includes 
all those which are opaque ; and Emery, a black or grey 
black opaque massive mineral which is an intimate 
mixture of granular corundum and iron oxides, mainly 
magnetite. It is softer than corundum. 

Corundum has been suggested as a source of alumi- 
nium, owing to its high percentage content of this 
metal. The competition of softer aluminous minerals 
such as bauxite, combined with the fact that the 
corundum must be pure, and the expense of mining, 
concentration and grinding, has, however, prevented 
corundum being used commercially for this purpose. 
It was, however, used previous to 1890 as a carrier of 
aluminium in manufacturing copper and iron-alumi- 
nium alloys. 

Practically the only use for the opaque forms of 
corundum is as an abrasive, but they are not all 
equally effective for this purpose. The purity of the 
mineral is more important than its hardness, since the 
purity has a significant bearing on the presence of the 
parting planes and their spacing ; the fewer the parting 
planes and the wider the lamelle between the poly- 
synthetic twinnings, the greater will be the tendency 
for the mineral to crush into the sharp and angular 
strips necessary for abrasive action, rather than into 
flat pieces. Corundum, which may prove ideal for 
the manufacture of abrasive wheels, may, however, be 
found less satisfactory when used as a loose grain, 
since the physical properties requisite for an abrasive 
held in place are different from one which is used 
loose. Abrasive manufacturers who have used corun- 
dums of various kinds from all over the world, have 
expressed the opinion that the clean material from 
Carlow and Raglan in Ontario is the best, but it is 
possible that the blue and white corundum from 
Monteagle, Dungannon and Methuen, which are even 
purer may be still better. Little is, however, known 
of the latter. 

Corundum is used in three forms for abrasive pur- 
poses, the clean concentrates being graded into sizes 
from 12 mesh to “ flour” (a) grain corundum, loose, 
for polishing gems, rock specimens, glass grinding and 
bevelling; (6) abrasive paper or cloth; (c) solid 
forms, such as wheels, sharpening stones, &c. Four 
forms of wheels are made in which the bond varies, 
namely, vitrified, silicate, elastic, and rubber. The 
first-named are the most widely used, representing 
almost 90 per cent. of the manufacture, the bond con- 
sisting of certain clays, feldspar, &c., with the purest 
corundum; the mixture is baked in kilns at a high 
temperature for about 14 days. The silicate bond is 
silicate of soda, and baking takes place at a compara- 
tively low temperature for about two days. The 
elastic and rubber types of wheel are made very thin, 
and are used for cutting and for grinding out narrow 
slots in metal. During 1924-25 a special aluminous 
abrasive was made in the electric furnace, in which 
natural corundum was used as a substitute for bauxite 
since the former contains twice as much alumina. This 
new material is now being made in several abrasive 
factories in the United States, and is said to be superior 
to the bauxite product for making wheels for certain 
classes of grinding. This use for corundum is increas- 
ing; the present consumption is estimated at about 
1,000 tons per annum. Since it is necessary for the 





corundum to be very pure and free as possible from 
titanium, the pure blue variety found at Dungannon, 
Ontario, would be well suited to this purpose. 

The Canadian corundum industry was first started 
in 1900, and in spite of many disadvantages such as diffi- 
culties of concentration, preparation for the market, 
cost of transportation and finding of markets, made 
substantial and rapid progress. The market once 
established, Canadian corundum was regarded as a 
standard and for fourteen years lead the world’s pro- 
duction. The industry, however, had a formidable 
competitor almost from the start in the artificial 
abrasives, first carborundum (carbide of silicon), and 
later aluminous abrasives or artificial corundum. 
This competition was the main cause of the decline 
which set in after the maximum output had been 
obtained in 1906-7, and which led finally to a total 
cessation of operations. The main producer at the 
present day is South Africa. 

Garnets occur in a large variety of rocks all over the 
world, more particularly in gneisses and schists, and 
are often met with in the gangue of ore deposits, or 
close to intrusive contacts of high temperature origin. 
Owing, however, to the small demand, only a few 
deposits have been developed, and consequently no 
extensive research has been made into the origin and 
methods of occurrence of garnet. Garnets having an 
attractive colour and which are transparent, have been 
used from ancient times as semi-precious stones or for 
ornamental purposes. To-day they are also used as 
jewels in the bearings of watches, although ruby and 
sapphire are preferable owing to their greater hardness. 
For the best abrasive purposes the hardest forms of 
garnet, harder than quartz, are necessary, and when 
crushed should break into sharp angular fragments. 

Over 90 per cent. of the garnet mined is used for the 
manufacture of garnet-coated papers and cloths, and 
the remainder as a lower priced material in the form of 
loose grain for polishing marble, slate and other soft 
stones, in certain sandblast operations and for surfacing 
plate glass. In America, garnet-coated papers and 
cloths are used in the woodworking industries almost 
to the exclusion of all other abrasives. These papers 
are also used for the finishing of hard rubber, celluloid, 
felt and silk hats, and also in the leather industry for 
scouring soles and heels of boots and shoes. Recently 
fine grits of waterproof garnet papers have replaced 
pumice in the rubbing down of varnished and painted 
surfaces, especially for automobile bodies. In the 
loose form the principal use is for surfacing plate glass, 
and in the United States several manufacturers are 
now using crude water-graded garnet in the “ fining” 
process between the sanding and final rouge polishing 
operations. 

Garnet was first employed as an abrasive in the 
United States in about 1880, when it was used as a 
coated abrasive and became of commercial importance. 
The New York mines are now the world’s leading 
producers, and up to the present the highest grade 
abrasive material has been obtained there from large 
laminated crystals or boulders of red garnet. Formerly 
Spain was a comparatively large producer, but the pale 
pink rounded crystals found in alluvial deposits in 
Almeria are inferior to the American mineral, and when 
crushed do not yield the full range of sizes required, 
consequently the production has dwindled almost to 
vanishing point. Although the use of garnet is in- 
creasing in Europe, its employment is much less than 
in America, possibly owing to the high price, and to the 
extensive use in Europe of chalk flint, which is abundant 
in England and France and so much superior to the 
American flint, as to be almost equal to garnet in its 
abrasive qualities. Probably the consumption of 
garnet in England does not exceed 2,000 tons per 
annum. The U.S. production is about 8,000 tons per 
annum. In 1924, when garnet was first mined in 
Canada, about 1,200 tons were exported. 





Tae CHartzes C, Liytatcum Founpation.—The Dean 
of the Faculty of Law of the North-Western University 
School of Law, McKinlock Campus, 357, East Chicago- 
avenue, Chicago, Illinois, U.S.A., has informed us that 
the Charles C. Linthicum prize of 1,000 dols., and a 
bronze medal, and two sums of 100 dols. each, as second 
prizes, will be awarded to the authors of the best essays 
or monographs, submitted by March 1, 1929, on the 
law of ‘Scientific Property.”” This subject embraces 
questions relating to the granting of a quasi-patent right 
to the discoverer of a principle of science, or, in other 
words, the extension of the patent or copyright laws so 
as to recognise a right, on the part of the discoverer of 
a scientific principle, to some share of the profits that 
may accrue to an inventor, who makes use of that 
discovery, and thus obtains a patent. The law hus, 
hitherto, not recognised such a right. To be eligible for 
the award, the author must be, at the time of submission, 
a member of the Bar, a registered student in a recognised 
law school, or a patent agent in the United States or in 
any other country. Full particulars regarding the 
Foundation may be obtained from the Dean of the 
Faculty of Law of the North Western University School 
of Law, at the address given above. 
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ORE EXTRACTION BY ACID FERRIC 
SULPHATE AND AERATION. 

THE extraction of oxidic and sulphidic ores of 
copper, zinc, lead, silver and gold by means of 
sulphuric acid has long been used, to some extent, 
in the neighbourhood of sulphuric-acid works and 
in other localities where the acid can be obtained 
at a moderate cost. As these complex ores frequently 
contain some iron, iron sulphate was also formed 
during the leaching. The presence of this sulphate 
being found to promote the lixiviation, ferric sulphate 
was itself tried or added to the sulphuric acid. On 
the other hand, the sulphuric acid was replaced by 
the sulphur dioxide from roasting furnaces. In 
laboratories satisfactory results were obtained, not 
only with oxidic ores, but also with partly roasted 
sulphides and with the sulphides themselves. In the 
works, however, the processes were found to be 
inefficient. The oxidation of the SOg by atmospheric 
oxygen was very slow and the regeneration of the iron 
sulphate difficult. 

There were, moreover, other troubles, much more 
annoying to the works manager than to the chemist 
in the laboratory. The sulphates, which were to 
dissolve the ores, also attacked the iron and copper 
pipes, especially when hot, and the risk of persistent 
corrosion of pipes and leakage rendered it difficult to 
get new processes tried out. One of the recent trials 
was made by the Cananea Copper Company in the 
State of Sonora, Mexico. There, compressed air was 
heated to 200 deg. to 400 deg. F. in order to hasten 
the oxidation of the slightly-acid solution of ferrous 
sulphate used as leaching agent. The oxidation, 
however, still remained slow and wasteful; in one 
test, 1,200 times the theoretical amount of air was 
supplied to the extractors. The complex chemical 
reactions have occupied the attention of many eminent 
chemists since Schénbein’s studies (1839) of oxidation 
and ozone. The manifest possibilities of the use of 
ferric sulphate as solvent recently induced the 
United States Bureau of Mines to take up the problem 
in their experimental stations, and a patent was 
taken out on behalf of the Bureau in the name of 
Mr. E. 8. Leaver, one of the investigators. The account 
of the research,* which also deals, in particular, with 
the important problem of aeration, once more 
emphasises the necessity of maintaining proper 
conditions in all cases of more or less reversible 
reactions. 

When a mixture of sulphur dioxide and air, not too 
rich in SO,, is passed through a solution of ferrous 
sulphate, FeSO , or other ferrous salt, both the ferrous 
iron and the dioxide are oxidised simultaneously in 
approximately equivalent proportions, so that ferric 
sulphate Fe, (SO4); forms the end progluct, according 
to reaction (1): 2 FeSO, + SO, + O, = Fe, (SO,),. 
This reaction (1), it is found, takes place exclusively 
when the gas mixture is supplied in small bubbles at 
not too rapid a rate. When the iron oxidation has 


reached a steady state, sulphuric acid is also formed | 


according to equations (2): H,0 + SO, + 40, = 
H,SO, and (3): Fe, (SO,)., + SO, + 2H,O = 2 Fe SO, 
+ 2 H,SO,. Reaction (1) can be made to take place 
alone, to the exclusion of reactions (2) and (3), until 
99 per cent. of the iron has been oxidised. Air alone 
would be far too slow a reagent, and SO, alone would 
favour reaction (3). The dioxide and the ferrous iron 
seem to induce mutual oxidation. 

In the first experimental apparatus, the ore pulp 
and the hot roaster gas (SO, and air) were fed into 
opposite ends of a revolving horizontal SO, drum 
constructed of laths. Afterwards, vertical or hori- 
zontal glass tubes or cylinders, closed at each end 
by screw clamps, were used for the study of the 
reactions, the gas entering through perforated rubber 
tubing at the bottom of the tube. The column 
aerators, afterwards used, were of similar type. Initial 
acidity of the solution proved disadvantageous. The 
various catalysts tried—manganese dioxide, chromic 
sulphate, potassium fluoride, sodium nitrate, and 
nitrous gases—did not appear very promising. Little 
is said about impurities ; in the leaching of copper ores, 


aluminium and zinc, for example, would be impurities, | 
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Arizona), at 4,000 ft. above sea level. No attempt is 
made, however, to describe commercial apparatus 
suitable for the processes. 

An oxygen efficiency of 25 per cent. was realised 
when 5-ft. column aerators were used; with 10-ft. 
columns, the efficiency could be raised to 65 per cent. 
The ratio of sulphur dioxide to oxygen in the roaster 
gas should be 1 SO,: 2-75 O., with bubbles of 1 mm. 
diameter, which were generally found to be the most 
efficient, during the period of iron oxidation. Large 
bubbles, of 10 mm., required a ratio of 1 SOg: 40 O,. 
Still smaller bubbles, of less than 1 mm., might be 
preferable if they could be produced with smaller 
expenditure of power, since they would permit the 
height of the aeration columns to be reduced, and 
also allow of rapid rates of working ; almost any size 
of bubbles proved more efficient than fine sprays of 
the solution in the gas. The space velocity should be 
about one volume of gas (0-5 to 1-5) per minute per 
unit volume of solution. As regards the gas pressure, 
three components should be considered: hydrostatic 
head, capillary head, and friction head. In a 10-ft. 
column, the pressures involved in forming 1l-mm. 
bubbles from holes of 0-118 mm. diameter at 21-8 deg. 
C. and at the rate of 500 cub. cm. of gas per minute 
per litre of solution were :—Hydrostatic, 4-33 ; capil- 
lary, 0:42; kinetic, 0-18; total, 4-93 lb. per square 
inch. But the kinetic pressure might easily rise to 
10 lb., depending largely upon the diaphragm through 
which the gases to be bubbled are forced. Of the acid- 
proof materials tested for this purpose, perforated 
sheet rubber, pierced with needles, proved best, though 
it hardened in long use. Canvas used in flotation 
processes was not so satisfactory; small-mesh canvas 
would give small bubbles, but the bubbles tended to 
coalesce to large ones. Thin sheet lead can be per- 
forated by needles, but the holes formed are too large, 
unless the sheet is rolled out afterwards. This applies 
also to wire cloth. The spacing of the holes should be 
about 10 times the orifice diameter. The power 
required for the aeration is an item, but it amounts 
only to a very small fraction of the power used for 
the ore crushing and conveyance. 

The difficulty of finding non-corrosive materials 
for these processes is only mentioned in one para- 
graph of the bulletin. It is said that glass, vitrified 
clay forms certain woods, hard rubber, Durocloth (an 
impregnated wool fabric) and Monel metal, can be 
employed satisfactorily. Bakelite, Vitreosil, sulphur 
concrete, and mastic also seemed suitable. 

Although Mr. C. G. Maier’s account of his 
comprehensive investigation of the problems of gas- 
bubble production takes up half of the 122 pages 
of the report, further experiments are desired to 
decide whether it will be necessary, as it appears at 
present, to use aeration apparatus for the oxidation 
differing from that in use for ore flotation. He 
starts his theoretical considerations from Tate’s 
researches (1864) on the magnitude of liquid drops fall- 
ing from capillary tips and the recent modifications 
of Tate’s formule. One misses, however, reference to 
F. M. Jaeger’s work on the determination of the 
molecular surface energy of liquids at high and low 
temperatures, by the method of bursting bubbles. 
Maier estimates the sizes of his bubbles by various 
methods. When the volume of the bubbled gas is 
known, the size of the bubbles can be determined by 
counting the number of bubbles escaping from a 
submerged orifice in unit time. This counting is 
difficult when more than three bubbles are produced 
per second. Stokes’ law, which was not found to be 
applicable, and electrolytic conductivity measurements, 
were other methods, the latter especially for measure- 
ments of very small uniform bubbles. Photography, 
under magnification, of the bubbles produced in a 
special bubble cell proved to be the easiest and 
most instructive method. It was then seen . that 
the bubble, under a certain gas pressure, would form 
at the top of a cylindrical stem, the length of which 
increased with the gas pressures, and would become 
irregular with high pressures. Much, however, 
depended upon the condition of the tip, as Jaeger 
observed. 

The orifices are, of course, much smaller than the 
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CATALOGUES. 


LIifts—A new catalogue dealing with electric lifts 
for passengers or goods is to hand from Messrs. Herbert 
Morris, Limited, Loughborough. The frame is constructed 
on its own foundation, placing no load on the building. 


Silencing Lifts——A circular illustrating their method 
of insulating lift frames from buildings, especially concrete 
buildings, to prevent the transmission of noise, is to hand 
from Messrs. Marryat and Scott, Limited, 40, Hatton. 
garden, London, E.C.1. 


Telephones.—A new switchboard for small installations, 
of five to forty-five stations is now made by the Relay 
Automatic Telephone Company, Limited, Marconi 
House, Strand, London, W.C.2., and particulars of it are 
given in a catalogue received. 


Petrol Engines.—A small descriptive catalogue of 
petrol engines of 2, 3, 4 and 5 brake horse-power for 
stationary, semi-portable or portable mounting, is to 
hand from Messrs. Blackstone and Company, Limited, 
Stamford. Prices and a general specification are given. 


Condenser.—A detailed description of the Mirrlees 
Delas-Ginabat surface condenser, for land and marine 
service has been issued as a special catalogue by the Mirr- 
lees-Watson Company, Limited, 45, Scotland-street, 
Glasgow. Data are given for three tests at large power 
stations. 


Ball and Roller Bearings.—The Hoffman Manu. 
facturing Company, Limited, Chelmsford, Essex, have 
issued a catalogue illustrating a number of machines 
in which their ball and roller bearings are fitted, the 
selection being made to show the variety, in loads and 
speeds, of the purposes to which the bearings are 
applicable. 

Electric Motors.—A detailed description of a new light 
weight traction motor is given in a special catalogue 
issued by the English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2. We have also received 


+ the September issue of the company’s Journal, containing 


matter dealing with outdoor substations, instrument 
transformers, and high-speed circuit breakers. 


Welding Electrodes.—Electrodes for welding cast iron 
and steel, supplied in coils or in bundles of straight 
lengths, and in five diameters from 3; in. to } in, 
are listed, with prices, in a leaf catalogue received 
from Messrs. Verdon, Cutts and Company, Limited, 
87, Fargate, Sheffield. These electrodes are composed 
of a metal core, a layer of flux and a metal sheath. 


Electrical Machinery—The A.E.G. Machinery and 
Apparatus Company, Limited, 131, Victoria-street, 
London, 8.W.1, have issued a leaf catalogue of the 
Buchholz protection for transformers, and have also 
sent us a copy of their journal containing articles on 
transformers, super-tension transmission lines in Ger- 
many, the inter-connection of supply systems and other 
subjects. 

Steam. Fittings.—A catalogue of steam and water 
fittings and apparatus, fully illustrated with dimensions 
and prices, is to hand from Messrs. British Steam 
Specialities, Limite1, Fleet-street, Leicester The four 
sections deal, respectively, with valves 1d pumps, steam 
and water fittings, tubes and pipe-fitting tools, and 
heating and ventilating apparatus. These headings are, 
however, inadequate, and must be taken to include all 
the pipes, valves, instruments and tools required to 
complete steam and water lines, as well as apparatus 
such as pumps, boilers and radiators. There is an 
extensive index and the catalogue is strongly bound. 


Heavy-Fuel-Oil Engines.—We have received a cata- 
logue from Messrs. Davey, Paxman and Company, 
Limited, Colchester, describing the vertical and horizontal 
heavy-fuel-oil engines recently introduced by this firm. 
The information given is exceptionally full and well 
illustrated, and is usefully reinforced by a discussion 
of the relative advantages of the four-stroke and two-stroke 
cycles. The engine is a cold-starting one of the former 
type with a spring-injection device of the Blackstone 
model, a Paxman-Lentz quick-acting exhaust valve, 
and independent low-pressure fuel pumps. The valve 
gear is very clearly described, and the section devoted 
to the general features of the design demonstrates the 
high degree of accessibility attained in the engine. Re- 
ports of tests, a detailed specification, and tables of over- 
all dimensions complete the account. The _ vertical 
engine is made in 82 sizes, from a single cylinder engine of 
25 normal brake horse-power to a six-cylinder one of 
900 brake horse-power, the guaranteed fuel consumption 
being 0-47 lb. and 0-40 lb. per brake horse-power per 
hour, respectively. The range of the horizontal engines 18 
somewhat fuller, there being 53 sizes, with brake horse- 
powers ranging from 6 to 600. Descriptions of acces- 
sories, such as an exhaust-heated oil filter, self-starters, 
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THE DEFLECTION OF FLAT PLATES 
FIXED AT THE CIRCUMFERENCE. 


By H. Carrineton, D.Sc. 


W Ir a plane elastic plate is bent, it will be evident 
that there must be strains in the middle surface, 
which are consequently additional to the bending 
strains, if the surface is not developable. As the 
theory of Poisson takes account only of the bending 
strains, the question arises regarding limitations 
in this theory due to the influence of these addi- 
tional strains. The results of a research of some 
importance in this connection have been published 
by P. T. Steinthal,* now Mr. P. T. Petrie. This 
was conducted on mild steel plates, 12 in., 18 in. 
and 24 in. effective diameter, and from about 
4 in. to 4 in. thick, subjected to uniform pressure, 
and either freely supported at the edge or bolted to 
flanges, but not between flanges. Curves were 
plotted showing the relation between the pressure 


J. Prescott* and A. E. H. Love,} but only compara- 
tively simple problems have so far been rigorously 
solved. A method of obtaining: approximate solu- 
tions to more difficult problems has been given by 
J. Prescott.t 

The results now published were obtained with a 
view to determining experimentally more precisely, 
the effect of strains in the middle surface, and the 
approximate ratio of deflection to thickness at which 
Poisson’s theory ceased to apply. The same plate 
was used throughout the experiments. This was of 
annealed mild steel 0-625 in. thick and about 
26-5 in. diameter. It was first machined and ground 
to 0-5 in. thick, and after a series of experiments 
had been done was reground to 0-4 in. thick. 
Proceeding in this manner, the thickness was 
successively reduced ‘ 
by 0-1 in. until it was 
0-1 in. and was finally 





reduced to 0-05 in. 
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equation, which is 


E#w 1 See 

wen ae 
where E and o are Young’s Modulus and Poisson’s 
ratio respectively, ¢ the thickness of the plate, w 
the deflection at radius r, p the pressure, and B 
and D constants. If the constants are determined 
from the conditions w = “ = 0 at r = a, where a 
is the radius of the plate, the equation of Grashof 
results. This equation could only be used for the 
thinnest plate, as the slopes at the edge of the 
other plates were not zero owing to the edge effect 
and a slight tilt in the fixings when the pressure 
was acting. For the other plates the constants were 
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and the central deflection, which showed that in 
some cases the relation was not linear as given by 
Poisson’s theory and Grashof’s formule, but that 
the deflection increased at a decreasing rate as 
the pressure increased. In the cases of plates bolted 
to flanges, this may have been caused by variations 
of the edge conditions with increase of pressure, but 
in the other cases was undoubtedly owing to the 
influence of strains in the middle surface which was 
suggested as a possible reason. Regarding this re- 
search, however, A. Morley} stated ‘‘ the experi- 
ments appear to me, when analysed, to point to at 
least a comparative confirmation of Grashof’s for- 
mule for deflection.” 

From the results of another research, published 
some months later by W. J. Crawfordi on plates 
of 6-in. effective diameter, and about ,', in. thick 
fixed at the edge, it was concluded that Poisson’s 
theory applied. Curvature, however, was evidenced 
in a few cases in the lines connecting the pressure 
with the central deflection, but this was not attri- 
buted to the influence of strains in the middle 
surface. 

The general theory has been given by A. Féppl,§ 





* ENGINEERING, vol. xci, page 677 (1911). 

} Ibid., page 755. 

+ Proc. ‘oy. Soc., Edin., vol. xxxii, page 348 (1911-12). 
§ Voilesungen ti technische Mechanik, Bd. 5 (1907). 





The method of fixing the plates, applying the 
pressure and measuring the deflections, is shown in 
Fig. 1. With the aid of a lens it was found possible 
to measure the height of the pointed end of the 
lever to wins in., and thus to read deflections to 


‘wa in. The deflections were measured at nine 
equally-spaced centre dots along a radius of the 
plate, so that the distance between consecutive 
dots was 1 in. A series of readings were taken 
corresponding with each dot, from which curves 
were constructed showing the relation between the 
pressures and the deflections, and also the shapes 
of the bent plates. The zeros before and after 
each series of readings were invariably found to be 
identical. In a few cases a 5 to 1 or a 2 to 1 lever 
was used. 

For the thickest plate the pressures were read 
by a pressure gauge from about 30 to 50 lb. per 
square inch. In all other cases either mercury 
columns, mercury U tubes or water columns 
were used. 

In comparing the results with Poisson’s theory, 
it was found necessary to begin with the general 





* Phil. Mag., vol. xliii, page 97 (1922). 
+ The Theory of Elasticity (1927). 





{ Applied Elasticity (1924). See also Lord Rayleigh, 
The Theory of Sound, vol. i, art. 89 (1877). 


determined from the conditions w = 0 at r= aanl 
w=w,atr =a, Equation (1) then becomes 


= (a2 —'p2) { 3C— 9") (a,?— 1) p vy ‘ 
neon Se aoa 

In calculating values of w from this equation, 
values of w, as given by experiment at a, = 8 in., 
i.e., 1 in. from the edge of the plate, were used. 
This method takes account of any additional 
deflection analogous to the deflection due to shear 
in beams if this is of the form K (a? — r?) where 
K is a constant.* Young’s Modulus and Poisson’s 
ratio for the material of the plate were found to 
be E = 29-15 x 10° Jb. per square inch ando = 
0-251 respectively. 

The results for the centres of plates 0-5 in. and 
0-4 in. thick obtained by experiment and calculated 
by equation (2), are plotted in Fig. 2 and are closely 
represented by two pairs of parallel straight lines. 
A slight curvature in the points is, however, notice- 
able, which was probably introduced by the edge 
effect—that is, a yielding between the lower edge 
of the top flange and the plates. This effect was 
determined in the case of plate 0-4 in. thick. For 





the maximum pressure of 30-6 lb. per square inch 


the central deflection by experiment was 0 -02275 in., 





* ENGINEERING, vol. cxxiii, pages 343 and 494 (1927), 
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and by Grashof’s equation, where the slope at the 
edge was taken as zero, it was 0-0189 in. There 
is therefore a difference of 0-00385 in., or 20-4 per 
cent., to be accounted for. Of this, 1-06 per cent. 
was, owing to the additional deflection, due to 
shear,* and 4-64 per cent. to the tilt of the flanges. 
This latter was determined by attaching two rods of 
different lengths vertically to the inside edge of the 
top flange, and measuring the motions of the tops 
of the rods with Martens’ extensometer. The 
remainder of the difference, which is 14-7 per cent., 
is attributed to the edge effect. The additional 
deflection, due to shear and to tilt of the flanges, 
was found to be proportional to the pressure, 
but if the additional deflection due to the edge 
effect varied with the pressure, a slight curvature in 
the points, as shown in Fig. 2, would result. This 
would evidently be present both for the experimental 
and calculated points but would be less noticeable 
for the thinner plates, where the pressures were 
smaller and deflections greater. 

Referring again to Fig. 2, Poisson’s line for the 
plate 0-3 in. thick coincides almost exactly with 
the experimental results up to a central deflection 
w of about 0-03 in., or = = 5 where a definite 
deviation is noticeable. For the plate 0-2 in. 
thick the agreement between Poisson and experi- 
ment is again very close up to w = about 0-02 in., 


= at which curvature in the experi- 


1 

or 3 => To > 

mental results begins to be evidenced. The curves 
for the plates 0-1 in. and 0-05 in. thick are shown 
in Fig. 3, and it will be seen that curvature in the 
experimental results is pronounced. It is difficult 
to determine from these curves when deviation from 
Poisson’s line is first noticeable ; this has, however, 
been given from the results on plates 0-3 in. and 
0-2 in. thick. For plate 0-1 in. thick and the 
maximum pressure of 2-39 lb. per square inch 
the experimental deflection was 0-0782 in., whereas 
Poisson’s equation gave 0-1025 in., or a difference 
of 31 per cent. In the case of plate 0-05 in. thick 
and the maximum pressure of 2-06 Ib. per square 
inch the respective deflections were 0-143 in. and 
0-653 in., or an excess by Poisson’s theory over 
experiment of about 357 per cent. 

In applying Prescott’s method, there are diffi- 
culties if work is done on the plate at the edge as 
the pressure increases. This was the case in all 
the experiments, owing to an increase of slope at 
the edge of the plates as the pressure increased, 
except those on the plate 0-05 in. thick, where 
this was negligible. For the conditions w = = 
u =o atr=a, where wu is the radial displacement 
Prescott’s method gives 

ap _ 16 w wa (Ff): (3) 
#E 3(l—o?) ¢ 21(l1—¢c) \ ¢ 
where w is the central deflection. From a con- 
sideration of this equation it will appear that if 


is small so that the second term on the right-hand 


side is negligible, Grashof’s equation for the central 
deflection results. This term takes into account 
the strains in the middle surface. The curve 
given by the equation for the plate 0-05 in. thick 
is shown in Fig. 3, and it will be seen that agreement 
with experiment is very close. For the maximum 
pressure of 2-06 Ib. per square inch the experimental 
deflection was 0-143 in., and equation (3) gives 
0-140 in., or a difference of only 2-1 per cent. 
Considering equation (3) the ratio of the second 

term on the right hand side to the first is 

23—90)(l+0c) (w\? 

{ Bs ( (7) . 4 








If 2 is MA this is about 0-46 per cent. and if 


- is about 0-15 it is 1 per cent. It will be noted 
that the ratio is independent of the radius of the 
plate. 

In Fig. 4 curves are given showing the relation 
between the pressures and the deflections 1 in. 
from the edge of the plates or at } of the radius. 
In considering these for plates 0-3 and 0-2 in. 
thick, it will appear that curvature has definitely 





* A. E. H. Love. 
(1927). 


The Theory of Elasticity, art. 310c. 





; is 00" For plate 0-05 in. thick 
and a pressure of 2-06 lb. per square inch, the 
deflection by experiment was 0-0149 in., whereas 
Poisson’s theory gives 0-0286 in. or a difference of 
92 per cent. 

Curves showing the shapes of the bent plates 
are shown in Figs. 5 and 6. Referring to Fig. 5, 
the curves for plates 0-5 and 0-4 in. thick refer 
to the maximum pressures applied. Those for 
plates 0-3 and 0-2 in. thick refer to pressures less 
than the maximum where the influence of strains 
in the middle surface is not noticeable. 

In Fig. 6 all the curves refer to the maximum 
pressures applied to the plates. Those from Poisson’s 
equation for plates 0-3 and 0-2 in. thick are further 
removed from the experimental than the corre- 
sponding curves in Fig. 5. These were obtained by 
increasing the ordinates of Poisson’s curves in Fig. 5 
in the ratio of the pressures. Poisson’s curve for 
the plate 0-1 in. thick deviates considerably from 
the experimental, and only a portion of it is shown. 
In the case of plate 0-05 in. thick the curve used to 
determine the maximum deflection by Prescott’s 
method is shown in Fig.6. This is the same shape as 
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given by Grashof’s equation, i.e., by Poisson’s theory 
where the slope at the edge of the plate is zero. It 
should be noted that in applying Prescott’s method 
an equation for the shape of the bent plate has to 
be assumed, but it is only necessary for this to be 
reasonably similar to the actual shape for the method 
to be effective. The actual shape lies somewhere 
between that used and a spherical surface. 

In addition to the preceding results, the lowest 
frequencies of lateral vibration of the plates were 


Taste I, 

















Thickness. Number of Vibrations per Second. 

In. Experiment. Calculated. 
0-05 60-0 59-6 
0-1 116-0 119-0 
0-2 235-0 238-5 
0-3 338-5 357°5 
0-4 447-5 477-0 
0°5 536-0 596-0 
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, } 
Pressure Central Deflection | xo. of vibrations 
Lb. per Sq. In. Thickness. | per Second. 

0 0 | 60 
0-424 1:46 | 114 
0-642 1-79 | 133-5 
0-859 2-05 144-5 
1-075 2-24 153 
1-400 2-48 163 

















determined. This was done by ear, with the aid 
of tuning forks, a siren, and monochord. The 
results are given in Table I and compared with 
those obtained by calculation.* The density of 
the material of the plate was 0-284 lb. per cub. in. 

It will be seen that for thickness beyond 0-2 in, 
the experimental frequencies are appreciably less 
than the calculated. This is probably owing to 
the edge effect, which would cause the effective 
radius to be greater than the inside radius of the 
flanges. 

In the case of plates 0-05 in. thick, the frequencies 
were further determined when the plate was deflected 
by air pressure. These were obtained by means 


* Phil. Mag., vol. i, page 1261 (1925). 





of a light bell-crank lever, with the short*arm in 
contact with the centre of the plate. The long arm 
was provided with a short pointer, which was placed 
in contact with a drum revolving at known speed. 
When the plate was struck, a wavy line appeared 
on the drum from which the lowest frequency could 
be calculated. The results are given in Table IT, and 
it will be seen that there is a pronounced increase 
in the frequency as the ratio of central deflection 
to thickness increases. 

When this reaches 2-48 the increase in frequency 
is 172 per cent. An experiment on the plate 
0-1 in. thick gave the frequency as 150 for a pres- 
sure of 2-345 lb. per square inch and a ratio of 
central deflection to thickness of 0-77. This is 
an increase of 29-3 per cent. There are, of course, 
more satisfactory methods of determining frequen- 
cies, but the results serve to indicate that strain 
in the middle surface has a marked influence. 

From a consideration of all the results the 
following conclusions can be drawn for circular 
elastic plates fixed at the circumference and deflected 
by uniform pressure :— 

(1) If the central deflection exceeds =, of the 
thickness, Poisson’s theory ceases to be applicable, 
because of the influence of strains in the middle 
surface. This is of special significance in the case 
of thin plates, where central deflections comparable 
to, or greater than, the thickness are possible, with- 
out exceeding the elastic limit of the material. It 
is also probably of equal significance in some cases 
of the bending of thin curved plates or shells. 

(2) Prescott’s approximate method for deter- 
mining the centra! deflection gives results which 
agree very closely with experiment. 

(3) If a plate is deflected by air pressure, the 
influence of strains in the middle surface causes 
an increase in the frequencies of lateral vibration. 
This becomes marked as the ratio of central deflec- 
tion to thickness increases. 

The writer is indebted to Principal B. Mouat 
Jones, D.S.O., M.A., for permission to perform the 
research. He is also indebted to Mr. J. M. Kellord 
for assistance in determining the frequencies of 
vibration, and to Messrs. Metropolitan-Vi¢kers 
Electrical Company, Limited, for the care taken in 
grinding the plates. 





Tue Henry Saxon SNELL Prize.—The secretary of 
The Royal Sanitary Institute, 90, Buckingham Palace- 
road, London, 8.W.1, informs us that eight essays, 
including one from India, have been received in connec- 
tion with the 1927 competition for the Henry Saxon 
Snell prize. The subject set was “‘ Sanitary Accommo- 
dation, Appliances, and Fittings for Hotels and Flats, 
with Suggestions as to Proper Placing, Arrangement, 
Ventilation and Lighting, particularly where there are no 
External Walls in which Windows can be Placed.” The 
prize of 50 guineas and the Silver medal of the Institute 
have been awarded to Mr. H. H. Clay. 





NATIONAL ASSOCIATION OF WATER Usrers.—The aim 
of the National Association of Water Users, Limited, 
is to foster a spirit of reasonableness into the adminis- 
tration of water undertakings. The Parliamentary 
agents of the Association scrutinise all proposed new 
Water Bills and Provisional Orders, and, during the year 
ending September 30 last, clauses were re-drafted, at the 
suggestion of the Council of the Association, in two of 
the Bills promoted by prominent water authorities. 
This re-drafting was done in order to give greater pro- 
tection to occupiers of premises. Variations were also 
made, at the suggestion of the Council, in seven of the 
Provisional Orders. The Parliamentary agents are now 
perusing proposed drafts for the 1928 session. The annual 
report of the Association for the year ending Septem- 
ber 30, 1927, states that the propaganda committee has 
drawn up a brochure respecting the work of the Associa- 
tion. Copies of this brochure are obtainable from the 
Secretary, 46, Cannon-street, London, F.C.4. 





Evrecrrio Driving In ALLUVIAL Mininc.—A dredge 
for use in the excavation and raising of alluvial deposit 
is at present being constructed by Messrs. Cammell Laird 
and Company, Limited, for the Kamunting Tin Mining 
Company, Malaya. The electrical equipment, which is 
being supplied by Messrs. Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester, includes 
transformers for power and lighting circuits on the 
dredge, and 15 motors, developing in all about 550-h.p., 
for the dredge machinery. Three-phase, 50-cycle current 
will be supplied at 2,200 volts, by means of a submerged 
cable, from the Company’s own power-house, and the 
transformers, which are oil-immersed and _ self-cooled, 
will give a 440-volt, 3-phase supply for the works, an 
a 110-volt, single-phase supply for lighting. The motors 
are mainly of the slip-ring induction type. The gears 
have been supplied by Messrs. Crofts, Limited, of Brad- 
ford, and the main pumps, by Messrs. W. H. Allen, Sons 





and Company, of Bedford. 
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Materials and Design in Turbo-Generator Plant. By O. 
LascHE. Translated from the Third Edition by A. L. 
MELLANBY, D.Sc., M.I.Mech.E., and W. RoyLanps 
Cooper, A.M. Inst.C.E., A.M.I.E.E. Edinburgh and 
London: Oliver and Boyd. 1927. [Price 24s. net.] 

Tue supposed antithesis between theory and 
practice is much less frequently insisted on to-day 
than it was when Rankine chose it as the main 
theme of his famous inaugural address. Whilst 
there are still fields of work in which the engineer 
has to depend almost wholly on past precedents, 
and on his intuitive knowledge of mechanics, the 
rapid development both of the electric generator 
and of the steam turbine was made possible solely 
by the fact that adequate if incomplete theories 
of electricity, of thermodynamics, and of elasticity 
were at the service of the designer. Nevertheless, 
a deep and difficult gulf stands ever between the 
teachings of the text book and the production of 
satisfactory machinery. It is easy to calculate 
the ampere-turns required to generate a given 
magnetic field, or to measure off an adiabatic heat- 
drop from a total heat-entropy chart, but the 
construction of either generator or steam turbine 
involves an enormous number of problems for which 
experience alone is capable of providing the appro- 
priate solution. 

In every new departure it almost invariably 
happens that precautions are taken against con- 
ceivable dangers, which in the end prove to be 
either negligible or non-existent; whilst others, 
totally unexpected and unprecedented, arise to 
distract or abash the unfortunate pioneer. More- 
over, these unanticipated troubles arise often most 
erratically. Out of a whole batch of similar 
machines one alone may be affected, and it is often 
very difficult or even impossible to discover any 
satisfactory explanation of the irregularity. 

In process of time facts accumulate, sufficient to 
show the designer what to avoid; and thus, as any 
novel manufacture matures, experience tends to 
become increasingly important, and in some cases 
a stage is reached in which it becomes all sufficing 
for present needs. 

This uninspiring condition of affairs is still 
far from attained, either in the heavy electrical 
trades, or in steam turbine engineering; and 
even thirty years ago the experience gained by 
Sir Charles Parsons was probably of more value to 
his licencees than would have been the complete 
assignment to them of the controlling patents. 

The great merit of the late Dr. Lasche’s work on 
the materials and design of power plant is that it 
records the actual experiences of the Allgemeine 
Elektricitats Gesellschaft in the manufacture and 
operation of turbo-generators having an aggregate 
output of over seven million horse-power. This 
company built its first turbine in 1903. The rating 
was 500 kw., and the speed 3,000 r.p.m. To-day 
we have machines running at the same speed 
but developing 20,000 to 25,000 kw. Dr. Lasche 
notes that but ten years ago, three machines 
would have been provided to give such an output 
at so high a speed of rotation. The consequent 
saving in weights and costs have been extraordinary, 
and going still further back, to the days of the re- 
ciprocator, Dr. Lasche states that power for power 
the weight of the modern turbo generator is only 
one-twentieth that of its predecessor. There has 
also been a gain in reliability, whether comparison 
be made with these reciprocators or with the 
early steam turbine units. As compared with the 
latter the theoretic factor of safety has been 
diminished, but the actual factor of safety has been 
distinctly increased. One claim may, perhaps, be 
admitted for the old reciprocator. It was certainly 
more impressive in appearance to the lay eye 
than are the simple smooth lines of its successor. 
In fact, it is often difficult to see at a glance whether 
a turbo unit is at work or at rest. 

The high centrifugal stresses developed in certain 
parts of a steam turbine have made necessary the 
Solution of somewhat complex problems in the 
mathematical theory of elasticity, and the mathe- 
matical powers of the designer have been further 
taxed by the necessity of guarding against critical 
Speeds and dise vibrations. Here the experienced 








designer has great advantages over the merely 
skilled computer. Many of our turbine engineers 
can now estimate by eye the probable stresses in 
turbine wheels and the likelihood or otherwise of 
trouble from disc vibration. 

As regards the stress question, it has to be noted 
that in actual practice discs are much stronger 
against centrifugal stresses than calculation would 
indicate. At the 1913 meeting of the British Asso- 
ciation Dr. Stoney mentioned a case in which a 
wheel designed to run at 5,000 r.p.m. was by 
accident speeded-up to 8,000 r.p.m. The bore 
stretched } in., yet no hesitation was felt in simply 
bushing it and setting it to work again. An even 
more striking experience is recorded by Dr. Lasche. 
Owing to the sticking of valve spindles, due to dirt, 
two 20,000 kw. machines attained a speed of 
3,000 r.p.m., which was double that for which 
they were designed. As one result the bore of 
one of the discs was increased by 13 mm., and in 
another case the enlargement was 3 mm. No 
disc burst, however, and after various minor 
repairs the two units were set to work again and 
were still running satisfactorily at the date at 
which the author wrote. 

Faulty material may occasion a burst, and 
Dr. Lasche records a case of a bad smash of a 
de Laval wheel, which broke up into large frag- 
ments, in spite of being provided with a thinned 
‘“‘ breaking section’? under the rim. Subsequent 
examination showed that the metal was of poor 
quality near the centre of the disc. 

In spite of his interesting experiences with turbine 
discs, which led to the conclusion that the tan- 
gential stresses at the bore of a disc do not continue 
to increase when the elastic limit is passed, Dr. 
Lasche expresses himself as opposed to the 
practice of boring heavy turbine and generator 
shafts. He gives a diagram showing how the 
calculated stresses are increased by the presence 
of the hole, and observes that the making of this 
hole “‘is at the expense of an artificial weakening 
of the shaft which is out of all proportion to any 
guarantee which may be obtained against possible 
faults.” In view of the experiences cited above, 
this conclusion seems to have little basis in logic. 
This, it may be remarked, is not the only 
instance in which the author appears to confuse 
calculated stresses with strength. If shafts and 
rotors are not to be bored, diameters should 
be kept small so as to reduce the risk of bad 
forgings. As an additional precaution against 
these Dr. Lasche devised a heat test in which the 
shaft was slowly rotated whilst being warmed up 
to 300 deg. C., or the case of a generator rotor to 
150 deg. C. Under this treatment the shaft distorts, 
but if sound only to some few hundredths of a 
millimetre. Large distortions indicate either 
internal stresses or the presence of flaws. 

Thin shafts such as Dr. Lasche recommends are 
subject to the drawback that they have low critical 
speeds. To secure stiffness, therefore, they must 
be kept short, and this necessity has often led to 
the use of exhaust ends of very indifferent design. 
Two undesirable examples are represented in Figs. 
178 and 179 of Dr. Lasche’s book. To a large extent 
the difficulties due to the use of slender shafts 
can be eliminated by adopting two or three casing 
machines, the prototype of which was the famous 
1,000-kw. turbine supplied to Elberfeld by Messrs. 
Parsonsin 1900. After long and devious wanderings 
in the wilderness of single-casing machines, even 
Continental impulse-turbine builders have been 
driven to this device. In part, this return to 
previous practice has been necessitated by the 
demand for higher efficiencies, and in part by the 
rise in steam temperatures and pressures. 

A very valuable and instructive section of 
Dr. Lasche’s treatise is devoted to discussion of 
blading, and in particular of root forms. From 
a purely mechanical standpoint the best root form 
is probably that originated by Rateau, and developed 
further by the Metropolitan-Vickers Company. 
In this case the root straddles the edge of the disc 
and is secured by riveting. Most turbine builders, 
however, fix their blades in slots machined in 
the edge of the disc, and Dr. Lasche describes 
in detail how the present form of groove and 
blade root were developed in the A. E. G. shops. 





At the outset the roots were made with a re-entrant 
angle. The next step was to round this angle 
off, and finally even certain of the external angles 
of the root have also been rounded. It is not 
quite clear on what basis of experiment or experience 
this last modification has been founded. It is, 
of course, common knowledge that in close bend 
tests of a square bar the risk of a crack is greatly 
diminished if the edges of the bar are slightly 
rounded off, but there seems no close analogy 
between the strains developed in this test, and 
those to which a turbine blade is subjected. 

Dr. Lasche expresses himself as strongly adversé 
to impact tests in which the specimen is broken at 
a single blow, and maintains that tests in which the 
metal is fractured by a succession of moderate 
blows give a better indication of the practical value of 
the material. Probably this view will not be uni- 
versally admitted, though there have been com- 
plaints that the ordinary notched bar test is too 
drastic, and that it exaggerated departures from 
homogeneity, which it was claimed, were of no 
practical significance. 

Dr. Lasche was one of the pioneers in testing 
high-speed bearings, and was the author of a very 
valuable paper on this subject, published during the 
year 1902 in Traction and Transmission. Additional 
experiments in which speeds have been pushed up 
to 600 metres per second are described in the work 
under review. Here also are illustrated the various 
forms of bearing tried by the A. E. G. before they 
ultimately adopted the now standard pattern of a 
simple spherically-seated bush, moderately short 
in comparison with the journal diameter and with- 
out oil grooves. The lubricant is fed in at one side 
at the parting between the upper and lower brasses 
and escapes on the opposite side. Some of the early 
patterns of bearing bush illustrated by Dr. Lasche 
were water-cooled, but arrangements of this kind 
are now discarded, and the temperature is kept down 
by the provision of an ample supply of cooled oil. 

In the new series of experiments, pressures and 
temperatures were measured in both top and bottom 
brasses. It was found necessary to omit the 
usual white metal lining and to run the journal 
directly on the cast-iron surface. The load was 
accordingly taken off the bearing during the time of 
running up, so as to avoid scoring of the journal. 
The experiments showed that under certain condi- 
tions quite high pressures might be developed at the 
upper and nominally unloaded brass, an observation 
which is quite in accord with the theory of Osborne 
Reynolds, and, as would be anticipated from this, 
the phenomenon was only observed when the 
clearance between bush and journal was very smell, 
say about 0-5 mil. per inch of diameter. With 
double this clearance the oil pressure developed at 
the upper brass was always small, but, with the 
smaller clearance, pressures as high as 140 lb. per 
square inch was observed. Some firms allow as 
much as 4 mils per inch of journal diameter. The 
disadvantage of large clearances is that there 
may be some vibration in starting up a turbine. 
This is due to the fact that the running position 
of the journal differs from the standing position. 
The journal has to climb to the running position and 
may, during the process, slip back repeatedly 
before finally attaining the steady state. 

The journal used in Dr. Lasche’s experiments 
was 200 mm. in diameter by 400 mm. long. In 
some of the tests made the lower bush was scraped to 
a fit over about one-third of the total circumference. 
The heating effect was very distinctly greater with 
these scraped fits than when the bush was simply 
bored a few mils. larger than the journal. In this 
connection a distinction should be drawn between 
high speed and low speed journals. Scraping to a 
fit is actually detrimental in the first case; whilst 
it may be highly desirable in the other, for reasons 
which Reynold’s theory has made obvious. As in 
the 1902 experiments, the friction over quite a 
large range was found to be independent of the 
total load. 

One of the most serious problems with which 
the early impulse turbine builder was confronted 
was the discovery of a satisfactory blading material. 
Like other builders, the A.E.G. tried alloy steels 
containing 25 per cent. and 30 per cent of nickel, 





and, as was discovered also by others, found that 








34 


in certain machines this material appeared to be 
excellent whilst in others of exactly the same 
design it failed so disastrously as to lead to its 
complete abandonment as a material for turbine 
blading. The erratic behaviour of these particular 
alloys has never been satisfactorily accounted for, 
but is probably due to segregation. 

Dr. Lasche has a number of very useful notes on 
boiler and condenser practice, and emphasises the 
necessity of employing only pure feed water in 
modern high-pressure boilers. This requirement, 
as is well known, has led to the adoption of auto- 
matic detectors of condenser leakage based on the 
fact that a solution has always less electrical 
resistance than pure water. 

A number of highly interesting micrographs (some 
in colours) are included amongst the 363 illustrations 
in the volume. Owing to the use throughout of a 
highly loaded paper full justice is done to all the 
photographs reproduced. Throughout the text are 
scattered extracts from the standard rules of the 
A.E.G. for shop practice and plant operation. 

Engineers generally are much indebted to the 
translators for rendering into English a work of 
such great practical value, and of a type which is 
somewhat rare. Practitioners seldom have either 
the time or the inclination to write treatises, and 
the departure cannot be too warmly welcomed. 





The Design of Merchant Ships and Cost Estimating. By 
ALEXANDER Kari. London: Crosby Lockwood and 
Son. [Price 36s. net.] 


In addition to the care which the author has 


exercised in the preparation of this work, he has | 


supported his effort by embodying many contribu- 
tions by authorities on the various phases of his 
subject. The general chapters on the layout of 
designs for the plainer classes of vessels will give 
good guidance to students, and especially to those 
who have had little experience in practical ship- 
building methods; so far as the experienced 
designer is concerned, it is generally found that, 
once having established a quick workable system, 
he is unwilling to depart from it, unless very 
sweeping improvements are brought to his notice, 
and it might fairly be said that, apart from con- 
densing some of the original tables (t.e., the present 
freeboard tables), the author has not succeeded 
in introducing anything new. In passing, it might 
be said that the author’s formule for steel weights 
by coefficients may not be the most reliable, par- 
ticularly when comparing vessels of different pro- 
portions. The volume deals almost exclusively 
with the design of cargo and oil carriers, tugs and 
icebreakers, and only touches on passenger vessels 
in a very perfunctory way, by stating the deck 
areas and volumes required by various nationalities, 
and by reprinting Mr. Lovett’s quick method of 
arriving at approximate floodable lengths for 
water-tight subdivision. 

A table of block coefficients for high-speed vessels 
of usual proportions is given for speed-length ratios 
from 0-9 to 1-8, and it is observed that both block 
and prismatic coefficients are reduced in practically 
straight lines throughout the range. The figures 
are not in accordance with present practice at the 
higher range, where the author suggests that the 
block and prismatic coefficients should be 0-306 and 
0-531 respectively ; it would be interesting to learn 
the genesis of the table, considering that experi- 
mental results show that a prismatic coefficient 
0-66 would result in a considerable reduction in 
resistance ; the fuller form would undoubtedly give 
a more seaworthy vessel. In some respects the 
author’s views on certain details are not quite in 
line with present practice ; for instance, he states 
that Lloyd’s Register has fixed a maximum length 
for cargo oil tanks of 28 ft.; this length has been 
increased to 30 ft., since the introduction of the rules 
which were revised in 1922. 

Again, a student might gather from the intro- 
ductory paragraph that a vessel having a length- 
depth proportion exceeding 13-5, must have a 
bridge for 50 per cent. of the length in order to 
comply with Lloyd’s requirements. It would have 
been much better if he had warned designers of the 
penalties attached to excess proportions unless a 

_long bridge is fitted. The remarks regarding the 
selection of timber for decks also call for correction, 
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and those with experience will be surprised to read 
the statement that ‘‘ Oregon pine is seldom used in 
this country owing to its high cost without special 
advantages over other grades of timber.” 

When discussing the methods of “ breaking-out ” 
a new design, the author refers alternatively to the 
“ trial and error ” and the “ equation ” method, and 
states that the former is much quicker, but it may be 
necessary to adopt the latter when the problem 
involves special features not covered by data ; it is 
probable that the former would be the better under 
such circumstances, and that view seems to be 
borne out by the number of corrections the author 
has found it nefessary to make to his first deduction. 
Some of the tables given are somewhat misleading, 
particularly that on page 40, which gives data for 
cargo vessels of different types and sizes ; column 2 
is for a vessel with single deck and poop, bridge and 
forecastle, and of 8,890 tons d.w., and column 4 is for 
a single-decker with shelter deck, of 9,250 tons d.w. 
The invoiced steel for the former is given as 605 tons, 
more than the latter, and as that difference cannot 
be due to the type of vessel, the author should 
have given some precise information, so that the 
table would be of some use to the reader. 

These are only a few of the many criticisms which 
can be directed against the volume, but a close 
reading of the work shows that very considerable 
application has been given to its preparation. 
Mr. Kari has, we think, attempted to deal with too 
many subjects in one volume, and the work does 
not give any lead in the’matter of cost estimating 
beyond enumerating some of the items (and their 
| possible weights) which are associated with a ship 
and its equipment. 











Mechanische Schwingungen. By J. Gricer, D.Ena. 

Berlin: Julius Springer. [24 marks. ] 

THE whole subject of ‘‘ Mechanical vibrations ”’ in 
engines and machinery, governors, toothed gearing, 
shafting, motor vehicles, steamships, bridges, foun- 
dations, and buildings is here treated in a remark- 
ably thorough and exhaustive manner, and is so 
skilfully handled that some portions of the book 
forms remarkably interesting reading. Hitherto 
the literature bearing upon the subject has been 
almost entirely mathematical, and the treatment 
far from complete. The book commences with a 
general discussion of the theory of vibrations, and, 
although he does not hesitate to employ mathe- 
matics of a rather high order, the author shows that, 
fortunately, most of the problems arising, and 
especially those of practical importance, can be 
followed, and even the required numerical results 
obtained, with little more than an elementary 
knowledge of mathematics. He also shows that 
for the practising engineer graphical methods may 
in some cases be substituted with advantage, and 
he introduces a graphic treatment of his own which 
is likely to be much appreciated in this respect. 
He, further, lays great stress on the value of 
experiment and actual measurement in confirming 
the calculated results, and even goes so far as to 
recommend, in addition, the cultivation of an 
engineer’s natural faculty of observation for 
detecting vibration and suggesting methods for its 
suppression. 

The effect of external forces in damping out 
oscillations is dealt with, and the behaviour of 
materials under repeated and alternating stress is 
considered in the light of recent research. In 
Dr. Féppl’s alternating torsion testing machine for 
this purpose, to and fro oscillations are imparted 
under control of a water brake at a rate equal to 
the natural period of vibration of the specimen. 

Not the least useful part of the work relates to the 
application of the theory of vibrations to the working 
parts of measuring instruments, and the limitations 
of the voltmeter, ammeter, galvanometer, indicator, 
tachograph, seismograph, torsiograph, &c., are 
discussed from this standpoint. A detailed and 
well-illustrated description of a number of such 
instruments follows, the torsionmeter, vibrograph, 
tachograph, extensometer (including the Fereday- 
Palmer stress recorder), receiving particular 
attention. 

The chapter on the experimental examination of 
vibrations, and of resulting failures, is especially 
interesting, and much valuable advice is given as 








to the procedure to be followed in making tests of 
this kind, particularly in regard to the proper 
methods of using the instruments with the object 
of avoiding the inherent defects previously alluded 
to. 
The book constitutes not only a very complete 
review of the position of the subject up to date, 
but contains much original matter, which renders 
it a great advance on anything previously 
attempted. 





THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 


By Brysson Cunnineuam, D.Sc., M.Inst.C.E. 
V.—TueE Port or Boston. 


It is almost exactly 300 years since the city and 
port of Boston came into existence, officially at any 
rate. In its early days, the settlement was known 
by the name of Tremont, or Trimountaine, from the 
triple peaks which were observed across the Charles 
River. In the records of the Company under the 
command of Governor John Winthrop, who came 
over with the King’s charter to establish a govern- 
ment under it in Massachusetts Bay, there is an 
entry that at a court held in Charlestown on 
September 17 (N.S.), 1630, “it is ordered that 
Trimountaine shall be called Boston.”’ And Boston 
it has been ever since. 

It is now one of the more important cities, and 
more particularly from the present point of view, 
one of the more important ports, of the United 
States. Until quite recently, in the value of its 
foreign trade, it ranked next to New York, but, of 
late years, for various reasons, it has ceased to 
maintain this position, and certainly in regard to 
weight of goods, it has fallen somewhat in rank, 
mainly on account of the relatively low amount of 
its export traffic, the cause of which will be con- 
sidered later in this article. 

The Harbour and its Approaches.—The harbour 
includes all tidewater lying within a line drawn from 
Point Allerton to Point Shirley, and comprises an area 
of about 47 square miles, exclusive of the islands. 
The entrance between the two points mentioned is 
about 4? miles wide, and the distance from the line 
joining them to the Charlestown Navy Yard, by 
way of the navigable channel, 35-ft. deep, is about 
74 miles. This depth, as also those given in the 
succeeding paragraphs, refers to the level of mean 
low water as a datum. 

President Roads, a deep-water anchorage atea, 
lies at the entrance to the Outer Harbour, and is 
the common centre to which the main entrance 
channels from the sea converge. These channels are 
three in number. They are as follows :— 

(1) Broad Sound North Channel leads from Broad 
Sound to President Roads from the north east. It 
has been dredged to a depth of 35 ft., for a width 
of 1,500 ft., and is now in course of being deepened 
to 40 ft. for a width of 900 ft., which is increased at 
the entrance to 1,100 ft. It is well marked by 
lighted buoys and by beacons. 

(2) Broad Sound South Channel leads from Broad 
Sound in a south-westerly and westerly direction. 
It has a depth of 30 ft., and a width of 1,200 ft., 
and is well marked by buoys and lighted ranges. 

(3) The Narrows is the channel leading into Boston 
Harbour from the south-eastward, between Boston 
Lighthouse and Lovell’s Island on the north east, 
and Point Allerton, St. George’s Island and Gallups 
Island on the south west. It has been dredged to 
a depth of 27 ft. for a width of 1,000 ft., and is well 
marked. 

Minor entrance channels consist of the Hypocrite 
Channel, with a depth of 18 ft. ; the Nubble Channel, 
with a depth of 15 ft.; the Black Rock Channel, 
with a depth of 9 ft. ; and the Scalpin Ledge, with 
a depth of 8 ft. 

The Inner Harbour.—The Main Ship Channel of 
Boston Harbour, as will be seen from Fig. |, 
which is a plan of the port and inner harbour, 
extends from the President Roads to the upper 
end of the Navy Yard at Charlestown. ‘This 
channel has a depth of 35 ft. at mean low 
water, and a width of 1,200 ft. It was originally 
dredged up to the lower bridges across the Charles 
River, Mystic River and Chelsea Creek, and in 4 
recent survey it was found that the depth of 35 ft. 
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was generally maintained, but at the upper end of 
the channel there were occasional small shoals not 
over 2 ft. in depth. 

Charles River is the approach by water to Cam- 
bridge and Watertown. Between the lower bridge 
and the,Charles River Basin, a distance of half a 
mile, the depth is 21 ft. The lock in the dam is 
350 ft. long between gates, with a clear width of 
45 ft., and it has a depth of 17 ft. at low water on 
the lower sill. The depth on the upper sill is 21 ft. 
Above the dam, a depth of 14 ft. prevails as far as 
Western Avenue Bridge, a distance of 3 miles; 
thence, to Arsenal St. Bridge, a distance of 2} miles, 
the depth is 13 ft. ; and from there, 9 ft. to the head 
of navigation at Watertown, a distance of 2 miles. 


Mexican Petroleum Company’s wharf, } mile 
above Chelsea-street Bridge. From this point to 
the head of navigation at Revere, the channel has 
been dredged to 8} ft. below low water and is 150 ft. 
wide. The usual limit of draught for vessels using 
the lower end of the river is 24 ft., and for the upper 
end, 15 ft., this being used chiefly by coal barges. 
Island End River is a tributary of the Mystic 
River. It has been dredged by private firms to a 
depth of 26 ft. and a width of 140 ft., from its 
entrance for a distance of 500 yards, and to a depth 
of 13 ft. for a further distance of 150 ft., to the 
wharf of the Barrett Company, above which it 
has a negligible depth. Vessels drawing 254 ft., 
carrying principally coal and oil, come to the 
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Mystic River is the approach by water to the | 


towns of Medford and Malden. For a distance of 
a mile above the lower bridge, the channel is 30 ft. 
deep and about 900 ft. wide. Above this point, 
the depth of 30 ft. is maintained, with a width of 
500 ft. for a distance of $ mile, bringing it to a point 
350 yards below the second bridge, beyond which 
the channel is 6 ft. deep and 100 ft. wide to Denning’s 
CoallWharf, 2% miles above the entrance, and 4 ft. 
deep and 100 ft. to 50 ft. wide as far as Medford, 
4% miles above the entrance. There is a lock at 
Medford, 15 ft. wide and 45 ft. long, leading to a 
reach of 2 miles, 4 ft. to 7 ft. deep, extending to 
Lower Mystic Lake. Vessels having a maximum 
draught of 284 ft. can use the lower part of the river, 
and the maximum draught for vessels ordinarily 
going to Medford is 104 ft. 

Chelsea Creek is the approach to the town of 
Revere, which is 2 miles above the entrance. 
From the lower bridge to Chelsea-street Bridge, 
a distance of } mile, the channel, 150 ft. wide, 
has been dredged to a depth of 25 ft., and the same 
depth obtains by private enterprise as far as the 








wharves near the entrance. On account of the 


R 





currents across the entrance, large vessels usually 
employ a tug. 

Malden River is also a tributary of the Mystic 
River, and has been improved by dredging so that 
there is a channel 100 ft. wide and 12 ft. deép at 
high water (23 ft. at low water) from the entrance 
to Medford-street Bridge at Malden for about 14 
miles above. Coal barges with a draught of about 
104 ft. are the largest craft now going to Malden. 

Fort Point channel extends southwards from the 
main ship channel separating Boston from South 
Boston. A channel, 23 ft.deep and 175 ft. wide, is 
available from the entrance to Dorchester-avenue 
Bridge, a distance of nearly $ mile, above which 
there is a depth of 12 ft. to the head of South Bay. 

There are two other channels—one of 18 ft. 
depth and 175 ft. width, diminishing to 15 ft. depth 
and 100 ft. width, connecting Dorchester Bay and 
Neponset River, and another, 24 ft. deep and 300 
ft. wide, in the Weymouth Fore River. 

The foregoing list of rivers and waterways will 
indicate the intricacy and convolutions of the 
harbour of Boston, which in its various ramifica- 








tions resembles Baltimore more than any other 
important port on the North Atlantic littoral. The 
town itself is built on a series of pear-shape penin- 
sulas jutting into the estuaries of the various rivers 
which discharge into Massachusetts Bay. 

The mean tidal range is 9 ft. at Boston Lighthouse, 
and 9} ft. at Charlestown Navy Yard. The extreme 
range is about 4 ft. greater, but it does not reach a 
variation sufficient to necessitate the construction 
of enclosed docks, and, like all the ports of the 
United States, on the Western Atlantic littoral, 
there is free and uninterrupted access to the wharves. 
At high water, vessels drawing as much as 40 ft. 
can be berthed alongside Commonwealth Pier No. 5. 
Tidal currents are moderate. 

As regards climatic conditions, Boston is occa- 
sionally subject to ice and fog. Ice rarely forms 
in the main channels, which are always kept open 
by the tow boats and steamers. The inner water- 
ways are sometimes frozen over in severe weather. 
Fogs are experienced occasionally in summer, being of 
most frequent occurrence in June, July and August. 

Water Frontage.—The total water frontage in the 
port is over 140 miles. For a length of about 
7 miles the depth is 35 feet or more. The Common- 
wealth of Massachusetts owns a portion. At 
South Boston, the State owns about 200 acres 
bordering on the Main Ship Channel and the Re- 
served Channel, and at East Boston about 135 acres 
of land reclaimed from flats, of a total ownership 
of over 1,000 acres of flats for future development. 
Municipal ownership consists principally of park 
shore frontage or such structures as are required for 
ferries, fire boat piers and other municipal purposes. 
The greater part of the commercial waterfront is 
privately owned, either by the railroads or by private 
interests. The United States Government owns the 
Boston Army Base which has a quay frontage of 
about a mile. 

Cargo-handling Appliances.—At the piers under 
the control of the railroad authorities, cargo is 
handled by the process of Burtoning, with steam or 
electric hoists operating in conjunction with ship’s 
tackle. Hand trucks are used for various move- 
ments on the piers and in the sheds. Grain piers 
have belts running in galleries which extend on to 
the piers. 

At the general cargo pier, Commonwealth Pier 

No. 5, there are eight lifts for cargo and passengers 
and 24 portable electric winches of 25 and 35 h.p. 
each. 
. The most modern equipment is at the Army 
Supply Base, now operated as the Boston Tidewater 
Terminal, where there are four steam portable bridge 
cranes of 24 tons capacity, and four locomotive 
cranes, two of 15-ton, one of 18-ton, and one of 
40-ton steam capacity; 45 electric lifts, storage 
battery tractors, tiering machines, and 24 portable 
electric winches. 

The port, as a whole, has not any extensive 
equipment of mechanical appliances for goods hand- 
ling, due partly to the fact that there is at present 
insufficient pressure of work to render such assistance 
essential, and in some degree to an antagonistic 
attitude on the part of labour to the introduction 
of mechanical appliances. 

Commonwealth Pier No. 5.—The most modern 
port terminal installations at Boston are the 
Commonwealth Pier No. 5 and the Army Supply 
Base. Prior to 1911, practically all the overseas 
trade of the port was conducted at railroad piers, 
and was therefore in private hands. By the 
construction, in 1913, of the Commonwealth Pier 
No. 5, the State provided general accommodation 
of a high-class character for public use. The pier 
is a structure on the most modern lines, with 
berthing space sufficient to accommodate five or 
more ocean-going ships. . It occupies a frontage 
of 400 ft. on the main ship channel, into which 
it projects from the shore line for a length of 
1,200 ft., and it has berthage 45 ft. deep below 
mean low water on each side. The superstructure 
consists of three parallel double-storey sheds, each 
with a length of 1,167 ft. and a width of 360 ft., 
connected at the ends and at intermediate points. 
The building, as shown in[{Fig. 2, on page 36, 
which is a ground-floor plan, and in Fig. 3, which 
is a transverse section, is designed for both freight 





and passenger traffic, and, in connection with the 
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HIGH-DUTY AND HAND RECIPROCATING PUMPS. 


CONSTRUCTED BY MESSRS. ZWICKY, LIMITED, “ENGINEERS, SLOUGH. 


SECTION THROUGH CENTRE LINE OF CYLINDER 
WITH RELIEF VALVE FITTED 
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type, and is arranged to provide ample room for re- 
packing. The spring allows a constant pressure to be 
exerted on the packing. 

The valves are carried in a cage, which is to be seen 
in both Figs. 1 and 2. This is made of gunmetal. 
The cage is accommodated in a bored chamber, the 
centre line of which is at right angles to that of the 
cylinder. The suction and delivery valves are of similar 
design. They are made of bronze and are carried on 
guide pins at each end and are of long rectangular 
shape. The valve svrings are of flat section and press 
on the centre of the valve, being supported at each 
end on the valve guide pins. This arrangement, it is 
claimed, tends to cause the fluid, which is being pumped, 
to follow a stream line course. The flow of the fluid 
through the pump is shown by arrows in Fig. 1. The 
divisions between the suction and delivery branches are 
formed by bars cast in the chamber which accommo- 
dates the valve cage, there being corresponding bars on 
the latter. When the valve cage is in position, a cover 
is provided to complete the joint at one end. The 
sleeve itself may be tightened into position or forced 
out as required by a central stud and nut in this cover. 
The valve box casting forming the suction and dis- 
charge passages is mounted on the other end of the 
cage. As shown in Fig. 2 an automatic spring-loaded 
relief-valve and hand-operated draining valve is fitted 
over the discharge portion. 

The connecting rod is fitted with adjustable top 
and bottom end brasses. The mild steel crankshaft 
is mounted in adjustable bearings and is extended to 
conform with the particular method of driving adopted. 
It may be added that this type of pump is standardised 
in several sizes so as to form a unit which is adaptable 
for belt, gear or direct drive. 

Mention may next be made of the light recipro- 
cating hand-pump, the essential features of which are 
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illustrated in Figs. 3 and 4. This class of pump is 
primarily intended for use by oil companies, air lines 
and shipping concerns, and the particular type 
illustrated is a specially light design for handling 
petrol, 300 gallons of which can be pumped per hour 
by one man. Similar pumps with outputs up to 
as much as 1,000 gallons per hour are made. In 
this pump the cylinder is provided with inclined ports 
and valve seatings, disposed symetrically about the 
central vertical plane across the cylinder axis, as 
shown in Fig. 4. The pump is constructed of specially 
treated aluminium to withstand the chemical action of 
the petrol. The cylinder is provided with a bronze liner 
which is pressed into position, while its base is faced 
and fitted with studs to facilitate fitting on aircraft. The 
inlet flange is on the side, and is oval in shape. The 
discharge is fitted with a screwed adaptor. As shown 
in Fig. 4, the steel suction valves are guided in the 
steel discharge valves, the latter in turn being guided 
in the valve covers. Access can be obtained to the 
valve units by unscrewing one nut, which liberates 
a clamp. No rings are fitted on the piston, the length 
of which is equal to the cylinder bore. As giving 
some indication of the size and portability of the 
pump, it may be mentioned that its weight is only 
174 lb. As on the high-duty pump, the gland is 
arranged so that it can be rapidly re-packed, and 
grease-gun lubricators of the bayonet type are fitted. 
Finally, details may be given of the 5-in. variable- 
stroke pump, longitudinal and end elevation of which 
are given in Figs. 5 and 6. A view of this pump 
coupled to a small oil engine is also reproduced in 
Fig. 7. This pump has been designed to meet the 
requirements of varying output, where a constant-speed 
drive is provided. It allows the power unit to be 
started with the pump piston at rest. Only the 





friction of the main pump shaft has, therefore, to 
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be overcome, thus obviating the employment of a 
clutch or speed gear. The cylinder, piston, valves, 
and gland gear, used on this pump are of the same 
design as those described above for the high-duty 
pattern. An essential feature of this equipment is a 
gun-metal tumbling block. This is mounted in a 
bush in the crosshead, and through it slide two steel 
arms. These arms are pivoted at the top end, in a block 
moving in vertical guides, and mounted on a screw, 
their exact position being regulated by the star wheel 
visible in the illustrations. When this block is lowered 
down to a position where the centre line of the end of 
the link and the centre line of the crosshead coincide, 
the connecting-rod swings the end of the links to and 
fro, and no motion is transmitted to the crosshead. As 
the block is moved up, increasing motion is given to the 
crosshead, until the centre of the end of the connecting- 
rod corresponds with centre line of the crosshead. In 
this position the full stroke is obtained and intermediate 
strokes are, of course, obtainable in the intermediate 
positions, the block being locked in any one position by 
a small lever. It is stated that pumping is possible 
when the stroke is as short as 4 in. The maximum 
stroke in the case of the pump illustrated is 5 in. 

The side links mentioned above are provided 
with roller bearings, on which work the ends of the 
steel forked connecting-rod. A roller bearing is also 
fitted at the crankpin end of the connecting-rod. 
This pump is made in several sizes, and forms a unit, 
which, as shown in Fig. 7, may be mounted on a 
common base-plate with the power unit. When used 
for pumping inflammable liquids a gas-tight wall box 
is placed between the power unit and the pump. 
Pumps of this design are being largely used for 
filling lorries and barrels, for replenishing lubricating 
systems, and for general work at oil depots and in 
aerodromes. 
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Fie. 7. 5-In. VARIABLE-STROKE Pump. 


THE MARINE OIL-ENGINE.* 
By Proressor C. J. Hawkes, M.Sc., M.I.Mecu.E. 


lv is probable that future developments may effect 
an increase in the efficiency of the large oil-engine, but 
I do not think that much can be expected in this direc- 
tion. The most efficient marine engine, at the present 
time, is the Still engine. The recorded fuel consumption 
of the Still airless-injection two-stroke engine, which 
was tested on shore by the Marine Oil-Engine Trials 
Committee, was 0-353 Ib. per b.h.p.-hour for the full- 
load trial No. 10, the fuel used having a calorific value 
of about 19,500 B.Th.U. The Doxford airless-injec- 
tion opposed-piston engine was also tested on shore by 
the Committee, and the recorded fuel consumption was 
0-416 lb. per b.h.p.-hour for the full-load trial No. 13, 
the fuel used, in this case, having a calorific value of 
18,200 B.Th.U. It will ke seen from the reports that 
the average mean indicated pressure for the Doxford 
engine, for trial No. 13, was 101 Ib. per square inch, where- 
as the average mean indicated pressure on the combus- 





* First Thomas Lowe Gray Lecture, read before the 
Institution of Mech nical Engineers, on January 6, 1928. 
Abridged, ‘ 


| tion side and on the steam side of the Still engine were 
about 77 lb. and 7 lb. per square inch, respectively. 
The rating of the Doxford engine, based on mean indi- 
cated pressure only, is therefore higher than that of the 
Still engine, and to compare the performances of these 
engines as internal-combustion engines I propose to take 
their thermal efficiencies on a combustion indicated 
horse-power basis when developing about the same mean 
indicated pressure. The indicated thermal efficiency of 
the Still engine on the combustion side at about 77 lb. 
per square inch mean pressure is 37 per cent., and the 
thermal efficiency of the Doxford engine at 77 Ib. per 
square inch mean indicated pressure is about 39-6 per 
cent., i.e., the thermal efficiency of the latter is about 
7 per cent. higher than the former on the combustion 
side. It will also be found that, if we include the indi- 
cated pressure on the steam side of the Still engine, the 
indicated thermal efficiencies for the same total mean 
pressures, namely, 84 lb. per square inch, are 40-5 per 
cent. and 39-3 per cent. for the Still and Doxford engines, 
respectively. This shows that the less efficient combus- 
tion of the fuel in the Still engine is more than balanced 
by the energy recovered from the jackets and the 
exhaust gases; and it follows that if the efficiency of 
combustion is increased, then the general engine tem- 
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peratures, and the useful work recovered from the heat 
of the jackets and exhaust gases, will be reduced. If 
we assume that the combustion in these engines can be 


_| improved so that the consumption per indicated horse- 


power is about the same as that of an efiicient air-injec- 
tion engine, after making an allowance for the effect of 


‘| the blast air, then the indicated thermal efficiency on 


the combustion side would be about 43 per cent. With 


|| this efficiency, and with fuel having a calorific value 


of 19,500 B.Th.U. per lb., the fuel consumption, per 
b.h.p.-hour, would be about 0-35 lb. for the Doxford 


‘| engine, assuming a mechanical efficiency of 87 per cent., 
‘| and about 0-32 lb. for the Still engine, with a mechanical 


efficiency of 90 per cent. I regard these estimated con- 


;| sumptions as the minimum possible at the present time. 


I have selected the Still and Doxford engines from those 
tested by the Marine Oil-Engine Trials Committee 
because they were the most efficient engines, and they 
are both two-stroke airless-injection engines; but it 
will be seen that to approach the estimated minimum 


.|consumptions there would have to be an appreciable 


increase in the efficiency of combustion in both engines 
—particularly in the Still engine. 
I think it will be agreed that trunk pistons are 


-| unsuitable for high-speed two-stroke engines; and if 


external crossheads are fitted, then, as in the case of 
the double-acting four-stroke engine, the weight of the 
reciprocating parts will be increased and the speed will 
have to be reduced for the same wear-and-tear factor 
as for the single-acting four-stroke trunk-piston engine. 
The scavenging efficiency of a high-speed two-stroke 
engine would be lower and the fuel consumption would 
be higher than with a low-speed two-stroke engine. 
It seems, therefore, that we cannot hope for any 
appreciable reduction in the first cost of a high-speed 
two-stroke, single-acting geared installation, as com- 
pared with that of a low-speed two-stroke, single- 
acting engine with direct drive. The high-speed two- 
stroke double-acting engine has yet to be developed, 
but there is no indication that it is likely to prove less 
costly to construct when geared to a propeller shaft 
than with a direct drive, and such an installation would 
certainly be more complicated. Although geared 
engines may have advantages in special cases, so far 
as first cost is concerned, I am of opinion that their 
use is limited to four-stroke, trunk-piston engines of 
moderate power. 

With regard to the best cycle of operation, there is 
undoubtedly more experience available with the four- 
stroke cycle, and in some respects it is an easier proposi- 
tion than the two-stroke cycle. For moderate powers, 
the single-acting, four-stroke engine has much to 
recommend it, and it has proved satisfactory in service. 
For higher powers, where the single-acting engine no 
longer meets requirements, one has to turn to the 
double-acting four-stroke engine or to the two-stroke 
engine. Several double-acting engines are now at sea, 
and, according to published accounts, they are generally 
satisfactory ; but I prefer to look upon the single-acting 





two-stroke engine as the next step in development, 
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At the present time, we find that the consumption of 
the slow-speed two-stroke engine is quite as good as, 
and in some instances better than, that of the four- 
stroke engine, an achievement which is largely due to 
improvements that have been made in the process of 
scavenging. For larger powers, the double-acting 
two-stroke engine is the logical line of development. 
The introduction of the lower cylinder cover and the 
stuffing-box makes it a more complicated engine than 
the single-acting engine, but for large powers it has 
the undoubted advantage that the number of cylinders 
can be reduced; moreover, it should eventually prove a 
cheaper engine to construct. The introduction of port 
scavenging, and the absence of scavenging valves in 
the covers, has appreciably simplified the cover castings, 
so that there should now be no great difficulty in 
effectively cooling them. A number of experimental 
double-acting two-stroke engines are now on the 
test bed, and it is reasonable to expect that a reliable 
engine of this type will be produced. The real test of 
any engine is at sea, and I do not think that there is 
at the present time sufficient sea experience with the 
double-acting two-stroke engine to enable one to 
express a definite opinion as to its reliability. 

The stresses to which the material of liners, covers 
and pistons are subjected, are due to pressure and to the 
transmission of heat from the working fluid to the 
cooling water, the temperature stresses being generally 
the more important, and increasing in importance as 
the dimensions of cylinders are increased. In the 
design of any type of large oil-engine, the possible 
temperatures reached by the working fluid throughout 
the cycle are therefore of the first importance. The 
dimensions of any type of engine, for a given power and 
speed, are dependent upon the mean indicated pressure 
employed. So far as first cost is concerned, it is therefore 
desirable to employ as high a mean indicated pressure 
as practicable. On account of the differences in the 
mechanical efficiencies of the various types of engines, 
it is not possible to compare their performances, 
as internal-combustion engines, by reference to their 
‘* brake mean effective pressure.” It is not uncommon, 
however, to find the ratings of engines compared by the 
mean indicated pressures developed at their full rated 
powers. But this is also not a true comparison; it 
would only be true for engines of similar design and 
size working under similar conditions. The safe con- 
tinuous rating of an engine is not dependent upon the 
mean indicated pressure, but largely upon the heat flow 
through the liners, covers, and pistons. It is quite 
possible for the rating of one engine to be moderate 
when developing a certain mean indicated pressure and 
for another engine to be overrated when developing 
the same or a lower mean indicated pressure; for 
example, a two-stroke crank-case compression engine 
would probably be more highly rated when running 
with a mean indicated pressure of 40 lb. per square inch 
than a four-stroke engine, of the same cylinder dimen- 
sions and speed, when developing 80 Ib. per square inch. 
I find this to be a point which is often overlooked. 
The maximum continuous power that can safely be 
developed by an engine depends upon the heat flow 
through the liners, &c., and therefore upon the tem- 
peratures reached by the working fluid in the cylinder ; 
and the latter depend, other things being equal, upon 
the quantity of fuel burned per stroke. The efficiency 
of combustion is consequently of the utmost impor- 
tance in the oil-engine, quite apart from the question 
of fuel economy. 

There has been a marked improvement in recent 
years in the fuel consumption of the Diesel engine, 
and, in my opinion, this has been largely due to modifi- 
cations which have resulted in an improved distribution 
of fuel within the combustion space. In the early 
Diesel engines, difficulties were encountered with the 
compressors fitted for supplying the blast air, and it was 
largely on this account that Messrs. Vickers developed 
the airless-injection system which, as now generally 
known, was fitted to the majority of pre-war British 
submarines. For the moderate mean pressures which are 
ordinarily met with in marine practice, the airless- 
injection system has much to recommend it. 
Having in view the iniportance of turbulence in the 
gas-engine, it has frequently been urged that improved 
results would follow increased turbulence in the oil 
engine. To throw some light on this point I purposely 
increased the turbulence in an airless-injection engine 
by increasing the speed of the air through the induc- 
tion valve, and I found that the consumption of fuel 
per brake horse-power was the same as that recorded 
before the change was made, the engine running at the 
same power and speed, but the exhaust was smoky, 
whereas before the change it had been clear. I con- 
cluded that, with the increased turbulence, a portion of 
the fuel charge was carried on to the comparatively 
cool walls of the liner and cover, causing incomplete 
combustion of this portion and a smoky exhaust; 
the remaining portion of the charge, which did not 
strike the walls, burned more efficiently owing to the 


increased movement of the air causing a better admix- 
ture of air and fuel globules. 

In the oil engine, a high degree of turbulence tends to 
reduce the temperature of the hot zone in the combus- 
tion space, probably necessitating an increase in the 
compression ratio to ensure that the temperature 
towards the end of the compression stroke is suffi- 
ciently high to ignite the injected oil in the time avail- 
able. In my opinion, therefore, the oil engine does not 
need turbulence in the gas-engine sense, but the 
air in the combustion space should be given an orderly 
movement, free from eddies, the direction of such 
movement depending upon the form of the combustion 
space and the position of the sprayer. This can be 
more readily obtained in the opposed-piston than in 
the single-piston engine. Other designs have been 
produced with the object of increasing the movement 
of the air in the combustion space during the injection 
period, and improved efficiencies have been reported. 
The movement of the air in the combustion space 
of a slow-speed airless-injection engine is undoubtedly 
of the greatest importance for efficiency, especially 
for mean pressures of the order of 100 lb. per square 
inch, but this movement must be suited to the period 
of injection and the number of sprays, and excessive 
eddy-making should, as far as possible, be avoided, 
so as to reduce the possibility of the globules of fuel 
oil colliding with one another or striking the com- 
paratively cool walls of the liner or cover. It is the 
expansion ratio, and not the compression ratio, that 
determines the thermal efficiency of an engine, and this 
is dependent upon the efficiency of combustion. With 
any method of fuel injection in self-ignition engines, it 
is necessary that the temperature of the air in the 
combustion space should be sufficiently high to ignite 
the injected oil in the time available, so that for a given 
engine, working under given conditions, there is a 
minimum compression ratio below which the engine 
will not function satisfactorily. In my opinion, it 
is preferable to work an engine with the minimum 
compression ratio; with the same fuel injection system 
this minimum compression ratio will be determined 
by the temperature of the air at the commencement of 
compression, by the jacket-water temperature, by the 
speed of the engine, by the movement of the air in the 
cylinder, by the form of the combustion space and by 
the brand of fuel oil used. A marine engine must be 
capable of starting readily from the cold condition, 
and it must also run satisfactorily at low powers, so 
that the starting and slow-running conditions may 
determine the minimum compression ratio that must 
be employed. Obviously, if the jackets are heated 
before starting, an easy start on fuel can be obtained 
with a lower compression than would be necessary 
if there were no preliminary heating of the jackets. 

The effect of temperature on the speed of ignition, 
as indicated by the lag, or the time that elapses 
between the instant of opening of the fuel valve and 
the instant at which there is a rise of pressure due to 
ignition, was shown in a paper which I read in 1920, 
For a given brand of oil, a certain minimum air tem- 
perature is required for a definite lag. In the com- 
bustion space of an engine, the temperature of the air 
is not uniform throughout its mass, and, if the com- 
bustion space be of compact form, then the extent of 
what I may term the hot zone will be greater 
than in a combustion space which is not of compact 
form, such as that obtained with a flat-topped piston 
and flat cover or with a convex piston and concave 
cover. In order to improve matters, in the latter 
instances, it seems to me that the compression ratio, 
and consequently the maximum compression pressure, 
would have to be increased, and if the maximum cycle 
pressure were limited for mechanical reasons, then the 
fuel would have to be injected somewhat later, and this 
would tend to increase the fuel consumption. In 
my opinion, the best results, so far as fuel consumption 
is concerned, will generally be obtained by employing 
compact combustion spaces, because the compression 
ratio necessary to ensure satisfactory ignition of the 
fuel will be slightly lower, and with the lower com- 
pression ratio the fuel can be injected slightly earlier 
and the compression pressure will also be lower—a 
desirable feature in marine engines. 

If temperature plays such an important part in the 
combustion of fuel in an engine, and if it is desirable to 
work with a low compression pressure, then why not 
heat the air before compression commences? Some 
years ago experiments were carried out at Armstrong 
College with a single-cylinder four-stroke Diesel engine, 
with the object of ascertaining the effect of a reduction 
in the volumetric efficiency on the fuel consumption 
and on the reading of the thermocouple placed in the 
exhaust pipe, other conditions remaining the same. 
Before these experiments were made, the original 
fuel-valve nozzle had been modified and the fuel con- 
sumption at full load had been appreciably reduced. 
It was found that a reduction in the volumetric 
efficiency was followed by an increase in fuel consump- 
tion, an increase in the reading of the exhaust thermo. 








couple, and an increase in the heat loss to the cooling 
water, the power remaining constant throughout the 
tests. Recently, the same experiments were repeated, 
but the original fuel-valve nozzle was used, and the 
consumption, under normal conditions at full load, was 
about 10 per cent. higher than in the earlier experi- 
ments. It was found that, as the volumetric efficiency 
was decreased, 7.e., as the initial and final compression 
temperatures were increased, there was at first a slight 
reduction, and then an increase in the fuel consumption 
and in the exhaust thermocouple reading; but the 
minimum consumption was higher than with the 
improved fuel-valve nozzle used in the earlier experi- 
ments. These experiments indicate that if the injec- 
tion of fuel in an engine is not satisfactory, then an 
improvement in consumption may result from a slight 
increase in the temperature of the air in the cylinder, 
but that if the injection is reasonably good an increase 
in the initial compression temperature is accompanied 
by higher cycle temperatures. ; 

One of the advantages of the ordinary four-stroke 
engine is its high volumetric efficiency, due to the fact 
that the products of combustion are forced out of the 
cylinder by the movement of the piston during the 
exhaust stroke. The earlier two-stroke engines 
employed valve scavenging, which has the advantage 
that the admission of scavenging air is independent of the 
movement of the pistons, but a number of scavenging 
valves in the cylinder head leads to serious complication. 
The introduction of port scavenging simplified the two- 
stroke engine at the expense of the volumetric efficiency, 
particularly in the case of engines of comparatively 
high speed. In recent years, however, the develop- 
ment of the slow-speed marine engine has enabled 
higher volumetric efficiencies to be obtained. The 
most interesting innovation is the design introduced 
a few years ago by the Maschinenfabrik Augsburg- 
Nirnberg, where the exhaust and scavenging ports are on 
the same side of the cylinder. In the single-acting Sulzer 
engine, two rows of scavenging ports are employed, 
the upper edge of the upper, or auxiliary, row being 
above the upper edge of the exhaust ports. Originally 
the entry of air through the auxiliary ports was con- 
trolled by mechanically-operated valves, but in recent 
designs these valves have been replaced by automatic 
valves, so that scavenging air is admitted through these 
ports when the exhaust pressure has fallen below that 
of the air in the supply trunk. On the compression 
stroke, the. auxiliary air ports remain open for a short 
period after the exhaust ports are covered by the piston, 
the cylinder is slightly supercharged and the volumetric 
efficiency is thereby increased. In the opposed-piston 
engine, the scavenging air flows in one direction, with- 
out excessive eddying, and one would expect a higher 
scavenging efficiency in this engine than in a single- 
piston engine with port scavenging. 

From my observations, I have concluded that if a 
two-stroke engine having a somewhat low volumetric 
efficiency when developing its rated power starts 
readily from cold, without preliminary warming of the 
jackets, the temperature at the end of compression, 
when the engine has been running for some time and 
is thoroughly warmed through, is generally more than 
sufficient to ignite the injected oil satisfactorily at 
the rated full power. With such an engine, better 
results would probably be obtained by reducing the 
compression ratio slightly and warming the jackets to 
ensure an easy start from the “cold” condition ; 
then, when the engine is thoroughly warmed through, 
gradually reducing the temperature of the jacket 
water and injecting the fuel slightly earlier so as to 
work up to the same maximum cycle pressure as 
before. On the other hand, should the compression 
ratio of an engine having a low volumetric efficiency 
be insufficient for the satisfactory combustion of the 
fuel when the engine is thoroughly warmed through, 
I should prefer to increase the compression ratio slightly 
and not to overcome the difficulty by heating the 
induction air, as the latter would further reduce the 
volumetric efficiency and increase the cycle tempera- 
tures. This reasoning does not necessarily apply 
to an engine having a high volumetric efficiency, as 
if a low compression ratio is employed, and it is neces- 
sary to warm the jackets before starting, it may be 
necessary to work with hot jackets when the engine is 
developing its full power, to ensure that the combustion 
of the fuel is sufticiently rapid to give the desired 
results. The temperatures reached by the working 
fluid in an engine determine the heat flow through the 
cylinders, &c., and therefore to a great extent limit the 
permissible continuous power of a given design; and 
volumetric efficiency and cycle temperatures are, 
therefore, of the utmost importance, particularly for 
large engines. Cycle temperatures may be reduced 
by reducing the quantity of fuel burned in the cylinder, 
i.e. by working with a reduced mean pressure, or by 
supercharging. The former necessitates a larger 
engine, and consequently it should be avoided if 
possible. The latter involves additional complication, 
and, as a reduction in the first cost of engines is what 
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is urgently needed at the present time, supercharging 
would not be justified unless there were compensating 
advantages. 

Sir Dugald Clerk has called attention to the advan- 
tages arising from the adoption of supercompression, 
i.e., the introduction of additional air, or cooled exhaust 
gases, after the ordinary inlet valve has closed, thus 
increasing the charge weight per cycle, and maintaining 
or increasing the mean pressure whilst materially 
reducing the maximum and mean temperatures. On 
account of the additional cost, however, I do not 
think that supercharging is justified if adopted for the 
sole purpose of reducing cycle temperatures; but 
if higher mean pressures can be employed than those 
favoured or permissible at the present time, without 
increasing the safe working cycle temperatures, then 
there is some justification for supercharging. The 
introduction of supercharging air into an engine would, 
if no changes were made, result in an increase in the 
maximum pressure. If, therefore, it were desired, when 
supercharging, not to exceed the maximum pressure 
reached without supercharging, it would be necessary 
to inject the fuel slightly later, and this would tend to 
increase the fuel consumption. Assuming that air- 
coolers were not fitted, the temperature of the super- 
charging air delivered by the pump would also be 
slightly higher than that of the air supplied to the non- 
supercharged engine, and this, together with a possible 
slight increase in fuel consumption and reduced heat 
loss to the jackets per unit weight of working fluid, 
would result in slightly higher cycle temperatures, if 
the mean pressure were increased in proportion to the 
increase in the weight of air supplied to the engine. 
In practice, however, the increase in mean pressure, 
over that employed in the non-supercharged engine, 
would be less than the increase in the weight of air 
supplied, so as to ensure that the cycle temperatures, 
and the accompanying heat stresses in the cooled parts, 
would not be greater than in the non-supercharged 
engine or exceed safe working limits. 

When considering the question of supercharging 
with the object of employing higher mean pressures 
without increasing cycle temperatures, I came to the 
conclusion that for four-stroke engines, which would 
not be required to develop their full rated power 
continuously, it would be preferable to arrange for 
the air to be drawn in through the inlet valve in the 
usual manner and to add the supercharging air towards 
the end of the suction stroke through ports uncovered 
by the piston. With this arrangement it is only neces- 
sary to provide sufficient pumping capacity for supply- 
ing the additional or supercharging air, and the pump 
or blower can be put out of action when not required. 
Moreover, this arrangement also has the advantage 
that the supercharging air can be given a rotary motion 
in its passage through the ports, which should assist 
combustion where airless injection is employed ; but 
the introduction of ports in the liner, and the other 
necessary fittings, certainly leads to complication. 
The alternative is to fit a pump or blower capable of 
dealing with the whole of the air supplied to the engine 
when supercharged, and this has been done in some 
instances. It would: appear, from recent patents, 
that the supercharging of two-stroke engines is receiving 
some attention, but the problem is, in some respects, 
somewhat more difficult with this type of engine than 
with the four-stroke engine, particularly for high engine 





speeds. 





NON-JAMMING FULL-WAY STOP 
VALVE. 


FOLLOWING the introduction of high degrees of super- 
heat, troubles have been experienced with stop valves 
of the full-way type, which had previously proved 
entirely satisfactory. The valves in question were of 
the class illustrated in the accompanying engraving, 
which, however, actually shows an improved pattern, 
free from the disabilities in question. This has been 
recently introduced by Messrs. J. Blakeborough and 
Sons, Limited, Brighouse, Yorkshire, and represents 
what is now their standard practice. Hitherto, it 
has been customary with these full-way valves to 
arrange matters so that both of the two discs seated 
themselves when the valve was closed. Under these 
conditions, the central chamber of the valve box was 
completely sealed off, both from the inlet and the 
delivery branches of the valve. Water of condensa- 
tion, however, collected at times in this chamber, 
when the steam supply was cut off, and this water 
was re-evaporated when the steam was again ad- 
mitied to the main. This occasioned no trouble so 
long as the steam was not superheated, but with the 
introduction of high superheats, excessive pressures 
were, at times, developed in this central chamber. 
As matters ‘stand to-day, steam is often supplied at 
a pressure of, say, 250 lb. per square inch and at a 
total temperature of 750 deg. F. This is well above the 
critical temperature of water. Even at a temperature 
of 650 deg. F., saturated steam has a pressure of some 











2,200 lb. persquare inch, and, in one case, Messrs. Blake- 
borough found that a pressure of about this order was 
produced in the central compartment of the old type 
full-way valve. The discs were, in this case, jammed 
so hard on to their seats that it was impossible to 
open the valve. As a safeguard against such occur- 
rences, Messrs. Blakeborough, at one time, adopted the 
practice of fitting a relief valve to the main valve 
casing. This relief valve was set to blow at a little 
above the normal working pressure. This device has 
the advantage that it can be readily applied to existing 
valves. They have now, however, introduced the 
arrangement illustrated below, the essential feature 
of which is that, on closing the valve, only one of the 
two discs seats itself, there being always a slight gap 
between the other disc and its seat. 

To this end, the two discs are coupled together at 
the top by the saddle A, which straddles both. This 
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saddle holds the two discs together at the top in spite of 
the pressure of the inservening spring. Hence, whilst 
on closing the valve both discs seat at the bottom, 
only one of them can do so at the top. There is thus 
a gap left between B and C, as indicated in the figure. 
In this way, free communication is ensured between the 
inlet branch of the valve and the central compartment 
of the casing. It is therefore impossible for any ex- 
cessive pressure to develop here. Moreover, the valve 
is easier to operate, an 8-in. valve, under steam at 
275 lb. per sq. in. pressure being easily opened by one 
man, even if no pilot valve be fitted. The device has 
the additional advantage of helping to keep the seats 
clean. With the old pattern, the discs, when the valve 
was open, tended to spread apart at the top, whilst with 
the new type the tendency is for them to spread apart 
at the bottom. Hence, on closing the valve, there is a 
certain scraping action of the discs as they pass over 
their seats, which removes any grit that may chance 
to have gathered thereon. 





THE DANISH MOTOR TRAIN-FERRY 
‘*KORSOR.”’ 


Tue topography of the British Isles is not lacking in 
variety and, as a result, most of those engineering 
structures which are designed to facilitate transport 
are to be found within its borders. In fact, it is 
probably true to say that, until a few years ago, the 
only exception to this rule was that sub-class of vessel 
known as the train-ferry. Ordinary ferries there were 
in abundance, and many of these were of a size which 
rendered them capable of carrying the largest commer- 
cial vehicle, while transporter bridges, which perform 
the same function in another way, were to be found 
here and there. But until the port of Richborough was 
established during the war to convey military stores 
from this country to France, there was, accurately 
speaking, no train-ferry, and even now the service 
between Harwich and Zeebrugge is the only one which 
operates from these shores. 

On the other hand, the train ferry is no novelty abroad, 
where the existence of wide estuaries or the presence 
of channels necessitates the use of this form of trans- 
port, if waste of time, and expensive and uncomfortable 


transhipment of passengers and goods is to be avoided. 
This is especially true of Denmark, where a train- 
ferry service was started between Fiinen and Jutland 
as long ago as 1870, and where, at the present time, 
the Denmark State Railways are operating eight 
such services, carrying some 3,000,000 passengers, 
53,000 passenger carriages and mails and parcels 
vans, and 405,000 goods trucks annually. This 
traffic is catered for by 24 vessels, including the three- 
track Diesel-engined ferry described below, as well 
as by five two-track screw ferries, four two-track 
paddle ferries, six one-track screw ferries and eight 
one-track paddle ferries, all of which are operated by 
steam engines. 

As regards the design of the vessels used for this 
form of transport, it was soon realised that paddle 
ferries could not grapple satisfactorily with the ice 
which forms during the winter months. As long as 
thirty years ago, the first twin-screw single-track 
ferry was, therefore, built. In 1902, a single-track 
vessel with a propeller at each end was constructed, 
and three more of the same type have since been put 
into service. These vessels are mainly used on the 
shorter voyages, such as that across the Little 
Belt. A larger vessel, with double tracks and twin 
propellers, was constructed for the Gedser-Warne- 
miinde service, while subsequently two similar vessels 
were built to deal with the Great Belt traffic. 
Up till now, the largest ferry is the Danmark, which 
was constructed in 1922. This is of the twin-screw 
design, and is 101-6 m. (340 ft.) long, with two tracks. 
She is used between Gedser and Warnemiinde. 

Within the past few months, an interesting departure 
has been made in the construction of the train-ferry 
Korsér, which is operating on the Great Belt route 
between Korsér and Nyborg. This boat is quite 
different from those hitherto used, being equipped with 
three tracks and operated by Diesel, instead of steam, 
engines. A detailed description of this vessel, illus- 
trations of which appear on pages 42 and 43, and on 
Plates IV to VI, is given below. 

The hull of the Korsér was constructed by the 
Elsinore Shipbuilding and Engineering Company, of 
Elsinore, Denmark, a firm which has already built 
a number of train-ferries. A longitudinal section of 
the hull is given in Fig. 1, and plans of the main and 
lower decks in Figs. 2 and 3, respectively, on page 42. 
An elevation is reproduced in Fig. 8, Plate V, while 
illustrations and complete plans of the various decks 
are given in Figs. 4 to 6, Plate IV, and Figs. 9 to 14, 
Plate V. Of these, Figs. 6 and 9 apply to the boat 
deck, Fig. 10 to the bridge, Figs. 4 and 11 to the 
promenade deck, Fig. 12 to the shelter deck, Figs. 5 
and 13 to the main deck, showing the arrangement of 
the three railway tracks, and Fig. 14 to the lower 
deck. A cross-section, taken amidships, is given in 
Fig. 20, page 43, together with details of the hull con- 
struction. Views of the vessel from various aspects 
appear in Figs. 15 and 16, Plate V, and Fig. 23, page 43. 
The ship is 96 m. (315 ft.) long, the maximum beam 
being 17-7 m. (59 ft.) amidships over the fenders. 
The draught is 4 m. (13 ft.). The hull is of steel, and 
is constructed in accordance with the rules of the 
Bureau Veritas, Paris. The main deck is flush, and, as 
shown in Fig. 13, Plate V, and Fig. 20, is equipped 
with three tracks for the accommodation of the railway 
rolling-stock. To enable motor cars to be shipped 
these rails are let in flush with the deck. The prome- 
nade deck, Fig. 11, Plate V, is 60 m. (197 ft.) long, and 
is situated above the main deck, extending the full 
width of the vessel. The Korsér is certified to carry 
a wagon load of 500 tons and 1,500 passengers. 

The tank arrangements are shown in Figs. 8 and 14, 
Plate V, andin Fig. 20. The tanks themselves include 
four trimming tanks, with an aggregate capacity of 
400 tons, and four wing tanks, with a capacity of 
160 tons. These tanks are so arranged that the water 
can be quickly transferred from one to the other by 
means of electrically-driven vertical centrifugal pumps._ 
In this way, the stowage of the railway wagons is 
materially assisted. In addition, there are two tanks 
for carrying the oil fuel, a double-bottom tank for the 
lubricating oil, as well as the usual tanks and pumps 
for the fresh-water supply, further details of which 
are given below. The Korsér is amply equipped with 
water-tight bulkheads, so arranged that the vessel can 
be kept afloat, even if the adjoining compartments 
should be flooded. The life-saving appliances include 
several Engelhardt collapsible boats, which are carried 
on the boat deck, as well as two dinghies, carried in 
davits on the shelter deck, and an adequate supply of 
life buoys and belts. 

The passenger accommodation is both ample and 
well arranged, as can be gathered from Fig. 4, 
Plate IV and Figs. 11 and 14, Plate V. The first- 
class combined smoking room and restaurant is placed 
centrally on the forward part of the promenade 
deck, and is furnished in dark polished mahogany. 
Access to the first-class dining saloon is gained thence 





through a hall. This dining saloon is panelled with light 
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PLATE VI. ENGINEERING Jan. 13, 1928. 





THE DANISH MOTOR TRAIN-FERRY “KORSOR.” 


(For Description, see Page 41.) 














a ee ae | 


afs'st--- 


LIER NE 





Fra. 17. ComMBINED WINDLASS AND:.WARPING WINCH. Fie. 18. StTeERInGc GEAR. 


l¢----------- 6150 -- 


Le...s... ora nm 








90x! 
15-1 





(283. 











fixed te 
main b 
heads t 
camsha 
off fror 
} three-st 
forwarc 
cranks] 
| such th 
| Owir 
| 

| 





> | » —_ 
- = a oie —— 
; 50 ae TS ee 

: Rt... Fad sd . bi 








day an 
precaut 
machin 


The 


Fig. 19. Main Enaines on Test BEp. 











(To face page 43.) 








_ JAN. 13, 1928.] ENGINEERING. 








THE DANISH MOTOR TRAIN-FERRY 
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fixed to the bedplate, branches from which lead to the ; tween decks, is electrically driven, 
main bearings and thence to the crank pins and cross-| the necessary current being ob- 
heads through holes drilled inthe connecting rod. The} tained from three Diesel-electric 


camshaft gear is lubricated through branch pipes, led} sets, which are placed athwart- Fig. 23. 








off from the main bearings. Each engine has its own 
three-stage air compressor, which is bolted on to the 
forward end of the bedplate and is driven direct from the 
crankshaft. The capacity of these compressors is 
such that the supply of air is ample. ' 

Owing to the fact that the Korsér carries passengers 
day and night, and also transports sleeping cars, great 
precautions were taken to design both the hull and 
machinery so as to reduce vibration. 

The various auxiliary equipment, both on and be- 


ship forward of the main en- 

gines. Two of these sets comprise a 150-h.p. three- 
cylinder engine running at 400 r.p.m., and driving a 
100-kw. dynamo, and one set consists of a 75-h.p. three- 
cylinder engine, running at 500 r.p.m., and driving a 
50-kw. dynamo. These sets, which were manufactured 
by Messrs. Burmeister and Wain, are also direct- 
coupled to a three-stage compressor, the output of 
which can be adjusted so that it will either supply the 
auxiliaries or act as a reserve to the compressors 

















Stern View SHowrnea Car TRACKS. 


on the main engines or manceuvring compressors. 
The pumps are arranged aft of the main engines 
alongside the wing tanks. Duplicate equipment is 
provided for dealing with the cooling water and lubrica- 
ting oil, each consisting of an electric motor, coupled to 
an 80-ton centrifugal pump for the water supply, and 
to a 60-ton geared pump for the lubrication. 

The fuel oil is delivered to the engines by two elec- 
trically-operated geared pumps, while the bilge and 
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sanitary services are dealt with -by twin’. plunger 
pumps. 

The heating, both of the ship and of any of the railway 
rolling-stock that may require this convenience during 
the winter months, is effected from two boilers working 
at a pressure of 7 atm. (103 lb. per square inch). These 
are situated in a separate boiler room, abaft the engine 
room. These boilers are heated both by oil fuel and 
by the exhaust gases from the main engines. They 
are of the water-tube type, with vertical tubes connect- 
ing the upper and lower drums. The procedure is to 
raise the temperature to the required point for 
operation by the use of fuel oil before the exhaust gases 
are admitted, thus preventing the possible formation 
of sulphurous acid. In normal working, the exhaust 
gases alone are used, but they are supplemented by 
oil-firing during exceptionally cold periods. Care has 
been taken to keep the exhaust gases and the products 
of combustion separate, so as to guard against explosion, 
when changing over from one system of firing to the 
other. During test, these boilers evaporated some 
600 kg. (1323 lb.) of steam per hour, and at the same 
time the temperature of the exhaust gases was reduced 
by about 250 deg. C. The steam required is thus 
obtained very economically, while the boiler itself acts 
as a silencer, the absence of noise beihg very notice- 
able. 

The deck machinery, some of which is visible in 
Fig. 6, Plate IV, and more particularly in Fig. 17, 
Plate VI, is also entirely electrically operated, the 
necessary current being obtained from the auxiliary 
sets described above. It comprises two anchor wind- 
lasses with drums suitable for carrying $-in chain, four 
1-ton warping winches; see Fig. 17, Plate.VI. In addi- 
tion, there are two sets of steering gear, one forward 
and one aft, Fig. 1, page 42, Figs. 8 and 14, Plate V, 
and Fig. 18, Plate VI. All this equipment was supplied 
by Messrs. Thomas B. Thrige, of Odense, Denmark. 

Finally, it may be mentioned that, on the acceptance 
trials, the Korsér attained a maximum speed of 15-51 
knots, the main engines developing 5,100 i.h.p. at 191 
r.p.m. The specified speed was 15 knots. A week later, 
on her way to Korsér, consumption trials were carried 
out. These were divided into two parts, on the first of 
which, lasting four hours, the engines developed 3,620 
ich.p. for a consumption of 141-5 gm. (0-311 Ib.) per 
horse-power hour. The second trial lasted two hours, 
when the engine developed 4,160 i.h.p. for a consump- 
tion of 142-1 gm. (0-313 Ib.) per horse-power hour. 








THE LATE MR. LEON GASTER. 


THE death of Mr. Leon Gaster, which occurred on 
Saturday, January 7, after a short illness, will leave 
a wide gap in the growing ranks of illuminating engineers 
and removes a robust enthusiast, who for many years 
had worked whole-heartedly and unceasingly in the 
cause of better artificial lighting. It is not too much 
to say that the improvements in our methods of 
illumination and the increasing interest which in 
recent years has been generally displayed in this sub- 
ject, are not a little due to his efforts. 

Mr. Gaster was born at Bucharest in 1873, his father 
being a member of the Dutch diplomatic service, who 
was resident for many years in Rumania. He was 
educated at the University in that city, and subsequently 
received a technical training at the Zurich Polytechnic. 
He came to England in 1896, and was appointed 
electrical engineer and manager of the experimental 
carbon works of Messrs. Forbes, Abbott and Lennard. 
In 1901, he began to practise as a consulting engineer 
and from the first devoted himself to the problems 
of lighting and illumination. He was largely instru- 
mental in founding the Illuminating Engineering 
Society in 1909, and acted as honorary secretary of this 
body from its inauguration. About the same time, 
he founded The Illuminating Engineer, a journal spec- 
ially devoted to the various matters connected with 
this subject. He was always of opinion, as he expressed 
it, that science was international, and supported this 
view by a great deal of active work on such bodies as 
the International Congress of Industrial Diseases, the 
International Electro-Technical Commission and the 
International Commission on Illumination. He was 
also honorary secretary of the British International 
Association of Journalists, in which capacity he 
organised the successful conference held in London 
last year. He served on the Committee on the Lighting 
of Factories and Workshops, which was appointed by 
the Home Office in 1913, and had been a member of the 
National Safety First Association from its inception. 








THE LATE MR. ALEXANDER SMITH. 


neer at Surabaya, Java, Dutch East Indies, and was 
born in 1846. Having decided to follow his father’s 
footsteps in the engineering profession, he became 
a pupil of the late Mr. George Smith, consult- 
ing engineer, Dudley, Worcestershire. After com- 
pleting his pupilage, he received practical engineering 
training under the late Mr. R. Angus, locomotive 
superintendent of the North Staffordshire Railway. 
As long ago as 1867, when only 21 years of age, he was 
appointed consulting engineer and valuer of the Earl 
of Dudley’s extensive mines and works. Some four 
years later he began to practise on his own account, 
while still retaining his position with the Earl of 
Dudley, and founded the firm which eventually became 
known as Messrs. Alexander Smith and Sons, of 3, 
Newhall-street, Birmingham. Much of his time was 
spent in designing and superintending the construction 
of colliery engines and mining machinery, and many 
of the improvements brought forward by him were 
afterwards widely adopted. He became a recognised 
authority on mining leases, valuations and assessments. 
He also acted as mineral agent for many large mine 
owners in the Midlands, and was for some years a 
director of Messrs. Newdigate Colliery (1914), Limited. 
He assisted in establishing the Mining Department at 
the University of Birmingham, and took a large 
share in the formation of the Federated Institution 
of Mining Engineers. He was appointed secretary of 
the South Staffordshire and Warwickshire Institute of 
Mining Engineers in 1875, and retained that position 
until he was elected president in 1907. When this 
institute was incorporated with the Institution of 
Mining Engineers he became a member of the parent 
body, and was, at the time of his death, a member of 
the Council of that Institution. He was made an 
associate member of the Institution of Civil Engineers 
on May 30, 1876, and was elected to full membership 
on May 14, 1878. 

Mr. Smith retired from his consulting business 
some few years ago, and, since then, the affairs of the 
firm of Messrs. Alexander Smith and Sons have been 
mainly in the hands of his two younger sons, Messrs. 
G. D. and F. S. Smith. His eldest son, Mr. Graham 
Smith, is an official of the Board of Agriculture. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—With the make of 
Cleveland pig iron barely equal to needs, and stocks 
low, ironmasters are in a strong position. Local 
foundries and steelworks are absorbing the bulk of 
the output, but there is promise of expansion of demand 
from home customers at a distance. Sales to Scotland 
continue to fall considerably short of what could be 
desired, and there is still littleexport demand, Producers’ 
fixed quotations are firm. No. 1 quality is 67s. 6d. ; 
No. 3 g.m.b., 65s.; No. 4, foundry, 64s.; and No. 4, 
forge, 63s. 6d. 


Hematite.-—There is a distinctly steadier feeling in 
East Coast hematite. Anticipating improvements in 
home and Continental demand, makers are less disposed 
to cut prices, Sales are chiefiy of iron to specified 
analysis, but market rates are still ruled by quotations 
for mixed numbers, which are from 70s. to 70s, 6d. 


Blast-Furnacemen’s Wages.—Wages of North of 
England blast-furnacemen are reduced by 2} per cent. 
as from the Ist inst., consequent upon the average 
net selling price of No. 3 Cleveland pig for the last 
three months of 1927 having been certified at 64s. 7-04d. 
per ton, as compared with 67s. 2-43d. for the previous 
quarter, thus lowering wages from 13 per cent. above 
the standard to 104 per cent. above the standard. 
The present certified price is the lowest since the third 
quarter in 1915, when the ascertained figure was 64s. 


Ironstone Miners’ Wages.—At a meeting of Cleveland 
ironstone mineowners’ and miners’ representatives this 
week a lengthy discussion as regards wages resulted 
in an amicable agreement to a reduction of 2} per cent. 
for the first quarter of the year. 


Foreign Ore.—Users of imported ore have contracts 
running sufficient to cover their needs to the end of 
June, and are not disposed to negotiate for supplies 
further ahead, though sellers hint at possible stiffening 
of prices. Nominally best rubio remains at 21s., c.i.f. 
Tees, 


Blast-Furnace Coke——Durham blast-furnace coke- 
makers are meeting with little success in their effort 
to dispose of their output at unprofitable figures. Good 
— descriptions are offered at 17s. 6d., delivered 
1ere. 


Manufactured Iron and Steel.—Output in several 
branches of finished iron and steel promises to continue 
heavy. Rather more inquiry for shipbuilding material is 
reported, and rails are in slightly better request. Common 
iron bars are 101. 5s.; best bars, 101. 15s.; best best 
bars, 11/. 5s. ; packing (parallel), 81. ; packing (tapered), 
1ll.; steel billets (soft), 7/. 2s. 6d.; steel billets 





WE regret to record the death of Mr. Alexander 
Smith, which occurred on December 31 last, at his 
home, Battledown House, Cheltenham. Mr. Smith, 
who was a well-known figure in South Staffordshire 
mining circles, was a son of a government engi- | 


(medium), 7/. 12s. 6d.; steel billets (hard), 87. 2s. 6d. ; 
steel ship plates, 8/. 2s. 6d.; steel rivets, 11, 10s. ; 
steel angles, 7/. 12s. 6d. ; steel joists, 77. 12s. 6d. ; heavy 
steel rails, 8/. 10s, ; black sheets (No, 24 gauge) 101.; and 
galvanised corrugated sheets (No, 24 gauge), 13/. 7s. 6d. 





NOTES FROM SOUTH YORKSHIRE, 


SHEFFIELD, Wednesday. 

Iron and Steel.—While it is too early to prophesy, it 
is confidently believed that the present year will be more 
satisfactory than the last. The flow of orders is much 
stronger than for some time past, while there is 
every likelihood of more business accruing from the 
increased number of inquiries now in circulation. The 
iron and steel producing sections have so far failed to 
settle down. Many furnaces working before the holidays 
have not been relighted, and are not likely to be, unless 
more work comes to hand. At the present moment the 
demand is practically negligible. Many customers, 
despite the low level of quotations, show no inclination 
to purchase. Those departments producing finished 
products are much better employed, Big business jis 
being done in railway materials, while the India Store 
Department, the Madras and South Mahratta Railway, 
and the Burma Railways Company are all asking for 
tenders for similar products. The promised revival in 
ship steel and marine forgings and castings has failed to 
mature, and the demand at present is below normal, 
Armament departments continue depressed, but an 
improvement is looked for. The output of structural 
steel increases week by week. Its use covers a wide range, 
including the replacing of wood in mines, and standards 
for electricity extension schemes. Automobile-steel 
makers report no diminution in the demand for motor car 
steel and fittings, while the extensive use being found 
for Stainless steel is responsible for the absorption of 
the whole of present output. Agricultural and mining 
machinery continue to disappoint on both home and 
export account, but in the former a revival is anticipated 
in the near future. In contrast, an expansion has been 
experienced in the demand for electrical, coment-making, 
quarrying, stone-crushing, and road-making machinery, 
Engineers’ small tools display improvement. A decline 
has been noticed in farm and plantation tools, but saws 
of all descriptions are in request in connection with 
forest clearings in Finland, South America and other 
countries, 


South Yorkshire Coal Trade.—The position generally 
shows a slight but welcome improvement. The demand 
for industrial sorts is still below normal owing largely 
to the little business passing in the steel producing sections, 
House coal is much the same, though London and country 
users are showing a disposition to take bigger quantities. 
Export requirements tend to increase. Shipments of 
foundry and furnace coke are larger than for some time 
past, while the tonnage required for home consumption 
is steadily increasing. Gas coke remains quiet. Quota- 
tions :—Best branch handpicked, 27s. 6d. to 29s. 6d. ; 
Derbyshire best bright house, 20s. 6d. to 21s. 6d. ; Best 
house coal, 19s. to 20s. 6d. ; Screened house coal, 16s. to 
17s. 6d.; Screened house nuts, 15s. to 16s.; Yorkshire 
hards, 14s. 6d. to 15s. 6d.; Derbyshire hards, 14s. to 
15s. 6d. ; Rough slacks, 8s. 6d. to 9s, 6d.; Nutty slacks 
6s. to 78. ; Smalls, 3s. to 4s. 6d. 





Contracts.—Recent orders secured by Messrs. James 
and Frederick Howard, Limited, of Bedford, include two 
abattoir plants in Ireland, a condemned sheep treatment 
plant in South America, and extensions to the Bloem- 
fontein municipal abattoir.—Messrs, Henry Berry and 
Company, Limited, Hunslet, Leeds, have received an 
order for 23 sets of pumps of a special design, from the 
Imperial Chemical Industries, Limited.—Amongst recent 
orders received by Messrs. The Constructional Engineer- 
ing Company, Limited, Titan Works, Birmingham, are 
the following: An eight-ton cupola, complete with elec- 
tric telpher for charging, fan and motor, for the Brush 
Electrical Engineering Company, Limited, of Lough- 
borough. Three-ton cupolas for Messrs. British Castings, 
Limited, Old Hill, and for the Manchester Dry Docks 
Company, Ellesmore Port. Complete melting equip- 
ment, consisting of five-ton cupolas, fans and motors, 
&c., for Singapore, &c.—Messrs. the Ritchie-Atlas Engi- 
neering Company, Atlas Works, Temple, Glasgow, W.?2, 
have received a contract from the Glasgow Corporation 
for the design, manufacture, and erection of telpher 
extension, ash hopper, and coke-handling and screening 
plant to the value of 15,0007. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference numbers given below being quoted in each 
case. The Directorate-General of Navigation and Ports 
of the Argentine Ministry of Public Works invites ten- 
ders, to reach Buenos Aires by March 15, for the supply 
and delivery of 24 cranes. Local representation 18 
essential. (Ref. No. A.X. 5741.}—The Harbours, Roads 
and Bridges Branch, Public Works Department, New 
South Wales, invites tenders for the manufacture, supply 
and delivery of metal work for nine steel truss spans 
and bearings for a bridge over the River Murray at 
Bethanga, Victoria. Tenders to reach Sydney by 
March 19. Contract No. 1. (Ref. No. A. 5738.)—The 
Mechanical Department of the Ministry of Public Works, 
Cairo, invites tenders for the supply and erection of one 
70 b.h.p. semi-fixed superheated condensing steam 
engine, and one belt-driven centrifugal or turbine 
pump. Tenders to reach Cairo by February 5. Local 
representation is essential. (Ref. No. A.X. 5730.)— 
The Indian Store Department, New Delhi, is calling 
for tenders, to be presented by February 8, 1928, for 4 
600-kw, oil engine alternator set. (Ref. No. B,X. 4129.) 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—There has been little movement 
in the Scottish steel trade since the holidays, but makers 
are hopeful that things will brighten up before long. 
Inquiries during the past few days have been fair, but 
nothing to cause any great enthusiasm has been fixed 
up. General trade throughout the country shows signs 
of improving, and it is fully expected that this will 
meari a better demand for steel material of different 
kinds. In the shipbuilding industry, however, the large 
output during the last month or two has meant many 
empty berths now, and with new contracts not on 
the same scale, the demand for ship plates, &c., has 
fallen off to some extent. Work has been resumed 
in some of the works this week, and the remainder will 
re-open next Monday. In the black-sheet trade 
conditions are much as they were at the end of the 
year. The following may be taken as the current 
market quotations :—Boiler plates, 101. 10s. per ton; 
ship plates, 81. 2s. 6d, per ton; sections, 7/. 12s. 6d. 
per ton; and sheets, 4-in., 8/. 17s. 6d. per ton, all 
delivered Glasgow stations. : 


Malleable-Iron Trade,—A quiet tone characterises the 
malleable-iron trade of the West of Scotland, and there 
is little appearance of business opening out yet. Inquiries 
of late have been on a small scale, and improvement 
in the industry is more than likely to be gradual. The 
demand for bar iron and for re-rolled steel bars is 
only fair. Prices are without change in ‘ Crown” 
bars at 101. 5s. per ton, and re-rolled steel bars at 
7l. 15s. per ton, both delivered Glasgow stations. 
The export quotations are 10/. per ton and 7/. per ton, 
respectively. 


Scottish Pig-Iron Trade.—Nothing of any note can 
be reported in connection with the pig-iron trade of 
Scotland this week, except perhaps that another blast- 
furnace has been blown out. The demand at the 
moment is poor, both on home and export account, and 
there are no indications of any buying movement. 
Stocks in makers’ yards are fully equal to all demands, 
The current prices are as follow: Hematite, 74s. per 
ton, delivered at the steel works ; foundry iron, No, 1, 
75s. per ton; and No, 3, 70s. per ton, both on trucks 
at makers’ yards. 


Scottish Pig-Iron MShipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, January 7, amounted to 188 tons. 
Of that total 152 tons went overseas and 36 tons 
coastwise. During the corresponding week of last 
year the figures were, 85 tons overseas and 99 tons 
coastwise, making a total shipment of 184 tons, 


Scottish Shipbuilding.—While there is still a large 
amount of tonnage on order from Scottish shipbuilders, 
few fresh contracts have recently been placod. The 
work on hand at present means a reasonable amount of 
employment during the next few months, but the 
unfortunate thing is that a reduction in stafis in a 
number of the yards will be a necessity if shipowners 
do not again come into the market very soon. A few 
yards are well booked forward, but some of the others 
cannot see very far ahead. The big output of last 
year gave the feeling of a return to old times, but 
continuity of orders is required if the pre-war standard 
is to be maintained. Referring to the work of the past 
year, it is interesting to note the great amount of harmony 
which prevailed in the industry. The workers in most 
instances excelled themselves as good timekeepers, 
and seemed to have a greater desire to do their bit 
for the benefit of their employers. There was evidence 
throughout the year that there was less of the “ ca’ 
canny policy ” in the yards and fewer “‘ clock watchers.” 
The result was that there were no serious differences 
causing stoppages, and therefore dislocation, and that 
the little troubles which invariably crop up in industry 
were amicably settled without recourse to the process 
of ceasing work and holding up output. Dealing 
briefly with the tonnage of the year, the River Clyde 
again takes pride of place with 274 vessels of 463,528 
tons, which is 142,000 tons above the River Tyne—the 
next highest British shipbuilding area for 1927. The 
Clyde total is well up to the pre-war average output, 
and although a long way behind the record year 1913, 
when the total was 756,976 tons, it is well above 1926, 
and not so very far behind 1924 and 1925—each of 
which years were over the 500,000-ton mark. 





Earty Use or ELectriciry on Raritways.—In 
proposing the toast of ‘‘ The Institution,” at the annual 
dinner of the Western Centre of the Institution of Elec- 
trical Engineers, which was held in Cardiff on Monday, 
January 9, Sir Felix Pole read a letter, which had been 
written by Brunel to W. F. Cooke in 1838, regarding the 
use of the telegraph on the Great Western Railway. This 
was four months before that line was opened. In 1840, 
Saunders, giving evidence before the Select Committee 
on Railways, stated that they hoped by the use of the 
telegraph to simplify working, reduce the amount of 
stock and increase the safety of the passengers. The 
same railway had also been a pioneer in the employment 
of electric lighting. Replying to a question asked by 
Sir Felix, Mr. Archibald Page, president of the Institution, 
said that the Central Electricity Board would be able 
to supply the railways with electricity at 0-1d. per unit 
when the latter abandoned their position of splendid 
isolation and entered the League of National Electricity. 
Mr, Ms b Morley New, city electrical engineer, Cardiff, 
presided, 





NOTICES OF MEETINGS. 


Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Air Conditioning—A 
General Survey of its Uses and Application,’”’ by Mr. N. E. 
Jackson. Friday, January 20, 7.30 p.m., Informal 
Meeting. ‘‘ Steam Accumulators,’”’ by Mr. 8S. Hopkins. 


Society or CHEMICAL INDUSTRY: CHEMICAL ENGI- 
NEERING GRovuP.—To-night, 8 p.m., Chemical Society, 
Burlington House, Piccadilly, W.1. ‘‘ The Manufacture 
of Artificial Silk, with Special Reference to Viscose,” 
by Mr. H. R. S. Clotworthy. 


INSTITUTE OF BritIsH FouNDRYMEN.—Lancashire 
Branch, Junior Section: Saturday, January 14, 7 p.m., 
College of Technology, Sackville-street, Manchester. 
Lecture: ‘‘ Cast Iron,’ by Mr. F. J. Cook. 


Rattway CiLus.—Monday, January 16, 7.30 p.m., 
25, Tothill-street, S.W.1. ‘‘ Timetables—Old and New,”’ 
by Lieut.-Col. W. R. Mansfield. 


Royat Society or Arts.—Monday, January 16, 8 p.m., 
John-street, Adelphi, W.C.2. Cantor Lecture. ‘‘ The 
Scientific Foundation of the Refining of Petroleum ” 
(Lecture 1), by Dr. A. E. Dunstan. Wednesday, January 
18, 8 p.m. ‘‘ Methods of Radiant Heating,” by Mr. 
A. H. Barker. Friday, January 20, 4.30 p.m. ‘‘ The 
Indo-European Telegraph Department,’ by Mr. M. G. 
Simpson. 

Roya InstirutTion.—Tuesday, January 17, 5.15 p.m., 
Albemarle-street, W.1. ‘‘ Dielectrics for Electrical 
Condensers ” (Lecture 1), by Mr. P. R. Coursey. Thurs- 
day, January 19, 5.15 p.m. ‘‘ Unsaturation of Carbon 
Compounds ”’ (Lecture 1), by Prof. J. F. Thorpe 
Friday, January 20, 9 p.m. ‘“ Photo-Electricity,” by 
Sir W. Bragg. 


INSTITUTE OF TRANSPORT.—Tuesday, January 17, 
5.45 p.in., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Graduates’ and Students’ Lecture : 
“Some Applications of Radio to the Science of Trans- 
port,” by Mr. R. R. Pecorini. 





SHEFFIELD METALLURGICAL AssocriaTION.—Tuesday, 
January 17, 7.30 p.m., 198 West-street, Sheffield. ‘‘ The 
Chemical Engineer and the Steel Maker,” by Mr. J. L. 
Pearson. 


Socrety or Guiass TECHNOLOGY.—Wednesday, Janu- 
ary 18, 2.30 p.m., College of Technology, Sackville-street, 
Manchester. ‘The Design and Operation of Glass 
Furnaces,”” by Mr. W. W. Warren. ‘‘ The Manufacture 
and Use of Glasshouse Pots,’’ by Mr. P. Marson. ‘‘ The 
Refining of Glass,” by Prof. W. E. 8. Turner. 


NEWCOMEN Society.—Wednesday, January 18, 5.30 
p.m., Prince Henry’s Room, 17, Fleet-street, E.C.1. 
‘*Some Episodes in Early Ocean Steam Navigation,” 
by Eng.-Capt. E. C. Smith. 


LIvERPOOL ENGINEERING Socirety.— Wednesday, Janu- 
ary 18, 6 p.m., 9, The Temple, Dale-street, Liverpool. 
‘** High-Pressure Thermal Storage,” by Mr. C. F. Wade. 


INSTITUTION OF CIVIL ENGINEERS.—Wednesday, 
January 18, 6.30 p.m., Great George-street, S.W.1. 
Students’ Meeting. Vernon-Harcourt Lecture: ‘“ Appli- 
ances for Handling Goods in Ports and Docks,” by Mr. 
H. A. Reed. 


INsTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Centre: Wednesday, January 18, 7 p.m. 
The University, Edmund-street, Birmingham. ‘“ Large 
Electric Baking Ovens,” by Mr. W. Ellerd-Styles. 
London: Thursday, January 19, 6 p.m., Victoria- 
embankment, W.C.2. ‘“‘ Large Electric Baking Ovens,” 
by Mr. W. Ellerd-Styles. London Students’ Section: 
Friday, January 2, 6.15 p.m. ‘The Three-Cathode 
Carbon Arc,” by Dr. R. C. Fox. 


InstTITuTE oF Mertats.—Swansea Local Section: 
Wednesday, January 18, 7 p.m., Thomas Café, High- 
street, Swansea. ‘Some Interesting Properties of Alloys 
of Nickel,” by Mr. W. T. Griffiths. Birmingham Local 
Section: Thursday, January 19, 7 p.m., Engineers’ 
Club, Waterloo-street, Birmingham, Joint meeting 
with the Birmingham Metallurgical Society and the 
Staffordshire Iron and Steel Institute. ‘‘ Heat-Resisting 
Alloys,” by Mr. T. H. Turner. 


MANCHESTER METALLURGICAL SocteTy.— Wednesday, 
January 18, 7 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘' The Economical Use of Coal,” by Mr. A. 
McCulloch, 


Royat METEOROLOGICAL SocreTy.— Wednesday, Janu- 
ary 18, 7.30 p.m., 49, Cromwell-road, South Kensington, 
S8.W.7. ‘‘The Observation of Clouds with Special 
Reference to the Safety of Aviation,” by Prof. Dr. H. 
Hergesell. ‘‘ World Weather,” by Sir G. T. Walker. 


InstITUTION oF MECHANICAL ENGINEERS.—Midland 
Branch: Thursday, January 19, 6.30 p.m., Queen’s 
Hotel, Birmingham. ‘‘ Campanology,’’ by Mr. E. G. A. 
Walker. North-Western Branch: Thursday, January 
19, 7.15 p.m., Engineers’ Club, Manchester. ‘“‘ Some 
Experimental Results from a Three-Cylinder Compound 
Locomotive,” by Mr. Lawford H. Fry. London: Friday, 
January 20, 6 p.m., Storey’s-gate, 8.W.1. Report of the 
Steam-Nozzles Research Committee. 


Optica Socrery.—Thursday, January 19, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, S.W.7. ‘‘On Toric Lenses,” by Mr. T. 
Smith. ‘‘ Canonical Forms in the Theory of Asymmetri- 
cal Optical Systems,” by Mr. T. Smith. “‘ Some Remarks 
on an Extension of the Optical Cosine Law,” by Mr. M. 
Herzberger. Demonstration of the “‘ Rosenheim-Schu- 
ster Colorimeter based on Lovibond’s System,”’ by Messrs. 
The Tintometer, Limited, 





INSTITUTION OF MUNICIPAL AND County ENGINEERS. 
—Yorkshire District: Saturday, January 21, 2 p.m., 
Town Hall, Sheffield. ‘‘ Report of the Royal Commission 
on Land Drainage,’ by Mr. W. J. Hadfield. 


Hv LL ASSOCIATION OF ENGINEERS.—Saturday, January 
21, 7.15 p.m. Technical College, Park-street, Hull. 
Lecture: “ Gyroscopic Aids to Navigation,”’ by Mr. L, C. 
Perkin, 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—Business in the Welsh coal trade has 
been rather more active of late, and with shipping in 
better supply, exports were also on brisker lines. In the 
past week clearances of coal, to foreign countries, as cargo 
amounted to 395,130 tons, which was 121,000 tons more 
than in the preceding week and 47,000 tons more than 
a fortnight ago, but 1,300 tons less than in the corre- 
sponding period of last year. Shipments to Argentina 
were raised from 36,700 tons to 44,790 tons, to Brazil from 
32,240 tons to 65,210 tons, to Egypt from 14,300 tons to 
25,450 tons, to France from 87,460 tons to 89,120 tons, 
to Italy from 26,050 tons to 30,300 tons, to Portugal from 
9,150 tons to 30,930 tons, and to Spain from 16,800 tons 
to 19,420 tons. At Cardiff exports were raised from 
156,100 tons to 269,770 tons, at Swansea from 27,150 
tons to 32,690 tons, and at Llanelly from 420 tons to 
5,900 tons, but at Newport reduced from 60,160 tons 
to 57,540 tons, and at Port Talbot from 30,220 tons 
to 29,230 tons. A final decision regarding the coal- 
owners’ scheme for stabilising selling prices at an economic 
level is expected to be reached before the end of the 
month, and it is hoped that the scale of minimum prices 
will be in operation next month. At present, best 
Admiralty large coal is available at 19s. to 19s, 6d., 
with best bunker smalls 12s. 6d. to 12s, 9d. 


Docks Traffic in 1927.—The seaborne traffic of the 
docks of Cardiff, Penarth, Barry, Newport, Swansea, and 
Port Talbot in 1927 amounted to 37,555,566 tons, com- 
pared with 19,812,488 tons in 1926 and 35,080,580 tons 
in 1925. Exports last year accounted for 31,584,157 
tons, of which coal and coke was responsib}p for 27,880,816 
tons and oil 1,002,034 tons. 





PERsoNAL.—Messrs, Newton, Chambers and Company, 
Limited, Thorncliffe Lronworks, Sheffield, have appointed 
Mr. E. A. U. Ward, the White Building, Fitzalan-square, 
Sheffield, to be agent for the general centrifugal casting 
products of the Thorncliffe Centrifugal Casting Depart- 
ment, in the Lancashire and South Yorkshire area.—The 
address of the Manchester office of Messrs. Dorman, 
Long and Company, Limited, is now 9, Albert-square, 
Manchester.—As a result of the fusion of certain interests 
of Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, with those of Messrs. Vickers Limited, the 
former firm will now concentrate its activities at the 
Walker group of shipyards and the Scotswood group of 
works, Newcastle-upon-Tyne, and at the Close Works, 
Gateshead-upon-Tyne. The London office of Messrs, 
Armstrong, Whitworth remains at Kinnaird House, 
Pall Mall East, S.W.1.—Messrs. Hobdell, Way and 
Company, Limited, 45, Church Street, Minories, London, 
E.1, have taken over the sole selling rights, in this country 
and in the colonies, of the waterproofing materials 
Karnak, Krodeproof and Korkseal, manufactured by 
Messrs. Lewis Asphalt Engineering Corporation, 30 
Church-street, New York, U.S.A.—Mr. A. H. Hall, 
C.B.E., Superintendent of Airship Production, Air 
Ministry, has been appointed Chief Superintendent of the 
Royal Aircraft Establishment, Farnborough, as from 
April 1 next in succession to Mr. W. Sydney Smith, C.B., 
O.B.E., who is retiring then from the public service. 





THE EXPLOSION IN ALBEMARLE-STREET, W.1,.—Like the 
explosion at Acton, with which we dealt on page 274 
of our issue of August 26, last, the explosion which took 
place in Albemarle-street on December 29, last, seems to 
be a matter for inquiry by the Electricity Commissioners. 
Illuminating gas had nothing to do with it, nor had the 
Royal Institution, which was damaged, though, fortu- 
nately, not to any serious extent. Sir William Bragg, 
director of the Institution, Mr. Green, physical assistant, 
and Mr. Mitcham, electrician, were present when, soon 
after 7 p.m., a smell of burning and an unsteadiness in 
the lamps were noticed. A search revealed nothing 
wrong. Anexplosion took place soon after, followed by 
others, the second one the most violent, all within 20 
minutes ; the electric current was cut off immediately 
after the first explosion. The supply is from the West- 
minster Electricity Company on 400 volts direct, from a 
cable running along the front of the Royal Institution, 
under the pavement. The service connection to the main 
switchboard is through two insulated cables encased in 
two 1}-in. iron pipes from a junction box outside, These 
service cables, as well as the switch board, are intact, 
but fumes were seen to rush through the pipes, which 
pass through the outer wall into the basement. Further 
south the street electric main lies on the top of the outer 
vaulting of the basement, vault and basement being 
connected by a wooden door. This door was blown in- 
wards, but very little further damage was done at this 
point. The lid of one of the three exploding manholes 
outside was blown up as high as the building, and pillars 
of flame followed; the flames, partly from the asphalt 
pavement, smouldered for about an hour. Many windows 
were smashed in the southern portion of the building, 
on all the three floors, and the soot rushing in covered 
everything with a uniform black coating. This deposit 
can, however, easily be blown off, leaving white paper 
underneath unstained ; it contains metallic particles. 
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THE BONGWAN CARBONIC ACID 
GAS SPRINGS IN NATAL. 


Tue discovery in Natal of carbon dioxide exhalations 
from the ground, announced by Professor R. B. Young, 
before the Geological Society of South Africa in 
October, 1923, was of some importance, as natural 
sources of carbon dioxide were before unknown in 
the country. Carbon dioxide being wanted in the 
aerated water, sugar and other chemical industries, 
for refrigeration and for other purposes, steps were 
taken to capture the gas, although the springs are 
situated in the but little developed valleys of the Um- 
zimkulwana and Manzimyana rivers, near Bongwan, 
about 20 miles inland from Port Shepstone. More 





Fig. 16. 


| with which the plant is connected by an electric power- 
|line, a 2-in. water pipe and a 3-in. gas main. As the 
| gas pressure in the original borehole rose only to 17} Ib. 
| per square inch absolute, even after blasting, it was 
| very difficult to obtain any compressed gas with the 
| first experimental CO, compressor worked by a 6-h.p. 
| paraffin engine. By operating in stages some gas flasks 
| were, however, ‘illed in 1924 with CO, of 99-5 per 
jcent. The erection of a plant at a cost of 5,0001., was 
| then decided upon, spring No. 2 being retained as source, 
| although a new borehole would probably have given 

better results. The pump cylinder, 3 in. in diameter, 
|is placed at a depth of 54 ft. in the borehole, which is 
|inclined at 75 deg. to the horizontal, and is operated 
| by a swinging beam. The main gas supply, in order 
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sure cylinder of the pump at atmospheric pressure ; the 
pressure is raised to 18-2 lb. per square inch. The gas 
then passes, through the first coil in the condenser and 
the driers, into the intermediate-pressure cylinder, 
reaches the intercooler at 180 to 190 Ib., and is admitted 
into the high-pressure cylinder to be compressed to 
800 or 1,000 lb. per square inch. The high-pressure is 
required because the temperature of the cooling water 
available may be high. The compression of CO, re- 
quires 680 lb. per square inch when the water is at 
50 deg. F., 880 lb. with water at 70 deg. F., and 1,025 Ib. 
with water at 80 deg. F. The third stage cylinder 
sends the gas into the condenser and further into the 
| receiver, from which the liquid flows into the bottling 
frame. The compressor and bottling plant has been 





springs were found further inland, bringing the number | to prevent gas escape and the sucking-in of air, is| supplied by Messrs. J. and E. Hall, of Dartford, Kent. 


up to ten. The Journal of the South African Institu- 
tion of Engineers, of December 1927, contains an article 
by Mr. J. H. Forman on the carbon dioxide pump- 
ing and compressing plant which has been in opera- 
tion since April of last year. 

The choice of the spring near Bongwan for the experi- 
ments and afterwards for the plant, was not favourable 


| delivered into a pipe column of U-shape. 

Before entering the compressor the gas passes 

| through three calcium driers, divided into six sections, 

| containing calcium chloride in two sections and char- 
coal and cotton wool in one section each. The three- 

| stage compressor is placed in a cold water tank. 

| Another tank contains three sets of coils, the inner and 


| The flasks for transporting the liquid are solid-drawn 
| steel tubes, 44 ft. long, holding 55 Ib. of CO, and 
weighing 112 lb. complete. : 

| The cooling water is drawn from the river by a sm all 
double-acting force pump. The compressor is belt- 
| driven from a 25-h.p. crude-oil Crossley engine, capable 
of giving 22 h.p. continuously, and further energy 








in all respects. The river valley is liable to floods. | outer coils serving as intercooler, and the intermediate | is supplied by motors fed by a 4-kw. direct-current 


About 150 yards from the river and spring the ground | coilas acondenser. The receiver and bottling apparatus | generator driven by the 6-h.p. engine. 
The laboratory, compressor house, | comprises a solid drawn steel flask capable of holding 100 | difficulty so far has been the limitation of the gas supply. 


begins to rise. 


The chief 


gasometer, and water tank have been placed on the top | Ib. of liquid CO,, and a special coil, in which part of the | The compressor is run for 2} hours and then stopped for 
of the hills, within a few hundred feet of the railway to | liquid can be evaporated to cool the receiver during‘the | the same period to allow the carbon dioxide gas tans 
Shepstone, but 650 ft, from the borehole and pump, | hot season, The gas from the main enters the low-pres- | to fill up again. 
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HEAVY-OIL ENGINES IN MARINE 
PROPULSION. 


THE extremely rapid growth in the application 
of the heavy-oil engine to marine propulsion is of 
fundamental importance to Great Britain, both 
as the premier shipbuilding nation, and one whose 
future prosperity depends to a quite exceptional 
extent upon coal raising. Prophets are not wanting 
to foretell the entire extinction of the marine steam 
unit, and certainly, if a curve showing the increase 
of marine Diesel installations in the last few years 
is extended to cover a decade, steam would be 
found to be relegated to a very minor position. 
Exterpolation, however, is notoriously misleading, 
and we do not imagine that steam-engine builders 
are unduly alarmed. The present state of develop- 
ment of the Diesel engine was admirably reviewed 
in the first Thomas Lowe Gray lecture, read by 
Professor Hawkes before the Institution of Mecha- 
nical’ Engineers on Friday last, and in this paper 
the author expresses the opinion that development 
is possibly proceeding at too fast a pace. If the 
latest available returns are examined, it will be 
found that in the quarter ending on December 31, 
last, the tonnage of vessels building in the world 
amounted to 1,609,888 driven by internal-com- 
bustion engines, and 1,494,532 driven by steam. 
So far as British builders only are concerned, the 
corresponding figures were 652,894 and 922,634 
tons. It cannot therefore be disputed that the 
Diesel engine is very firmly established, but an 
analysis of the figures serves to show that the 
bulk of the Diesel tonnage is of very moderate 
size, the greatest preponderance of oil over steam 
lying in vessels of between 6,000 and 8,000 tons. 
Even in this class, however, it is quite possible that 
two recent developments in steam propulsion, the 
employment of high pressures and of pulverised 
fuel burning, may ultimately have a considerable 





effect on future practice. The most important 
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factor limiting the further incursion of the Diesel 
into the field previously held by steam, however, 
is the increasing difficulty encountered as the size 
of units is increased. 

At the present time, the largest Diesel-driven 
vessel afloat is probably the Saturnia, which is 
fitted with two eight-cylinder Burmeister and 
Wain double-acting engines, each developing 
10,000 shaft horse-power. These engines, which 
operate on the four-stroke cycle, thus develop 
1,250 shaft horse-power per cylinder, but experi- 
mental engines developing up to 2,000 h.p. per 
cylinder have been constructed. It is, however, a 
considerable step from the experimental test bed 
to an engine fitted in a sea-going vessel, and the 
engines of the Saturnia may reasonably be taken 
as approaching the present practicable limit. In 
this connection, it may be pointed out that the 
turbines of such a vessel as the Mauretania develop 
75,000 shaft horse-power, and there is a very wide 
gap between this and the 20,000 of the Saturnia. 
It is, perhaps, hardly fair to include naval vessels 
in such a comparison, as questions other than pure 
economy enter largely into their design, but it is of 
interest to note that, although the horse-power of 
the Nelson has not been published, that of the 
Hood is no less than 144,000. 

Most of the large Diesel-driven vessels so far 
constructed embody engines of the four-stroke 
double-acting type, but in the paper to which we 
have already referred, Professor Hawkes mentions 
that, for large powers and low speeds, he prefers to 
look upon the single-acting two-stroke engine as 
the next step in development. With increasing 
cylinder dimensions, the problem of evading troubles 
due to temperature stresses becomes more and more 
acute, and it is the effect of these stresses, more than 
any other factor, which limits the present size of 
Diesel engines. From this point of view the double- 
acting four-stroke engine appears to offer appre- 
ciable advantages, in spite of the fact that the 
design of the cylinder covers is necessarily more 
complicated. It appears to be mainly on the greater 
simplicity of the two-stroke single-acting engine 
that Professor Hawkes bases his opinion, and the 
argument will certainly appeal strongly to sea- 
going engineers. It is reasonable to assume that 
the two-stroke double-acting engine will ultimately 
emerge as the predominant type for large powers, 
though many difficulties will have to be overcome 
in the interim. The trunk arrangement is not much 
favoured for large marine engines, and if crossheads 
are employed in either case, the double-acting 
two-stroke is not greatly more complicated than a 
single-acting engine of the same type. The chief 
difficulties associated with the utilisation of both 
sides of the piston are related to the high tempera- 
tures in the lower cover, but one or two such engines 
are actually at sea, and appear to be giving satis- 
faction. 

Until recently, the inferior economy of the two- 
stroke cycle militated against its extended use, 
but this defect has now been largely overcome, and, 
as stated, whether in the single or double-acting 
form, it appears reasonable to suppose that engines 
operating on this cycle will ultimately be the most 
serious competitors to steam. It is frequently 
assumed that, as the Diesel engine is a quite modern 
development, its efficiency is bound to be improved 
with extended experience, rendering it a still more 
formidable competitor to its rivals. At the present 
time, the Still engine is probably the most efficient 
Diesel in existence, and in his paper Professor 
Hawkes indicated to what extent there is a prospect 
of further improvement. Taking the figures for 
the trials of the Still engine published by the Marine 
Engine Trials Committee, the best recorded fuel 
consumption was 0°353 Ib. per b.h.p.-hour, with 
a fuel having a calorific value of 19,500 B.Th.U. 
per, lb., the indicated thermal efficiency being 
40-5 per cent. The engine was of the airless- 
injection type and the combustion was relatively 
inefficient, and if it be assumed that the consumption 
per i.h.p.-hour was equal to that of an efficient 
air-injection engine, the fuel per s.h.p.-hour would 
be about 0-32, an increase of about 12 per cent. 
It may be taken as unlikely that the latter efficiency 
will be closely approached by any type of Diesel 





engine for many years to come, and appreciably 
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greater advantages of steam over oil, or vice versa, 
will certainly result from fluctuations in the price 
of the two products. 

Apart from the Still engine, the field of marine 
propulsion has been remarkable for the number of 
unconventional designs developed, and great courage 
has been shown by both builders and shipowners in 
trying these designs out. The objects aimed at 
have been to secure economy and high power-weight 
ratio, and it is interesting to note that the opposed- 
piston Doxford engine, tested by the Marine Engine 
Trials Committee, was inferior in economy only to 
the Still. Broadly speaking, engineering history 
suggests that, while unconventional designs in any 
field of work may fill a useful gap, and frequently 
afford invaluable experimental data, they have 
ultimately to give way before more orthodox 
arrangements, end it is quite possible that this 
will occur in the case of marine Diesel engines. 

In addition to the points to which we have already 
referred, Professor Hawke’s really excellent lecture, 
which we reproduce in abridged form on page 39 of 
this issue, covered other important considerations, 
such as the comparative merits of air and airless 
injection, the effects of turbulence, and the best 
basis for comparing performance. Space does not 
permit us to follow him through all his arguments, 
but in reviewing the position in regard to marine 
propulsion generally, it is impossible to evade one 
issue. So far as steam is concerned, we may justly 
pride ourselves on the fact that all the important 
developments originated with British firms, but 
the greatest credit for developments in the applica- 
tion of internal-combustion engines to marine pro- 
pulsion must be credited to foreign manufacturers. 
The development of steam propulsion was spread 
over a long period and hardly showed anything com- 
parable to the forced development of the Diesel. 

As a nation, we appear to refuse to regard 
experimental work as a sound investment, and the 
development of large Diesel engines, in particular, 
involves a vast amount of trial and error, which 
must be undertaken by the manufacturer, and not, 
as some firms appear to think, by the customer. 
Our designers are fully capable of holding their 
own, but the financial interests controlling the 
majority of our leading firms undoubtedly hold the 
opinion that it is cheaper and more profitable to 
manufacture under licence from abroad than to 
develop promising designs at home. In some few 
cases, the manufacture of a product under licence 
is entirely justified, as we can hardly claim a 
monopoly of brains, and the product, as in such a case 
as the Electrolux refrigerator, may be the result of 
positive genius. In only too many cases, however, 
a design is initiated in this country, developed 
abroad, and reappears in our midst to be manu- 
factured under licence. To complete the vicious 
circle, the licencees discover that almost funda- 
mental modifications are necessary to render the 
design a mechanical proposition, and these they 
proceed to carry out with great tribulation, and to 
the lasting benefit of their foreign competitors. 

We do not suggest that this is what has happened 
in the case of those firms who are now manufacturing 
heavy marine oil engines under licence, but. it 
certainly can be said with truth that British designs 
have been initiated as promising as those which 
have achieved success abroad, only to die an un- 
timely death, or to carry on a moribund existence, 
due to lack of the necessary financial support to 
carry experimental work to a successful conclusion. 

At the present time, signs are not wanting that 
shipbuilding combinations are being considered more 
effectively to meet international competition, and 
if such combinations meterialise, is it too much to 
hope that the possible development of entirely 
British heavy-oil engines will be given careful 
consideration ? It may be admitted, as stated by 
Professor Hawkes, that the cost of the necessary 
experimental work is high, and from this it may 
be argued that a time when firms are already 
groaning under a staggering weight of overhead 
charges does not appear particularly favourable to 
spending large sums of money in this direction. It 
is, however, as well to face the fact that there is 
no prospect of a material reduction in taxation for 
many years to come, and if, as we maintain, this 
experimental work is necessary to enable British 
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firms to once more take the leading place in marine 
engine construction, the necessary money should be 
earmarked for this purpose at all costs. 





THE THAMES FLOODS. 


Tue truth of the adage that when everybody 
says something must be done, they generally mean 
something foolish, was strikingly exemplified by the 
“ findings” of the commission which investigated 
the Titanic disaster. In that case, in spite of the evi- 
dence which showed that the series of extraordinary 
coincidences responsible for the catastrophe could 
hardly recur once in 200 years, recommendations 
were made as to lifeboats, which subsequent experi- 
ence during the war proved to be as futile and ill- 
judged as the opponents of these measures had pre- 
dicted. There seems a possibility that similar panic 
remedies may be called for in connection with the 
floods which during the night of Friday last devas- 
tated large areas on both banks of the River Thames 
between Southwark and Vauxhall bridges. The 
facts appear to be that the disastrous character 
of the inundation was due to very exceptional 
conditions little likely to be repeated within a 
generation or so. There is no previous record of a 
tidal bore being established in the estuary of the 
Thames. A contributory cause may possibly 
have been the channel improvements made by the 
Port of London Authority, but other factors were 
of very much greater importance. The flow at 
Teddington during the Friday was at the rate of 
9,000,000,000 gallons per 24 hours, or about double 
the normal figure at this time of the year. A very 
much greater flood was recorded in 1915, when the 
discharge at Teddington reached 11,000,000,000 
gallons per 24 hours. On Friday, however, the heavy 
down stream flow encountered an upcoming tidal 
wave, the height and force of which had been 
augmented by the south-westerly gales which had 
banked up water in the Channel so that the level 
of the tide at the entrance to the Thames was much 
above normal. The exceptional conditions gave rise 
to a bore, a phenomenon hitherto unrecorded in the 
history of the estuary. The futility of the sug- 
gestion that warnings should have been sent out 
from Margate or Dover is thus obvious, and human 
nature being what it is, it is pretty certain that most 
of those living in the threatened areas would, in 
view of their immunity during previous floods, 
have taken the risk of remaining in their quarters. 
It is notorious that the newcomer to earthquake 
countries soon ceases to be disturbed by the con- 
stantly recurring minor shocks, and accepts the risk 
of their developing into really dangerous ones. 
Moreover, land all along the Thames seems to be 
curiously saleable for building sites, in spite of a 
known liability to not infrequent submergences. 
As a consequence of the development of a bore, the 
height of the tide at the Old Swan Pier exceeded 
the predicted height of 21 ft. 1 in. by the unpre- 
cedented amount of 6 ft. 1 in. 

One effect of the floods has been to call renewed 
attention to an old scheme for a barrage across the 
Thames at Gravesend. This was fully discussed at 
a meeting held at the Mansion House in February, 
1906. The technical difficulties were shown to be 
not serious, although large areas lying below high 
tide level would have to be drained by pumps ; and 
the existing Metropolitan sewage disposal works 
would have to be largely reconstructed. Whilst 
technically feasible, however, the Mansion House 
meeting showed that the scheme was commercially 
undesirable. As matters stood at that date only 
one half of the 700 vessels passing daily up and 
down the river had to be locked, whilst with the 
barrage all would have to pass a lock. Moreover, 
it was pointed out that at times of fog the river at 
Gravesend was none too wide even as matters stood, 
and the additional congestion consequent on the 
construction of the barrage would greatly increase 
the chances of collision. An additional point made 
was that much of the total tonnage entering the 
port was handled by barges, which went up stream 
with the tide and came down on the ebb. If the 
barrage were constructed towage would be neces- 
sary, which would, it was stated, increase the freight 
rates by 60 per cent. 
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NOTES. 


Tue Hovustnc Work or THE Lonpon County 
CovuncIL. 


WE gave, in our issue for December 25, 19235, 
a few brief particulars of the activity displayed by 
the Housing Committee of the London County 
Council in the clearing of insanitary districts in 
London, and in the provision of healthy dwellings 
on and near the sites so cleared, the Council's 
housing programme being extended also to outlying 
suburbs. The work is being continued unremit- 
tingly. For re-housing, the Council has recently 
acquired six areas in connection with its schemes. 
These are at Wandsworth, Islington, Kennington, 
Hackney, Camberwell and Shoreditch ; they measure 
in all 20-5 acres, and will provide accommodation 
for 7,686 persons in 1,092 tenements, several of 
which are already completed. On the invitation of 
Lieut.-Col. Levita, chairman of the Housing Com- 
mittee, we were able to visit a few days ago several 
of the sites referred to above and in our former 
article. They included the following :—The Ware- 
street area (Whitmore Estate), Shoreditch, of about 
seven acres, where the reconstruction plan provides 
for seven blocks of five-storey buildings and six 
blocks of four-storey buildings, to replace a number 
of hovels; the first two blocks of dwellings were 
completed in December, 1926 ; three further blocks 
have just been completed, and another three are 
in course of construction. The site of the Hornsey 
Rise Estate, Islington, was formerly occupied by a 
college; it was acquired by the Council in 1925. 
Its area is about 3-4 acres. The estate now com- 
prises three blocks of dwellings, admirably arranged 
in terraces. The Kennings Estate, Kennington, of 
about two and one-third acres, was acquired for 
housing purposes to enable a beginning to be made 
with the clearance of the China-walk area, 
Lambeth. The scheme in this instance provides 
for the construction of seven blocks of buildings. 
Clearance and reconstruction work are also proceed- 
ing in an unhealthy district of Bermondsey, known 
as the Hickman’s Folly area. Among the new housing 
estates is the Watling Estate, of 390 acres, situated 
to the east of Edgware-road, Hendon. When the 
work is completed the estate will have about 3,980 
houses. It is served by the London Electric Railway, 
the Edgware branch of the London North-Eastern 
Railway, and by tramway and omnibus services. 
Work is also being proceeded with on the Downham 
Estate of about 522 acres, situated mainly in the 
Borough of Lewisham, with a small part in Bromley, 
Kent. The estate, when completed, will contain 
5,932 houses and flats. The first lettings were 
effected in February, 1925, and by December 31, 
1927, 3,225 houses and flats were ready for occupa- 
tion. Work has also been proceeded with on the 
Becontree Estate, the largest one taken in hand by 
the Council; it covers 2,770 acres. When it is 
wholly developed it will comprise about 26,000 
houses, with accommodation for about 130,000 
persons; over 12,000 houses are already built, 
whilst hundreds of others are in course of con- 
struction. It is interesting to note that the houses 
and flats erected by the Council since the war, 
down to December 31, 1927, number in all 
24,284. 


THe WorLp’s SHIPBUILDING AND MARINE 
ENGINEERING. 


The optimistic tone which was a feature of 
Lloyd’s Register shipbuilding returns for the 
quarter ending September 30 last, is not only 
repeated, but is intensified in the returns covering 
the period from October 1 to December 31 last. 
These statistics show that the merchant shipping 
at present under construction in Great Britain and 
Ireland, totals 1,579,713 tons, which figure is not 
only more than double that reached twelve months 
ago, but is larger than the combined tonnage 
building in the rest of the world. Furthermore, the 
shipping on which work was suspended at the 
end of December, 1927, amounted to only 5,550 tons. 
The total tonnage launched during the fourth 
quarter of 1927, namely 498,550 tons, was larger 
than that for any quarter since December, 1920, 
while the tonnage commenced during the period 
under review reached a total of 377,492 tons. 
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The vessels under construction in British and Irish 
shipyards on December 31 last numbered 338 ; 
232 of these were steamships, 94 were motorships, 
and 12 were sailing ships and barges. Of these 
vessels, 55 are intended for foreign owners. The 
total merchant tonnage under construction in other 
countries, namely 1,539,008, is only about 1,360 
more than that in hand at the end of September, 
1927. Germany still retains her leading position 
with 472,295 tons; Italy is again second with 
183,216 tons; Holland is third with 174,887 tons ; 
and France fourth with 115,029 tons. The shipping 
launched abroad during the quarter, namely 337,073 
tons, shows a large increase as compared with the 
previous quarter, but the tonnage commenced, which 
aggregates 258,696 tons, has declined. Asis the case 
with British and Irish yards, the tonnage commenced 
is not sufficient to replace the tonnage launched 
during the quarter. The total horse-power of the 
marine engines building, or being installed on board 
vessels, at the end of December, 1927, amounted to 
2,134,530. Out of this total, Great Britain and 
Ireland supplied 981,825 horse-power. This figure 
includes :—Reciprocating steam engines, 405,984 
indicated horse-power; turbines, 202,500 shaft 
horse-power ; and oil engines, 373,341 indicated 
horse-power. The steam and oil engines built in 
Germany together totalled 296,100 indicated horse- 
power, but statistics regarding the number and 
power of the steam turbines constructed in that 
country are not available. The total horse-power 
of the marine engines built by Italy during the 
quarter under consideration was 208,950, by 
Denmark 132,510, and by Switzerland 117,300. 
Taken generally, the returns show that, while the 
oil engines under construction total 1,234,000 indi- 
cated horse-power, the steam reciprocating engines 
aggregate only 557,000 indicated horse-power. The 
total capacity of the turbines amounts to 343,700 
shaft horse-power, exclusive of Germany. In conclu- 
sion, it should be pointed out that the tonnage figures 
quoted above are gross tons, and that no account has 
been taken of vessels of less than 100.tons gross. 








THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 


Tue eighteenth annual exhibition of electrical, 
optical and other physical apparatus, which is 
organised by the Physical and Optical Societies, was 
held this week on the afternoons and evenings of Tues- 
day, Wednesday and Thursday, at the Imperial Col- 
lege of Science and Technology, South Kensington. 
The exhibition was also open to members of the two 
societies on Wednesday morning. Following the 
custom of recent years, the exhibition consisted 
of a trade section and of a research and experimental 
section, the three groups of the latter illustrating 
the results of recent physical research, improvements 
in laboratory practice, new lecture apparatus, and 
noteworthy historical experiments. The arrange- 
ments, which have hitherto been in the hands of the 
senior honorary secretary of the Physical Society, 
were this year made by the secretary of the Institute 
of Physics, Mr. Thomas Martin, M.A., of 1, Lowther- 
gardens, S.W.7. The number of firms exhibiting, 
which has remained stationary in recent years, has 
this year risen to 80, against 73 in 1927. Twenty- 
three exhibitors were to be found in the research 
section. In the catalogue, apparatus which has 
not been previously shown at these exhibitions is 
marked by an asterisk. The exhibition and the 
humerous demonstrations in both sections, as well 
as the three evening discourses, were quite of the 
usual high interest. Discourses were delivered at 
8 p.m. by Mr. A. Whitaker, of the Gramophone 
Company, Limited, on ‘“‘ Progress in the Recording 
and Reproduction of Sound”; by Mr. V. E. A. 
Pullin, on “‘ Recent Applications of X-Rays”; and 
by Dr. J. W. T. Walsh, on “ Artificial Daylight.” 

The flow meters exhibited this year have already 
been noticed in our columns. For instance, the 
recording fluid-flow meter shown by Messrs. George 
Kent, Limited, of Luton, was illustrated on page 713 
of our issue of December 2, 1927, while the instruments 
exhibited by the Electroflo Meter Company, Limited, 
of Park Royal, were noticed last year on page 53 
of our issue for January 14. This firm demonstrated 
® new method for determining and recording the 
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CO, in boiler-flue gases, using the Electroflo motor- 
driven, all-metal CO, analyser. Some of the 
rotameters of Messrs. Trost Brothers, 104, Victoria- 
street, S.W.1, were also shown at last year’s 
exhibition. 

The exhibits of Messrs. Adam Hilger, Limited, 
of London, consist mainly of novel forms of optical 
apparatus. One of the quartz spectrographs 
shown is mounted on a trestle base fitted with 
large castors. Another of the small sizes of in- 
strument is made entirely of metal, wood not 
being used even for the dark slide ; the range is from 
1850 to 8000 A.U. The fluorite vacuum spectro- 
graph made for Professor J. C. McLennan, of 
Toronto, contains a 60-deg. fluorite prism and 
is mounted in a strong tinned-brass box, the lid 
of which is provided with a large window. The 
spectrum is 4} in. long, and covers the range 1850 
to 2100 A.U. The cathode rod of the Shearer 
X-ray tube has been fitted with replaceable end 
pieces and with a simple screen adjustment to 
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facilitate final setting. The demountable X-ray 
tube of the National Physical Laboratory type, 
shown last year has now been re-designed; the 
end of the cathode is water-cooled, and the 
aluminium windows are secured in a more con- 
venient way. The latest types of X-ray spectro- 
graphs designed by Dr. Laby and Dr. Brentano 
are intended fer wave-length measurements. In the 
former instrument the film rests on a horizontal 
arc and is shielded in front by a lead screen, which 
moves at twice the rate of the crystal the reflec- 
tions from which are being examined. 

The ultra-violet refractometer, which is shown 
for the first time by Messrs. Hilger, is designed for 
the determination of the refractive index of liquids 
in the ultra-violet. The light from the source 
enters through a horizontal slit and is focussed on a 
compound prism, which consists of a liquid cell, 
backed by a quartz prism, the rear face of which 
is provided with a hemi-cylindrical cavity. A hemi- 
cylindrical block of quartz, which can be rotated, 
fits into this cavity, the device thus acting as a 
prism of variable deviation for bringing rays of a 
certain wave-length back to the original incidence, 
The new pattern of Mr. J. H. Dowell’s measuring 
micrometer (described in connection with the 
Optical Convention last year), allows of measure- 
ments to within 0-1 » and of simultaneous readings 
on both sides of the circle, with the aid of two eye- 
pieces and a double vernier. Mention should also 
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of the quartz and Iceland spar specimens, which 
are of unusual dimensions. 

The Cambridge Instrument Company, Limited, 
45, Grosvenor-place, S.W.1, exhibited various 
novelties, among which mention may first be 
made of a recording potentiometer for measuring 
small differences of potential. The slide-contact in 
this instrument is automatically adjusted by the 
recording mechanism. The galvanometer, which is 
connected in series with the unknown electromotive 
force, e.g., a thermocouple, is a relay which, on being 
deflected, actuates the slide-wire contact mechanism 
in a direction which tends to reduce the deflection. 
Balance is thus always maintained in the circuit, 
the contact position indicating the unknown e.m.f. 
Fig. 1 is a back view of the instrument showing the 
hot-wire motor—a novel feature—and the diagrams, 
Figs. 2, 3 and 4, on page 50, will make the details 
clear. The galvanometer is of the moving-coil type, 
its pointer a being fitted with a cylindrical tip, which 
swings horizontally below two bell crank levers c, ¢;, 
and above a horizontal metal jaw b, which is periodi- 
cally raised. The levers are pivoted to the frame cast- 
ing at dandd,. When the circuit is out of balance, 
the pointer is deflected and clamped by the upward 
movement of the jaw 6 against either c orc,. This 
causes the corresponding lever to tilt, thus operating. 
say, the link f, and the clutch arm g,. Two steel 
pins resting, one on the outside, the other on the 
inside rim of a steel wheel h, which rotates with the 
clutch, project from this arm. When the jaw 6 
falls back, the spring e replaces c, against its stop 
z,, while the clutch arm dropping on its stop m, 
releases the wheel. On the spindle of the wheel 
are fixed an arm n, which carries a contact along a 
circular slide wire (not shown), and also a pulley p, 
which controls the movement of the recording pen 
on the chart, on the front of the instrument. The 
pen moving along a horizontal rod, the rotation of 
the pulley is translated into a linear motion across 
the chart. The latter runs for 30 days at a rate 
adjustable from } in. to 24 in. per hour, the recording 
space being 3 in. wide. 

The power for operating the jaw b and for winding 
up the chart is supplied by the hot-wire motor, 
Figs. 3 and 4, which is mounted at the back of the re- 
corder case. This motor comprises an upper frame, 
fixed to the recorder frame, which carries 16 steatite 
pulleys, and a lower movable frame carrying 17 
pulleys. A vertical push rod connects the two 
frames. The wire is wound continuously over the 
pulleys in zig-zag fashion, and is arranged in two 
groups, one on each side of the central rod. The 
two groups may be joined in parallel (on 100 to 150 
volt circuits) or in series. When the current passes, 
the hot wires expand, the push rod moves down- 
wards, and the movement of the lever on the knife 
edges raises the jaw and operates the clutch arm. The 
link 7 is also raised, and the balance of the mercury 
switch is upset ; the circuit is then broken, the wire 
cools, and the parts resume their original positions. 
The clock, which will run for 48 hours, is wound 
by means of a pawl. The above cycle of operations 
is normally repeated eight times per minute. When 
the instrument is used to regulate temperatures (up 
to 1,000 deg. C.), the relay controls the supply of 
heat. 

The Duddell oscillograph for measurements up to 
75,000-volts, which this company has made for Cal- 
lender’s Cable and Construction Company, Limited, 
consists of three vibrators, which can be used singly 
or together. These are mounted side by side, 
each in its own oil bath and between the pole pieces 
of an electro-magnet. The three vibrators are 
separated from one another and from the rotating 
camera, which is earthed, by glass plates % in. 
thick. Two of the vibrators are electromagnetic. 
The third, for high tensions, is a modification of the 
electrostatic type of vibrator which Professor Ho 
described to the Physical Society in 1913. It is 
connected to two fixed-plate condensers standing 
on a strong porcelain support, so as to reduce the 
voltage to an amount which can be used in the 
galvanometer. The naturel period of each vibrator 
is about 0-0003 second undamped, 7.e. without oil in 
the damping chamber. The illumination is supplied 
by an arc or a small lamp. The reflected beams 
from the vibrator mirrors pass through cylindrical 
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photographic paper or the moving film in the camera. 
The spots may also be viewed with the aid of rotating 
hexagonal mirrors. A simple projection pattern of 
Duddell oscillograph, designed for power station 
work, was another interesting exhibit. The beam of 
light, focussed on the vibrator mirror, is reflected 
on to a system of mirrors which are driven by a 
synchronous motor from the source of supply. 
The traces of the current and voltage curves appear 
to be stationary on a transparent screen. 

The Cambridge low-tension  direct-reading 
Schering bridge shown measures the power factor 
(range 0-001 to 0-5) and the dielectric constant or 
permitivity of insulating materials at test capacities 
ranging from 60 to 1,000 micro-microfarads and at 























On the sini are divisions from — 95 through 
zero to + 25 deg. As the pointer moves over 
the divisions showing the deviation from the 
standard temperature, a green, white or red lamp 
lights up, indicating too cold, normal, or too hot. 
The temperature is measured by a platinum wire 
coiled round a porcelain bobbin and joined to a 
Wheatstone bridge. When it is desired to change 
the standard temperature, a knob in the centre of 
the dial is turned, thus altering the position of a 
rheostat. The galvanometer is a separate unit, 
and may be connected to a number of indicators 
in turn. The instrument can also be used in 
conjunction with a thread recorder. The device 
can further be utilised with thermocouples and 





a Fig. 3. 





Mr. Collins. A horizontal lever, about 1 ft. Tee is 
secured, through two flat springs, to a stand on the 
base, which is clamped to the vibrating part. At 
the end of this lever is a weight, which is balanced 
by a tension spring, mounted horizontally under- 
neath the lever. The tension is varied by means of 
two screws, one fixed to the weight, and the other 
movable by means of a crank. This movement 
varies the vibration period of the system between the 
limits of one and four seconds. The stylus, which 
is attached to the lever, and chart box, can be moved 
into five different positions. The celluloid strip on 
the box is 14 cm. wide and is moved by a small 
electric motor at variable speeds, so that the 
records may either be magnified or reduced from 
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The working rate is 40 or 50 
samples per hour. The connections are given in| 
the diagram, Fig. 5, while Figs. 6, 7 and 8 show 
details of the instrument. The material under test | 
is made up into a condenser, consisting of pieces of | 
the sample on either side a guarded central electrode | 
and held between two circular flat plates. The guard | | 
ring and the screen of the central lead are earthed. | 
The test condenser C, is about 4 in. in diameter and 
is connected with tae non-earthed side of the source. 
The other condensers, C,, C3, C, are variable ; 
R,; and R, are high resistances of low inductance, and 
T is a high-resistance telephone. The permittivity 
is deduced from two readings on the calibrated 
condenser C,. The Schering bridge is operated by a 
fixed-frequency valve oscillator, with a frequency of 
800 periods per second. 

The capacitance bridge, designed by Mr. Albert 
Campbell, was mentioned last year. The mutual 
inductometer, exhibited this year, has an arc of 
250 deg. and is calibrated for two ranges, 1 to 105 
and 0-2 to 21 microhenries, respectively. The total 
range of the instrument is 10,000 microhenries for 
mutual inductance and to 20,000 microhenries for 
self-inductance measurements. 

The 13-in. dial temperature deviation indicator 
with signal lamps, another novelty of the Cambridge 
Instrument Company, indicates not the actual tem- 
perature of the equipment with which it is working. 
but the deviation from the desired standard (or 
zero), which may be as much as 600 deg. C. This 
temperature is shown at the centre of the scale. 
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Féry telescopes for temperatures up to 1,700 deg. C. 
In a modified form, which has been specially 
designed for mercury-in-steel thermometers, the 
pointer carries a lamp fitted with screens of green 
and red glass, which can be set at will to limit the 
range within which the instrument is to respond. 
The low-periodicity vibrograph made by this firm 
records vibrations, such as those experienced on a 
ship, by means of the stylus-on-celluloid method of 
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Fig. 7. 
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1:1 to 8:1 in five steps. Disturbing higher 
frequencies are eliminated by fluid damping of the 
weight movements. Recording accelerometers of 
similar type were also shown. 

The instrument for automatically controlling the 
humidity, which is illustrated in the diagram, Fig. 9, 
is due to Mr. W. H. Apthorpe, of the Cambridge 
Instrument Company, and Dr. J. J. Hedges, of the 
British Research Association for the Woollen and 
Worsted Industries. A single horse-hair H, 40 cm. 
long, is fixed at one end to the base D and is attached 
at the other end to the spring C, which is adjusted 
by the screw E. A thin metal strip G passes from 
the middle of the hair to a pulley on the spindle F 
The latter carries a pointer, the movements of which 
depend upon the sag of the hair as varied by the 
humidity. The two torsion springs K,K, are 
insulated from the spindle, but are connected by 
fine wires to the ends of the differential copper- 
constantan thermocouple AB. This is mounted 
on the extreme end of the pointer, and is also fixed 
to a coil moving between two relays. Immediately 
above the junctions of the thermocouple, is a small 
electrically-heated coil L, which a 2-volt cell keeps 
at a dull-red heat. The two relays control the supply 
of moist and dry air, respectively. The hair, which 
is treated to remove any trace of grease, is enc losed 
in a perforated metal cylinder, which allows free 
air circulation. The instrument is used in the 
constant-humidity room of the Research Association 
at Torridon, near Leeds. 

(T'o be continued.) 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS ; NORTH - WESTERN 
BRANCH. 


A JOINT meeting of the North}Western Branch of 
the Institution off Mechanical Engineers and the 
Manchester Association of Engineers was held at the 
Engineers’ Club, Albert-square, Manchester, on 
Thursday, January 5, when Mr. E. G. Herbert 
presented his paper on “‘ Cutting Temperatures: Their 
Effect on Tools and on Materials subjected to Work.” 
This paper is one of the reports of the Cutting Tools 
Research Committee, and was printed in abridged form 
on page 759 of the issue of ENGINEERING for December 9, 
1927, the discussion which followed its presentation in 
London. being reported in the same issue on page 755. 
At the Manchester meeting the chair was occupied by 
Mr. H. F. Massey, who pointed out in his opening 
remarks that it was the first occasion on which the 
Manchester Association of Engineers had held a joint 
meeting with the Institution of Mechanical Engineers. 


EFFECT OF TEMPERATURE ON CUTTING 
Toots AND WORK. 


The discussion was opened by Professor Dempster 
Smith, who stated that he believed that the subject 
of the paper had been pursued in the Manchester 
district more than in any other part of the country 
or in the world. He agreed with Mr. Herbert that 
greater productivity could only result from improve- 
ment in the cutting tool, to enable it tocut at very much 
higher temperatures than the present steel, and it would 
have to be possible to control the temperature of the 
material being cut, or to produce less heat during cut- 
ting. The cutting capacity of tools could only be judged 
by testing in the neighbourhood of the temperature at 
which they would be worked. He had long had the 
feeling that the best test would be some abrasion test 
at the tool working-temperature, as it most closely 
agreed with working conditions. A hardness test, 
such as that suggested, was a big advance on present 
practice. The advent of the Pendulum tester has made 
such tests possible. 

In the paper, Mr. Herbert had stated he had put 
aside all previous information. He had started his 
tests by hardening at 800 deg. C., and had gone up to 
1,340 deg. The Lathe Tool Research Committee of the 
Manchester Association of Engineers, when they started 
a similar enquiry about 1914, had had allsorts of quench- 
ing temperatures recommended by the steel makers. 
Abandoning these after trials, fresh tests resulted in 
the Committee obtaining results very similar to those 
obtained by Mr. Herbert. Thus, the secondary heat 
treatment figure was 580 deg. C., against Mr. Herbert’s 
575 deg.C. The Committee had not the facilities for 
hardness-testing possessed by Mr. Herbert ; they could 
only take Brinell readings of the steel when cold. It 
was found that at 900 deg. C. the steel was only partially 
hardened, the hardness increasing as the temperature 
neared 1,300 deg. With secondary treatment, they 
obtained at first no consistent results, but after some 
months they found that the duration of the secondary 
treatment was a factor as well as temperature, and that, 
as the section of the specimen increased, the duration of 
the treatment had to be prolonged. Mr. Herbert had 
chosen half-an-hour as the period necessary for a 
specimen, and that would give approximately the time 
required for the steel to arrange itself internally. 

The Committee arrived at the conclusion that the 
best quenching temperature for a 12 per cent. tungsten 
steel was 1,300 deg. C., with 580 deg. C. for the 
secondary treatment. Some years ago, Professor Smith 
continued, he had undertaken further tests, in conjunc- 
tion with Mr. Israel Hey, on a harder steel, and obtained 
results agreeing with other figures of Mr. Herbert. 
Still later, tests on an ordinary lathe showed that at 
each speed the force on the tool varied unaccountably. 
Some time afterwards it had occurred to him that the 
hardness of steel might vary at different temperatures. 
In the meantime he had got a Pendulum tester and 
found that the hardness varied as depicted by Mr. 
Herbert,* but he could not account for the three-wave 
durabilty curve. Mr. Herbert had explained that the 
peaks in the hardness curve corresponded with the 
peaks on the durability curve. He, Professor Smith, 
had overlooked the fact that the material itself was 
hot, nor had he appreciated the existence of work- 
hardness, to which the peaks in the durability curves 
in the paper referred to, were no doubt partially due. 
Drs. Carrington and Stoney had shown that the tensile 
strength and yield point of heated steel varied irregu- 
larly with change in temperature. The changes 
taking place due to work-hardness formed an extremely 
Important point. Credit for this was entirely due to 
Mr. Herbert, as was also the fact that the lowest point 
In the curve occurred between 120 deg. and 150 deg. C. 
with iron and steel. Mr. Herbert would be quite 


* Proc, I. Mech, E., 1925, vol. i, p. 383. ENGINEERING, 
Vol. exix, p. 364, 
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justified in referring to his own work instead of quoting 
that of two Americans as he had done in the paper. 

When it was a matter of ordinary work in a lathe 
great difficulties arose, as the temperature could not be 
regulated in any way. The figure of merit would be 
of great use to the experimenter, but not to the prac- 
titioner. With different tools, cutting different steels, 
the complications would become insuperable. Such a 
figure would be of little value to the machinist, or 
even to the very skilled man in the toolroom. It might 
help to a judicious selection, but even then it would 
be necessary to know what the previous treatment 
of the tool had been, how the steel had been melted, 
cast, and worked, quite apart from the two heat- 
treatments subsequently required. A simple test was 
needed to check the work of the smith or hardener. 

Mr. W. Carter thought]the paper difficult to discuss 
as he considered that some,of the statements it contained 
were not proved, e.g. that the best curves were obtained 
by hardening at 1,300 deg. C., and rehardening at 
575 deg. C. The paper did not record any tools so 
prepared which had been tested, and the statement 
would have carried greater weight if half-a-dozen 
tools had been so made and tested against tools other- 
wise prepared. With regard to the secondary hardening 
one point had not been mentioned in the paper. The 
initial idea of tempering was to impart added toughness 
to the tools, and the physical characteristics of the 
steel should have been shown combined with the cutting 
characteristics. He had been advocating the tem- 
peratures recommended since 1910, and he was pleased 
to see that the careful investigations, which had 
now been made, had proved the effectiveness of his 
rough and ready methods. In 1918, he had exhibited 
a diagram correlating cutting temperatures with physical 
characteristics. It was of no use making steel tocut at 
a high duty if the tool made from it had not sufficient 
ductility to stand the stresses encountered. 

Mr. R. Onions, speaking as a member of the Manches- 
ter Committee referred to by Professor Dempster 
Smith, said he was much interested in the paper, but 
would like to touch upon one side of the subject, some- 
what apart from the investigations. It was a relatively 
simple matter to make a tool to deal with most kinds 
of steel, but difficult to get one that would meet every 
condition occurring in cast iron. He was concerned at 
the moment with machining Diesel engine cylinder 
liners, 28 in. in diameter, which were cast with ports in 
them having slight fins. It was difficult to find a tool to 
deal with the liners without chipping. A tool provided 
by a reputable firm, and stated to be the hardest that 
could be obtained, failed when the fins were reached. A 
much more ductile tool, probably softer at the nose, 
had to be resorted to. 

Again, in the workshop, it would be of great assist- 
ance if a method could be developed to determine 
whether a tool was a good or a bad one before passing 
it into the tool-room for subsequent issue to the shops. 
Professor Smith would remember this was one of the 
points upon which the committee had not come to any 
practical conclusion. The scleroscope reading, he sub- 
mitted, was not to be relied upon for this class of work. 
It was also important to get the heat away from the 
point of the tool. A knowledge of the inner structure 
of metals was of great assistance, and the paper had 
provided a good deal of information in this respect. 

Mr. J. M. Newton, after expressing his admiration 
of the work of the several research committees of the 
Institution, said that in spite of the enormous age 
of the art of cutting metals, it still remained an art, 
and the theoretical knowledge upon it was very loose, 
compared with that of, say, the modern science of 
electricity. This might indicate extreme complexity, 
in view of the large number of laborious investigations 
already made. One of the difficulties of research, he 
thought, was that if a tool were tested to destruction, 
a very considerable amount of power was needed and 
a lot of metal had to be cut away; that was an expensive 
matter. He agreed with a previous speaker that no 
proof was offered in the paper that hot-hardness was 
a measure of the cutting value of the tool. It was 
probably true, but more evidence was required. He 
believed the idea was put before engineers some 20 years 
ago by Professor Arnold. 

He suggested that those in control of machine shops 
might heip with data obtained by buying tools of a 
known figure of merit, and comparing results obtained 
with them with those with tools of a different order, 
both being used on similar repetition work. This would 
be valuable in future discussions. He thought the 
figure of merit proposed by Mr. Herbert would need 
to be used with care. It might be compared to the use 
of the tensile strength of a material, which needed careful 
consideration for any particular job. Mr. Herbert had 
said that tools ought to have a Brinell hardness higher 
than that of the material they cut. Howsmall could the 
difference be between the two ? The larger, he thought, 
the better, but there were cases, like that described by 
Mr. Onions, where the material was so hard as to be up 
to the limit of the best tools. Thus, the adoption of 
welding frequently caused trouble and delayed produc- 


tion by the presence of very hard areas in parts to be 
machined, in jobs so prepared. 

Again there were steel parts cast in iron, and hard 
lines at the junction of chromium steels with ordinary 
steels. These cases were difficult to machine, and 
some measure which could be applied in the selection 
of suitable tools would be very useful.’ The present-day 
method often was, in, cases of difficulty, for the foreman 
or workman to produce some special bit of tool steel 
hoarded from a previous case, which steel might, or 
might not, solve the problem. 

Mr. C. E. Stromeyer said there was a. steel being 
very largely used called, he believed, free-cutting 
steel. It contained a lot of phosphorus and sulphur, 
and cut very easily. Had it been tested to see if it 
had any work-hardening properties ? 

Mr. A. T. J. Kersey, speaking with some experience 
of the Pendulum tester on cold work, said he had 
found that quite small changes of temperature affected 
the results obtained with it. It would appear that 
when the instrument was used in connection with 
a furnace, an appreciable amount of heat might escape 
from the latter. As a workshop instrument in inexperi- 
enced hands, the results might be erratic. He wished 
to know if it were possible to standardise the instru- 
ment under the conditions in which it was going to 
be used. 

The digcussion closing at this point, the Chairman 
conveyed the thanks of the meeting to Mr. Herbert, 
and, in asking him to reply, stated that it appeared 
to be certain that Mr. Herbert’s work would become 
more prominent as time went on. 

Mr. Herbert, in reply, said that his aim in formulating 
a figure of merit was to put forward a method of 
investigating tools in quantity which would not take 
much time. The abrasion test referred to by Prof. 
Dempster Smith was apparently an ideal test, but 
it would take hours or days, and in the end the tool 
would have been spoiled. He was much interested 
in Prof. Smith’s statement that the Manchester 
Committee had arrived at the temperatures of 1,300 
deg. and 580 deg., but was not clear as to whether 
these had been judged to be the best because they 
made the tool hardest or made it more durable. 

Prof. Dempster Smith here stated that the choice 
was made on both grounds. The tools had been 
subjected to various tests cold, and they then showed 
that quenching out at 1,300 deg. and re-heating at 
580 deg. produced stability. This was confirmed by a 
subsequent test. 

Resuming, Mr. Herbert said that he had at first 
suspected that the peaks in the durability curve 
were due to something occurring in the tool itself, 
but later came to the conclusion that changes in 
the material being worked were the cause. As to 
the utility of the figure of merit, the question really 
turned upon whether users were content to take 
tools for granted and perhaps to accumulate some 
information by observing the life, &c., or whether 
they would use a practical means of judging whether 
the tool had been properly hardened beforehand. He 
hoped the figure of merit would not be condemned 
altogether. It did not tell everything, but would 
give some indications of the suitability of a tool in 
spite of the previous treatment given to it. 

He agreed with Mr. Carter regarding the necessity for 
toughness in addition to hardness, but had thought it 
advisable to deal with one thing at a time. Structural 
steel testing had been developed in this way. To 
a tensile test had been added an impact test, and, 
further, a fatigue test was necessary to complete their 
knowledge. As regards the machining of cast-iron, 
this required a special kind of tool, and the question 
of hot hardness scarcely came in. It was possible 
that the tool in cutting cast-iron was at its maximum 
temperature. He had not measured the cutting 
temperature of cast-iron. Further, he had not so 
far suggested any brittleness test, nor had the question 
of tools of large sectional area come within his 
investigation. 

The point made by Mr. Newton of the analogy 
between hot hardness and tensile strength was precisely 
his own view. Hot hardness was one of the most 
essential qualities of the tool, but not the only one. 
The work-hardness ratio presented difficulties, and 
then there were the differences in the scleroscope, Brinell, 
and Pendulum scales. Also, it was necessary to bear 
in mind that the tool work-hardness ratio depended 
on the time taken in cutting to blunt the sharpness 
of the tool. As to free-cutting steels and work- 
hardening properties, he had been investigating tools of 
this steel from the point of view of how they hardened 
up. He had not found any properties to distinguish 
them from steels which were not free-cutting. The 
Pendulum hardness tester was an instrument which 
could be readily calibrated, and it could be adjusted 
in a manner similar to a chemical balance. It was 
tempting to put any slight want of adjustment down 
to temperature, but his own investigations had shown 
that heat variations had little or no effect on the 





reliability of the instrument. 
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YEAR BOOKS AND ANNUALS. 

Who’s Who.—The eightieth annual issue of this well- 
known biographical dictionary has just been pub- 
lished by Messrs. A. and C. Black, Limited, 4, 5 and 6, 
Soho-square, London, W.1. Bound in the familiar 
red cloth cover, it contains particulars of the careers 
of upwards of 34,000 distinguished living men and 
women. The volume contains 3,323 pages, and the 
magnitude of the undertaking may be gauged from the 
fact that it was necessary to commence printing the 
book in July. An obituary section is given, in which are 
recorded the deaths of persons included in the work 
which deaths were reported prior to October, 1927. 
The price of the volume is 45s. net. 





The Mechanical World Electrical Pocket Book.— 
The twenty-first annual issue of the Mechanical 
World Electrical Pocket-Book is now ready. Pub- 
lished by Messrs. Emmott and Company, Limited, 
65, King-street, Manchester, the price is 1s. 6d. net, 
or post free ls. 10d. While the general arrangement 
of the book is similar to that of previous issues, several 
useful new sections have been added. Among these is 
the chapter headed “‘ Electrical Calculations.’ In this 
section the method of attacking various problems is set 
out in detail, and a number of examples are included 
to elucidate the methods employed. Another chapter, 
entitled ‘‘ Estimating for Wiremen,’” contains many 
practical hints and suggestions, which will prove of 
value to those preparing estimates for electrical lay-outs. 
The use of electricity in textile mills is dealt with in a 
further section ; the systems of driving, the types of 
motors employed, the power required for various 
operations, and other matters of similar nature are 
discussed at some length. Among the new tables 
given in the 1928 edition are: Power Consumption of 
Electrical Appliances; Current taken by Electric 
Motors; and Dimensions, Weight, Resistance, &c., 
of Insulated Copper Conductors. 





Ice and Cold Storage Trades’ Directory, 1928.—This 
directory and reference book of the ice and cold storage 
and allied trades in Great Britain and Ireland is 
published by Messrs. Iliffe and Sons, Limited, of 
Dorset House, Tudor-street, London, E.C.4, This, 
the 23rd annual issue of the volume, is similar in general 
arrangement to the previous publications. The front 
portion of the book is devoted to tables of temperatures 
and general cold-storage data. Several new tables 
have been added, including one on the subject of relative 
percentage humidity for ventilated wet and dry bulb 
thermometers and supplementary tables on the heat 
conductivity values of various materials. The direc- 
tory portion of the work has been carefully revised and 
some hundreds of new names have been added to the 
classified trades section. The increasing application of 
refrigeration in nearly every branch of trade has 
necessitated the inclusion of a number of new headings. | 
Details are given regarding new companies registered 
since the 1927 issue, the articles of association of which 
concerns include refrigeration. The directory is bound 
in cloth, and the price is 10s. 6d. net, or 11s., post free. 





Diaries and Pocket Books.—Messrs. Brook Motors, 
Limited, Empress Works, Huddersfield, have sent 
us a copy of the 1928 edition of the well-known 
‘** Mechanical World ”’ Electrical Pocket Book.—Messrs. 
A. C. Potter and Company, engineers, Grantham, 
have forwarded to us a handsome leather-bound 
diary, which contains a number of interesting photo- 
graphic reproductions illustrating the products and 
achievements of the firm. 





Almanacs and Calendars.—We have received monthly 
tear-off calendars from Messrs. Peckett and Sons, 
Limited, Atlas Locomotive Works, Bristol; Messrs. 
British Brown-Boveri, Limited, Trafalgar House, 
Waterloo-place, London, S8.W.1; Messrs. William 
Brown and Company, Limited, lithographic printers, 
2, Bury-court, St. Mary Axe, London, E.C.3; Messrs. 
Chas. Pearson and Son, Limited, stationers and printers, 
53 and 55, Mansell-street, Aldgate, London, E.1; 
Messrs. J. C. Fish, Hall and Company, printers and 
lithographers, 11, Bishop’s-court, Chancery-lane, Lon- 
don, E.C.1; Mr. E. Crisp, cartage contractor, 24, 
Rose-street, Long Acre, London, W.C.2; and Messrs. 
C. and §. Construction Company, Bridgeway House, 
Hammersmith, London, W.6. Daily tear-off calendars 
have reached us from the Deutschen Reichsbahn- 
Gesellschaft, Voss Strasse 35, Berlin, Germany; and 
Messrs. Charles Roberts and Company (1927), Limited, 
Railway Wagon and Wheel Works, Horbury Junction, 
near Wakefield. Weekly calendar refills have reached 
us from Messrs. Welin-Maclachlan Davits, Limited, 
Hopetoun House, Lloyd’s-avenue, London, E.C.3, 
and monthly refills from Messrs. The Premier Filter- 
press Company, Limited, Finsbury-pavement House, 
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calendar refills for 1918, Messrs. The Reason Manu- 
facturing Company, Limited, Lewes-road, Brighton, 
Sussex, have sent us a measuring rule, known as 
the ‘“Interlox’’ master slide rule; it is specially 
constructed for making inside measurements between 
walls. A wall calendar has come to us from Messrs. 
A. West and Partners, 91-98, Petty France, 
Westminster, S.W.1. We have received from Messrs. 
The Lea Recorder Company, Limited, 28, Deansgate, 
Manchester, a weekly tear-off desk scribbling pad. A 
telephone card has reached us from Messrs. The County 
of London Electric Supply Company, Limited, County 
House, 46-47, New Broad-street, London, E.C.2. 
Messrs. J. Evershed and Company, printers, Fairfield- 
road, Bow, London, E.3, have sent us a monthly card 
calendar enclosed in a case. A useful desk blotting 
pad has come to us from Mr. R. G. Brown, 166, 
Buchanan-street, Glasgow, C.1. We have received a 
handsome daily tear-off desk diary from Messrs. John 
Tullis and Son, Limited, St. Ann’s Works, Glasgow. 
A daily calendar and scribbling pad has come to us from 
Messrs. Demag Aktiengesellschaft, Duisburg, Germany. 





ENGINEERING TRAINING AND 
EDUCATION. 


The Institution of Chemical Engineers.—Application 
forms for the 1928 associate-membership exami- 
nation of the Institution of Chemical Engineers are 
now ready, and may be obtained, together with full 
particulars, and the memorandum, “ The Training of 
a Chemical Engineer,” from the hon. registrar of the 
Institution, Abbey House, Westminster, London, 
S.W.1. The forms should be returned not later than 
March 12 next. 





THE INSTITUTE OF CHEMISTRY.—On Wednesday and 
Thursday, December 14 and 15, the Institute of Chemistry 
of Great Britain and Ireland celebrated its jubilee. When, 
in 1876, a very small meeting of chemists resolved to 
start an institute for the promotion of the training of 
chemists and for the maintenance of the status of the 
profession of chemistry, the Chemical Society had been 
in existence since 1841 and the Society of Public Ana- 
lysts since 1874. The New Institute, founded in 1877, 
and incorporated in 1885, when it counted 420 members, 
has now over 5,300 Fellows and 800 students, while the 
Chemical Society has 4,100 Fellows on its rolls, and the 
Society of Chemical Industry, founded in 1881, numbers 
about 5,200 members. The British Association of 
Chemists dates from 1917. The functions which were held 
included a film demonstration, illustrating British In- 
dustries, at the New Gallery Cinema, a reception, held on 
the Wednesday at the Great Central Hotel, Marylebone, 
and attended by 1,200 people, the President of the Insti- 
tute, Professor Arthur Smithells, F.R.S., acting as host, 
and @ jubilee banquet held in the same place, on the 
Thursday evening. The Master and Wardens of the 
Salter’s Company also gave a luncheon on the Wednesday. 
At the dinner the President read, after the loyal toasts, 
a message of congratulation from H.R.H. the Prince of 
Wales, Patron of the Institute. Addresses were presented 
from kindred societies, and messages of greeting were also 
read out from French and German chemists, and the 
South African, New Zealand, and Malay sections of the 
Institute. The toast of the Institute was proposed by 
Sir Alfred Mond, One of the other speakers, Professor 
J. Millar Thomson, F.R.S., the senior past president, 
mentioned that Professor Williamson had been very luke- 
warm at the inaugural meeting as he feared the Institute 
might turn into a trade union, Sir Ernest Rutherford, 
O.M., responded to the toast of the guests, proposed 
by Mr. Gaston Chapman, F.R.S. The other guest re- 
sponding, Sir Atul Chatterjee, High Commissioner for 
India, said that India wanted the help of the Institute to 
educate her people in order to carry on the development 
of the country’s resources. Mr. Richard B. Pilcher, 
Registrar of the Institute, had prepared a revised edition 
of the “ Profession of Chemistry ’’ for the occasion ; the 
book gives useful information on education, organisation 
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FLEXIBLE COUPLING FOR SMALL 
DYNAMOS AND MAGNETOS. 


A sILEnT flexible coupling specially designed for use 
with dynamos and magnetos used on motor-cars has 
recently been brought out by Messrs. W. H. Dorman 
and Company, Limited, of Stafford. Essentially the 
dynamo and magneto patterns are similar; they con- 
sist of two discs and a number of rubber buffers 
stiff enough to transmit the drive from one disc to 
the other. The dynamo coupling contains no further 
parts, but the magneto coupling which is illustrated in 
Figs. 1 to 3 herewith also embodies the requisite vernier 
adjustment, in order to secure correct timing. 

As will be seen from the illustrations, each disc 
is drilled with a number of holes. The so-called 
buffers, which transmit the drive from one disc to 
the other, are round rubber plugs. Each of these has 
a flange in the middle of its length. The plugs are 
pushed up to the flange, into holes in one disc, and the 
projecting ends enter the holes in the other disc. In 
the case of the magneto coupling, the vernier adjust- 
ment is provided by means of a third disc, to which 
one of the main pair is bolted. These two discs are 
drilled near the outside edge with a series of holes, 
there being 18 holes in one and 20 holes in the other, 
thus giving the fine adjustment necessary for the 
armature. The two discs, when adjustment has been 
made, are clamped together by small bolts. 

The rubber plugs provide a silent flexible drive, 
while in the magneto drive the adjustment can be 
made with very little trouble, simply by taking out the 
bolts, rotating the vernier discs relatively to one another, 
and reclamping again. No slip is possible. 








THE CrysTaAL PanaAcE ScHooL oF ENGINEERING.— 
As the result of an accident, Mr. H. J. Deane, the 
president of the Institution of Structural Engineers, 
was unable to take the chair, on Wednesday, Decem- 
ber 21, to present the certificates gained by the 
students of the school in the recent winter-term exami- 
nations. Mr. Maurice Wilson, M.Inst.C.E., the principal 
of the school, acted in his place. Seventeen students 
were awarded certificates in the first year’s course of 
mechanical engineering, and 15 in the second year’s course 
of civil engineering. The medal of the school was pre- 
sented to Mr. W. R. Shepherd, 





STANDARDISATION OF ExLectricaL Raitway EquiP- 
MENT.—A committee to review the recommendations 
made with respect to the standardisation of the electrical 
equipment of railways and other matters, by the Electri- 
fication of Railway Advisory Committee of 1921, has been 
appointed by the Minister of Transport. 'The Committee 
will report as to what modification, if any, should be 
made in these recommendations, having regard to the 
developments which have taken place since that date. 
Sir John Pringle is chairman, and the members include 
Sir John Aspinall, Sir Philip Dawson, Sir Alexander 
Gibb, Sir Philip A. M. Nash, Sir John Snell, Lt.-Col. 
F, A. Cortez Leigh, and Messrs. A. R. Cooper, H. N. 
Gresley, Herbert Jones, C. H. Merz, and Roger T. Smith, 
The secretary is Mr. T. L. Paterson, 6, Whitehall Gardens, 
London, 8.W.1. 





Automatic Tratwy Controt.—The Minister of Trans- 
port has appointed a committee to review the recommen- 
dations made by the Automatic Train-Control Committee 
of 1922. The investigations of the new committee will 
include the consideration of the non-contact type of 
train control, i.e, inductive or wireless systems. No 
further examination will at present be made of devices 
already considered by the Ministry of Transport, involving 
contact between apparatus on the track and on_ the 
locomotive respectively. The chairman of the Committee 
is Colonel Sir John W. Pringle, and the members include 
Messrs. H. C. Charleton, C. B. Collett, E, C. Cox, H. N. 
Gresley, A. Newlands, and E. A. Wilson, and Colonels 
G. L. Hall and A. H. L. Mount. The secretary is Mr. 
C. Tilden Smith, Railway Inspection Department, 





Ministry of Transport, 7, Whitehall Gardens, London, 
B.W.1. 
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LABOUR NOTES. 


Or the various proposals made, with the object 
of restoring the prosperity of the Lancashire cotton 
industry, by the Federation of Master Cotton Spinners’ 
Associations and the Cotton Spinners and Manufac- 
turers’ Association, only three directly affect the 
workers. As was expected, the employers desire both 
a reduction of wages and an increase of working 
hours. They propose that the normal working week 
shall be increased from 48 hours to 52} hours, and that 
the present state of standard piece price list rates shall 
be reduced by 25 per cent., and the equivalent on other 
rates. The third proposal—which appears only 
amongst the spinners’ recommendations—is that trade- 
union restrictions relating to cleaning and oiling, 
which materially reduce production, shall be removed. 
As these matters are, along with the other points in 
the employers’ memorandum, shortly to be discussed 
in a joint conference, comment at this stage might 
do more harm than good. One thing may, however, 
be said without hurt to any interest. Wages and 
working hours are the two questions at the moment 
on which trade unionists are the least disposed to 
compromise. 





In the course of an allusion to the trouble in the 
German steel industry, a writer in Man and Metal, 
the organ of the British Iron and Steel Trades Con- 
federation, claims that the attitude of the employers 
means that, notwithstanding the high tariffs imposed 
by Germany on imported steel, and the alleged lower 
wages and longer hours of the German steel worker, 
they cannot produce steel as cheaply as the British 
workers can with their shorter hours and _ higher 
earnings. ‘“‘ Evidently,” he says, “labour cost in 
Britain is lower than it is in Germany. This has been 
demonstrated time and time again during the past 
forty years, and we are glad to have it so emphatically 
demonstrated by the German employers.” “ British 
workers ought,’ he goes on to say, ‘to learn this 
lesson, and pay no attention to any employers, in any 
industry whatever, who tell them that it is necessary 
to work for lower wages and longer hours if they want 
to successfully compete with Germany.” 


Man and Metal's contributor expresses the opinion 
that British employers could, if they wished, exercise 
considerable influence to help the German workmen to 
attain an eight-hour day and establish better competi- 
tive conditions. ‘‘ They are not doing so,” he says, 
“and we, therefore, can only assume that employers 
in this country, as in others, do not really wish their 
workpeople to have short hours, and are always living 
in the hope that an opportunity will come to have the 
longer shifts restored in the trade in Great Britain. 
This view is supported by the action of Parliament in 
refusing to endorse the Washington Convention. Both 
Germany and France have promised to do so, if Great 
Britain will, but Great Britain will not, so long as 
we have a House of Commons wherein employers are 
in a vast majority. The matter has been raised re- 
peatedly and always voted down by the employers in 
Parliament.” 





In December, the home branch membership of the 
Amalgamated Engineering Union decreased from 
191,968 to 190,166, and the Colonial branch membership 
from 28,471 to 28,173. The number of members in 
receipt of sick benefit increased from 5,353 to 5,808, 
the number in receipt of superannuation benefit from 
9,275 to 9,764, and the number in receipt of donation 
benefit from 7,066 to 7,194. The total number of 
unemployed members increased from 14,448 to 14,748, 
making the percentage, reckoned in the customary 
manner, 7-15, 





: The January issue of the Amalgamated Engineering 
Union’s Monthly Journal, states that under the terms 
of the amalgamation of 1920 and Rule 17, clause 2, of 
the 1923 code, practically the whole of the present 
principal full-time officials are due to retire on August 3, 
next. The officers affected are the seven members of 
the executive council, the twenty-three organising 
district delegates, and three full-time district secretaries. 
All the present holders of the offices are eligible for 
re-election. Nominations of candidates are to reach 
the head office of the organisation in London not later 
than February 18. 





_ The Central Wages Board for the Irish railways has 
issucd its award in the wages question, submitted 
tecently for its consideration. In November last, 
the companies gave notice of a reduction of 10 per cent. 
in the pay of new entrants to certain of the conciliation 
grades, and the National Union of Railwaymen inti- 
mated that, if the companies did not submit their 
Proposals for the consideration of the Wages Board, 








but put them into force, there would be a national strike. 
By a majority, the Board has decided in favour of lower 
rates for new entrants, though not in all cases of rates 
as low as the companies desired. ‘“ The majority of 
the Board is of opinion,” the award states, “ that the 
reductions proposed for new entrants into the service 
of the Associated Irish Railway Companies are too 
great, and a reduction of 10 per cent. in the wages paid 
to the several grades in Group 1 companies and a 
reduction of 5 per cent. in the wages paid in Group 3 
companies is the maximum which under existing 
conditions could be reasonably made. In the case of 
the Belfast and County Down Railway Company this 
reduction shall not be made in the temporary rates 
granted at the meeting of the Board of October 11, 
1927. Regular employees whose services have been dis- 
pensed with owing to shortage of work, if re-employed, 
shall not be deemed to be new entrants. The 
reduction for new entrants to date from January 1, 
1928.” A minority report by the representatives of the 
railway unions was to the effect that the claim of the 
companies had not been substantiated. 





A Bill has been introduced in the French Chamber of 
Deputies for the purpose of “ fixing by law the rate of 
the minimum living wage and making its observance 
binding in relations between wage-earners and 
employers.’ The measure seeks to provide that the 
lowest wages in private industry shall not be less than 
the lowest wages in the Postal and Telegraph Adminis- 
tration. It does not apply to undertakings in which 
payment for work is made on the basis of a commission, 
or wholly or partially in tips from customers. In 
undertakings in which part of the remuneration is 
given in the form of board and lodging, the portion 
deducted from the minimum wage for this purpose may 
not exceed, for the present, 150 francs per month for 
lodging and 5 francs for each of the principal meals. 
The Bill was referred to the Labour Committee of the 
Chamber. 





According to the annual report of the Chief Registrar 
of Friendly Societies, which has just been published 
by the Stationery Office, the membership of the various 
trade unions at the end of 1925 was 4,447,818, or about 
10,000 less than at the end of 1924. In 1926, the 
year of the general strike, there was a further loss of 
300,000 in membership, and the heaviest expenditure 
in dispute pay ever experienced by registered trade 
unions in any one year. As a consequence, their funds 
fell from 12,750,0001. to 8,650,000/. At December 31, 
1925, 12 trade unions held funds exceeding 250,0001. 
as compared with nine at the end of the previous year. 
The largest amount, 1,911,500/., was held by the 
National Union of Railwaymen. This represented an 
average of 4/. 15s. 1ld. per member—an increase of 
6s. 3d. per member during the year. The Amalga- 
mated Engineering Union held 1,835,635l., or 71. 16s. 8d. 
per member. The highest average amount per member 
among the large unions was shown by the Amalga- 
mated Engineering Union, the National Union of Boot 
and Shoe Operatives, with 5/. 14s. 9d., being second. 





** Heavy losses,” the Registrar states, “ continued 
to be incurred owing to defalcations by trade union 
officials. Most of the defalcations arose in the branches, 
and it is to be regretted that, in spite of attention 
being drawn to the matter by the Registrar, unions 
do not always adopt the ordinary business precaution 
of requiring guarantees from officers in receipt or charge 
of money. Moreover, it is often apparent that the 
opportunity for dishonesty has been created by loose 
financial arrangements and lax control.” 





In last week’s issue we gave the texts of one or two 
rather drastic resolutions which had been put down 
for discussion at the Scottish Divisional Conference of 
the Independent Labour Party. One related to the 
question of industrial peace and was in the following 
terms :—‘‘ While welcoming the sentiments expressed 
by the Chairman of the T.U.C. and other Labour leaders 
on industrial peace and co-operation, this conference 
is of opinion that there can be no permanent peace 
under the present competitive system, and warns its 
members that unless a measure of control be granted, 
including representation on boards of directors, a 
right to voice its management, access to books and 
business transactions, and a guarantee of a living wage 
to all, no attempt at co-operation should be encouraged.” 
After it had been moved and seconded, a delegate 
submitted an amendment to the effect that there could 
be no permanent peace under the present competitive 
system, and that no attempt at co-operation should 
be encouraged. He said that all who had been in the 
Socialist movement for any time must stand aghast at 
a branch of their party suggesting that they should 
co-operate with the employers. Another delegate, 
seconding the proposal, contended that they existed 





as a movement not for peace under Capitalism, but 
for war to the bitter end—war for the overthrow of the 
capitalistic system and the establishment of a system 
of Socialism, the only one under which industrial peace 
could exist. The amendment was carried by a large 
majority, only 13 delegates voting for the resolution. 





Mr. Wheatley, M.P., and Mr. Maxton, M.P., made in- 
teresting speeches on a resolution dealing with the living 
wage, which was carried by a large majority. The resolu- 
tion in its final form was as follows :—‘‘ This conference 
favours the proposal to establish by law the payment 
of a living wage to all workers, irrespective of occupa- 
tion, as a reform indispensable to every household, 
and urges the Labour Party to make this a leading 
issue at the General Election, with a view to legislation 
by the next Government. This should be supplemented 
by children’s allowances, paid from State funds, in 
respect of all children under 16 years of age in house- 
holds where the annual income is less than 4001. a year. 
The conference also declares in favour of legislation 
which would enable every worker to have at least 
one month’s annual holiday with full pay. The present 
system of holidays without pay causes grave hardship 
to working-class families, and is also a severe restriction 
of trade because of its curtailment of purchasing power.” 





Mr. Wheatley said that the living wage policy of the 
I.L.P. was part of the ‘* Socialism-in-our-time ”’ policy, 
and they ought to have in mind the other parts of 
that policy in considering the resolution. He was 
supporting it because it was a long step in the direction 
of State control of wages and incomes. He was 
perfectly clear in his own mind that the only way out 
of the industrial tangle of to-day, and of the bad 
and entangling relationship between purchasing 
power and production, was in the direction of the State 
controlling all industry. In the resolution they were 
only asking that the State should control the income 
of the poorest of the working classes and of their 
children. He hoped that the step towards Socialism 
that they would be demanding within a few years from 
now, would be that the State, and the State only, should 
fix the income of every member of the community. 





Mr. Maxton declared the policy of the movement 
to be to build up Socialism and its benefits to the 
working classes side by side in their ‘ Socialism-in-our- 
time” policy, and they made a demand that the first 
Labour Government going into office with a majority, 
should face honestly and fearlessly up to at least 
the nationalisation of the land, the banks, and the 
railways, and control of the import and export of goods. 
They were demanding that these four things should 
be done. They knew it would take a Parliamentary 
session or two to put them through, and while that 
was being done they insisted that the working classes, 
who had put the Labour Government into office, should 
not be sitting about in starvation, as they were doing 
in the coalfields to-day, watching them in the House 
of Commons trying to bring about the nationalisation 
of mines. 





The Ministry of Labour states that on January 2, 
1928, the number of persons on the registers of Employ- 
ment Exchanges in Great Britain was 1,332,300, of 
whom 875,400 were wholly unemployed, 394,800 
temporarily stopped, and 62,100 persons normally in 
casual employment. Of the total number, 1,074,100 
were men, 38,100 boys, 188,400 women, and 31,700 
girls. No return was issued in respect of December 26, 
1927. On December 19, 1927, the number of unem- 
ployed persons was 1,100,052, of whom 783,948 were 
wholly unemployed, 251,783 were temporarily stopped, 
and 64,321 persons normally in casual employment ; 
903,211 were men, 27,218 boys, 146,108 women, and 
23,515 girls. On January 3, 1927, the number of 
unemployed persons was 1,495,839, of whom 1,155,872 
were men, 40,014 boys, 260,467 women, and 39,486 
girls. The large increase in the figures for January 2, 
1928, is attributed largely to the severe weather. 





CoMPETITION or INDUSTRIAL DEsieNs.—Mention was 
made, on page 139 of the last volume of ENGINEERING, of 
the fourth annual competition of industrial designs, for 
prizes and scholarships offered by the Royal Society of Arts 
and well-known manufacturers. A detailed-report on the 
competition has now been issued. This states that 
the number of competitors who entered for the various 
sections of the competition was 745, and the number of 
designs submitted, 2,224. The competition was divided 
into six sections, namely, architectural decoration, 
textiles, furniture, book production, pottery and glass, 
and miscellaneous. The latter section included poster, 
showcard and decorated package designs. Firms and 
individuals are invited to offer prizes for the competition 
which will be held this year. Copies of the report may 
be obtained from the Secretary of the Royal Society of 
Arts, John-street, Adelphi, London, W.C.2. 








‘a 


SOCIETY OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS. 


Many valuable papers on ship construction and 
propulsion, from the standpoint of American practice, 
were presented at the thirty-fifth general meeting of 
the Society of Naval Architects and Marine Engineers, 
which was held at New York on November 10 and 
11, last. While some of the papers dealt with purely 
American types of craft, others concerned general 
problems, and all contained matters of interest and 
of importance to the naval architects and shipbuilders 
of other countries. We therefore propose to deal with 
their essential features, and the contentions made in 
each, except in the case of two, relating to the 
important questions involved in the use of pulverised 
coal on board ship, which have already been reproduced 
in ENGINEERING in abridged form. 


STRENGTH AND DEFLECTIONS IN HULLS oF LIGHTERS. 


In several of American ports, such as New York, 
Philadelphia, Norfolk and San Francisco, it is usual 
to make extensive use of, what are known there as, 
car floats to transport the freight cars used on the 
railways, across a waterway, from one terminus to 
another, or to take them alongside a cargo vessel. 
Though not in common use elsewhere, although 
there were important train ferries in Europe, their 
significance in American transport may be gauged 
from the fact that there were 340 car floats in service 
in New York Harbour alone in 1926, and 19 per cent. of 
the water-borne traffic was dealt with by them. In 
a paper presented by Professor Evers Burtner and 
Mr. Richard H. Tingey, on ‘‘ Car Float Strength and 
Deflection,” descriptions were provided of the two 
principal types—the platform float, which had a central 
platform between two sets of track, and the flush deck 
form, usually provided with three rail tracks. Car 
floats must be made strong enough to withstand 
uneven loading, wave action, and abnormal conditions 
caused in the loading and unloading. Due to the 
excessive weight of ordinary locomotives, these usually 
were not allowed on floats during loading, in which 
the normal practice was to fill the centre track with 
cars, then the starboard side from bow to ’midships, 
followed by the entire port side, before the remainder 
of the starboard side was filled. Most floats were 
now made of steel, up to 370 ft. length, with frames 
spaced at about 2 ft. intervals and bulkheads every 
25 ft. Six deep longitudinal plate girders were fitted 
at the bottom and below the deck. The deflection of 
such vessels, with a considerable length of parallel 
body, was an ideal type for study. In dealing with their 
results, the authors called attention to the fact that 
they referred solely to this special type of hull, with a 
length to depth ratio of from 25 to 31, the deck unbroken 
by hatches, and with the deck and bottom tied together 
by bulkheads and closely spaced trusses. The strain 
gauges indicated that launching stresses were less than 
the calculated values, and that the deflection was also 
less than that based on the theory of statical con- 
ditions. Under load, the calculated and measured 
stresses of the longitudinal members at the section of 
maximum bending moment were in reasonable agree- 
ment, and the deflection, determined by the ordinary 
longitudinal strength calculation, corresponded closely 
with the measured value due to loading. 

SUPERSTRUCTURES OF PASSENGER SHIPS. 

The next paper, one submitted by Messrs. Carl E. 
Petersen and Lorenz Hansen, was concerned with the 
important question of ‘“‘ The Design of Superstructures 
for Large Passenger Ships.” After reviewing the work 
of Mr. J. Foster King of the British Corporation and 
Dr. J. Montgomerie of Lloyd’s Register, the authors 
proceeded to their study of the subject, by showing 
drawings of the damage to a deck house, which had 
been designed on the principle that the way to obviate 
defects in a long superstructure was to make it so 
flexible that it could not take any share in the straining 
action, to which the vessel was subjected. The 
fractures were attributed to abrupt changes in the 
strength of the structure, light erections of too great 
length, without the provision of adequate means for 
the working of the structure when the vessel was in a 
seaway, inadequate support and improper distribution 
of weights and the arrangement of the structures on 
the various decks without regard to those above and 
below. The authors then showed how the faults had 
been remedied by the re-design of the shell-plating of 
the superstructure, the strengthening of the stringers to 
provide greater resistance to distortion, the introduction 
of heavy webs to take the overhang of the deck, and 
the provision of well-rounded corners at the door and 
window openings, in addition to the fitting of additional 
expansion joints. While it was recognised as imprac- 
ticable to make the superstructure so strong and rigid 
as to be able to take, without damage, a share in 
resisting the straining action, to which the vessel was 
subjected, the scheme resorted to consisted in strength- 
ening the first superimposed deck and cutting the 
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superstructure above for relief. Equations were deduced 
for the dynamical and statical moments about the 
strength-deck, showing that the total bending moment 
(the addition of the statical moment, the dynamical 
moment and that due to wind stresses) was 50 per cent. 
greater than the statical moment. For large passenger 
liners having an easy roll, the ratio of dynamical 
moment to the statical one was from one-third to one- 
quarter, the latter value being more correctly applied 
in the case of very large ships. Special consideration 
had to be given to the sections in way of the boiler 
and engine casings, with heavy casing bulkheads, and 
stacks supported by the superstructure. 


Earty AMERICAN NAVAL SHIPS. 


Mr. James Swan in a contribution entitled ‘‘ The 
Wampanoag—The Fastest Ship in the World—1868 ” 
referred to the construction of six steam-propelled 
wooden vessels for the protection of sea-borne trade 
about the time of the American Civil War. These 
ships were built to the designs of Mr. Benjamin F. 
Isherwood, and were, generally, 335 ft. length and 
about 45 ft. breadth. It was claimed for them, by 
the author, that they differed from anything preceding 
them in naval construction. In place of the almost 
barrel-shaped midship-section of the old frigates, a 
squared section was adopted, on lines approaching 
to present-day practice. For their propulsion, the 
designer installed geared steam engines, with the crank- 
shaft running at half the propeller speed, in the Wam- 
panoag and another of the series, and these were the only 
two which came up to expectations in regard to speed. 
The engines had two cylinders of 100 in. diameter, and 
the stroke was 48 in. Work was started on the con- 
struction of the ships in 1863, but the building of the 
machinery caused delays, so that when the Civil War 
ended in 1865, none of them had been completed. 
Actually, the first to be finished, the Madawaska, was 
sent out for trial in January, 1867, when the average 
speed was found to be 12? knots, instead of the designed 
minimum of 15 knots. Greater success attended the 
Wampanoag, the first of the geared engined vessels to be 
tried. In a 38-hour trial, the average speed was 16} 
knots, a value such that the claim was made that the 
ship was then the fastest afloat. Shortly after the 
initial run, this armed cruiser and her sister ships were 
taken out of commission and laid up. 


SUBMARINES. 


The next paper bore the title “‘ The Submarine of 
To-day,” and was submitted by Mr. Lawrence Y. 
Spear. In classifying the various types, the author 
adopted the simple expedient of dividing them, accord- 
ing to their principal military réle and primary arma- 
ment, into submarine torpedo-boats proper, submarine 
cruisers and mine - laying submarines. Undersea 
vessels for torpedo attacks on surface warships had 
a very wide range of characteristics, covering a surface 
displacement range of from 32 to 3,100 tons. The most 
superficial study of the development of surface war- 
ships revealed the general rule that increase in displace- 
ment was accompanied by increase in armament, 
defensive power, speed and radius of action. With the 
submarine torpedo-boat, properly so called, the case 
was different, since the direct benefits of increase, over a 
moderate displacement, were substantially confined, in 
practice, to increased surface speed and radius of 
action. These were important mainly for strategic 
reasons, namely for the placing of the vessel in the 
selected theatre of operations at the selected time. 
Once battle attack with an enemy had been established, 
a distinct advantage was possessed by smaller sub- 
marines, on account of their superior manceuvring 
qualities and the smaller depth of water required for 
their operation. Taking 3,000 h.p. as the present-day 
limit for a Diesel engine unit, it followed that if a 
total of more than 6,000 h.p. was required, the twin- 
screw installation was impossible, unless some special 
transmission system, such as the semi-electric drive, 
was resortedto. Such arrangements were not, however, 
as economical in space and weight as the simple 
twin-screw single-engine arrangement, a fact which 
increased again the demands of speed upon displacement. 

While it might be taken as a fact that every first- 
class navy must include submarine torpedo-boats of 
comparatively high surface speed, the minimum speed 
acceptable for this class must remain an open question. 
Practical experience, with submarines of more than 
17 knots surface speed, was limited to the British Royal 
Navy and the Navy of the United States. It seemed 
clear that since a submarine could only successfully 
attack a fast-moving target from a forward position, it 
could not have any place in the conventional battle 
line of major ships, cruisers and destroyers, and must be 
considered and used as a detached arm of the surface 
battle fleet, rather than as a component part. This 
must always remain true so long as it remained im- 
practicable to give the submarine a surface speed 
materially greater than the action speed of the surface 
battle fleet. Fortunately, in practice, the contact of a 
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submarine with a hostile battle fleet would almost 
invariably occur when the latter was proceeding at less 
than maximum speed. This fact made it practicable 
to secure for the fast submarine superiority in speed 
at the selected moment, without which contact might 
prove fruitless. The author ventured the opinion 
that high-speed submarines might range in speed from 
a minimum of 18 knots to a maximum of 23 knots, 
with a corresponding approximate variation in displace- 
from from 1,800 to 3,000 tons. 

The submarine cruiser dated back only to the Euro- 
pean War, and this classification included those vessels 
built for commerce destruction on the high seas and 
for long distance scouting. In these, the torpedoes and 
guns would probably be considered as of about equal 
importance. The comparison of a German submarine 
cruiser with a submarine torpedo-boat showed that 
the considerably increased displacement of the former 
was only reflected in the increase of radius of action, 
the gun armament and the number of torpedoes carried. 
From data, already published, but not authenticated 
by the U.S. Navy, it seemed that the only two submarine 
cruisers under construction, the “‘ V-5”’ and ‘“* V-6 ” had 
a surface displacement of 2,800 to 2,900 tons, a surface 
speed of 16 to 18 knots and carried six torpedo-tubes 
and two 6-in. guns. The surface displacement of the 
British “‘ X-1” was thought to be about 2,800 tons, 
ample for a combination of cruiser speed (16 to 18 knots), 
long radius of action, and ample supply of ammunition 
and torpedoes, but it was understood that the designed 
speed was 20 to 21 knots. Possibly the fortunate situa- 
tion of the British Navy, with regard to bases might 
account for the sacrifice of radius, necessary to secure 
this higher speed. 

In the European War, Germany made extensive use 
of mine-laying submarines. Even when the primary 
duty of a submarine was mine-laying, the gun and 
torpedo armament suffered little diminution from the 
standard set for the other two classes of under-sea 
vessels. Two general types of mine-laying systems 
were in use. For what was known as the “ wet” 
system, the mines were carried in tubes, or their equiva- 
lent, the axis of which was vertical, or nearlyso. These 
carriers might be installed, as in certain German 
examples, in the main hull or in the exterior ballast 
tanks at the sides, examples of which were to be found 
in the British and French Navies. The mines were 
inaccessible and subjected to the action of the sea 
water and, in consequence, the system had not been 
generally approved, except for short-range work. The 
other system, referred to as the “‘ dry” system, was 
now regarded as standard for all but short-range work. 
With it, the mines were carried in the interior of the 
vessel, where they were always accessible for inspection, 
and were free from the troubles caused by the action 
of sea water. In addition to the three classes of sub- 
marines mentioned, there were special types, such as 
the British monitor or ‘““M” class, carrying a 12-in. 
gun, the British ‘“‘ R”’ class, designed for a high sub- 
merged speed, to permit attack from a submerged 
position upon a submarine operating on the surface, and 
the high-speed British “‘ K”’ class, driven by steam, 
which was now to be abandoned, except for one example. 


Mopet TESTS WITH PROPELLERS. 


It was sometimes found necessary to alter the pitch 
of the propeller of a vessel after it was in service, by 
rotating the blades through a small angle. This, said 
Captain William McEntee of the U.S. Navy, in his 
paper ‘‘ Model Tests with Adjustable Blade Propellers ” 
resulted in a variable pitch, increasing towards the tips 
where the pitch was increased and decreasing towards the 
tips where the pitch was reduced. Model tests had been 
made at the United States Experimental Tank at 
Washington to determine the effect of such a change upon 
efficiency. The propellers used were of 8-in. diameter, 
and had pitches of 6, 8 or 10 in. In the experiments the 
propellers were advanced into undisturbed water, at a 
constant speed of 3 knots, while the revolutions were 
varied to obtain changes in the slip. The general 
conclusions drawn from the investigation were :— 
Firstly, that if any adjustment of pitch, after a vesse 
was in service, was anticipated, the designed value 
should be on the low side, so that the blade had to 
be turned up rather than down and, secondly, that for 
moderate changes in pitch the resulting efficiency and 
revolutions could be closely approximated to, by 
assuming the propeller to have a constant pitch equal 
to that at two-thirds the radius. 


(To be continued.) 





THE LaTE Mr. A. Bromiey Hotmes.—lIn the obituary 
notice of Mr. A. Bromley Holmes, which appeared on 
page 22 of our issue of January 6, we regret hay ing 
referred incidentally to his partnership with the /at¢ Mr. 
J.C. Vaudrey. This was erroneous, as far as the adjec- 
tive is concerned. Mr. Vaudrey, we are glad to say, !\as 
written to us from Birmingham pointing out the mistake 
into which we fell, though he is no longer engaged in active 
work. We trust that our inadvertence may have cats 
neither distress nor annoyance, 
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AN UNUSUAL TENSILE FRACTURE. 
By E. C. Waptow, Ph.D., B.Sc. 


A TENSILE fracture of very unusual form occurred 
some little time ago while the writer was testing some 
nickel-chromium steel, and a brief description of it 
may be not without general interest. The fracture 
of a circular tensile test piece usually is of a very 
definite and well-known type, depending for its form 
upon the material and its ductility. With hard 
materials, fracture usually takes place in a plane at 
right angles to the main axis of the test piece with the 
occurrence of little or no contraction in cross-sectional 
area, but with softer materials, the cup and cone type 
of fracture is usual, and considerable reduction takes 
place at the point where fracture occurs. In the 
absence of flaws and other irregularities in the material, 
separation first occurs at the centre of the test piece. 
Fracture spreads outwards in harder materials merely 
because the material is such that deformation by 
gliding action is very restricted, but in softer materials 
the spreading of the fracture and the gliding action in 
the unfractured portion proceed simultaneously, result- 
ing in fracture of a more complicated type. These 
differences in behaviour have an important bearing 
upon the stress distribution, but as plastic deformation 
is occurring, it is useless to attempt to analyse the stress 
relationships. 

} The fracture in question, a photograph of which is 
reproduced in the accompanying illustration will 
be seen to be quite different from the type usually 





In all cases except that in which the specimen had 
been reheated three times, the fractures were quite 
usual, but with the treatment of reheating three times, 
the peculiar fracture described seemed to be quite 
normal, for it occurred in all three specimens tested, 
which had been subjected to this heat treatment. 
Furthermore, most of the specimens were turned from 
one bar. The evidence seems to point to some irregu- 
larity produced by heat treatment. ; 7 

The physical characteristics of the test pieces, which 
were ground after heat treatment to 0-399 in. diameter 
on the parallel portion, were as follows :— 














| Air hardened 
| Air hardened| tom 830 
Heat Treatment. from 830 Reheated to 
deg. ©. 600 deg. C. 
| three times. 
Yield Point. tons persq.in. . .| Not marked. 64-0 
Max. Stress. eee es : 132-0 68-4 
Reduction of Area. Percent. .. 29°5 50-1 
Elongation per cent. (l=4 Ja.) | 14-2 -= 
Brinell Hardness No. « 512 ae 
Fracture - ee Cup. Grain | as described. 
very fine. 





The figures given for the reheated test pieces are 
calculated on the minimum cross-sectional area. There 
was practically no variation whatever between the 
figures obtained from the three test pieces, respectively. 

The writer had hoped to investigate further this 
fracture, but as no opportunity has occurred, nor is 

















encountered. Inasmuch as a considerable reduction 
in cross-sectional area has taken place, the specimen is 
quite normal, but, curiously, fracture has not taken 
place where the cross-sectional area is a minimum. 
Instead, fracture has occurred along three distinct 
planes, one longitudinal and two transverse. The 
transverse planes are about § in. apart, and equi- 
distant from the plane of minimum cross-sectional 
area, while the longitudinal fracture joins these two 
transverse fractures along the geometrical axis of the 
test piece. One transverse fracture is complete, and 
the other only half complete, resulting in the detach- 
ment of the small portion shown in the left of the 
illustration. 

An immediate explanation of this abnormal fracture 
might be forthcoming if it be assumed that there were 
initial flaws in the test piece, but the following addi- 
tional information seems to indicate without any doubt 
that failure in the manner described was not due to 
such causes. 

The steel being tested was an ordinary nickel- 
chromium, having the following composition :— 


Carbon 0-33 per cent. 
Silicon 0-1 ie 
Manganese ... O-G2 ,; 
Sulphur 0-036 
Phosphorus 0-038 ,, 
Nickel 4-64 ,, 
Chromium ..? 1-53, 


As this consignment of steel was being used for 
experimental purposes, a considerable number of tests 
were carried out on various specimens. The series of 
tests in which the particular type of fracture occurred 
was being made in order to determine the influence 
of reheating upon the tensile properties of the steel in 
question. Specimens were tested after the following 
heat treatments :— 

(2) Air hardened from 830 deg. C. 

(b) Air hardened from 830 deg. C.; reheated to 
600 deg. C., once, twice, three times and four times, 
respectively, and slowly cooled on each occasion. 
Unfortunately, the times taken to reheat and to cool 
are not known with precision. The duration of the 
cooling period was probably three or four hours. 





one likely to occur, it seems desirable to record the 
above information. The application of the usual 
theories outlined very briefly above is not very helpful 
in explaining the fracture. It is certainly not obvious 
why fracture takes place along two planes simul- 
taneously, neither plane being that of minimum cross 
sectional area, or how a crack or cracks, propagated 
at the centre, could result in such a fracture as that 
observed. It is also difficult to see how the longitu- 
dinal fracture could take place otherwise than last. 
The question of how the fracture occurred is, of course, 
purely one of academic interest, but it seems suffi- 
ciently interesting to be examined further. 





OPERATING EXPERIENCES WITH 
1,300-LB. STEAM PRESSURE.* 


By Jonn ANDERSON. 
(Concluded from page 28.) 


Corrosion Period.—The failure of four boiler tubes 
only 330 hours after being cleaned, and with a 
very low condenser leakage, upset all previous 
deductions in regard to the prevention of scale troubles. 
It seemed impossible that less than ,}; per cent. con- 
denser leakage would furnish enough solids to cause 
tube failure from scale formation. Continuous opera- 
tion of the boiler would be impossible, unless some 
sort of feed water treatment could be used to pre- 
vent scale formation entirely. An inspection of the 
blisters showed them to be of a different nature than 
those which had occurred previously. The bulge was more 
pointed, and had a diameter of only }-in. Moreover, 
the deposit inside the bulge was apparently of a differ- 
ent nature, being black in colour and in larger quantities 
than before, as shown in Fig. 8, page 56. This indi- 
cates the conditions observed after only 131 hours 
(53 days) operation. Table VI gives analyses of this 
deposit found opposite the failures. 

It will be noted that there is an excess of black iron 





* Paper read before the Institute of Fuel on 
November 23 1927. Abridged. 
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oxide, obviously the product of electrolytic corrosion. 
In the first analysis a large percentage of scale- 
forming elements was present, though in the last 


TaBLe VI.—Analyses of Scale Deposits in Tubes. 
Per cent. Per cent. 


Silica ake e wad 3°93 6-31 
Loss on ignition... 6-59 — 
Black iron oxide eae 53-30 71-99 
Calcium oxide ... = 24 — 
Aluminium oxide gaa 12 7-06 
Calcium hydrate — 8-06 
Calcium sulphate = 1-22 
Copper oxide —_ 1-24 
-—— 4-15 


Magnesium silicate 
72 per cent. was black iron oxide. From the above 
analyses it was apparent that the cause of the trouble 
had changed from scale to corrosion. Whereas previ- 
ously the solids in the raw water formed a protec- 
tive coating over the tubes, now localised corrosion 
occurred, owing to the elimination of the raw water 
make-up without corresponding care in conditioning 
the boiler feed-water. The following is an analysis of 
boiler water taken during this period. 


TaBLe VII.— Analysis of Boiler Feed- Water. 


Gm. per gal. 

Date. 7.1.27. 

Calcium carbonate was P aad 0-08 
Magnesium carbonate ... aa a trace 
Sodium carbonate 1-28 
Sodium sulphate 0-15 
Sodium chloride... an rey aaa 0-58 
Iron oxide and alumina «a ian 0-03 
Silica ‘ waa oe see aa 0-19 
Oil = aie 0-32 
Organic matter ... 0-93 
Suspended matter 1-11 
Total solids ote wee 4-67 


It will be noted that it is only very slightly alkaline 
and would probably become acid at times. Measure- 
ments taken during the next period indicated that 
there was 0°45 cub. cm. per litre of oxygen in 
the boiler feed water. The three conditions of low 
raw-water make-up, possibly slightly acid boiler 
water, and relatively high oxygen in the feed-water, 
were therefore undoubtedly responsible for the corro- 
sion. 

Though all authorities are not in agreement as 
regards the role which oxygen plays in boiler tube 
corrosion, its elimination to a very large extent is 
apparently necessary. Hall explains its action by a 
laboratory experiment which is illustrated diagram- 
matically in Fig. 9, using a battery formed of two 
plates of boiler steel immersed in a low-sulphate 
water and separated by parchment paper. Carbon 
dioxide-free air is blown across the surface of one plate, 
thus causing an electrical potential between the two 
plates and inducing a current and metal flow from 
the air-free plate to the air-swept one. An ammeter 
indicates the current, and the amount of deposit of 
material on the air-swept plate can also be determined. 
Another experiment, illustrated in the Carnegie Institute 
of Technology Bulletin No. 24, shows the relative corro- 
sion of drops of water containing measured concen- 
trations of various salts, when kept on a boiler plate 
for stated intervals. Hall shows that the presence of 
sodium hydrate in a drop of water prevents corrosion, 
apparently by limiting the electrical potential set up 
by differences in oxygen concentration on the inside 
and outside of the drops. These two experiments 
indicate the necessity of low aeration and the mainte- 
nance of soda alkalinity. The ‘‘ Suggested Rules for 
Care of Power Boilers,” published by the American 
Society of Mechanical Engineers, advise the mainte- 
nance of 255 parts per million of soda alkalinity. 

Treatment of Feed Water.—The boiler manufacturer 
suggested feed water treatment to maintain an appreci- 
able alkalinity and incidentally to prevent scale forma- 
tion, by providing a soluble salt which would increase 
the solubility of the scale-forming substances present 
in the raw water. The use of tri-sodium phosphate was 
prescribed for this dual service, and accordingly, the 
next period of operation was begun by introducing 
tri-sodium phosphate in such amounts that a caustic 
alkalinity of about 200 p.p.m. (pounds of chemical per 
million pounds of feed water), and a phosphate concen- 
tration of about 50 p.p.m. was maintained. The 
following is a summary of the four divisions of the 
treatment period, which will be described in detail 
chronologically. Table V, page 27 ante gives the treat- 
ment data in detail. Period No. 1: Desirable alkalinity 
but excess oxygen and deficit of phosphate. Period No. 2: 
Maintenance of 800 p.p.m_ total solids and low oxygen. 
Turbine trouble from carry-over. Period No. 3: 
Maintenance of 600 p.p.m. total solids. Turbine 
trouble lessened. Period No. 4: Maintenance of 
300 p.p.m. ; turbine operation satisfactory. 

Before putting the boiler into service, 50 lb. of tri- 
sodium phosphate, equivalent to 22 lb. of the dry salt, 
was inserted in the feed-water drum. Since the boiler 
contains 90,000-lb., the concentration of the dry salt 
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was about 250 p.p.m. Further additions of the phos- 
phate during operation were made by dissolving it in 
a drum of condensate every eight hours and allowing 
the solution to drip into the feed circuit uniformly 
during the shift. An average of oxygen readings, taken 
during this run, showed the presence of 145 cub. cm. 
per litre, owing to the necessity of running the feed 
water, whose temperature was 200 deg., through a 
V-notch meter, which, though steam sealed, could 
not, to begin with, be furnished with sufficient steam 
to minimise the concentration of air in the steam space 
above the water. The oxygen content measured at 
the condenser hotwell was not maintained at the 
boiler feed pump suction until a 14-in. high-pressure 
steam line was tapped into the top of the V-notch, 
and the water heated to 210 deg. when passing through 
it. Fig. 10 shows the poor results obtained when the 
feed water was heated to less than 210 deg. F. It is 
based on test measurements. Open heaters are bad 
aerators, unless a positive steam pressure is always 
maintained in them. 

Even before the completion of this run, 0-45 per cent. 
oxygen was not thought high, when compared with what 
is experienced in the 300-lb. boiler rooms without the 
slightest suggestion of corrosion in either boilers or 
steel-tube economisers. Table VIII is a summary of 
the oxygen readings on the 300-Ib. installation, taken 
at various intervals. Though very erratic, they 
average about 1 c.c. per litre, and illustrate the role 
that raw water make-up plays in preventing corrosion 
when that make-up is allowed to enter all the boilers. 


TasLe VIIL.—Typical Oxygen Readings on the 300-Lb, 
Installation, cub. cm. per Litre. 





Date. 19.9.24. | 19.9.24. | 30.3.26. | 5.10.26. 





Turbine condensate .-| 0°53 0-30 1-07 0:72 


No. 2 heater inlet .-| 2°04 0-92 “+ 1-10 
Extraction heater con- 

densate a eal —- — 2-40 -- 
No. 2 V-notch meter inlet -- — 1:34 | 0-90 
Boiler feed pump ea — —- 1-81 0-90 

















Corrosion Failures.—A forced stoppage after 130 
hours’ operation, when two leaks in the furnace deve- 
loped, demonstrated the necessity of reducing the oxy- 
gen below 0-45 c.c. per litre. Three fin tubes and seven 
boiler tubes had to be replaced owing to excessive 
corrosion. In some cases the deposits in the tubes 
were so thick that it was impossible to see through 
a short length of tubing. Though only two tubes were 
leaking, a number of others contained considerable 
amounts of black oxide. Opposite this black oxide, 
the 0-35-in. thick tube was found to be reduced to 
0-20 in., and in some cases to 0-125 in. thickness. 
Until a method of detecting the tubes that were attacked, 
by catching the loosened scale during drilling, was 
discovered, it was thought possible that a wholesale 
replacement of the furnace tubes would be necessary. 
All the tubes exposed to the furnace were cleaned 
thoroughly, and a record was kept of the amount of 
scale removed from each. Those with most scale 
were removed, until a point was reached where corro- 
sion did not reduce the tube thickness excessively. 

Characteristics of Corrosion Failures.—In all cases 
a deposit of black iron oxide was found at about the 
same point in the boiler and fin tubes, this being where 
heat-transfer was the greatest. The water used for 
washing during cleaning was coloured red, until the 
region of black oxide was entered. It then turned 
black, and remained that colour for several feet, until 
the corroded spot was passed by the cleaner. In 
the boiler tubes, the corroded region was three or four 
feet above the lower drum, and in the fin tubes it 
occurred just belcw a covering of refractory, which 
had been previously added to protect the top of the 
fin tube wall. Whether this form of corrosion is due 
entirely to the difference in the concentration of the oxy- 
gen and air in the boiler water, oriscaused by anexcessive 
formation of steam bubbles from the metal, is unknown. 
It is very apparent, however, that high rates of heat 
absorption accelerate the process. The rear boiler 
tubes or the boiler drums were not affected. A consi- 
deration of the problem showed that a decrease of 
oxygen content to ,', cub. cm. per litre or lower was 
necessary. This was cbtained by steam-sealing the 
V-notch meter and paying attention to the aeration 
of the condensate at the hotwell. In order to eliminate 
localised corrosion, it was also considered necessary 
to provide large areas for general corrosion, and accor- 
dingly all the boiler tubes were cleaned twice, and 
those exposed to the furnace were cleaned three times. 
This cleaning was also considered advantageous in 
maintaining sufficient phosphate, for the low sodium 
phosphate in the preceding run was attributed to its 
combination with calcium carbonate. In order to 
eliminate the oil carried in when cleaning the tubes, 
the unit was first boiled out with caustic soda and 
drained. To prevent possible caustic embrittlement, 
the next step was to add sodium sulphate, so as 





to maintain the sulphate-to-soda ratio recommended 
by the American Society of Mechanical Engineers. 

To obtain low oxygen at the condenser hotwell was 
a difficult problem, which had to be solved before the 
boiler was put into service. Tests indicated that the 
aeration of the condensate was a good measure of the 
degree of vacuum. Approximately 10 cub. ft. per 
minute additional air leakage produced +}, cub. cm. 
per litre more oxygen in the hotwell condensate. The 
most important discovery was that the leakage between 
the hot-well pump packing sleeves and the impeller 
shafts might cause excessive aeration. In one case, 
tightening a sleeve by screwing it down only one- 
quarter of a turn reduced the oxygen aeration from 
0-35 cub. cm. per litre to zero. Though both seals on 
the hotwell pump were under pressure, it was, never- 
theless susceptible to the latter type of leakage. 
Extraction heater pumps, having one seal under 
vacuum, were generally found to be susceptible to 
excessive aeration, and the pump of this type on the 





a sample can be taken and analysed in one minute. 
A large number of measurements have shown that it 
is possible to have all six condensers in the station 
delivering water containing less than ,', cub. cm. per 
litre oxygen, though a daily check and occasional 
maintenance is necessary. 

Loss of Turbine Capacity.—Immediately upon start- 
ing the second treatment period, in which the boiler 
water concentration was maintained at an average of 
800 parts per million and a maximum of 1,100 parts per 
million, by additions of tri-sodium phosphate and 
sodium sulphate, a considerable decrease in the capacity 
of the 1,200-lb. high-pressure turbine was noticed. 
Fig. 11 shows how the maximum output delivered 
decreased from 6,600 kw. to 4,200 kw. in 14 days, at a 
time when the boiler water concentration was highest. 
During this time, the steam flow through the machine 
decreased only 10 per cent., indicating an efficiency 
decrease of nearly 30 per cent. An inspection of the 
turbine screen showed the presence of a few small, white 


Fig.8. A BOILER TUBE FAILURE DUE TO VERY ACTIVE CORROSION 


N°17 Bodler Tabe Failure . 
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Fig. 3. ONE EXPLANATION OF ELECTROLYTIC CORROSION 
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unit serving the high-pressure boiler was taken out 


of service, and the condensate ordinarily handled by 
it was flashed into the condenser hotwell. The resulting 
loss of economy was considered desirable as an insurance 
against oxygen. 

Aeration measurements, taken at starting, showed that 
the hotwell pump discharge contained from 2 cub. cm. 
to 6 cub. cm. per litre of oxygen. No method of 
eliminating this aeration has yet been found, though 
tests show that the open heaters will de-aerate this 
water to 0-35 cub. cm. per litre, if a feed water tempera- 
ture of 210 deg. is maintained at the heater outlet. A 
large number of measurements show 0-03 de-aeration 
in the condensate pipes, between the hotwell and the 
suction of the high-pressure boiler feed-pump, presum- 
ably owing to rusting. The oxygen readings of the 
boiler feed water show, in general, that when 0-05 
cub. cm. per litre feed water is reached, zero oxygen 
occurs in the boiler water, though when the feed water 
contains over ;!, cub. em. per litre titrations may 
indicate 0-02 cub. cm. to 0-04 cub. cm. per litre in the 
boiler water. No oxygen has ever been found in 
samples of condensed steam. To determine the 
oxygen concentration, the Winkler method, as described 
in a Bureau of Public Health Bulletin, New York City, 





is used. By employing specially-designed apparatus, 











Fig.10. NECESSITY OF HEATING FEED WATER IN 
OPEN HEATERS TO BOILING POINT 
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pebbles of materials, which were soluble in water, 
suggesting that the deposit of boiler treatment com- 
pounds on the turbine nozzles and blading could be 
washed off with water. Accordingly, arrangements 
were made to inject about 10,000 lb. of water per hour 
into the 15,000 lb. of steam entering at the turbine 
throttle per hour when the turbine was rotating at about 
400 r.p.m. Immediately this washing treatment was 
started, a very strong smell of caustic occurred near the 
open exhaust pipe drains, indicating that the material 
was being removed in large quantities. Samples of 
water taken from these drains showed a very high 
alkalinity at first, though after two hours’ washing, only 
a few particles of solids, supposedly silica, were present. 
Upon again putting the machine into service, it carried 
full load, proving that most of the deposits upon its 
blading were soluble in water, and were probably 
sodium hydrate, sulphate and phosphate. Subsequent 
operation occasioned renewed loss -of capacity and 
required further washings, but the full capacity of the 
machine was always regained. 

Deposits on Turbine Blading.—On one occasion, when 
it was possible to shut the turbine down without loss 


TaBLe [X.—Analysis of Turbine Blading Deposit. 


Silica ... 56 per cent. 
NaOH... ax ae --- 23°8 
Na2CO; ies ve ae se ©6283 
FeO... =e een oan eP 3-6 
Na2PO4 sar in sae ... None. 
Na2SO4 <oo ase eee ee ” 
Calcium aes a ae ons 7 
Magnesium ... ene see . ” 


of station efficiency, it was opened to determine the 
nature of the compounds coating the blading. An 
analysis of the white coating is given in Table IX. 





a ee ee ee ay Sn 


COE 
cer 
dec 
to | 


sar 
der 
boi 
effe 
to: 
pol 
F oO! 
gen 


loss 
the 
vat 
the 











ate. 
t it 
ion 
per 
nal 


irt- 
iler 


per 
nd 
ity 
red 
ta 
st. 
ine 
icy 
the 
‘ite 








LAs SAMIR SE oh 








_ ENGINEERING. 


57 











JAN. 13, 1928.] 


The presence of a large percentage of silica, and the 
total absence of phosphate, suggest that the condensa- 
tion of the steam during shutting down rendered 
accurate sampling impossible. An examination of 
chemical tables indicated that the melting point of 
sodium hydrate occurs at a temperature equal to that 
in the middle of the turbine, namely, 604 deg. F. 
Inspection showed that the first ten stages of the 
machine were free from deposit, while the latter half 
was totally covered with the white deposit. The 
chemical tables state that below 604 degrees, sodium 
hydrate is a sticky paste, thus explaining why the latter 
half of the machine was covered with a composite 


Fug.i. DECREASE OF MAXIMUM TURBINE CAPACITY QUE TO BOILER FEED TREATMENT 
CHEMICALS ON NOZZ DING. 
DECREASE IN QUT PUT OF N97. TURBINE. 
HOURLY DATA CORRECTED TO STANDARD PRESSURES OF I265L8.LINE 
jst 1235 LB, IS" STAGE, FIO LB. EXHAUST. 


showed a white deposit in the first and second pass 
elements, and none in the third and fourth passes. 
This agreed with the turbine inspection, for at tempera- 
tures much above 600 degrees the material was not 
present. The superheater inspection was of value only 
from the standpoint of gaining more knowledge of the 
conditions, for the deposit was of insufficient thickness 
to cause any trouble, and occurred on the colder parts 
of the elements. The front faces exposed to the 
furnace were clean. 

Steam Wetness.—Obviously, a determination of the 





amount of carry-over from the boiler was important. 
From the time the boiler was originally put into 
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coating of substances with a high melting point, 
cemented into. the hydrate binder. The pronounced 
decrease in efficiency on this particular unit was due 
to the small temperature range through which it works, 
namely,.720 degrees to 470 degrees. Undoubtedly the 
same kind of efficiency loss occurs in.some Jarge con- 
densing machines, which are supplied with steam from 
boilers containing high caustic alkalinity, though the 
effect, upon their overall efficiency might be only one 
to three per cent., owing to the high. energy drop per 
pound of steam between their throttle and exhaust. 
Former experience with loss of turbine efficiency 
generally indicated a drop in steam flow or an increase 
in stage pressures to carry given loads. In this case, 
loss of output was almost entirely due to a decrease of 
the efficiency in the latter half of the machine. 

Deposits. in Superheater.—To corroborate the obser- 
vations on the turbine, an examination was made of 


Fig.12. MOISTURE IN STEAM FROM A 1,300 LB. BOILER. 
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operation, efforts were made to determine the wet- 
ness in the steam by a calorimeter. The results were 
not satisfactory, since in many cases they indicated 
superheated steam in considerable amounts. The 
calorimeter temperature was considerably above the 
theoretical zero-moisture temperature, and not until 
several calorimeters had been designed and tried could 
the “normal” temperature at zero steam output be 
made to appear reasonable. In view of these unreliable 
results, a method was devised, whereby the wetness 
could be determined with an electrical conductivity 
apparatus. This method may be compared with 
condenser leakage measurement, for it determines, by 
further dilution of the steam samples with known 
quantities of boiler water, what percentage of dilution 
was originally present. In other words, a straight-line 
curve is constructed by adding more “ moisture,’’ and 
this curve is extended backward to estimate the amount 


The readings are not affected by pressure variations. 
nor by radiation, as in the case of the calorimeter. 

About 100 hours of readings taken at two-minute 
intervals showed the’ boiler to be delivering steam with 
about } per cent. wetness, though at times a variation 
between 0-2 percent. and 0-5 percent. wasnoted. This 
percentage was felt to be satisfactory for a boiler opera- 
ting at 300 per cent. rating and at 1,300 lb. per square 
inch pressure. Some engineers expected worse results: 
owing to the less difference in the density of water and 
steam at higher pressures, but it appears that the 
smaller size of the steam bubbles breaking above the 
boiler water surface causes less entrainment of moisture. 
Fig. 12 shows wetness readings extending over a few 
hours, when the boiler was removed from service after 
treatment period No. 3. Calorimeter wetness indications 
are based upon a zero-wetness temperature, so chosen 
that the indications about check with those obtained by 
the electrical method. Attempts made to determine the 
total solids in the condensed steam by laboratory evapo- 
ration proved futile, because the steam from the high- 
pressure boiler was purer than the ordinary laboratory 
distilled water. Its electrical resistance averaged 
twice that of ordinary distilled water, its specific 
resistance varying from 200,000 ohms to 700,000 ohms 
at. 75 deg. F. 

Correction of Turbine Trouble.—The installation of 
baffles in the top drums, and the decrease of the con- 
centration of solids in the boiler water, effected a 
decrease in the carry-over to such an extent that 
deposits on the turbine blading did not accumulate. 
After washing, a slight decrease of capacity would be 
noticed for the first. few days, and then the efficiency 
would become stabilised and would not decrease any 
further. This'is the condition under which the turbine 
is being operated at present. It is carrying a load of 
6,800 kw. with a water rate of about 36 and an effi- 
ciency of approximately 73-5 per cent. based on the 
electrical output. It appears that the sodium hydrate 
can bind other solids to the blading to only a certain 
small maximum thickness when the boiler water concen- 
trations are low. Information that sodium phosphate 
has ten times the effect of sodium sulphate in inhibiting 
caustic embrittlement may permit the discontinuance of 
the sodium sulphate treatment, and thus lower boiler 
water concentrations so that no effect upon the turbine 
capacity will occur. 

Scale and Corrosion Prevention.—Two inspections 
have recently been made after periods of operation of 
approximately 450 hours, each with less than 400 parts 
per million total solids, 70 p.p.m. of which was hydrate 
concentration and 60 p.p.m. phosphate. Drilling 
a number of tubes with no signs of corrosion, and prac- 
tically zero scale, proved that this low alkalinity and phos- 
phate concentration are effective in preventing corrosion: 
and scaling. Less than a thimbleful of refuse could be 
obtained from a 20-ft. tube which had been exposed to: 
the furnace for 900 hours’ operation. Most of this 
very small material consisted of iron particles loosened 
by the hardened steel cutters of the revolving cleaner. 
It is believed that the presence of phosphate will 
prevent scale formation, so that runs of indefinite length 
without stoppage can be made. On the basis of these 
last two inspections it is expected that the boiler wilk 
never again be cleaned. 

General Operating Experiences.—Tripping all the 
twelve feeders instantaneously when operating at 300 
per cent. rating does not cause any noticeable oscillation 
of the boiler water. This shows that the water levels in 
both drums are about coincident when operating at full 
rating, and proves that the volume of steam bubbles 
entrained in the system at any time is small in com- 
parison with the water volume. Experience with low 
pressure boilers of much the same design has shown 
enormous water fluctuations, when the fuel supply is 
suddenly cut off, and one company reports that the 
water passes out of the drums entirely under these 
conditions. The observations at Lakeside have proved 
conclusively that high pressure has advantages other 
than pure economy. No trouble has been experienced 
with the piping. Safety valves are set for 50 lb. blow- 
back, and operate at 1,390 lb. per square inch. The 
pressure drop through the high-pressure superheater 
is 35 lb. at 300 per cent. rating. This is not high 
considering the low energy loss per lb. at 1,300 lb. 
pressure. The gauge glasses have given good service, 
there being no breakages other than those caused by 
poor assembly. The mica on the water side of the 
glasses is replaced monthly, and the same glass, if 
cleaned, can be used again. 

Economy.—A weighed-water turbine test was made 
after two months’ operation. This gave an efficiency 
ratio of 753 per cent. (computed on the energy available 
from admission to exhaust pressure and on electrical out- 
put). Seal leakage from 1,200 lb. to 300 lb. was only 9 
percent. An inspection of the blading on two occasions 
has shown the very thin edges of buckets to be worn 
slightly, though not to such an extent that replace- 
ment for several years will be necessary. The use of 











of boiler water entrained on leaving the boiler outlet. 


high-chromium blades instead of the present nickel- 
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steel” will prevent this condition. The completion of 
the turbine test was all that was necessary to show the 
value of the higher pressure. Station calculations 
have: shown a minimum of 12 per cent. difference 
between the efficiencies of the 300-lb. and 1,300-lb. 
section. In one month’s operation, high pressure steam 
was responsible for 33 per cent. of the station oitput, 
and improved the overall station economy 4 per cent. 
The boiler works at reduced ratings, at infiequent 
intervals only, and at such times the operation of the 
high- and low-pressure turbines in compound would 
effect greater economies than the present method of 
operation with a constant exhaust pressure for the high 
pressure turbine. The variation of this exhaust pres- 
sure with the load would make the temperature control 
of the re-heated steam easier at low loads. Four extrac- 
tion heaters are provided to heat the feed water to 
325 deg., though the installation of a fifth extraction 
heater using steam at 300 Ib. would reduce the costs. 

Conclusions.—The following conclusions have been 
derived from the experiences with this boiler :— 

1. Some means of providing nearly scale-free make- 
up, or some feed-water treatment to prevent scale 
formation, is necessary in high-pressure boilers operat- 
ing at high ratings. The main reasons for this are, 
(a) the water temperature is 150 deg. higher than in 
300-lb. boilers and (b) the metal stresses are correspond- 
ingly higher owing to the tube temperature being 
150 deg. more. 

2. Maintenance of an appreciable caustic alkalinity 
and the reduction of oxygen in feed water to below 
jy cub. cm. per litre are necessary to prevent corrosion 
in high-pressure boilers fed with evaporated make-up. 

3. The boiler behaviour at 1,300 lb. pressure is 
better than that at 300 lb. pressure, water levels being 
very stable and the moisture in the steam being low. 

4. The presence of sodium hydrate in the boiler 
water may result in the loss of efficiency over certain 
sections of turbine blading. 

5. The boiler tubes decreased in tensile strength and 
elastic limit to such an extent that the usual method 
of testing them when new does not show their true 
strength after service. 

6. The use of tri-sodium phosphate in boiler water 
in relatively small concentrations inhibits the formation 
of scale, although previous to such treatment scale 
was observed to form much quicker than in 300-lb. 
boilers. 

Finally, it may be said that, though higher pressure 
imposes more exacting requirements upon boiler 
materials, safe and continuous operation is possible. 
No conditions have occurred, which were not corrected 
satisfactorily. There is every reason to believe that 
the unit can be kept in service as long as desired. 





AN INDUSTRIAL RANGE FINDER. 


THE term “ range finder’’ has for most people only a 
military connotation, and it may thus be considered that 
the uses of the instrument are very restricted, apart, per- 
haps, from its employment in the mercantile marine. 
Yet, using the word “ industrial” in its very widest sense, 
circumstances often occur in civil practice which render 
desirable the use of a simple instrument for measuring, 
with some degree of accuracy, the distance of points 
which are otherwise inaccessible, or where the occasion 
does not warrant the expense and delay of the more 
tedious process with chain and level. Examples may 
be found in the lay-out of cable-ways, railway con- 
struction, provisional surveys and mapping in pioneer 
work, and so forth. A miniature form of range finder 
has made its way into photographic circles to assist 
users of cameras without focussing screens to adjust 
them to the correct focus. The instrument illustrated 
in Figs. 1 to 3, annexed, embodies the same principle 
as that of the photographic model, but is considerably 
larger. The principle upon which it is based is that 
of the coincidence of two images, when the correct 
distance of the object from the instrument is indicated 
on the adjusting portion of the instrument. The read- 
ing is thus direct. 

An external view of the Fardi range finder is given 
in Fig. 1. It is manufactured by Mr. Ernst Leitz. 
Wetzlar, for whom the British agents are Messrs. 
Ogilvy and Company, 20, Mortimer-street, W.1. Two 
sizes are made, one having a measuring base of 40 cm. 
(15-74 in.) and the other of 20 cm. (7-87 in.), the 
overall lengths being, respectively, 45 cm. (17-7 in.) and 
25 cm. (9-8 in.). The larger instrument has an effective 
range of from 12 to 300 metres, or 13 to 328 yards, 
and the smaller one 4 to 100 metres, or 5 to 109 yards. 
The body consists of a leather-covered brass tube of 
rectangular cross-section, made watertight and dust- 
proof. At one end is fitted a glass cube formed of two 
right-angle prisms, separated by a diagonal septum, 
which partially reflects and partially transmits light. The 
other end contains a totally-reflecting right-angle prism. 
The object viewed is seen directly through the cube, the 
septum of which receives another image reflected from 
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perhaps overlapping at first, are brought into coin- 
cidence when the prism is slightly rotated, the amount 
of such a rotation being a measure of the distance of 
the object from the observer. A diagram of the 
arrangement is shown in Fig. 2. Movement is given to 
the prism by the large milled disc carrying a graduated 
scale, which is read from the fixed index on its left- 
hand side, Fig. 1. The eyepiece shown in this figure 
is that of a detachable Galilean telescope magnifying 
about three times. It is invariably fitted to the larger 
instrument, but is optional in the smaller one. Its use 
of course, permits of greater range and accuracy. 

The scale of the 40 cm. instrument is shown in Fig. 3 
as graduated for metres. The instrument is accurate 
up to 50 metres, to an amount plus or minus 0-5 
per cent.; from this distance to 100 metres the limit 
is 1 per cent. either way ; up to 200 metres it is 2 per 
cent. and up to 300 metres, 3 per cent. It should not 
be used for measurements beyond this last distance, 
the graduations 400, 500, and 1,000 metres, being 
intended for a very rough approximation only. The 
last graduation on the scale is infinity, o, and is 
only intended for use in setting the instrument. 
Changes in temperature and other conditions may 
disturb the original setting, and before using the scale 
readings should be checked. If the disc, set with the 
infinity point on the index, does not give accurate 
coincidence when a very distant object is looked at, 
and properly focussed, then the disc should be turned 
until coincidence is established, and the scale adjusted 
to suit. This operation is performed by slackening the 
clamping screw at the centre of the disc, moving the 
scale relatively to it as required, and then tightening the 
screw again. Such an adjustment should be checked by 
readings from two or three known distances. The small 
plus and minus scale provided with its own index point, 
is fitted for recording the amount of alteration necessary 
to meet a certain set of conditions which may recur. 

The smaller of the two instruments has a limit of error 
of about double the figures given above for the larger, 
and when no telescope is used, it is sensibly less 
accurate. Both instruments may be used either in a 
horizontal or vertical position. Objects having sharply- 
defined vertical outlines, such as telegraph poles, should 
be looked at with the instrument held horizontally, but 
with such an outline as that of a roof ridge, or edge of 
a forest, it ought to be held vertically. The weight of 
the 40-cm. instrument is 1}1b.; that of the 20-cm. one, 
without the telescope, is 14 ounces. 





THE KLINGENBERG POWER STATION, 
BERLIN. , 


THE development of electricity supply in Berlin has 
followed a course, similar to that usual in other large 
cities. To begin with, several privately-owned isolated 
power stations were erected, each supplying the needs 
of the contiguous district. During the war, these were 
taken over by the city authorities, who, in 1923, formed 
a public utility company, the Berliner Stadtische 
Elektrizitatswerke A.-G., to control the whole under- 
taking. Similarly, on the technical side, there has been 
a movement towards concentration, which has culmi- 
nated for the time being in the construction of a large 
station on the Spree, to the east of Berlin. This station 
is known by the name of its designer, the late Dr. 
Georg von Klingenberg, and marks a step forward not 
only in size, but in conception. The urgency of the 
electrical situation in Berlin at the date when the local 
authority assumed control is shown by the fact that, 
owing to the improved industrial conditions, brought 
about by the stabilisation of the mark, the peak 
load rose from 142,000 kw. in 1923 to 208,500 kw. 
in 1924, and that only 198,000 kw. of plant was 
available to deal with this increased demand. The 
situation was met by taking a bulk supply from the 
station at Zchornewitz, many miles away, and more 
than one million kilowatt-hours per day are still being 
obtained from that source. But for many reasons, a con- 
tinuance of this arrangement was undesirable, and the 
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undertaken to render Berlin self-contained electrically. 
It was first started up in December, 1926, the initial 
capacity being 30,000 kw., while operation began in 
April, 1927. The capacity has since been increased 
to 270,000 kw. At the present time, the station is 
supplying about 50 million kw.-hours per month, and on 
November 18, 1927, it reached a record daily output 
of 2,144,000 kw.-hours. The present peak load is 
130,000 kw., and the thermal efficiency is about 20-9 
per cent. This demand is met by two out of the three 
sets described below, working at about 70 per cent. of 
their full load, nine boilers and five pulverised fuel mills. 
Turning to the plant installed in this station, mention 
may first be made of the equipment for handling and 
treating the fuel. Coal is supplied to the station either 
by canal, in barges of 1,000-tons capacity, or by rail, in 
trains carrying the same quantity. In the latter case, it 
is tipped into receiving hoppers, where it is handled by a 
grab for transport to the storage ground. The coal, 
brought in by barge, is unloaded on to the storage ground 
by two transporter cranes. It can also be taken direct 
to the pulveriser house, where it is reduced in size by 
crushers. Transport to the pulveriser house is effected 
by a runway and tubs; on arrival there it is handled 
by a single rail transporter crane and emptied into 
a raw coal silo in the building. In the course of 
its transfer, the raw fuel is weighed on an automatic 
weighbridge. The coal from the silo first passes through 
a magnetic separator té rotary driers, which are heated 
by steam bled from the auxiliary turbines. If the 
moisture content of the fuel is low, it can be conveyed 
direct to the mill bunkers and is subsequently pulverised 
in six Raymond mills, each of which has an output of 
12 tons per hour. The pulverised fuel is extracted 
from the mills by fans and conveyed to bunkers by 
screw conveyors. About 85 per cent. of the output 
from these mills will pass through a screen of 180 
meshes to the inch. From the bunkers, the pulverised 
fuel is pumped through a pipe range to the bunkers 
installed over the various boilers. Admission to each 
boiler bunker is controlled by an eight-way valve, 
the operation of which is effected electrically from 4 
central position. In fact, all the equipment used in 
the transport of the pulverised fuel is controlled from 
one switchboard in the pulveriser house. The bunkers 
are fitted with indicators, to show both the amount and 
temperature of their contents. 
The steam pressure and steam temperature employed 
in the Klingenberg station were chosen as the result of 
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per square inch, abs.), and a temperature of 425 deg. C. 
(797 deg. F.) being finally selected. There are two boiler 
houses, each of which contain eight boilers with a heat- 
ing surface of 1,750 sq. m. (18,837 sq. ft.). Twelve of 
these are of the inclined tube type, and four of 
the grouped tube type, the superheater area being 
950 sq. m. (10,226 sq. ft.), and 640 sq. m. (6,889 sq. ft.), 
respectively. In each case, the air pre-heater surface 
is 1,860 sq. m. (20,021 sq. ft.), while the economisers, 
which are fitted to two of the boilers only, have an area 
of 742 sq. m. (7,987 sq. ft.). The combustion chamber in 
both types of boiler has a capacity of 380 cub. m. 
(13,420 cub. ft.). 

The boiler drums together with their nests of tubes 
and the superheaters are suspended from the boiler- 
house roof, while the framing and brick work rest on a 
special platform, which is built into the boiler house 
structure. The upper drums are forged solid and the 
lower drums of the inclined tube boilers are acetylene 
welded. There are two rows of boilers in each boiler 
house, the pulverised fuel bunkers, which are also 
suspended from the roof, being placed between the 
rows. Each of the bunkers has a capacity of 65 metric 
tons and their lower ends terminate in a conical outlet, 
to which the screw feeders are connected. At these 
outlets the fuel is mixed with the pre-heated air. 
About 8 to 9 metric tons of pulverised fuel are 
required per boiler per hour on full load, and this 
is injected through burners into the combustion 
chamber. These burners are arranged horizontally, 
alongside one another, and are fitted with appropriate 
regulating devices, so that a wide range of steam output 
can be obtained. Additional air is drawn in through 
hollow spaces in the furnace walls, 30 per cent. of the 
total air required for combustion being primary air. 
Of this primary air, a proportion is supplied through 
special ports, which are so arranged that a certain 
degree of cooling of the mouths of the burners is ob- 
tained. 

All the combustion air is preheated, this being effected 
in the following way: Special fans draw cold air 
through the ash pit walls and force it over the pre- 
heaters, so that its temperature is raised to 150 deg. C. 
(302 deg. F.). Part of this air is extracted by fans and 
mixed with cold air for the primary air-fuel mixture 
whose temperature is 60 deg. C, (140 deg. F.), the rest 
being drawn by suction into the combustion chamber. 
Great care was taken in the construction of the very 
large combustion chambers, the brickwork in which 
is exposed to a temperature of about 1,400 deg. C. 
(2,552 deg. F.). The material employed is not only of 
the highest quality, but the additional precautions 
were taken of anchoring the walls to the outer framing 
and of providing wide expansion openings. The inner 
wall consists of a refractory lining 250 mm. (9-84 in.) 
thick, which is divided from the 185 mm. (7-28 in.) 
outer wall by a 300 mm. (11-81 in.) air space. The side 
and rear walls are water cooled. The ashes, which take 
the form of fine granular matter are removed by the 
water seal method. The cooling water for the side 
walls is obtained from the lower boiler drum, and the 
mixture of water and steam thus produced is returned 
to the ‘upper drum. On leaving the boilers, the flue 
gases are divided into two portions, one of which passes 
over the economiser and the other over the air heater. 
These are re-united at the lower end of the chimney. 
One chimney is provided for each group of two boilers, 
this arrangement providing sufficient draught for all 
loads up to half load. At higher loads additional 
draught is obtained by the use of induced draught fans. 
All the operating gear and measuring instruments are 
mounted on special panels in front of each boiler. They 
comprise devices of both the indicating and recording 
types, and allow each phase of the operation to be 
accurately supervised. The more important readings 
are also indicated by distance devices in the main 
control room, as described below. 

Each pair of boilers is connected to a common 
header, which supplies into the main range. In 
addition, the two boiler houses are cross-connected by 
an auxiliary main, from which the auxiliary turbines 
and the steam-driven feed pumps are supplied. Sec- 
tionalising can be rapidly effected by quick acting 
electrically-operated valves. An auxiliary ring main 
has also been provided in both boiler houses. This 
comes automatically into operation should a fault 
occur on the main range. All the energy required for 
auxiliary purposes in the station is generated in a special 
room between the two boiler houses, where the equip- 
ment for de-aerating and pre-heating the feed water is 
also installed. 

The whole of the feed water is pumped through a 
closed system from the main condensers, via a first- 
stage heater, where it is de-aerated, a steam separator 
and a second-stage feed heater to the boiler. Bleeder 
and exhaust steam from the three auxiliary turbines 
is used for heating the feed water. Each of these sets 
has an output of 12,500 kv.-a. and runs at 3,000 r.p.m. 
Their operation is determined by the feed water 
temperature. The exhaust steam from these sets is 


passed into the first stage heater, mentioned above, 
at a pressure of about 0-45 atm. abs. (6-6 lb. per 
square inch abs.). Bled steam at a pressure of 4 atm. 
(59 lb. per square inch) is used for heating the evapo- 
rator as well as the feed water in the second-stage 
heater. This steam is also used for drying the raw coal. 
Besides supplying heat for these purposes, the auxiliary 
turbines are, in addition, employed for generating the 
power required for auxiliary purposes in the station. 
Generally speaking, the auxiliary plant is electrically 
driven, though in the case of the more important 
machines, small turbine-operated sets are provided as 
a stand-by. Any excess generated by the auxiliary 
turbines is delivered to the ‘bus-bars. They, therefore, 
work in parallel with the main generating sets, but 
should any failure occur on the network, they are 
automatically cut out, in order that external trouble 
may not affect the operation of the station. Alter- 
natively, it is possible to use one of the auxiliary 
machines for supplying auxiliary power, the other two 
providing the steam required for feed water heating and 
delivering their electrical output to the ’bus-bars. 

This portion of the station also contains eight 
five-stage boiler feed pumps, each of which has an 
output of 435 cub. m. (95,700 gallons) of water per hour. 
at a temperature of about 140 deg. C. (284 deg. F.), and 
a pressure of 37 atm. abs. (544 lb. per square inch abs.). 
Six of these pumps are electrically driven, the remainder 
being operated by a steam turbine. The evaporating 
plant comprises three units, each with an output of 
44,000 lb. of water per hour. The make-up water is 
supplied through a de-aerator, heater and filter into 
the system described above. A feature of this part 
of the station is a special control board, on which 
all the instruments pertaining to the feed water system 
are concentrated. 

The generating plant proper consists of three sets, 
each having an output on a continuous rating is 
100,000 kv.-a. Each set consists of a main machine of 
80,000 kw. capacity, and anauxiliary machine of which 
mention has already been made, with an output of 
10,000 kw. The main turbines* operate with steam at 
a pressure of 32-5 atm. abs. (478 lb. per square inch 
abs.), and a temperature of 400 deg. C. (752 deg. F.). 
Each consists of a triple-expansion cross-connected 
| turbine, with twin low-pressure portion, and drives 
|two generators of equal output. The two parts of 
|each turbine are arranged parallel and alongside one 
another, each set being placed, one behind the other, 
along the longitudinal axis of the turbine room. The 
high-pressure and intermediate pressure portion, and 
the two low-pressure portions, respectively, oi each 
turbine, are direct coupled to a separate alternator. 
Governing is effected by nozzle regulation at the high- 
pressure end only, both generators being electrically 
coupled together. In the high-pressure portion the 
steam first passes through a two-row velocity com- 
pounded stage and then through an impulse stage. 
The high-pressure turbine is connected to the interme- 
diate turbine by two trunks, the direction of the steam 
flow being reversed to compensate for axial thrust. 
The intermediate pressure turbine is also of the impulse 
type. It is in turn connected by a large diameter 
pipe to the two low-pressure turbines, which are of the 
reaction drum type, the direction of flow through them 
being again arranged so that the axial thrust is 
balanced. The useful drop in both parts of the 
turbine is the same, so that the outputs are equal at 
full load, the total steam consumption being about 
617,000 lb. of steam per hour. The alternators 
generate three-phase current at 6,000-6,600 volts, 
which is stepped up to 30,000 volts, and is then led to the 
30-kv. switch house, where it is transmitted into the 
city network. The current for excitation purposes is 
obtained either from direct-coupled exciters or from 
reserve generators, which are driven by synchronous 
motors. The main alternators are cooled by air on 
the enclosed system, the air in turn being reduced in 
temperature by water cooling. 

The station is entirely controlled from a main control 
room, where instruments indicating the conditions on 
both the steam and electrical sides allow a close super- 
vision of the whole of the operations to be maintained. 
Two secondary batteries, one for emergency lighting 
and the other for operating the switchgear are installed ; 
and in addition there are six motor-generator sets 
which are used for charging purposes, as well as for 
excitation and for supplying the direct-current motors 
in the boiler house. 

The main transformers, two for each generator, are 
placed in an extension to the turbine-room, and, as al- 
ready mentioned, step up the generator pressure from 
6,000 to 30,000 volts. They are connected direct to the 
30,000-volt *bus-bars, the latter being arranged in three 
sections, each of which is connected to the adjacent 
Rummelsburg station. The two transformers provided 
for each generator are connected in parallel on the 30,000- 








* Sectional drawings of these machines were given in 
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volt side and are controlled by acommon oil switch. The 
auxiliary turbines deliver their energy to 6,000-volt 
*bus-bars or through a 6,000/30,000 volt, 12,500 kv.-a. 
transformer to the 30,000-volt ’bus-bars. Each section 
of the ’bus-bars can be coupled to its neighbour, either 
direct or through a reactance. The switchgear itself is 
arranged on four stories, the isolating switches and 
current transformers being in the basement with the 
oil switches and ’bus-bars above them. Each outgoing 
feeder consists of two three-core cables in parallel 
with an aggregate capacity of 15,000 kv.-a. As it 
was considered that the usual arrangement of reactances 
would not sufficiently reduce the mechanical stresses, 
which might occur on short-circuit, and as the space 
occupied by such reactances is very large, it was 
decided to lead the conductors belonging to each phase 
in a vertical direction through all four floors of the 
switch house. The three single-pole oil switches 
belonging to a circuit are, however, placed in a common 
chamber, and special precautions are taken to carry 
away any vapour which may be generated, into the 
open air. The generator and ’bus-bar coupler oil- 
switches are of the three tank pattern and are remote- 
controlled by electrical means. The main isolating 
switches, on both the 30,000-volt and 6,000-volt ’bus- 
bars, are also remote-controlled from the control room. 
The generator and coupler switches are designed for a 
current of 2,500 amp. and the feeder switches for 600 
amp. Each ’bus-bar reactance consists of a group of 
single-phase concrete reactances and gives a reactance 
of 10 per cent. Those on the feeders are of the same 
design, but the reactance in this case is only 5 per 
cent. 

The plant has operated quite satisfactorily, though it 
has been found necessary to increase the capacity of the 
hotwell tanks, so as to allow a 30-minute reserve of de- 
aerated water, when the station is running on full load. 
Experience has also shown that a group of four boilers 
can be controlled by one man, and that the operation of 
high-pressure plant, such as is installed therein, is no 
more difficult than that of more ordinary design. For 
operating reasons, no exhaustive tests have yet been 
made on the equipment, but there is no doubt that the 
specified output of the boilers can be exceeded. Steps 
are being taken gradually to change over to automatic 
working, while the indications are that a higher degree 
of air pre-heating would be desirable, and the further 
employment of economisers would probably be advan- 
tageous. Owing to the stringent specifications and tests 
laid down, no trouble has been experienced with the 
boiler tubes or with the high-pressure steam range. 

The main contractors for the equipment of this 
station were the Allgemeine Elektrizitats Gesellschaft, 
of Berlin, and we are indebted to Mr. R. Triger, of 
that organisation, for the information contained in 
this article. 








BritisH STANDARD SPECIFICATION FOR PLUGS AND 
Sockets.—A new specification for reversible protected- 
type, two-pin plugs and sockets with earthing connec- 
tions, covering circuits up to 250 volts, has just been 
published. The opening section of the specification clearly 
defines the various types of plugs and sockets and their 
components ; while in the specification proper, the 
material, construction and dimensions are completely 
specified for the three standard sizes, the latter being in 
terms of the rated current-carrying capacity. Full protec- 
tion for the operator is ensured by the fact that the plug 
is to be provided with a petticoat, so that the contact 
pins are enclosed as soon as they enter the contact-tubes. 
Copies of the booklet, No. 196-1927, may be obtained 
on application to the British Engineering Standards 
Association, Publications Department, 28, Victoria-street, 
Westminster, 8.W.1. Price 2s. 2d. post free. 


TriaL Trip oF THE M.S. “‘ Kina Epwin.’’—Satis- 
factory trials were run at the end of last month of the 
single-screw motor cargo vessel King Edwin, which is 
the second of nine similar vessels ordered from Messrs. 
Harland and Wolff, Limited, of Belfast, by the King 
Line, Limited. She has been constructed to comply 
with Lloyd’s 100 A.1. class, with a straight stem and 
cruiser stern, and her principal dimensions are :—Length, 
400 ft.; breadth, 54 ft. 6 in.; and depth, 34 ft. 8 in. ; 
the gross tonnage being 4,536 tons. The hull is divided 
by bulkheads into eight watertight compartments, the 
cargo being carried in five holds and handled by two 
derricks worked by two 3-ton electric winches. The 
double bottom extends the whole length of the ship, and 
is arranged for carrying oil fuel, lubricating oil, fresh 
water and water ballast. The propelling machinery 
consists of one six-cylinder four-cycle single-acting 
Harland-Burmeister & Wain Diesel engine, fitted with 
forced lubrication, oil also being used for the piston 
cooling, while the cylinder jackets are water-cooled. 
A three-stage compressor is mounted at the forward end 
of the engine, and driven off the extension of the crank- 
shaft, to supply air for the fuel injection; mancuvring 
air is stored in two steel reservoirs at a pressure of 350 Ib. 
persq.in. All the engine-room and deck auxiliaries are 
electrically driven, and the vessel is heated electrically 
throughout ; the necessary power is generated by 
three 65-kw. sets, each driven by a two-cylinder four- 
cycle Diesel engine, fitted with a special compressor for 
charging the manceuvring air reservoirs, 
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SELECTED ABSTEACTS OF RECENT PUBLISHED 
SPEOIFVICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each A 4 par none is mentioned the Specification is not 
illustrated. 
Where i tions are com ted from abroad, the Names, &c., 
of the communicators are given in italics. 
‘Copies of Specifications may be obtained at the Patent Ofer, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 
The date of the advertisement of the t of a Complet 
y org een is, in each case, given after the abstract, unless the 
tent has been sealed, when the word “* Sealed”’ is appended. 
Any person may, at any time within two months from the date of 
advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 








GAS ENGINES, PRODUCERS, HOLDERS, &c. 


274,154. H. J. Toogood, Elland, and Robert 
Dempster and Sons, Limited, Elland. Retort 
Settings. (2 Figs.) March 15, 1926.—The invention 
relates to gasworks retort settings in which horizontal 
and inclined retorts are used, and to that type of setting 
in which wide flues are used so as to expose a larger 
portion of the retort area for the transfer of the heat 
direct from the flame of combustion into the retort. 
According to the invention, all movements within the 
confinements of the particular setting are localised and 
absorbed. This is accomplished by omitting entirely the 
main arch and building in place a substantial deadweight 




















covering of brick, tiles or the like supported directly on the 
stay walls of the retorts, and, there being no abutments 
as in the erstwhile main arches, leaving clearance spaces 
between the flat bench cover and the pier walls to allow 
of the expansion of the cover in each bed. The row of 
bricks A is the top course of the stay wall B.. On the 
top of these is then laid another row of bricks C on edge, 
each such brick being arranged transversely to the wall 
below it so that the bricks C form a T-head with the wall 
B. The top of the row of bricks C is then covered by 
bricks PD and on the top of the row D are laid other 
rows E as many as desired. On the uppermost row of 
these bricks is laid a row F of soft porous insulation 
bricks, which is shown covered in by a paving G, which 
may comprise ordinary red bricks. (Sealed.) 


274,190. H.L. Barraclough, Whitstable. Spark- 
ing Plugs. (6 Figs.) April 15, 1926.—The invention 
relates to sparking plugs and it has for object to provide 
a sparking plug in which the spark may be examined 
while the plug is in use and, if necessary, the electrodes 
cleaned. 1 is the cylinder head into which is screwed a 
tubular body 2 having an aperture 3 formed in its 
wall outside the cylinder. The body 2 is internally 
threaded and into ir is screwed a tubular member 5 
whose inner end is closed by a metal plug. 7 is an 





electrode which is centrally mounted in the tubular 
member 5 in insulating material so that its end projects 
towards a second electrode 10 mounted on the metal 
plug. The electrode 7 and its insulating material close 
the outer end of the tubular member. The upper end 
of the tubular member 5 is provided with a cross handle 
14 and at its lower end three apertures 15 are formed 
opposite to the end of the electrode 7. When the tubular 
member 5 is in the position shown in Fig. 2, the electrodes 
7, 10 are positioned within the engine cylinder and 
operate in the usual manner. Should it be desired to 
oe the spark or the electrodes, the tubular member is 
withdrawn from the engine cylinder by rotating it by 


means of the handle 14 until it reaches the position 
shown in Fig. 1 with an aperture 15 in alignment with 
the aperture 3.—( Accepted July 27, 1927.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


273,993. British Metallic Packing Company, 
Limited, Westminster, London, and G. F. 
Jones, Westminster, London. Metallic Packing. 
(4 Figs.) February 23, 1927.—The invention relates 
to metallic stuffing-box packing rings of the kind com- 
prising two parts fitted one within the other, both 
parts being cut across, usually into three pieces, and 
arranged with the ends of the sections of one part out 
of register with those of the other; a spring being 
placed over the periphery of the outer part to press it 
upon the inner part and effect a close fitting on to the rod 
or shaft to which the device is applied. The invention 
relates particularly to rings of this type in which the 
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inner face of the outer part and the outer face of the 
inner part are inclined so that when the spring pressure 
is applied it tends to press the parts inwardly and 
sidewardly. The piston rod a is arranged in a casing 
b fitted into the box c. The casing has three annular 
recesses d into each of which one of the packing rings is 
fitted. In the casing are walls g, g against which the 
sides of the packing rings press. The outer ring, which 
is of approximately L-section, is made in three pieces 
and has an inclined inner face h which presses on to 
the periphery of the inner ring 7 and under pressure 
of the spring 7 tends to push it both inwardly and later- 
ally, thus causing both rings to make a tight joint 
against their respective walls. Steam admitted into 
the space d will assist in making a tight joint on the rod 
and between the rings and the walls. (Accepted July 20, 
1927.) 


274,203. S. E. Alley, Westminster, London. 
Single-Acting Steam Engines. (4 figs.) April 17, 
1926.—The invention relates to single-acting steam 
engines of the type in which the steam is exhausted 
without being brought into that portion of the engine 
cylinder on the side of the engine piston remote from the 
side to which the working pressure is applied. The 
engine shown has four vertical cylinders 10, 11, 12, 13 
with the cross-head guides 14, 15, 16, 17 and the crank- 
case 18 below them. The cross-head guides are cylin- 
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drical and their upper ends are closed by diaphragms 19. 
The piston rods 20 pass through these diaphragms 19 
and carry above them the pistons 21 and below them | 
the cross-heads 22. The spaces above the diaphragms 19 | 
are interconnected constituting a pressure-equalising | 
chamber in which the contents merely surge about but | 
are not subjected to pressure. At each end of the 
chamber a drainage pipe 23 is provided. The crank- 
case 18, in addition to enclosing and providing bearings 
for the crankshaft 24, also encloses and carries two 
camshafts 25, 26 which operate the rods 27 and 28 for 
poppet valves 29 and 30 located at the upper end of the 
cylinders, there being preferably an inlet and exhaust 
valve for each cylinder.—(Sealed.) 


274,150. The Shelton Iron, Steel and Coal 
Company, Limited, Stoke-on-Trent, and C. B. 
Gardner, Stafford. Multi-tubular Boilers. (8 
Figs.) March 10, 1926.—The invention relates to 








apparatus for cleaning the fire tubes of a multi-tubular 





boiler. Nozzles 1, equal in number to the boiler tubes 2, 
are carried by blow pipes 4 fixed to the side of a box or 
header 3 divided up into separate chambers 3a each 
provided with a valve controlled fluid inlet pipe 5so that 
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fluid under pressure can flow through all the nozzles 
simultaneously, or the nozzles or blow-pipes and nozzles 
may be divided up into groupsto which fluid under pressure 
can be supplied in succession. (Accepted July 27, 1927.) 


TEXTILE MACHINERY. 


274,375. Cook and Company (Manchester), 
Limited, Manchester, V. Ayres, Oldham, and 
J. F. Taylor, Royton. Ring Spinning Frames. 
(1 Fag.) February 24, 1927.—The invention has reference 
to roller weighting systems of ring spinning frames of the 
kind known as dead weighting. wherein the weight is 
long enough to go across the frame and is suspended from 
the hooks at both §ds. According to the invention 
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a soft block or pad 6 is inserted in the hook hole in the 
roller beam 1 the block or pad having a hole bored at the 
angle of inclination of the hook 3 and through which the 
hook passes. Also according to the invention a spring 7 
which receives the pull of the weight when the hook 3 
is removed from the saddle 5 is mounted between the 
roller beam 1 and the weight 4. (Accepted July 27, 1927.) 


MISCELLANEOUS. 


273,445. R. Hickton, Nottingham, and W. W. 
Bagguley, Hoveringham, Nottingham. Concrete 
Block Making Machines. (14 Figs.) February 4, 
1926.—The invention relates to presses for the manu- 
facture of bricks and to that class of press in which the 
brick is pressed in a mould by a plunger moving upwards 
against a hinged lid, which is released and opened when 
the pressing is completed. A is the press box, B is the 
hinged lid, and C is the catch for clamping the lid B 
after being closed. D! is the ram which is attached to 
blocks D resting against sleeves G. The operating 
levers E are connected to the sleeves G by means of the 











links F, the sleeves G being capable of sliding on and 
kept central by guide rods H, which guide rods H are 
kept central by guide bearings. The guide rods H are 
capable of raising the ram D1 in order to eject the brick. 
The press-box A is filled and the cover B held fast by 
catch C. The machine is then put into motion, 
the levers E giving motion to the sleeves G, and ulti- 
mately to the guide rods H and ram D!. When the 
driving shaft has made one revolution, the ram D+ 
remains stationary at the bottom of the press-box A, 
the catch C and the covers B are removed, and the 
ram D1! is raised on the guide rods H to the top side 
of the box A, taking the compressed brick with it com- 
pleted. (Accepted July 20, 1927.) 
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THE ENGINEERING OUTLOOK. 
II.—ELEctTRICAL ENGINEERING. 


In January last, it was forecast that the British 
electrical engineering industry might look forward 
with some assurance to a year of substantial 
progress during 1927. The trade statistics for the 
first eleven months of that year indicate that this 
industry had already, by the end of November, 
broken all previous records. Expansion in both 
home and export demand contributed to this excel- 
lent result. 

Now that the preliminary results of the Census 
of Production of 1924 have become available, it is 
interesting to consider them in connection with our 
usual indices of activity in electrical engineering. 
These are a sample of employment in eleven prin- 
cipal districts in the United Kingdom, imports of 
copper and the index of electrical activity, pub- 
lished by the British Electrical and Allied Manu- 
facturers’ Association. The statistics in Table I. 

















show that even in the latter half of 1926, substantial 
TasBLE I.—Indices of Activity in Elecirical Engineering. 
U.K. Imports ee 
of Copper. Employment. < S 
Monthly | SY i 
Average Ao | 
for— | volume | dex No. Em- Index = 
inffons, 1913 = | ployed in 11 | 1913 = z 
= ‘| 100. Districts. 100. 

1913 ain 8,912 | 100-0 10,909 100 —_- 

1918 ie — _ 12,808 117-4 -- 

1920 aw —_—* _— 19,356 177-4 100 

1922— 
istQr...| 4,953 | 55-6 = Ae —_ 
SN sx (ee 3,493 39-2 -- | - - 
ee 6,640 74:5 _ — 
R45 <- 7,996 89-7 _ - _ 

1923— 

Ist Qr...| 8,016 89-9 12,839 (1st 117-7 _— 
ae 9,519 | 106-8 $4 year) 
See 9,042 | 101-5 15,967 (2nd | 146-2 — 
4th ,, ..| 12,742 | 143-0 } year) 

1924— én 
Ist Qr...| 12,455 | 139-7 15,575 (1st 142-7 105-0 
2nd ,, ..| 12,285 | 187-8 } year) 91-3 
8rd _,, ..| 12,821 | 143-8 16,355 (2nd 149-9 85-6 
4th ,, ..| 12,950 | 145-3 $ year) " 

1925— oie 
Ist Qr...| 14,556 | 163-3 16,643 (1st 152°5 65°3 
2nd ,, ..| 18,705 | 153-7 $ year 75-0 
3rd ,, ..| 14,384 | 161-4| 15,928(2nd | 145-0 82.6 
4th ,, ..| 12,895 | 144-8 $+ year) , 

1926— 98-8 
Ist Qr. 12,405 | 159-4 14,953 (1st 136-1 88-0 
2nd ,, ..| 10,528 | 118-3 $ year) 2.3 
3rd ,, ..| 11,544 | 129-6 15,650 (2nd 143-4 96-3 
4th ,, ..| 12,358 | 138-6 $ year , 

1927— 108-0 
Ist Qr. ..| 12,339 | 138-4 16,069 (1st 147-4 118-7 
2nd ,, ..| 18,198 | 147-9 4 year) 124-7 
ard ,, ..| 11,425 | 128-2 16,880 (2nd 153-6 112-0f 
4th ,, ..| 10,760t; 120-7 4 year) - 




















* Figures not comparable owing to war stocks. 

+ Estimates based on incomplete returns. 
recovery was made from the effects of the general 
and coal stoppages. Indeed, it was suggested last 
year that these troubles were not an unmixed evil 
to the electrical industry, and this appears to be 
borne out by the experience of 1927. A slight 
falling-off is indicated by all the indices in the last 
few months, and this undoubtedly reflects the actual 
position correctly. It is mainly attributable to un- 
certainty created by the electrical schemes pending, 
which has affected the home demand unfavourably 
for the time being. On the whole, it may be thought 
that this tendency will be reversed during 1928, 
and that expansion will be resumed. 

Corroboration of the trend shown in Table I. 
is afforded in the employment statistics, published 
by the Ministry of Labour in connection with unem- 
ployment insurance. A census of the numbers 
insured in each industry is taken once a year in 
July, and by comparing the number unemployed 
at the same period, an accurate idea of the number 
employed can be obtained at these periods. In a 
tapidly-expanding industry, such as_ electrical 
engineering, this makes a considerable difference as 
compared with calculations from the percentage 
unemployed. Table IL shows from the increasing 
number insured that there is still a net influx into 
the industry and from the decreasing number un- 
employed that these additional workpeople are 
readily absorbed. 

The total value of output of the electrical and 
allied industries as shown in the Census of 1924, 
was 69,938,0001., as compared with 13,897,000/. in 
1907. From Tables I and II, above, it is reason- 
able to think that, by 1927, the value of output had 
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increased by a further 10 per cent. at least; and may 
be now put at 75,000,000/. per annum, or more than 
five times the 1907 figure. The total number of 
employees covered by the Census was 156,508, and 
the net output per employee in the year 2131. It is 
interesting to note that average earnings in the 
electrical industry in the same year were 1661. 10s., 
leaving 461. 10s. per employee to cover all the ex- 
penses other than wages and materials. These 
figures, of course, relate to the whole group of 


TaBLe II.—Electrical Engineering. Actual Numbers 

















Employed. 
| Number of Workpeople. 
_— | Index 
date. | : 1913=100 
a Jnem- . 2 
| Insured. ployed. Employed. 
July, 1923 J 60,960 3,153 57,807 100-0 
July, 1924 F 71,530 3,466 68,064 117°7 
July, 1925 -| 76,720 4,288 725432 125-3 
July, 1926 77,000 6,514 70,486 121-9 
July, 1927 79,300 3,790 75,510 130-5 








electrical industries and not only to electrical 
machinery. 

The export statistics of electrical machinery 
which are shown together with B.E.A.M.A. export 
index in Table No. III below, continue to be satis- 
factory, and they reveal a new high record. 

The progressive increase in electrical exports since 
1923, may be regarded as one of the most agreeable 


TaBiLe IIJ.—United Kingdom Exports of Electrical 





























Machinery. 
| —] 
Volume. | Value per ton. : aS 
Monthly a3 ll 
Average for | 3 os 
Tons. | Index. £ Index. 4 ~ 
1913 | 2,288 100-0 84:5 | 100-0 — 
1922— | 
Ist Qr. 1,757 78:5 | 272°5 | 322-5 _— 
2nd ,, 1,228 54-8 | 274-0 | 324-2 
srd_, 1,204 53-8 | 214-9 | 254-3 - 
4th 1,389 62-6 | 221-3 | 261-9 - 
1923— 
Ist Qr 1,637 73-1 | 206-8 | 244-7 — 
2nd 1,659 74:1 186-6 220-8 ~ 
3rd, 1,467 65:5 | 189-2 | 223-9 — 
4th ,, 2,234 99°8 175°5 207-7 _ 
1924— 
Ist Qr 2,57 115-0 | 162-3 | 192-1 91-3 
2nd ,, 2,496 111-1 166-9 | 197°5 | 100-3 
oa 2,439 109-0 | 174:5 | 206-5 84-0 
4th ,, 2,844 127-0 175-5 207°7 89-3 
1925— 
Ist Qr. 2,942 131-4 | 174-5 | 206-5} 103-0 
2nd ,, 2,815 125°8 177-0 209-5 89-3 
3rd_s,, 2,537 113-4 171-3 202-7 119-6 
4th ,, 2,775 124-0 | 171:8| 203-3 | 122-0 
1926— 
Ist Qr. 3,175 141-8 | 162-6 | 192-4] 105-6 
2nd ,, | 2,433 108-7 163-2 193-1 104-6 
3rd_s,, 2,745 122-7 | 174-5 | 206-7 77°3 
4th 3,101 138-7 | 176-3 | 208-8 96-0 
1927— 
Ist Qr 3,606 161-2 | 164-1 194-2 | 108-0 
2nd ,, 3,135 140-1 171-6 | 203-2] 118-0 
3rd_s,, --| 3,571 159-6 156-6 185-5 124-0 
4th ,, oH 3,393*| 151-6*| 170-6*| 202-0*| 110-0* 





* Estimated on incomplete returns. 


features in the whole of the British engineering 
industry. Although the high level, set in the first 
quarter has not actually been maintained, this may 
be ascribed to seasonal tendency. On the basis of 
previous experience, it is reasonable to hope that 
the first quarter of 1928 will establish a new record. 
Value per ton, except in the third quarter, has 
remained about the level which has been maintained 
now, roughly, for four years—of about twice the 
1913 figure. It is interesting to note from the 
Census that, in 1924, the biggest item of exports 
was motors, followed by generators, switchgear 
and transformers. 

The volume of imports, although very much lower 
than the 1913 level, is the highest recorded in any 
post-war year, and the value per ton is not only 
considerably higher than the value per ton of ex- 
ported electrical machinery, but it is slightly higher 
than the value per ton of imported electrical 
machinery last year. 

The items in 1924, of which imports were high in 
relation to production and exports, were motors and 
‘other electrical machinery, including switch- 
boards.” Presumably the bulk of the high valued 
machinery imported comes under the latter heading, 





and includes a variety of speciality products. 





Considering the foregoing statistics with those of 
the census, some interesting approximations can be 
reached regarding the nature of the present demand 
for British electrical machinery. The total value of 
the British output of electrical machinery proper, in 


TaBLE IV.—United Kingdom Imports of Electrical 




















Machinery. 
Volume. Value per ton. 
Monthly 
Average for } | 
Tons. | Index. £ Index. 
has rere 
1913 .. 902 | 100-0 113-1 100-0 
1922— 
1st Qr. 316 38-4 358-8 312-0 
2nd ,, 354 39-2 254-0 220-9 
8rd, 505 | 56-0 201-7 175-4 
4th ,, |} 272 | 30-2 190-6 165-7 
1923— 
Ist Qr. | 388 37-5 246°4 214-2 
2nd ,, | $75 41:6 218-5 190-0 
$rd_,, | 296 2°83 230-3 200-6 
4th ,, | 286 31:7 239-9 208-6 
1924— | 
Ist Qr. | 276 30-6 253-1 220-1 
2nd ,, | $94 43-7 233-1 202-7 
3rd_,, | 303 33-6 259-1 225°3 
4th ,, | 383 42-5 207-7 180-6 
1925— 
Ist Qr. | 397 44-0 208-7 181-5 
2nd ,, | 307 34-0 284-2 247-1 
8rd ,, | 355 39-4 266-0 231-3 
4th ,, 297 32-9 251-6 218-6 
1926— 
Ist Qr. 282 31-2 273-2 237-3 
2nd. ,, | 389 - 43-1 260-5 226-°3 
Srd_,, | 264 29-3 287-0 249-3 
4th ,, 401 44-5 256-8 231-9 
1927— 
Ist Qr ..| 424 47-0 270-1 234° 
2nd ,, .| 489 54-2 291-5 253-1 
Cee ..| 457 50-7 242-0 210-1 
“ea S = 484* 53-7% | 254-3* | 220-9* 








* Estimated on incomplete returns. 


1924, was 17,091,000/., as compared with 4,214,000/. 
in 1907. Of the former amount, 5,444,000/. worth was 
exported. Net imports during the same period 
were valued at 984,000/,, so that the total home 
consumption was 12,631,000/., of which 11,647,000/., 
or 92 per cent. was supplied by home manufacturers. 
In 1927, exports will amount to about 6,800,000/., 
and net imports to 1,500,000. Assuming at least a 
10 per cent. increase in the value of production, this 
may. be placed at 19,000,000. The home market 
will thus have accounted for 13,700,0001., of which 
12,200,0007. of the approximately 90 per cent. will 
have been supplied by home manufacturers. If 
these amounts are correct, they indicate that there is 
a considerable existing home demand which still re- 
mains to be captured by the British industry, and 
also that a big expansion in home demand may be 
looked for in the near future, judging by the com- 
paratively small increase in the last three years. 

Outside the British market, the competitive 
position can best be gauged from international 
export statistics. The declared values of the 
exports of electrical machinery from six principle 
countries are given in Table V, in sterling, converted 
at the average rate of exchange in each year. 


TaBLE V.—Declared Value of International Electrical 
Machinery Exports (000’s omitted). 





Exported from | 1913. 1924. 1925. 1926. 





Great Britain ..| 2,269 |, = 


France 838 368 2,883 2,902 


h 
5,762 5,817 6,788 
2,064 








Germany ..| 3,148] 2,374] 2,558 | 2,685] 3,448 
Sweden ..} 243] 1,063] 1,169] 1,526] 1,715 
Switzerland .. 804 997 1,125 1,067 1,118 
U.S.A... ..| 1,694] 5,935 | 5,067| 5,452] 4,690 

Total ..| 8,996 | 19,090 | 18,564 | 19,449 | 19,823 











* Estimated on incomplete returns. 


Having gained the premier position in 1925, and 
retained it in 1926, the British industry has made 
a further notable stride in 1927. The United 
States has dropped back, while Germany continues 
her steady forward movement and has surpassed 
her pre-war figures. Even so, she is still exporting 
only half as much as this country. France has 
declined heavily. Switzerland remained stationary, 
while Sweden is of steadily increasing importance. 
Perhaps the most striking feature of Table V, is that 
the total figure of these exports has been stationary 
for four consecutive years. The changes of rank 
among six countries have all been at one another’s 
expense, a fact which bears eloquent testimony to 
the extremely fierce competition that prevails. 
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The temporary lull in the electrical industry, 
which has already been indicated, may affect the 
results for the first month or two of 1928. The fact 
remains that, whatever sacrifices made by manu- 
facturers may have been, British electrical products 
are now competitive in the world markets, and should 
therefore gain a fair share of a demand which tends 
constantly to increase. At home, it is probable that 
big electrification projects will make definite pro- 
gress in the course of 1928, and this should provide 
sustained activity for some time to come. The 
prospects of this branch of engineering, taking 1928 
as a whole, may therefore be counted at least a8 
good as those of 1927, which was a record year, and 
towards the end of the year may be expanded even 
beyond these limits. Such results will, however, 
only be secured, in the face of the keenest competi- 
tion, by the progressive outlook and admirable 
commercial organisation which has come to be 
associated with British electrical engineering. 





THE IMPROVEMENT OF THE 
RIVER ST. LAWRENCE. 


By E. W. Lanz, M.Am.Soc.C.E. 


Ly the course of the past few days the matter of 
the improvement of the St. Lawrence River has 
entered upon a new phase. The National Advisory 
Council of Canada is stated to have reported to the 
Dominion Government in favour of the develop- 
ment. The conclusions at which the National 
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Montreal. This river is composed of alternate 
lakes and rapids. From Lake Ontario to Ogdens- 
burg the river is wide and deep. Between Ogdens- 
burg and Cornwall, a distance of 45 miles, are three 
rapids, with a total drop of 92 ft. Below Cornwall 
is Lake St. Francis, with a length of 23 miles, 
and between Lake St. Francis and Lake St. Louis is 
a series of rapids with a fall of 89 ft. in a distance of 
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channel deepening were the principal problems to 
be solved in the. design of the improvements for 
the Lake system. 

A previous report upon the St. Lawrence water. 
way was submitted in 1920 by the late Mr. W. A. 
Boden and Col. W. P. Wooten, engineers of the 
governments of Canada and the United States 





respectively. This report had the same scope as 

































Advisory Council arrived follow, and are based 











ST. LAWRENCE WATERWAY. 
THE GREAT LAKES. 
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upon, the report of the Joint Board published at 13 miles. 


the close of 1926. 

In view of the exhaustive nature of the Joint | 
Board’s inquiry, and its bearing on the present | 
situation, we propose to summarise the findings of | 
the Board in some detail, and commence to do this | 
below. 

The St. Lawrence River System.—The St. Lawrence | 
River system lies between Canada and the United | 
States on the eastern side of the continent of North 
America, and for a long distance forms the boundary 
between the two countries. It may be considered 
as composed of two parts, the Great Lakes and the 
St. Lawrence River proper. 

In Fig. 1 is given a map of the five lakes which 
together are called the Great Lakes. They com- 
prise probably the largest body of fresh water in 
the world. Four of these, Lakes Superior, Michigan, 
Huron and Erie, are at nearly the same level and 
are connected by ship channels with a nominal depth 
of 20ft. The fifth, Lake Ontario, is at a considerably 
lower level than the others and is joined to them by 
the Niagara River in which are the famous Niagara 
Falls. The Welland Canal, having a depth of 
14 ft., connects Lake Erie and Lake Ontario, but 
a new Welland Canal is being built by the Canadian 








| the Gulf of St. Lawrence. 


Lake St. Louis is 16 miles long and dis- 
charges through the Lachine Rapids and La Prairie’ 
Basin to the harbour of Montreal, the drop in the 


Lachine Rapids being 32 ft. The river below 
Montreal is narrow but without rapids as far down 
as Quebec, where it gradually widens out to form 
Canals with a navigable 
depth of 14 ft. have been built round all the rapids 
above Montreal and carry annually about 6,000,000 
tons of shipping. Montreal is rapidly becoming one 
of the world’s greatest ports. The channel between 
it and the sea has been improved to a nominal depth 
of 30 ft. with an increase to 35 ft. under way and 
an immense traffic, principally in grain, has grown 
up between Montreal and Europe. 

The general problem considered by the Joint 
Board of Engineers was the improvement of the 
St. Lawrence River above Montreal for navigation 
by ocean steamships, and the enlargement of the 
existing channels of the Great Lakes to make these 
great inland bodies of water virtually arms of the | 
sea. The St. Lawrence River, because of the large | 
flow, with the remarkable uniformity resulting | 
from the equalising effect of the Great Lakes, is one | 
of the most important rivers in the world from the | 
standpoint of power development. On account of | 
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the present one except that it did not deal with any 
of the Great Lakes except Ontario. On many 
points the plan proposed in the early report has 
been followed by the later one but there are a number 
of important differences. 

General Features of the Navigation Canals.—The 
final depth of the proposed waterway is to be 
30 ft. and all locks will be built to conform to this 
grade. Estimates of the cost of excavating the 
channels to depths of 23, 25 and 27 ft. were worked 
out. The opinion of the Board was divided on 
the advisable initial depth, a majority of the 
Canadian members favouring 27 ft., the depth to 
which most of the new Welland Canal is excavated 
and to which the remainder can be dug without 
great expense. A majority of the United States 
engineers favoured a depth of 25 ft. because they 
believed that a long time would elapse before 
the channels and harbours of the Great Lakes would 
be dredged to more than 25 ft. depth, the present 
depth being 20 ft. A 25-ft. deep channel gives 
safe navigation to boats of 23-ft. salt water draft. 

The navigation channels will be 450 ft. wide 
except in canal sections where the bottom width 
will be 200 ft. The minimum radius of curvature 
was taken as 5,000 ft. The locks proposed have 


Government which will give a depth of 25 ft. and | the growing importance of electric power in the| the same dimensions as those of the new Welland 
can easily be increased to 27 ft. depth. It will| economic structure of modern civilisation and} Canal, namely, 859 ft. between quoin posts, 80 ft. 


probably be completed about 1930. 
The Great Lakes carry a commerce of over one | 


| because the improvement of the river for navigation, | clear width and 30 ft. depth on the sills. 


when combined with the utilisation of the water | 


A double 
set of gates and fender chain will be provided at 


hundred million tons per annum, principally of | power, could be accomplished much more economi- both ends of all locks. Provision is made for 
bulk freight such as iron ore, wheat and coal. | cally than the development of these two features | duplicating all locks when the magnitude of the 
On the shores of the lakes are a number of large | separately, it was advisable to plan the improvement | traffic demands it. The capacity of the waterway 


cities, notably, Buffalo, Cleveland, 
Chicago, Milwaukee and Duluth in the United | 
States and Toronto in Canada. There are also 


and power development. ia 
The deepening of the channels of the Great Lakes | 


Detroit, | for the most economical combination of navigation lis estimated at 16,000,000 tons per annum with 


single locks and 24,000,000 tons with duplicate 
locks. In all cases the works had to be planned for 


several important ports on the Canadian side which | could be accomplished either by excavating their| construction without interrupting the existing 
handle the immense wheat shipments coming from | bottoms or by raising the water surface levels. | navigation on the St. Lawrence River and the lateral 
the great grain fields of central and north-west |The determination of the most advantageous | canals. 


Canada. 


method of raising the water levels of the lakes and | 


Fig. 2 is a map of the St. Lawrence River above 'the optimum combination of surface. raising and! rence River is remarkably uniform. The minimum 


Power Development.—The flow of the St. Law- 
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flow during the last sixty six years was 174,000 cub. ft, 
per second, the mean flow 246,000 cub. ft. per 
second, and the maximum 318,000 cub. ft. per 
second. In other words, the minimum is 71 per 
cent. and the maximum only 129 per cent. of the 
mean flow. It is doubtful if any other large river 
in the world. has so uniform a discharge. With 
the 213 ft. total drop in the rapids, between Lake 
Ontario and Montreal, 6,943,000 h.p. could theore- 
tically be developed using the mean flow. The 
quantity is so great that it would be impracticable 
to develop all the power immediately upon the com- 
pletion of the project, since the market would not 
absorb it. Although the navigation demands 
were considered to be of paramount importance, the 
improvements were designed in such a manner 
that they would not interfere with the future 
development of all the available water power. A 
conservative estimate of probable future demand 
was used in determining the power house capacity 
to be built at the same time as the navigation 
works, and the cost estimates were based upon an 
initial installation of generating units of 50 per cent. 
of the power house capacity recommended. 

One of the great problems to be solved in the 
design of the power development on the St. Lawrence 
River is that of handling the ice in winter. In the 
rapid currents of the St. Lawrence ice does not 
freeze in sheets, but a slushy, snow-like mass is 
formed which floats down the stream and is forced 
beneath the ice sheet which covers the quieter 
portions of the river, gradually filling the space 
below the sheets until it partially dams the river. 
If this slush ice collected beneath the sheet of ice 
which would form in the deep quiet water at the 
power dams, it would back up the water on the 
power plants above and reduce their power output. 
If it collected in the pool above the first power 
plant below Lake Ontario, it would raise the level 
of this lake and cause great damage by flooding the 
many interests along its borders. When the mean 
velocity of the water is less than 2-25 ft. per second 
the slush ice is not forced below the sheet ice, 
but continues floating on the surface above the 
sheet ice until the slush solidifies and thus gradually 
extends the sheet ice upstream. The power- 
development plans therefore include enlargement 
of the channels above the dams to reduce the 
velocities to below 2-25 ft. per sec. to eliminate 
the backwater effect which would otherwise be 
caused by the slush ice. 


(To be continued.) 





PETROLEUM NATURAL GASES AND 
THEIR DERIVATIVES. 


In two lectures, delivered at the Royal Institution, 
during December last, Mr. James Kewley, M.A., 
F.I.C., drew attention to recent developments 
in the natural gas from petroleum industry, a 
type of activity which is not represented in this 
country at all. The utilisation and worship of 
natural gas on the Caspian Sea and in China go 
back to remote ages. In the United States, 
Mr. Kewley pointed out, the gas began to be 
utilised about a century ago; but serious attention 
was not paid to natural gas production before 1880 ; 
by 1900, the industry assumed the huge dimensions 
which now enabled some 272,000 million cub. ft. of 
gas, distributed by 75,000 miles of pipe lines, to be 
consumed annually merely for domestic purposes. 
Elsewhere gas was likewise used wherever oil was 
found; but Beeby Thompson estimated that, 
before 1920, gas volumes equivalent to 19,000,000 
tons of oil and capable of yielding 42,500 million 
brake horse-power, had been lost outside the United 
States. Some 32,000,000 cub. ft. of gas were still 
wasted per day by burning in Persia. The erection 
of gas holders to store the summer surplus produc- 
tion of gas was generally out of the question ; dis- 
used wells were now used for this purpose, and one 
Well of a capacity of 25,000,000 cub. ft. at 400 Ib. 
— had been filled and emptied six times in 

Ja). 

_ The natural gas, of which not infrequently 
0,000,000 cub. ft. escaped from a well per day, 
contained comparatively few of the hydrocarbons 
associated with petroleum, viz., methane (boiling 
point — 164 deg C.), ethane (— 84deg.), propane 
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(— 17 deg.), butane (+ 1 deg.), pentane (+- 39 deg.), 
hexane (+ 71-5 deg.), heptane (+ 99 deg.), ete. 
of the formula CnH4n + 2, with one, two, three, etc., 
atoms of carbon. The gas was called dry when 
consisting essentially of methane with a little 
ethane, and wet (casing head gas) when containing 
also the higher hydrocarbons. The occurrence of 
hydrogen, carbon monoxide and olefines in the 
petroleum gas was doubtful. Some wells gave 
almost pure methane. But the presence of other 
gases, carbon dioxide (common in California and 
Sarawak oil), sulphuretted hydrogen (West Texas 
and Persia), and nitrogen was typical for certain 
natural gases. The Dexter well (Kansas), gave in 
1903, a gas containing 84 per cent. of nitrogen; 
the oil in these cases was deficient in nitrogen com- 
pounds, whilst the California oil relatively rich in 
nitrogen, gave no nitrogen gas. On the other hand, 
natural nitrogen gas might yield up to 2-13 per cent. 
of helium. If the nitrogen were atmospheric, one 
would also expect to find oxygen and oxidation 
products in the oil or gas (as CO,), but the Dexter 
gas, for instance, contained no CO,, and the relations 
between the chemical compositions of oil and gas 
were obscure. 

Passing to applications, Mr. Kewley mentioned 
that the pigment carbon black was obtained, in par- 
ticles of about 0-1 yw, and in slightly larger sizes 
(long blacks) which contained more adsorbed gas than 
the finest particles, by letting the natural gas flame 
impinge on cool moving metal surfaces from which 
the black was scraped. The yield of carbon black 
increased with the ethane contents of the gas, but 
did not exceed 3 per cent, though the gas might 
contain more than 40 per cent. of ethane. That 
waste was diminished by first stripping the gas of 
its petrol. Carbon black and hydrogen could also 
be produced by cracking the gas (or methane) 
alone at temperatures above 1,200 deg. C. and 
rapid cooling ; but the black so obtained was not 
so fine, though useful for electrode manufacture. 
Other processes such as chlorination had so far not 
replaced the old method. 

The increasing demand for petrol had led to 
the addition of petroleum gas oils to motor 
spirit. The vapours of these oils caused con- 
densation trouble in gas pipe-lines and corrosion 
of the rubber joints in the pipes. The vapours could 
be removed either by compression (combined with 
refrigeration) or by absorption. Compression plants 
generally worked in two stages. The compression to 
50 lb. per square inch and water cooling removed 
some petrol; the gas was then further compressed 
to 250 lb. and refrigerated by passing through ex- 
pansion motors, the cooled exhaust being utilised 
for further cooling. Plants dealing with 20,000,000 
cub. ft. of gas per day yielded 80,000 gallons of 
petrol per day. The natural petrol obtained was 
a mixture chiefly of propane, butane, pentane 
and higher hydrocarbons, and was still very volatile 
at atmospheric pressure. The objection to the com- 
pression process were that the sulphur compounds 
corroded the valves and cylinders, and that the 
presence of nitrogen and other gases necessitated 
the use of high pressures, which were unprofitable in 
the case of small petrol contents. The petrol 
obtained had moreover to be stored under pressure, 
to avoid waste and weathering, in so-called Horton 
spheres, tanks of a capacity of 1,000 tons and more, 
or had to be stabilised, as Mr. Kewley subsequently 
explained. 

The modern preference was, therefore, for absorp- 
tion of the petrol, by liquids or by solids. Though 
William Young tried absorption of the vapours 
of shale oil by a heavy oil in 1776, the first commer- 
cial plant for the extraction of petrol from natural 
gas was erected at Hastings, Virginia, only in 
1913, and this plant now produced 40,000 gallons of 
gasoline from 150,000,000 cub. ft. of gas daily. 
Ascending an absorption tower, packed with stone 
or metal (Lessing rings), the gas met a descending 
stream of heavy petroleum or gas oil; the issuing 
gas was available as fuel or for carbon black manu- 
facture, while the liquid was distilled to liberate 
the petrol from the oil which was re-used. In 
practice a great excess of absorbing oil was required 
and seven towers were run in series to extract 
2-3 gallons of petrol from 1,000 cub. ft. of gas. 
To absorb pentane at 15 lb. pressure required 20 
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times more oil than if the operation was carried 
out at a pressure of 300 lb. The modern towers 
accordingly worked under pressure. The oil could 
take up 25 per cent. of petrol, but the saturation 
was limited by the heat evolution during the 
absorption. Absorption plants with towers, up to 
80 ft. high, were now built, capable of dealing 
with 100,000,000 cub. ft. of gas per day. But 
Mr. Kewley also referred to portable plants; the 
whole tower system was transported in sections on 
one truck, erected and operated for five years or so, 
and then removed. 

The most important solid adsorber for the vapours 
was activated charcoal; cocoanut shell or certain 
woods were submitted to destructive distillation at 
comparatively low temperature and then treated 
with steam. The adsorption was selective ; at first 
all the constituents were partly retained, but the 
continuous stream of fresh gas replaced the more 
volatile vapours by those of higher molecular weight 
with which the carbon became saturated. In 
such plants the gas was led into the first of three 
adsorbers, then into the second and the third; the 
gasoline adsorbed was then expelled by steam, and 
the charcoal was re-used with a diminished efficiency, 
taking up about 16 per cent., instead of the original 
25 per cent. of petrol. Both the gas and steam 
flow were generally downward in the towers (though 
upward gas flow would be better); to avoid steam 
condensation, the charcoal was preheated by means 
of steam coils without much loss in adsorptive 
efficiency. The advantages of charcoal over oil 
adsorption were greater efficiency at lower gas 
pressures and flexibility for the production of a 
more stable gasoline. The two systems, a small 
oil plant and a charcoal plant for further treatment, 
were frequently combined. Silica gel, the other 
adsorber, had not yet come into general use. 

The gasoline so obtained—a mixture mainly of 
butane, pentane, and hexane—was called wild when 
it was too volatile because rich in low-boiling 
constituents, ethane and propane. Compression 
plants gave wild mixtures necessitating transport 
under pressure, unless the highly volatile vapours 
were first removed. This had at one time been done 
by wasteful weathering, but was done now by stabi- 
lisers; these were fractional distillation plants 
working with heat exchangers and temperature and 
pressure control and giving much improved yields 
of the various constituents in adjustable propor- 
tions. In order to show how a small percentage of 
a low-boiling hydrocarbon might raise the totat 
vapour pressure and necessitate high compression, 
Mr. Kewley gave the following figures concerning a 
natural petrol, containing 2 per cent. by volume 
of propane, 25 per cent. of butane, 35 per cent. of 
pentane, 25 per cent. of hexane, 10 per cent. of 
heptane, and 3 per cent. of octane. The vapour 
pressures at 0 deg. C. of these constituents were 
4,000, 800, 185, 45, 12, 2-7 mm., and the partial 
pressures, 110-4, 237-6, 66-7, 10-3, 0-99, ? mm., 
making a total vapour pressure of 426-13 mm., 
largely due to the 2 per cent. of propane in the 
mixture. 

With the aid of stabilisers and other additions, 
anti-knock motor spirits admitting of high-compres- 
sion ratios were now made Hydrocarbons, such as 
normal propane and butane, were available in 
fair purity for acetylene welding and cutting and 
in 100-lb. drums for household use. The products 
had to be transported as compressed liquids, as 
they boiled below 0 deg. C., but they could be 
distributed in pipe lines without condensation 
troubles, and the manifold industrial possibilities 
of these materials were fully understood. By 
chlorinating the pentane, for instance—with the 
aid of a pipe-line for liquid chlorine—amyl alcohol 
was made in Charleston, Texas; amyl alcohol was 
a valuable solvent for the paint and varnish indus- 
tries. Cracked oils, similarly treated, gave glycol, 


{a good substitute for glycerin, and Mr. Kewley 


showed a sheet of an artificial glass, flexible and 
not brittle, as the most recent (Austrian) product 
of the formaldehyde-resin industry. If some of the 
speculations he liked to indulge in appeared opti- 
mistic, one should remember that helium, which 
would have cost 300/. per cub. ft. at the beginning 
of the war, if it had been obtainable, could now be 
produced at 4 cents (2d.) per cubic foot. 
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THE TRAFFORD PARK WORKS OF 
MESSRS. METROPOLITAN-VICKERS 
ELECTRICAL COMPANY, LIMITED. 
In our issue of March, 1902*, we began an article 


on the then newly completed works of Messrs. The 
British Westinghouse Electric and Manufacturing 





propose to examine how far the first two statements 
now represent the truth, a quarter of a century 
having elapsed since they were made, nor is it 
intended to recapitulate the steps by which the 
change in the name of the firm to that of the Metro- 
politan-Vickers Electrical Company, Limited, took 
place, but we are so convinced that the organisa- 
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as will be gathered from Fig. 2, below is situated 
in an angle formed by the Bridgewater Canal, while 
the Cheshire Lines branch of the L.M. and S. Rail- 
way and the Ship Canal Line branches are adjacent. 
Not far away are the docks of the Port of Manchester 
from which, by way of the Ship Canal, the works has 
a direct outlet to the sea. In the main the lay-out 
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Company, Limited, at Trafford Park, by remarking 
that the works were the largest of their kind in this 
country; that probably no other firm had ever 
commenced a manufacturing-engineering business 
on such a large scale ; and that the unique feature 
of having so commenced, instead of springing from 
small beginnings, did much towards making the 
new works very instructive and interesting to 
engineers arui other manufacturers. We do not 








* See ENGINEERING, vol. lxxiii, p. 397, 








tion has, under the new conditions, not only retained 
but increased its capacity to instruct and interest 
the engineer, that we propose to give as full an 
account of it in a series of articles as our space will 
permit. We illustrate this first article by Figs. 1 
to 17, on Plate VII, pages 64 to 67 and page 76. 
The works of the Metropolitan-Vickers Electrical 
Company, Limited, are situated on the original 





well-chosen site at Trafford Park, Manchester. This 
occupies nearly 130 acres, the major portion of which, 


is unchanged, but the additions, reconstructions, and 
improvements of different degrees of importance 
in both buildings and equipment made since the 
year 1902 have been so numerous and so varied that 
any general comparative account of the works as 
originally planned, and as they now exist, would be 
somewhat involved. Specific reference, then, will be 
made to developments or alterations in connection 
with the particular subject under discussion at the 
moment. It may be seen, however, by comparing the 
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plan given in the issue previously referred to with 
the one shown in Fig. 1, on page 64, that what has 
occurred is all in the direction of growth, some of the 
jong parallel main buildings, running from north 
to south, and previously independent, having been 
inter-connected, and others, of varying size and 
purpose, erected. The total area roofed over was 
originally 40 acres ; it is at present 53 acres. 

The sidings remain as at first planned, that is, in 
gridiron form, and with the shops along the several 
railway lines, which in most cases run through them. 
The cross lines of the gridiron communicate with the 
railway company’s lines, so that the transport of 
both raw materials and finished goods into and out of 
the works is facilitated as well as internal move- 
ment. There are something like 16 miles of railway 
tracks altogether in the works, 10 miles of which is 
of standard gauge. With but one other comment the 
account of 1902 may be dismissed. The original 
buildings required a total of 10,000,000 bricks for 
their construction. The number of bricks laid per 
man per 9}-hours day averaged throughout about 
1,800, and on common straight work the average 
in some cases reached 2,500 bricks per man per day. 
Even allowing for the recognised differences in the 
class of work done, it is clear that an output on these 
lines would have a considerable effect on the present 
housing problem. 

It would, at first sight, appear that the products of 
the works should be enumerated and the general 
machinery of production outlined, before details were 
entered upon. These products are, however, so 
various and many that a mere list would make 
tedious reading, while the methods adopted also 
differ so widely that a seriatim account would be 
somewhat incoherent, further, a long description of 
what might be called the physical geography of the 
works would exhibit the same shortcomings. It is 


proposed then, after a very rapid general survey, to | < 


deal with each department in some detail, learning 
in the process what each produces, and by what 
methods, and then to co-ordinate the knowledge 
thus gained in a consideration of the relation of the 
works administration to the works output. 
Referring to Fig. 1, the main building, known as 
the machine shop and 898 ft. in length by 444 ft. in 
total width, houses in its five aisles and three main 
galleries many distinct departments. In aisle A 
stator and rotor punchings are made, and also 
turbine blading, both in a great range of sizes, 
whilst at one end an interesting experimental 
laboratory is constantly employed in research work 
connected with the Metro-Vick impulse type tur- 
bines. The gallery of this aisle is, for the most 
part, devoted to insulation processes, the manu- 
facture of coils, and to winding generator and motor 
stators and rotors. In aisle B, of part of which we 
give a view in Fig. 4, on Plate VII, gear- 
cutting machines for double helical reduction gears 
of both floating frame and rigid types for marine 
turbine sets, as well as for land use, occupy one end. 
Then come the heavy machines for handling the 
big castings of the turbines and their attendant 
condensers. The sequence of these machines is so 
planned as to give uninterrupted flow of the turbo 
sets to the new turbine test bed which, occupying 
the south end of the aisle, is prominent in the 
foreground of Fig. 4. In aisle C are some of the 
smaller machines, and turbine diaphragms, bearings, 
engine details and condenser auxiliaries are dealt 
with, the gallery above being occupied by automatic 
lathes for small parts, and the tool and die making, 
traction control, and commutator and brush gear 
departments. In aisle D the large electrical 
machines are manufactured and tested, the nature 
of the work handled being well seen in Fig. 5, which 
18 a view of part of this aisle looking south. At the 
bottom of the aisle and outside the main building is 
4 separate armoured structure for over-speed tests. 
Aisle E is another galleried bay, accommodating 
above, departments for the manufacture of switch- 
boards and cubicles, circuit breakers, ironclad 
Switchyear, and motor control gear, and below 
Providing for the manufacture and testing of 
industrial motors. Perhaps the best idea of the 
disposition of the aisles and galleries of this main 
building is gained from the cross section of the works 
given in Fig. 3. 
West of this main building are groups of smaller 


buildings consisting mainly of canteens, warehouses, 
and woodworking shops, to be dealt with later, and 
beyond these again, a new shop 420 ft. by 200 ft., for 
the assembly of large switchgear is now in course of 
erection. East of the machine shop, and between 
it and the central roadway, are situated a large 
office building, a central ambulance and fire station, 
and an imposing electric sub-station which has 
replaced the power house of the original works 
and which steps down and transforms the 6,600-volt 
3-phase 50-period current purchased from the 
local authority. Beyond the road is placed a 
central costing, time-keeping, and wages department, 
and further to the east a building, 578 ft. by 170 ft., 
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come three buildings of the same length and an aggre- 
gate width of 306 ft. 6 in. under which, with several 
extensions, are grouped the iron and brass foundries 
and pattern stores, with fan, magnetic brake, cooker 
and heater departments and tin shop on an upper 
floor of the two latter shops. South of the three 
main shops the buildings are more scattered. A 
large tank shop is devoted to the manufacture of 
tanks for transformers, circuit-breakers, starters, 
controllers, &c., while a long three-storey building, 
providing accommodation for the pattern shops and 
the wireless, instrument, and meter departments, 
bears striking witness to the wide range of Metro- 
Vick. activities by contrast of the delicate 
mechanisms produced in it, with, say, a 45,000-kw. 
turbine set on the machine shop test bed. 

Other important buildings towards the south end 
of the yard include a school for apprentices, a large 
combined purchasing department and stores, a 


and shops, such as those for making moulded stone 
goods, moulded insulating parts and so forth, 
together with garages, &c., while the extreme part 
of the yard is occupied by an important cluster of 
buildings containing the research department. Here 
are chemical, physical, and electro-magnetic labora- 
tories in one building, with mechanical, metallurgi- 
cal, materials, and process laboratories in another. 
Research offices, with a technical library, have a 
third building, while the million-volt high-tension 
testing laboratory with extensions to over four 
times its previous capacity, and now nearing 
completion, makes up the group. A Mond gas plant 
occupies the corner of the ground formed by the 
angle of the canal, and a water tower with two 
tanks containing 223 tons of water and connected 
with the fire service dominates the south entrance, 
which is approached by a bridge across the canal, 
The offices are at the north end of the works, the 
back of the buildings abutting on to three of the 
aisles of the machine shop, with which there is 
direct communication. The offices are of six storeys 
and, extensive as they are, have been largely 
outgrown by the technical staff, a namber of separate 
buildings having been erected to house the trans- 
former department engineers, draughtsmen, corres- 
pondents and shop staff, the production, planning 
and rate-fixing staff, the motor department engi- 
neers, draughtsmen and correspondents, and the 
traction control and railway lighting and signalling 
departments, whilst the switchgear and control 
gear commercial departments have been removed 
to an annexe to aisle E of the machine shop. A 
large drawing and engineering office for the switch- 
gear staff has been erected over the main warehouse, 
and a long one-storey building, used as an employ- 
ment office and conference room, faces the main 
offices. 

Although our description will be of the Trafford 
Park Works only, it will be necessary occasionally to 
refer to other activities of the Metropolitan-Vickers 
Electrical Company, and it should be noted, there- 
fore, that the firm has subsidiary works in Sheffield 
and Birmingham, as well as the Cosmos Works at 
Brimsdown, North London. From this bare out- 
line of the arrangement of the works, we now 
pass on to a more detailed account, and adopting 
the logical method of beginning with the raw and 
partially-worked materials first, the foundries and 
forges claim attention. At the outset it may be 
mentioned that the steel foundry, which formerly 
shared a building with the forge, has been re- 
equipped as the main transformer shop, a more 
economical utilisation of the space. Steel castings 
are now purchased from firms specialising in that 
work. 

As already stated, the main foundry buildings 
consist of three spans, all of which were originally 
of the same length—that is 578 ft. One of these, 

consisting of a main shop with flanking aisles, has 
a total width of 170 ft. and formed the iron 
foundry as first laid out. Figs. 8 and 9, show the 

buildings as they are now arranged and a view, look- 

ing north, down the main shop with its side aisles, 

is reproduced in Fig. 6, on Plate VII. This span is 

63 ft. high to the eaves, and its glazed clerestory 

contributes to the exceptionally good lighting pro- 

vided by the ample skylights in the three roofs. All 

the glass is, moreover, cleaned continually inside and 

out, while the walls are kept as white as possible 

by repeated paintings. Artificial lighting is by in- 

candescent lamps, with an equipment of portable 

lamps for use on the floor. The side aisles were 

both extended at the south end by a length of 

200 ft. in 1920. This main shop and aisles is 

known as No. 1 foundry. The second span was 

formed by roofing over a space of 60 ft. between 

the original shops, and the third, also a main shop 

and aisles, was formerly, a canteen and stores. It 

is now divided transversely into three sections, of 

which one, with a portion of the second span, forms 

the brass foundry. The second section is used as 

a pattern stores, and the third is,No. 2 iron foundry. 

It may be here noted that only the ground floor of 

this building is so occupied. Its two upper storeys, 

except just above the pattern stores, house the 

cooking stove department and a repair shop, &c. 

Another addition to the original plan consists of a 








central supply stores, a condenser testing station, 





two-storey building east of No. 1 foundry, the upper 
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floor of which, level with the cupola charging plat- 
form, comprises No. 3 iron foundry. 

A detached building, containing the iron foundry 
offices and a women’s canteen, lies to the south 
of the fourth bay. The total covered area of 
203,000 sq. ft. forms what is one of the largest 
foundries in the United Kingdom. 

Even a casual inspection of the iron foundries 
conveys a good idea of the very wide field covered, 
the castings produced ranging in weight from 
4 oz. to 60 tons. Besides filling the requirements 
of the Metropolitan-Vickers works, from time to 
time in the past many castings have been made 
for allied and other firms which do not possess 
equal foundry facilities, an instance of the latter 
being the supply of some of the heavy castings for 
the turbines of the steamship Lusitania. Under 
present conditions, however, the increasing busi- 
ness of the Metropolitan-Vickers Company has 
made it necessary to supplement the output of the 
iron foundries by the purchase of many castings 
from outside firms. The general nature of the work 
is, to some extent, indicated in Figs. 6 and 7, but it 
needs, in addition, some specific mention of such 
examples as condenser casings up to 17 ft. 6 in. in 
diameter, steam turbine cylinders, turbo-alternator 
stators and other parts for generating sets up to 
60,000 kv.-a. capacity, waterwheel alternator cast- 
ings and castings for heavy electrical plant generally, 
motor parts, bedplates, switchgear parts, transformer 
kiosks and tanks, diaphragms, meter and instru- 
ment cases and resistance grids. Naturally, so 
great a variety of products involves both highly- 
skilled hand moulding and the more mechanical 
methods of repetition work. Thus, turbine cylin- 
ders of over 30 tons weight, with multiple exhaust 
paths of differing and special curvatures, call for 
exceptional craftsmanship from both moulders and 
pattern makers. Such castings, together with the 
admittedly difficult box-frame stators and rotors 
for large electrical machines, are regularly pro- 
duced, and, at the other end of the scale is the 
thin section work for instrument and meter cases 
done by the moulding machine, and small intricate 
parts made by casting of non-ferrous alloys in dies. 

The location of the several areas for different 
methods of moulding in the foundry is indicated in 
Fig. 9.. Loam moulding, which is naturally em- 
ployed for the larger castings, is carried out at the 
north end of the main bay of No. 1 foundry. Fig. 7 
is a view of this part of the floor, looking north-west. 
The centre of this shop is used for dry-sand mould- 
ing, while the south end provides the space needed 
for fettling the larger castings. The pits for such 
castings as condenser shells and turbine cylinders 
can be readily made out in this figure. There are 
nine altogether, three of them being brick lined 
and one plated. The largest of the three brick- 
lined pits measures 42 ft. by 21 ft. by 10 ft. deep. 
A closer view of these pits is given in Fig. 10. 
In the foreground is the loam mould for a turbo- 
alternator stator casting in course of construc- 
tion, the usual prodded tackle being adopted. 
A core for a condenser end casting appears in the 
background. Fig. 11 is another view of the same 
pits, the stator casting mould being completed and 
ready for pouring. It may be noted that the edges 
of the pits are tormed by cast-iron plates. This 
flooring is adopted elsewhere in the foundries, gang- 
ways of similar plates, 1} in. to 14 in. thick being 
laid down to facilitate transport of boxes, castings, 
ladles, etc., and to prevent encroachment on pass- 
ages by the moulders. The floor of the foundry 
at the bottom of all the pits is provided with a 
framework of binder bars and plates to take cope 
holding-down bolts, and generally to act as an 
anchorage. 

In Fig. 12 a nearer view of the loam core for a 
condenser end somewhat similar to that visible in 
a pit in Fig. 10, is given. The casting itself is 
shown in Fig. 13 in the course of passing through the 
machine-shop. As it stands, it is 8 ft. high and the 
size of the face on the floor is 13 ft. by 12 ft. 10 in. 
The weight is 9 tons 16 cwt. This is not, however, 
a casting of more than average dimensions, a more 
representative example of loam moulding being 
perhaps that shown in Fig. 14, on page 76, which 
is a casting, in process of fettling in the foundry, 

for the top half of a 41,000-kw. turbine cylinder. 
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The height, as the cylinder is placed in the 
figure, is 13 ft. 2 in., the width 17 ft. 10 in., 
and the depth 7 ft. It weighs 20 tons. The loam 
core for the bottom half of a turbine cylinder of 
smaller dimensions is seen in Fig. 15. This is 7 ft. 
high, and measures horizontally 12 ft. 10 in. by 
12 ft. We reproduce this photograph chiefly in 
order to show how the larger cores are handled. 
The structure on which the core is mounted in the 
figure is the top of a wheeled bogie which runs on 


east aisle of No. lfoundry. They are coke-fired, the 
heating air being passed through the furnace by 
the inductive effect of a jet of compressed air, 
It is distributed in the ovens through grids in the 
floor, and the method is stated to be very effective, 

Medium work in dry sand, up to. about 8 tons in 
weight, and some green sand moulding is done in 
the side aisles. It includes small turbine cylinders, 


water boxes, spiders, transformer covers, switch- 
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gear details, the smaller diaphragms, etc. 
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rails leading into the core ovens in the background 
at the left hand. For smaller cores, the bogies are 
fitted with adjustable shelves of steel rails, supported 
from corner posts having serrated edges. The situa- 
tion of the main core ovens may be seen in Fig. 9. 
There are five provided with rails at the ncrth end 
of No. 1 foundry, of which three, each 21 ft. by 
18 ft. inside, are oil-fired, and two at the end of the 
east aisle, each 18 ft. by 13 ft. are coke-fired. Two 
similar ovens, coke fired, are situated at the end 
of the west aisle. Oven temperatures are con- 
trolled by hand from pyrometer readings, and 
are daily recorded on a thermographic recorder. 
The two ovens shown in the background of 
Fig. 15 are each 21 ft. 6 in. by 16 ft., and are 











situated in the middle of the north portion of the 
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casting of the latter has been specially developed, 
and some examples of moulds with cores in place, 
and gated copes ready for assembly are shown in 
Fig. 16. Some of the work, such as_ brackets, 
pedestals, yokes, caps, &c., is done by jolt-rammers 
operated by compressed air, of which there are 
seven, the largest having a cylinder 21 in. in dia- 
meter, and capable of dealing with boxes up to 
6 ft. square and of a weight of 9 tons. These are 
situated in the south portion of the east aisle. In 
this aisle also some of the larger oil-sand coresfare 
made. A group of such cores, to illustrate the 
different purposes for which they are used, is shown 
in Fig. 17. They are dried in the ovens already 
described. The smaller work is dried in two sem!- 
circular stoves. Two centrifugal oil-sand mixers 0 
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the firm’s own design and manufacture, and driven 
by an overhead shaft are situated in the northern 
portion of this aisle. The oil, water, and sand 
are carefully measured before mixing to ensure 
uniformity. This part of the work of the foundry 
is receiving special attention with a view to 
extending the use of oil-sand cores, as the con- 
sequent reduction of the number of core irons 
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latter contain five shelves, each rotating separately 
on a common vertical axis. The accommodation 
for small cores is, therefore, not only extensive, but 
is flexible, as the total capacity is well sub-divided 

No. 2 foundry is set apart for repetition work 
on small castings of from 2 oz. to 1,000 Ibs. There 
are 62, 12-in. machines, convertible to 14-in., used 
chiefly with snap flasks, 12, 22-in. machines, and 2, 














Latte baking 


Fie. 12. Loam Corr ror ConDENSER Enp. 





Fie. 13. ConpENnsER Enp CasTINa. 


and the ease with which the sand may be removed 
from the castings, due to the practical disappearance 
of the bond after casting, are assets of consider- 
able value in increasing production. The lighter 
oil-sand cores are made by girls in a separate 
shop, 80 ft. long and situated at the end of 
the west aisle extension. Here, again, the firm 
has worked out and made the necessary appa- 
ratus, which consists of a circular vertical core- 
making machine with thirteen core arbors, and five 
press-out core-making machines. The cores are 
dried in a brick oven 12 ft. square and in seven 
vertical semi-circular stoves, all coke fired. The 





30-in. machines. 
can be turned out from one machine. These are 
greensand castings with greensand or oil-sand cores. 
The parts made include switchgear and control gear, 
traction, and signal apparatus, all parts for small 
motors, meter cases, and so forth. No. 3 foundry 
is also used for small castings though of a more 
specific nature, only thin delicate work being 
done here, such as parts for meters and instruments, 
and resistance grids, also, for the industrial heating 
department, such details as flat-irons, bow] fires, 
and fan castings. Machines are employed for 


A total of 160 boxes per day | 





moulding and snap flasks mostly used. A man 
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and a boy can produce 240 moulds per day. This 
foundry is situated on the level of the cupola 
charging platform and is provided with two cupolas, 
each 28 in. in diameter to produce the special 
iron necessary for the thin castings. Each cupola 
takes a charge of 400 lb., and has a working 
capacity of about 1} tons per hour. They are used 
alternately. 

The main cupolas are arranged in two groups 
of three each, as shown in Fig. 9. The largest 
cupolas are situated in the middle of the east aisle 
of No. 1 foundry. They are all of different sizes, 
one, 72 in. in diameter at the melting zone, takes 
a charge of 5,000 lb. and has a melting capacity of 
18 tons per hour. The other two, of 60 in. and 
36 in. diameter respectively, take charges of 3,000 lb. 
and 1,000 lb., and can melt at the rate of 12 tons and 
5 tons per hour. Each is provided with two spouts, 
one to serve large crane-handled ladles, the other 
serving small bogie ladles. These cupolas are blown 
by two Sturtevant fans, each driven by a 75-h.p. in- 
duction motor. These fans also serve the two small 
cupolas in No. 3 foundry. Two cupolas are gene- 
rally at work together, but any cupola may be blown 
separately if required. A hydraulic lift is used for 





{taking the pig iron and fluxes to the charging 


platform. This is actuated by two pumps, direct 
driven by two 20-h.p. induction motors. The coke 
is delivered to the platform by a bucket conveyor 
driven by a 10-h.p. induction motor, and fed from 
a hopper into which the railway wagons are dis- 
charged. The second group of cupolas is situated 
at the south end of the second span, that is, in No. 2 
foundry. There are two of 37 in. in diameter, and 
one 28 in. in diameter. The first two take a charge 
of 1,500 lb. each, and have a melting capacity of 
about 5 tons per hour. They have two spouts 
each. The third is used for the production of special 
irons, it takes a charge of 400 lb., and has a melting 
capacity of about 14 tons per hour. Air is supplied 
by one Sturtevant and one Sirocco fan, each direct 
driven by a 40 h.p. induction motor. An electric 
lift to the charging platform is provided. The 
pressure and volume of air supplied to all the cupolas 
is controlled from the readings of pressure gauges 
and Pitot tubes. 

Special weighing apparatus is installed for 
each group of cupolas, but the method of control 
of the materials as regards quality, mixture, etc., 
will be referred to later, at the moment the distri- 
bution of the metal from the cupolas to the moulds 
will be described. There are ladles of 25 tons, 15 
tons, 10 tons, and smaller capacity, handled by the 
cranes, and hand ladles mounted on bogies. The 
main shop is provided with four overhead travelling 
cranes of 80 ft. span, viz., two of 50 tons and two of 
25 tons. Some of these are seen in Figs. 6 and 7. 
The 50-ton cranes have each a 10-ton auxiliary 
hoist and have lifting speeds of 12 ft. per minute, 
and 53 ft. per minute, respectively. The travelling 
speed is 250 ft. per minute and the traverse 80 ft. 
per minute. Travelling cranes are also fitted in 
both the side aisles, that on the west containing 
two of 10 tons capacity each, and one of 2 tons. 
The east aisle, the gantries of which are interrupted 
by the large cupolas, has one 10 ton and one 5-ton 
crane in its north portion, one 5-ton and one 2-ton 
in its south portion. All the cranes are operated 
by variable-speed, three-phase, induction motors, 
working on 440 volt, 50-period, alternating current. 

In addition to the overhead travelling cranes 
there is a full equipment of jib cranes. Four of 
these, of which two are seen in Fig. 6, are 


| arranged to swing right round the pillars of the 


main shop so that they can command a part of 
the side aisles also. These cranes have a radius 
of 30 ft. and a capacity of 4 tons. The motors 
are situated between the jib and the post. There 
are further a number of jibs otherwise actuated, 
comprising two of 30 ft. radius and four of 18 ft. 
radius, fitted with 2-ton electric pulley blocks; 
two of 30 ft. and one of 18 ft. with compressed 
air hoists, and two of 18 ft. hand operated. 
The larger jib cranes are provided with grab 
buckets for rapidly handling sand. 

The sand preparation plant is situated in the 
extension under No. 3 foundry. It consists of 
a group for sand and another for loam. The sand 
plant consists of a 7-ft. 6-in. diameter rotary mill, 
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a belt-driven and a revolving riddle, and a vertical 
revolving disintegrator, driven by a 15-h.p. induction 
motor. The second group comprises a 7-ft. 6-in. 
diameter rotary loam mill, and a belt-driven riddle. 
These are driven by a 20-h.p. motor. The rotary 
mills have the periphery of one of their pairs of 
rollers castellated on each side of the centre line, 
the projections on opposite sides being staggered. 
There is another sand treatment plant near No. 2 
foundry, consisting of a rotary mill and an auto- 
matic riddle operated by a 20-h.p. induction motor. 
The fettling of medium and small castings is carried 
out in the west aisle extension of No. 1 foundry 
next to the girls’ core shop. Most of the work is 
done by machines driven from countershafts by 
induction motors, of which there are four, viz., 
1-10 h.p., 2-15 h.p., and 1-25 h.p. There are 
six rumblers, two drilling machines, five sand 
blasts and 16 emery wheel grinders, all the sand 
blasts and grinders being fitted with dust-extracting 
fans. All castings are treated before shipping with 
a rust-resisting compound. The small castings are 
dipped and the larger castings sprayed. 

The shipping department occupies a part of the 
opposite wing of No. 1 foundry to the fettling 
shop. It does not call for much comment, but 
the shop next to it—that is, the foundry machine 
shop, which occupies the last 60 ft. of the wing— 
is a very interesting appendage not often found 
even in. large foundries. All castings of easily- 
handled dimensions which require simple grinding, 
jig drilling or milling are machined in it, and thence 
delivered to the particular departmental store con- 
cerned. This method has several advantages, not 
the least of which is that if any castings prove 
faulty it is an easy matter to let the moulder see 
the defects. Further, a large amount of transport 
is saved. The machine equipment is considerable. 
It includes six drilling machines, a vertical milling 
machine, and two duplex horizontal milling machines, 
a Churchill grinder, and a circular grinder fitted 
with a Sturtevant dust extractor and fan. This 
latter machine is of the firm’s own design and 
manufacture. The machinery is all driven through 
countershafts by induction motors, of which there 
are four—one 10 h.p. and one 15 h.p. for the drilling 
and milling machines, one 1} h.p. for the Metro-Vick 
grinder, and one 25 h.p. for the Churchill grinder. 


(To be continued.) 





THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 


(Continued from page 50.) 


CONTINUING our account of the exhibition of 
the Physical and Optical Societies, held at the 
Imperial College of Science, South Kensington, on 
10th, 11th and 12th instant, we propose to deal 
first with the exhibits of wireless and other similar 
apparatus of which numerous examples were dis- 
played. 

One of the more important advances in wireless- 
receiving apparatus made since last year’s exhibition 
has been the screen-grid valve, developed by Captain 
Round, and the Marconiphone Company, Limited, 
210, Tottenham Ccurt-road, W.1, showed a model 
of this valve, as well as two receiving sets in which 
it is incorporated. We explained the principles 
of this valve on page 430 of our last volume, so 
that we need now only mention that it is intended 
for high-frequency amplification and is capable 
of giving remarkable results in this capacity. One 
of the sets referred to includes three screen-grid 
stages, giving a total high-frequency amplification 
of 30,000. It is thus capable of receiving almost 
any European transmitting station on a frame 
aerial only 1 ft. square. Several other receiving 
sets, including an eight-valve supersonic-heterodyne 
receiver with a single control, were shown by the 
company, as well as loud speakers, valves, &c. 

The exhibits of Marconi’s Wireless Telegraph 
Company, Limited, Marconi House, Strand, W.C.2, 
included a four-valve short-wave receiver, known as 
the Type R.G.16, and intended for the telephonic 
reception of telegraph and telephone signals over 
the wave band from 15 to 150 m. An interesting 
feature of this receiver is that re-radiation from 


thus possible to use the set in an oscillating condition 
without interfering in any way with neighbouring 
receivers. Another point of interest in this receiver 
is the inclusion of a separate coupling box, which 
allows the aerial to be erected some distance away 
from the operating cabin. The Press receiver, also 
exhibited, was referred to on page 510 of our 123rd 
volume, but another interesting exhibit was a port- 
able receiver intended to be employed with a frame 
aerial for picking up time signals broadcast by 
high-power, long-wave stations and suitable for 
use by surveying parties. It is designed for the 
roughest service in any climate, and is particularly 
simple to operate, only two tuning handles being 
required. These handles are calibrated, so that, 
with the aid of a calibration chart, the receiver 
can easily be set to the wave-length of the station 
required. 

Auto-alarm apparatus for the reception of wireless- 
distress signals by ships on which an operator is not 
kept constantly on watch, was shown by the Radio 
Communication Company, Limited, 34-35, Norfolk 
Street, Strand, London, W.C.2, but particulars 
of this will be found on page 321 of our last volume. 
We noticed, however, that the apparatus now in- 
cludes an external pull-starter for the synchronous 
motor, thus enabling the latter to be started up 
without opening the case. The starter consists of 
a flexible steel band attached to a spring at one 
end, passing round a drum on the motor shaft, and 
connected to an external handle. By pulling the 
latter, the motor is started up at once. 

Extensive displays of thermionic valves for 
transmitting and receiving purposes were made 
by the M.O. Valve Company, Limited, Osram Works, 
Brook-green, London, W.6., and by the Mullard 
Radio Valve Company, Limited, Mullard House, 
Denmark-street, W.C.2. The former firm, as is well 
known, make both the Osram and Marconi valves, 
which are marketed by the General Electric Com- 
pany, Limited, and the Marconiphone Company, 
Limited, respectively. Examples of the M.O. 
Valve Company’s cooled-anode and high-tension 
rectifying valves for transmitting stations were 
illustrated and described on page 492 of our 118th 
volume, and these were shown as well as a selection 
of molybdenum-electrode transmitting and rectifying 
valves in glass envelopes, giving a maximum anode 
dissipation of 1-5 kw. We also noticed a new 
design of low-power transmitting valve, specially 
designed for short-wave work down to wavelengths 
ofabout 5m. The valve has similar characteristics 
to the D.E.T.1 valve, requiring 1-9 amperes at 
6 volts for the filament, being suitable for a maximum 
anode voltage of 1,000, and being capable of an 
anode dissipation of 40 watts. In the short-wave 
valve, however, the anode connection is brought 
out at the top and the grid connection is made 
through the side of a re-entrant tube; only the 
filament connections therefore pass through the 
usual pinch, so that the self capacity of the valve is 
reduced to a minimum. <A somewhat similar valve 
is also made for rectifying purposes, but, in this 
case, the grid connection is, of course, omitted. 

The Mullard Company’s exhibit included, in addi- 
tion to a full range of their well-known low-tempera- 
ture filament receiving valves (P.M. series), a 
number of valves of silica and glass construction for 
transmitting purposes. Among the former.may be 
mentioned a valve developed by the Experimental 
Department of H.M. Signal School, Portsmouth. 
In this the anode consists of a closely-coiled tube 
through which water is circulated for cooling pur- 
poses. The valve, we understand, has dissipated 
37 kw. in static tests, and has generated oscillatory 
power with an input of 40 kw. at 14,000 volts, the 
efficiency being 75 per cent. Examples of the firm’s 
new screen-grid receiving valves were also shown. 
These valves are, at present, made for 2-volt and 
4-volt circuits only, the filament current being 
0-15 ampere and 0-075 ampere, respectively. The 
other characteristics of both valves are similar, and 
are as follow :—Maximum anode voltage 150, screen- 
grid voltage 75, impedance 230,000 ohms, amplifica- 
tion factor 200, and mutual conductance 0:87. The 
three last-mentioned characteristics are obtained 
with an anode voltage of 100, a screen voltage of 
75 and with zero voltage on the grid. A useful 





the aerial has been entirely eliminated, and it is 





into a valve holder of the usual form, a separate 
connection being provided on the top of the valve 
for the anode-current supply. Grid leaks, wire- 
wound anode resistances, and loud speakers of the 
cone type, in which the cone is operated by a 
balanced armature, were among the other exhibits 
of the firm. 

The Dubilier Condenser Company (1925), Limited, 
Victoria-road, North Acton, London, W.3, showed, 
in addition to a wide range of fixed and variable 
condensers for wireless transmitting and receiving 
apparatus, examples of their toroid coils which can 
be used for aerial coupling or as high-frequency 
transformers in receiving sets. In these coils, 
which are made in two sizes for wavelength ranges 
of 230 to 600 metres and from 750 to 2,000 metres, 
respectively, the windings are arranged in the form 
of a ring, such as might be produced by bending 
an ordinary solenoid coil into a circle. With this 
arrangement, there is practically no external field, 
so that two or more toroid coils can be mounted 
close together without interacting, and the coils 
can also be placed close to metal work without 
producing eddy-currents in the latter. Space limita- 
tions prevent us from referring to several other 
interesting exhibits of this firm, but mention should 
be made of a gramophone pick-up device of the 
electrostatic type which was demonstrated in action, 
with a loud-speaker of the Rice-Kellogg moving-coil 
type, with excellent results. 

A gramophone pick-up device of the electro- 
magnetic type, and known as the Igranic-Pacent 
Phonovox, was also shown in action by the Igranic 
Electric Company, Limited, 149, Queen Victoria- 
street, London, E.C.4. In this case, the pick-up 
was connected to a large Celestion loud-speaker 
of the reed-cone type through a four-valve amplifier, 
the whole equipment being capable of producing 
sufficient volume of sound to fill a large hall. The 
firm also showed a wide range of components for 
wireless receiving sets, including coils and con- 
densers, rheostats, audio-frequency transformers, 
chokes, etc., as well as battery eliminators and 
battery-charging equipment. A seven-valve super- 
sonic heterodyne receiver and an absorption-type 
wavemeter, with a wave-length range from 15 to 
2,000 metres, were also exhibited, and we may 
finally mention a set of parts shown from which a 
short-wave receiver, capable of giving high-frequency 
amplification on wave-lengths as low as 15 metres, 
can, be made up. 

The exhibit of Messrs. H. W. Sullivan, Limited, 
Leo-street, Peckham, London, S.E.15, included a 
full range of apparatus for radio-frequency deter- 
minations, including the standard miltivibrator 
wavemeter due to Dr. D. W. Dye, of the National 
Physical Laboratory, illustrated and described on 
page 727 of our 119th volume. Sub-standard 
wavemeters and precision variable air condensers 
were also shown, one of the latter, known as the 
Sullivan-Griffiths condenser, being a particularly 
interesting instrument, in that any axial movement 
of the moving plates, or of the moving conductor 
system as a whole, does not affect the results. The 
design also compensates for any irregularities of 
movement, other than that of true rotation about 
the axis. We propose, however, to deal more fully 
with this instrument in a subsequent issue. The 
firm also showed apparatus for measuring alternat- 
ing current at audio frequencies, as well as direct- 
current and cable telegraph testing and signalling 
apparatus. 

A full range of their well-known adjustable rheo- 
stats, in which the resistance wires are wound on 
heat-resisting steel and porcelain tubes, was shown 
by the Zenith Electric Company, Limited, Villiers- 
road, Willesden-green, London, N.W.2, who also 
displayed various types of adjustable resistances on 
slate formers, vitreous-embedded wire-wound resist- 
ance units, carbon-plate compression rheostats, 
radial contact switches, and transformers, suitable 
for use with high-tension rectifiers and for spectro- 
scopic research work, insulation testing, etc. 
large: full-wave rectifier of the gas-filled thermionic 
type, was also shown in operation on load ; it was 
suitable for currents up to 40 amperes at 70 volts. 

The portable alternating current multi-range 
ammeter and voltmeter of Messrs. Crompton 
Parkinson, Limited, of Chelmsford and Guiseley, 
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is a development of the iron-ring instruments 
shown last year as ammeters only. The instrument 
has no wound former, and is not electrically 
connected to the circuit under test when used as 
an ammeter. It consists essentially of a ring of 
iron stampings with a cylindrical gap in which 
an iron movement of special shape, varied to 
suit scale conditions, is mounted. The conductor 
carrying the current is threaded through the iron 
ring, which it magnetises, and the flux thus 
created turns the moving iron and bridges the 
gap. 
the cylindrical gap projects from the oak box 
of the instrument, and is detachable. When it 
is not convenient to pass the cable through the 
gap, the conductor may be twisted round the 
detached portion of the iron magnet ring, which is 
then refixed without breaking the circuit. The 
ammeter has as many scale ranges as the number 
of turns passing through the ring. If one turn gives 
a full scale deflection with 600 amperes, two turns 
will do the same with 300 amperes. The instru- 








The upper portion of the iron ring forming 


They can also be used as time-interval meters 
for checking time-lag relays. 

The precision ammeters and voltmeters of the 
firm are moving nickel-iron (z metal) instruments ; 
they are also made portable as multi-range instru- 
ments. The same material, » metal, is also used in 
the cores of the low-current bar-type current trans- 
formers ; the 22-kv. transformer exhibited, designed 
for a full load of 120 amperes, has a ratio which is 
constant within 0-5 per cent. and a phase displace- 
ment of less than 1-5 deg. at all primary currents 





transformers also shown, for 200 amperes maximum, 
can be used on circuits up to 6,600 volts with a high 
degree of accuracy. The directional relays are in- 


tended to compensate for the fall of potential in cases 
of severe faults by the method 





down to 15 amperes. The portable precision currrent 


change of 10 deg. would only affect the reading by 
0-2 per cent. 

In the new first-grade induction-type ammeters 
and voltmeters of Messrs. Nalder Brothers and 
Thompson, Limited, 974, Dalston Lane, E.8, the 
rotor, which is of cylindrical form, is acted upon by a 
rotating field due to two fluxes differing in space 
direction and time phase by about 90 deg. The 
main flux is produced by a primary coil placed on 
the external portion of the electromagnet and the 
quadrature flux by a coil situated inside the rotor 
and supplied by the transformer effect from the 
main coil. In an ammeter of this construction, 
the temperature coefficient, it is claimed, is re- 
duced to less than 0-02 per cent. per deg. C., and 
the frequency error is less than 0-2 per cent. for 
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ment is intended for frequencies ranging from 25 to 
100, and is then said to satisfy the requirements 
for a high-grade instrument at these frequencies. 

The Edison-Swan Electric Company, Limited, of 
123-125, Queen Victoria-street, E.C.4, showed a 
new type of rectifying valve for high and low-tension 
current. The cathode is a spiral, covered with a 
barium or strontium compound, and mounted 
between two. vertical plates of nickel inside a 
bulb filled with neon, at a pressure of 15 mm. in 
the low-tension rectifier. The rectifiers are run 
in series with a stabilising resistance of iron wire, 
mounted similarly to a metal filament in a glass 
bulb filled with hydrogen. The vacuum anode 
resistances, which are made by the firm in values 
ranging from 40,000 ohms to 250,000 ohms, and 
their vacuum grid leaks, are metal-capped, frosted- 
glass tubes containing a carbon preparation. 

An interesting novelty shown by Messrs. Everett, 
Edgeumbe and Co., Limited, Colindale Works, 
Hendon, is the Warren master frequency meter for 
enabling the frequency of a power station to be kept 
constant within 0-02 per cent. The instrument 
comprises a pendulum clock, a Warren synchronous 
motor, two hands mounted concentrically and 
moving either over a single dial, or so arranged 
that the clock and motor act differentially upon | 
a single hand. The attendant sees at a glance 
whether the frequency deviates from the normal, 
and can be certain that his adjustment of the 
turbine speed maintains a true average and does 
not merely concern some temporary fluctuation. 
Sections of the Warren motor, which is quite 
small and ean be held in the hollow of the hand, 
are shown in Figs. 10 and 11. The shading rings 
C, C, of copper, surrounding the pole tips on two 
of the opposite pole faces, cause the flux in these 
pole tips to lag behind that in the other two pole 
tips. A rotating field is thus produced, which 
drags the iron ring D round with it by hysteresis. 
The eddy currents are negligible. The rotor speed 
Temains synchronous independently of the load. 
The power consumption is only 3 watts, and the 
gearing can be arranged for one revolution of the 
spindle E, either per minute or per second. The 
Warren motors are utilised for driving graphic 
meters, with the advantage that the shafts on 
any number of instruments are absolutely synchro- 
nised and not dependent upon the accuracy of | 
a number of clocks for operating time switches. | 
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instruments. The instruments are supplied in 
one, two and three pole forms. The energy con- 
sumption is exceedingly low, amounting only 
to 0-03 v.-a. in the case of a relay set for 
10 per cent. reversal. The relation between terminal 
volts and current required for relay operation is 
illustrated by the lower curve in Fig. 12, the 
upper curve representing the same relation for 
a wattmeter type reverse relay under similar 
conditions. When the voltage falls to 2 per 
cent. of normal, in a relay set to operate at | 
10 per cent. of full load, the operating current is 
only 30 per cent. above full load. Meters of the 
induction type, which permit the use of a long scale, 
but are sensitive to temperature and frequency 
fluctuations, have also been improved. In the new 
pattern, illustrated in Fig. 13, shading rings have 
been dispensed with, and the phase displacement is 
secured by the aid of a second electromagnet shunted 
with a non-inductive resistance for the purpose of 
obtaining a current lag of about 45 deg. Dead- 
beat instruments, with scales which are almost 
evenly divided, and satisfying the highest require- 
ments, are thus produced, in which a temperature 








Fie. 13. 


a frequency change of 10 per cent. ; these figures 
represent about a twentieth of previous values. 
The momentary overload capacity is said to be 
5,000 per cent. The rotor of the new directional 
relay of Mr. C. L. Lipman, of the firm, turns in the 
field between the poles of external and internal 
electromagnets, and the compensating coil is 
energised inductively from the main potential wind- 
ing. The relay is fitted with an auxiliary contactor, 
which operates immediately the relay contacts close ; 
a flag, which is replaced by hand, indicates 
that the relay, which is self-resetting, has operated. 
The standard relay is instantaneous, but it can be 
fitted with a Nalder-Reyrolle inertia cup for intro- 
ducing a short time delay, which can be adjusted by 
disc loading. Normally the relay acts with 15 per 
cent. reverse current setting, and then consumes less 
than 1 v.-a. at the full current load of 5 amperes. 

The standard artificial telephone cable exhibited 
by the Indiarubber, Gutta-Percha and Telegraph 
Works Company, Limited, of Silvertown, was 
described last year. Among the minor novelties 
shown by the firm we may mention the Silvertown 
loud-speaker. The magnet system, mounted in 
the base of the horn which is made of impregnated 
fabric, is so arranged that the diaphragm, stretched 
across a dished permanent magnet, is acted upon 
by three complete magnetic fields. The accumu- 
lators, made by the Fuller Accumulator Company 
(1926), Ltd., of Chadwell Heath, Essex, for the Air 
Ministry, have a weight of 29 Ib. (including the acid 
but excluding the crate) for a capacity of 25 ampere- 
hours, and of 41} Ib. for a capacity of 40 ampere- 
hours ; they are provided with special vents which 
prevent the acid from being spilled in inverted 
flying. 





(To be continued.) 








Tue Institute or Metats.—The annual general 
meeting of the Institute of Metals will be held in London 
from March 7 to 8, and the autumn meeting in Liverpool 
from September 4to7. During the past year the member- 
ship of the Institute increased from 1801 to 1,903. Itis 
anticipated by the Council that the present year will 
witness the enrolment of the 2,000th member. Particulars 
of membership are contained in a booklet descriptive of 
the work of the Institute. This can be obtained from 
Mr. G. Shaw Scott, M.Sc., Secretary, 36, Victoria-street, 
London, S8.W.1. 
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LABOUR NOTES. 


TuEspay’s meeting of the full General Council of 
the Trades Union Congress to consider matters arising 
out of last week’s conference with Sir Alfred Mond 
and his associates in the industrial peace movement, 
promises to have exceptional interest. The employers 
have already appointed a Sub-Committee to carry on 
any further discussions that may be decided upon on 
agreed principles suitable for application to industry 
generally, and, presumably, the reasonable men 
amongst the union representatives will press for the 
appointment of a similar group on their side. When 
the parties met on Thursday last week, Sir Alfred Mond 
made it perfectly clear that the employers present 
were there as individuals and not as representatives 
of associations, nor even as representatives of their 
respective businesses, and that they accorded the 
members of the General Council the same degree of 
freedom. Unfortunately, the members of the General 
Council are not free to the same extent to exercise their 
judgment as individuals. They are elected by the 
votes carried by the delegates to the Trades Union 
Congress, which, moreover, defines in rather rigid 
Standing Orders the scope of their authority. At next 
Tuesday’s meeting, the General Council may decide 
to go on with the negotiations, and appoint members 
to serve on the proposed joint Sub-Committee ; but 
whether they do so or not, any agreement arrived at 
on general principles will, obviously, require the en- 
dorsement of a full Trades Union Congress. 





According to a report of last week’s meeting, the 
employers proposed that the Conference should con- 
sider the general lines of policy they could recommend, 
leaving the application to be determined by the various 
industries individually. Obviously, that is the logical 
way in which such a movement should go. Difficulties 
must, however, at once arise, and, if the movement 
is to succeed, they will have to be faced boldly. What 
will the various employers’ federations and associations 
say to agreed principles in the discussion of which they 
have taken no part ? Moreover—and this is the more 
serious of the two questions which are bound to occur 
to the minds of British industry’s average well-wisher 
—will the rank and file of the various trade unions be 
more willing to apply the principles agreed to in this 
instance than they are to apply those submitted for 
their consideration by their own executives or delegate 
meetings ? That the Mond Movement deserves to 
succeed is the general opinion, but in its progress 
towards the desired end there are bound to be several 
highly-critical stages. 

A joint conference was held, on Tuesday, in Man- 
chester, between representatives of the Federation of 
Master Cotton Spinners’ Associations, the Cotton 
Spinners and Manufacturers’ Association, and the 
organisations embraced by the United Textile Factory 
Workers’ Association, for the purpose of considering 
the reports and recommendations of the State of Trade 
Committees of the employers’ associations. Mr. F. 
Holroyd, President of the Federation, occupied the 
chair, and, following statements by representatives of 
both sides, it was recommended that a small joint 
sub-committee should meet to consider in detail the 
reports submitted. It was decided, if agreeable to the 
operatives, that such meeting should be held on Friday, 
February 3. 





A statement issued on behalf of the men was as 
follows :—‘ The whole of the executive committees of 
the various textile organisations in Lancashire have met 
the employers this afternoon, and we have discussed 
their reports, stated our opinions with regard to the 
indefiniteness of the reports—indefinite in every clause 
with the exception of those relating to wages and hours. 
We have given them to understand that under no 
circumstances can we agree to their recommendations 
to increase hours or decrease wages; that we are pre- 
pared to act in co-operation with them in any effort to 
improve trade and also to act in co-operation in an 
effort to obtain accurate information as to the cause of 
the present condition of the cotton industry, and with 
that object in view hzve asked them to consider 
seriously the elimination from their reports of all 
reference to work and wages, and jointly to request 
the Government to set up a Statutory Committee with 
full powers in order to ascertain all the factors which 
go to make up what the employers call cost of pro- 
duction.” 





Mr. Findlay states, in the latest Monthly Trade 
Report of the United Patternmakers’ Association, 
that the improvement noted in the previous issue was 
maintained in December, the number of unemployed 
members being reduced by 10. ‘ We are now able to 
say,” he proceeds, ‘‘ that while the year 1927 has not 
been so good on the whole as 1924 . . . it has 
been, with that exception, our best year since 1921, 
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and we sincerely hope that 1928 will be better still.” 
But,” he adds, “I should not be doing my duty by 
you if I did not let you know that there are very grave 
doubts about it in quarters where knowledge of high 
finance and industry is the raw material by which 
riches are amassed and power is concentrated to 
preserve fortunes.” The membership of the organisa- 
tion is 11,177, and the total number “on the books ” 
702. 





It is officially announced that the ballot of the 
members of the United Patternmakers’ Association on 
the question of continuing or ending the national 
agreement with the Engineering and Allied Employers’ 
Federation has resulted in a majority for the existing 
arrangement. There was a total poll of 3,238 votes, 
and of these, 2,306 were for continuing the agreement 
and 932 against it. The principal provisions to which 
exception was taken by the minority were those 
relating to payment by results and overtime. 





On the recommendation of its Betterment Com- 
mittee, the Joint Industrial Council of the Printing 
and Allied Trades has adopted the following as the 
objectives likely to improve the status of the industry : 
(a) To improve the earning capacity of the industry 
and so maintain or improve the position of both 
employers and employees. (b) To increase employ- 
ment and avoid periods of slackness. (c) To reduce 
the cost of printing and/or improve the quality so as 
to create greater demand. 





The Council decided that there should be ‘‘ mutual 
agreement and hearty co-operation ”’ in efforts to carry 
out suggestions bearing on these problems, and the 
following were submitted :— 

(1) Employers should be urged to improve the 
efficiency of their works by scrapping old and installing 
new machinery and adopting improved methods of 
organisation and production of every kind. 

(2) Modern time-saving machinery, the costing 
system, paper standardisation, and other methods of 
simplification reduce the cost of production, are beneficial 
to all concerned, and should be generally adopted. 
Employees should co-operate with the employers in the 
use of these methods. 

(3) In view of the temporary loss of employment, 
which, in some instances, has been known to follow 
the introduction of time-saving machines, employers 
are recommended, when machinery of a new type is 
introduced, to endeavour to retain all their employees 
by transfer to other duties. This suggestion is not 
intended to interfere with any of the recognised lines of 
demarcation. 

(4) A Works Advisory Committee should be formed 
in all offices where the number of the employees makes 
the formation of such a committee practicable. 

(5) Employees should be encouraged to make sugges- 
tions for improving the methods of working and the 
amenities of the factory. The works Advisory Com- 
mittee should be the natural and proper channel 
through which suggestions by workers should be made. 
Employees making suggestions which are adopted by 
the employers should be suitably rewarded. 

(6) When possible, additional day labour, double 
shifts, or night shifts should be engaged instead of 
working avoidable, persistent overtime. 

(7) Work in the printing trade is largely seasonal, 
and large consumers, all public authorities, and the 
Stationery Office should be persuaded to place their 
orders earlier, and, as far as practicable, in slack 
seasons. 

(8) Wherever possible, the education authorities, 
the employers, and the trade unions should jointly 
arrange classes for unemployed workers, so that they 
may improve their efficiency and be instructed in the 
latest developments in their trade. 

It was decided that the Betterment Committee 
should continue in being, and give further consideration 
to a number of questions affecting the industry. 





The various organisations affiliated to the Trades 
Union Congress have been asked by the General Council 
to give, by February 27, their views on the subject of 
amalgamations. Each is invited to say (1) Whether 
it is prepared to participate in amalgamation negotia- 
tions with other unions. (2) The extent to which it is 
prepared to agree to joint working arrangements with 
other unions. (3) With which unions, in its opinion, 
is there the greatest possibility of progress being made 
in negotiations on either or both of the above questions. 
The questionnaire is being circulated, it may be added, 
in pursuance of a decision of the last Trades Union 
Congress. 





A White Paper issued last week contains some inter- 
esting particulars relating to workmen’s compensation 
in 1926. Statistics are given concerning the compen- 
sation paid under the Workmen’s Compensation Acts 





to the seven principal industrial groups—mines, 
quarries, railways, factories, docks, constructional work, 
and shipping. Of the total amount, 3,097,667/., or 
51-6 per cent., was paid by mutual indemnity associa- 
tions, 1,442,3141., or 24-0 per cent., by insurance 
companies, and 1,466,940/., or 24-4 per cent., by 
uninsured employers. The aggregate number of 
persons coming within the provisions of the Acts 
employed in the seven industries was 7,001,795. The 
total number of cases in which compensation was paid 
was 370,908, and the total amount of the compensation 
paid was 6,006,921/., compared with 476,085 cases and 
6,642,930/. compensation in 1925. The reduction, in 
1926, in the number of cases and in the total amount of 
the compensation paid, is attributed to the coal stoppage, 
the number of cases in the mining industry alone falling 
from 214,405 in 1925 to 131,231 in 1926. In 1926, the 
average payment in case of death was 288/., compared 
with 285/. in 1925, and 161l. in 1914; in case of dis- 
ablement the average payment—including cases settled 
by payment of a lump sum—was 141. 9s., against 12/. 4s. 
in 1925, and 61. 7s. in 1914. The average amount paid 
in lump sums was 831. 9s., against 82/. 10s. in 1925, and 
281. 4s. in 1914, while the average amount paid in 
weekly payments—including weekly payments made 
prior to settlement by a lump sum—was 101. 10s., 
compared with 8/. 19s. in 1925, and 41. 14s. in 1914. 





In respect of employers’ liability insurance business 
for the year 1926, the income of the companies from 
premiums, after making the necessary adjustments in 
respect of unexpired risks, was 5,638,321/., and from 
interest and dividends on reserves 145,224l., making a 
total of 5,783,545/. Of this sum, 3,248,0321., or 56-16 
per cent., was allocated to payment of compensation 
(including legal and medical expenses incurred in 
connection with the settlement of claims). Of the 
balance, 1,886,213/., or 32-61 per cent., was spent in 
payments for commission and expenses of management, 
leaving 649,300/. for profits. ‘It is estimated,” the 
report adds, “‘ that if all the charges and expenses are 
taken into account, the total amount paid in the seven 
great industries in 1926 in respect of workmen’s com- 
pensation was approximately 7,850,000/. It is further 
estimated that the total amount paid in the other 
industries under the Act (though in the absence of 
returns from those industries the basis for an estimate is 
necessarily much more incomplete) would be in the 
region of 3,550,0001., giving a total for all industries of 
11,400,000/. In the coal-mining industry the charge 
arising under the Act, calculated simply on the basis of 
the compensation paid, works out in 1926 at about 5d. 
per ton of coal raised, compared with 3-1d. in 1925.” 





The Ministry of Labour states that on January 9, 
1928, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,232,100, of whom 983,600 were men, 40,500 boys, 
172,500 women, and 35,500 girls. Of the total number, 
865,400 were wholly unemployed, 304,700 temporarily 
stopped, and 62,000 persons normally in casual employ- 
ment. On January 2, 1928, the number of unemployed 
persons was 1,336,303, of whom 1,077,320 were men, 
38,183 boys, 189,058 women, and 31,742 girls ; 878,420 
were wholly unemployed, 395,765 temporarily stopped, 
and 62,118 persons normally in casual employment. 
On January 10, 1927, the number of unemployed 
persons was 1,432,014, of whom 1,116,221 were men, 
41,496 boys, 232,563 women, and 41,734 girls. 





Representatives of the executives of the engineering 
trade unions are to meet in London on January 26 
to consider the question of wages. The arrangement 
under which plain time-workers received a bonus 
advance of 2s. per week expires at the end of this 
month, and the outcome of new deliberations is expected 
to be a demand for an increase of the wages of both 
time-workers and piece-workers. The further progress 
of various local movements will depend on the decision 
arrived at by the central bodies. According to well- 
informed judges, the outlook of engineering generally is 
even less promising than it was six months or so ago. 





The Shipbuilding Employers’ Federation and repre- 
sentatives of the Shipyard Trade Unions are to meet in 
London on January 27, for the purpose of further 
considering the application of the men for a wages 
advance of 10s. per week. At earlier conferences, the 
employers had declined to agree to arbitration, but 
offered to discuss with the representatives of the unions 
the question of an index figure for the automatic 
regulation of wages according to the ability of the 
industry to pay. The contention of the unions now is 
that, since the application was last refused, there has 
been a substantial improvement in the state of the 
industry, but in view of the evidence of Lloyd's 
Register’s returns—that much more tonnage was 
launched during last quarter than was laid down— 
it will be extremely difficult to maintain it. 
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THE SCHELDE-SULZER MARINE 
DIESEL ENGINE. 


A CONSIDERABLE number of vessels have now been 
equipped with Sulzer oil engines, and of these, several of 
the larger have been built and engined by the Konin- 
klijke Maatschappij ‘de Schelde,” Flushing. Among 
the latter vessels, the Indrapoera, owned by the Rotter- 
dam-Lloyd Steamship Company, was completed in 
1925, and the Sibajak, for the same owners, is due to 
commence her maiden voyage on February 8. The 
former vessel is of 11,500 tons gross, and is fitted 
with two single-acting, two-cycle, Schelde-Sulzer 
engines of 3,500 h.p. each, while the latter is of 12,500 
tons gross, the engines, of the same type, developing 
5,000 h.p. each. The cylinder bore and piston stroke, 
viz., 760 mm. and 1,340 mm., respectively, are the same 
in both cases, but the engines of the Sibajak have eight 


Fig. 1. 
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cylinders as compared with six in the case of the 
Indrapoera. The piston speed has also been increased, 
and other detail modifications have been made which 
will be referred to later. 

The general construction of the Sulzer two-stroke 
engine is well known, and it will be sufficient to recall 
that its most important feature is the method of 
Scavenging the cylinders. Two sets of scavenge ports 
are provided at the base of the cylinder opposite to the 
exhaust ports, the lower set being directly open 
to the scavenging air receiver and the upper set 
communicating with the same receiver.through valves. 
In the earlier engines, these valves, which are located 
inside the receiver, were operated mechanically from 
the camshaft, but, as mentioned by Professor Hawkes 
in the Thomas Lowe Gray lecture, to which we referred on 
pages 39and 47 ante, in recent designs automatic valves 
are employed, so that scavenging air is admitted through 
these ports when the exhaust pressure has fallen 
below that of the air in the receiver. On the compres- 
sion stroke, the auxiliary air ports remain open for a 
short period after the exhaust ports are covered by | 
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the piston, the cylinder being thus slightly super- 
charged, and the volumetric efficiency increased. 
Sections through one of the cylinders and pistons of the 
engines fitted in the Sibajak are given in Figs. 1 
and 2, below, and the automatic valves can be 
clearly seen on the right in Fig. 1. The cylinders 
and covers are cooled by sea water in the usual way, 
but fresh water is now circulated through the pistons, 
to minimise troubles arising through possible small 
leakage from the telescopic pipes. The design of the 
latter has been modified, the new arrangement being 
shown in Fig. 2. In previous designs, one of the 
upper, or sliding, pipes surrounded a small vertical 
jet pipe, which was fixed to a stationary bracket at 
the bottom. Water was forced up this pipe by a 
pump, and was thus projected directly on to the 
inner surface of the piston crown, afterwards escaping 





down the telescopic pipes on either side. In the new 





6/8. 


“ENGINEERING” 


arrangement, there is a fixed mouthpiece mounted on 
the bracket, shown below the inner, or moving, pipe to 
the left in Fig. 2. From this mouthpiece, the water 
is projected in the form of a jet, which is caught in 
the divergent nozzle at the bottom of the inner 
pipe. In the nozzle, the kinetic energy of the water 
is converted to pressure energy, and the water is forced 
into the piston-cooling space, returning by the 
second telescopic pipe on the other side of the piston. 
The advantage of this arrangement results from the 
elimination of the central jet pipe, which occasionally 
got out of position and pressed on the moving telescopic 
pipe, resulting in rapid wear of the latter. The 
water leaving the pistons passes through a cooler 
to a tank formed in the double bottom of the vessel, 
and isre-circulated by two electrically-driven centrifugal 
pumps, either of which is capable of dealing with the 
whole supply. We understand that this system was 
fitted for the first time to the motor vessel Van Heutsz, 
and has since been adopted by Messrs. Sulzer 
Brothers. 

The engines of the Sibajak differ in a number of 
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other respects from previous designs, the differences 
being, perhaps, best brought out by a comparison 
with the engines of the Indrapoera. An improvement 
in the general layout of the engine space has been 
rendered possible by a rearrangement and simplifica- 
tion of the auxiliary plant. In consequence of this, 
the water-tight bulkhead, which divided the engine- 
room of the Indrapoera into two compartments, has 
been eliminated, and the whole of the machinery of 
the Sibajak is in one room. The main-engine turning 
gear, operated by air pressure on the earlier vessel, is 
driven by an electric motor on the Sibajak, and a 
further change is that the scavenge air, previously 
supplied by electrically-driven turbo blowers, is now 
furnished by reciprocating pumps driven direct from 
the main-engine crankshaft. This alteration was not 
made because of any unfortunate experiences with the 








turbo-blowers, which have, in fact, given every satis- 
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faction, but to reduce the demand for electric power, 
and consequently the number of auxiliaries. 

In order to keep the length of the engines as short 
as possible, and also to keep the piston speed, and 
consequently the air velocity through the suction and 
pressure valves, within moderate limits, two scavenge 
pumps in tandem, having a short stroke, were fitted to 
each engine. The main crankshaft is coupled to a 
smaller crank at its forward end. The latter crank has 
two throws, one of which drives the tandem scavenge 
pump, and the other the injection-air compressor. 
Each scavenging-air piston has a diameter of 1,800 mm., 
and a stroke of 850 mm. The total volume of both 
scavenging pumps is, therefore, 1-78 times that of the 
working volume of the main-engine cylinders. The 
scavenge pumps draw their air supply through a 
trunk, carried up to the sloop deck, and discharge into 
the receiver, shown in section in Fig. 1, carried along 
the whole length of the main engines. Should the 
scavenge-air pressure rise too high, the air is by-passed 
through a relief valve fitted between the suction and 
pressure sides of the pump. A further difference 








between the engines of the two vessels is that, whereas 
those of the Indrapoera were fitted with two air- 
injection compressors, there is only a single larger unit 
for this purpose on the Sibajak. This compressor is 
of the crosshead type, and has a double-acting L.P. 
stage, followed by single acting I.P. and H.P. stages. 








THE DVORKOVITZ LOW-TEMPERA- 
TURE CARBONISATION SYSTEM. 


In recent low-temperature carbonisation practice 
there has been a tendency rather to exceed a tempera- 
ture of about 500 deg. C. than to fall below it, the higher 
temperature, and other details of the process, pro- 
ducing a certain amount of cracking of the oil 
vapours in the carbonising retort. A practical 
difficulty which has also been apt to occur is 
that the charge tends to become cemented together 
by its plastic constituents before the oils have been 
sufficiently removed. This caking impedes both the 
penetration of heat into the mass and the escape of 
oil vapours before they are cracked, and, with some 
coals and retorts, may hang up the charge in the 
retort and interrupt the progress of the operation. 
In various processes, means are provided for dealing 


with these difficulties, and an alternative method is | 


now being put forward for at once minimising the 
extent of cracking, preventing inconvenient cohesion 
in the charge, and removing the oil vapours almost 
immediately after they have been formed. This 
method has been invented and worked out by Dr. 
Paul Dvorkovitz, ‘whose old professional connection 
with the oil industry is well known, and the Rational 
Carbonisation Syndicate, Limited, of 12, Great St. 
Helens, E.C.3, has now installed on the Trading Estate 
at Slough a setting of two retorts, each with a capacity 
of 5 tons a day, which is the size proposed as the 
unit for commercial installations. The purpose of the 
installation is to enable the exact result that can be ob- 
tained from an individual coal when carbonised in a com- 
mercial unit to be ascertained by actual trial, and a 
siding has been provided on the Great Western main 
line to facilitate the delivery of consignments for the 
purpose. The variations in the results of any carbonising 
process to be expected from different coals are so wide 
that, at some stage before the erection of a commercial 
plant, it is desirable, as a rule, to make such measure- 
ments, and the provision of the present plant should 
enable its suitability for treating particular coals in 
practice to be predicted with some degree of confidence. 

A view of the plant is given in Fig. 1, and the 
size and relative proportions of the setting will be seen 
in Figs. 2 to 5 in which longitudinal and transverse 
sections and sectional plans are given. The operation 
of the system will, however, be best understood by 
reference to the diagram of the retort given in Fig. 6 on 
the opposite page. Its essential feature consists in sup- 
plementing the external heating of the retort with 
producer gas, by introducing into the upper parts of the 
retort, and of its downward extension, a supply of gas 
superheated to a moderate temperature. This gas flows 
down each part of the retort through the charge, so taking 
up and carrying the oil vapours to outlets at the bottom 
of each part of the retort, whence it is led, together 
with the vapours, to condensing. washing and purifying 
plants of a suitable type. The withdrawal of the oil 
vapours in this way enables them to be removed from 
the retort as rapidly as possible, and also deprives the 
charge of the substances which would tend to produce 
inconvenient agglomeration. The coal, which is 
broken up into lumps of $-in. toa maximum of 2 in., is 
raised by means of a bucket elevator, to the charging 
platform, visible in Fig. 1, and is fed to the retort 
through hoppers. The evolution of the oil vapours 
and their absorption by the carrier gas is assisted by a 
spiral stirring arrangement, which rotates at a speed 
of two and a-half to three revolutions per minute, and 
can be revolved in either direction according to the 
state of the charge. When the treatment in the upper 
part of the retort has proceeded sufficiently far, the 
charge passes through a valve in the base of that 
part into the lower part of the retort, where the 
distillation is continved under the influence of the 
external heat from the producer gas in the flues with- 
out mechanical agitation, which no longer is necessary. 


The gas and oil vapours escape through outlets shown | 


at the base of each part of the retort, and are thence led, | 


according to usual practice, to air condensers and water | 


condensers, and, with the help of a compressor and | 


exhauster to oil washors and lime purifiers. The gas 


then returns to the lower part of the superheating coil, | 
shown on the right of the diagram, and circulates again | 


through the retort as before. The solid residue is 
finally discharged through valves at the base of the 
retort into coke chambers. The superheater coil is 
arranged on top of the producer, and, by means of 
dampers not shown on the diagram, its outlet tempera- 
ture is said to be regulated to within 25 deg. C. of any 
desired temperature between 300 deg. C. and 400 deg. C. 
The flues round the upper and lower parts of the retort 
















ENGINEERING. 


[JAN. 20, 1928. 





THE DVORKOVITZ CARBONISATION 


SYSTEM. 





«f 


vam 





Fie. 1. VIEW 


SynpDicaTE, LimiTED, at SLOUGH. 


8 
Fig. 2. SECTION A.A. TIT Fig.3. | 






























































————————— 19! g°--------- . 
| ia 

ri 2 E wg aoe , as 
dl | + elles Weeccocorcooe 
a “ i Ft eueppemeennaneeiaaiememeeets 
re ia : ——c | rg ) ‘ 
1 Ss } NN NY 
is a Ait | Lavy | Are © N aN 
a —6' 0- “F---6: O° FN OR A9!0' ® N N 
| aed" Ay |” Ly N,- N 
r -'. H ae | | Ms VMs WL NULNG VAL SUNT NG a 
| 4 Y } H | 4 ZZ Fi Y a 

Be ! = 77) Z bz 
Se h A WKEETILLL 
Se boo Fe A 
a ae =H | sa | ix =. Y ha Li UY, 
' + 1 1 ' 32 GZ AN NZ Yj 
| 8 | | é ’ Ge w%G 
eS . ci eee M7 
; 4 ' +-5.0-- H Y GY WY U/ 
1 8 1 ry Y G Wra7 
at dil |e Wa y 

. i ae 7 taal . Ny 
Is ky | |i ys Z Y4-/) 

+ = = es | tit oy LIN NW UY 
eno Ree: A 3 ZW V7 
1 2 - ] bat “a CAFUN WAH 
ka SS 
1 bag § WU WH 

° e ra 
























OF THE Two-Unit PLANT OF THE RATIONAL CARBONISATION 





\3 
Se eal alae earigenenteees 








} 





SECTION B.8. 



































































fe—- - 6: 6-—---e—------ 7. 6" -—-++—- aa 
—— GUY “wig tag - =e 
: Ae Gal ZGe 
Pa ee 
4 0 kor oN — “S< Yee Za ‘ 
+ WY iG 
ba VA VA 7 
y 7 Y SS > (V) SSSSSSSSSTSSSSSSSSS ‘6 
UNOS | Go EEG; * = 
& WWW AEG Sp Hasek 
GGGOG':Gs LD SSSI 
= : yf ae Le Mu 
(5/2.C. 








‘ 
: 





cK. 


Fa Na Sat ea MS atone 


hi 


ar 
an 
un 


an 
wh 
shi 
th 


pu 
cay 


ces 
we 
Vis 
no 
or 

ay 
les: 
tio 
gas 
use 
wh 
it 

pre 
to] 
an 
bet 
wo 
up 
the 
at 1 
Ex 
tion 
me: 
den 
be | 


to | 





A ate aaa tas 


sesarecnie ates seam 
SA RTI SRE 5 SAN RR I A 


Rae 


patie S NiGis ‘hs 








JAN. 20, 1928.] 


_ ENGINEERING. 





73 








THE 





DVORKOVITZ CARBONISATION SYSTEM. 




















SS 
yy Y 
YY 
___DWAlany 
Yj | Yj 
Yj; G 
j Uj 
ZW 












































Yj 
1 
Y, 
Yi 
YY i Yj 
Wy 
I Yy 
= Yj 
Y 
+ 
. Y 
ts 7 * in 
a ! 
' 
! 
! 
' 
, | 
' ‘ 
i] 
! ! 
yt 
i 
t Yj 
Y ~_ —Y 
Yy 
4, Ct 1 
Y, “yj 


























MO 


R&@c 
SG 


WGK 


S 














(5/7.8) 


are each divided into nine sections, closed by dampers, 
and the temperature, which is arranged to suit the coal 
under treatment, has a gradient of from 500 deg. C. 
at the top to 400 deg. C. at the bottom. The retort 
and stirrer are each made of steel. The residual coke, 
which is about three-fourths of the weight of the charge, 
shows, in its structure, the effect of the penetration of 
the gas from the beginning of the process, and is said 
to pulverise more readily, with much less wear on the 
pulveriser, than is usual in coke made otherwise. The 
capacity of the upper part of the retort is 2} tons, and 
of the lower part 3 tons. The gas produced in the pro- 
cess is said to amount to about 3 to 6 per cent. of the 
weight of the charge, and, in the two-unit plant, no pro- 
vision is made for dealing with that part of it which does 
not disappear through absorption in the coke, leakage, 
or otherwise, the quantity not being appreciable. In 
a plant of commercial size, which should consist of not 
less than one hundred units, doubtless some accumula- 
tion of gas would occur, and this would be collected in a 
gas holder for distribution to the several units and for 
use in the heating system. In such a plant, moreover, 
where the supplies of coal were sufficiently constant, 
it is said that some of the elaborate heat control 
provided in this plant in order to allow the temperature 
to be adapted to suit any class of coal could be omitted, 
and for most coals probably the separating valve 
between the upper and the lower parts of the retort 
would be unnecessary, the retorts therefore being filled 
up in the first instance with coke already made, and 
the charge being fed continuously from the hoppers 
at the top of the retort to the coke chamber at its base. 
Except, however, for the advantage of such simplifica- 
tion and economy, the technical working of the com- 
mercial plant appears to be identical with that of the 
demonstration unit now installed. The coke appears to 
be suitable either for pulverising or for other purposes. 

ordinary figure for its contents in volatiles is said 
to be between 6 and 7 per cent. It is found that, with 


many coals, the rating of the unit is exceeded, rates of 
7 tons a day being said not to be uncommon. 

As a whole, the plant seems to be a practical means 
of trying out the process for any material which it is 
contemplated to carbonise in it, and its previous use 
should enable commercial plants to be put in with much 
greater confidence than would be possible without the 
experience to be obtained by its use. The results of 
trials made on it should be of considerable interest to 
the colliery, and some of its dependent, industries, 
and may show a practical means of obtaining oils and 
motor spirit not only from native coals but also from 
materials, such as cannel, which at present are in little 
demand. 








THE LATE MR. E. L. MORGAN. 


WE regret to note the death, on January 6 last, 
at his home, Lisvane, Albert-road, Heaton, Bolton, 
Lancashire, of Mr. Edward Llewrwg Morgan, who had 
been Borough Engineer and Surveyor for the County 
Borough of Bolton for the last 27 years. A son of the 
late Rev. J. R. Morgan, D.D., of Llanelly, Mr. E. L. 
Morgan was born on April 20, 1866. He received his 
general education at the Athenzeum School, Llanelly, and 
afterwards became an articled pupil of Mr. G. Watkeys, 
Borough Engineer of Llanelly. Upon completing his 
pupilage, he was appointed Deputy Borough and 
Waterworks Engineer of Llanelly, and, while occupying 
this position, was engaged on works in connection with 
several important water, sewerage, and harbour 
schemes. In 1889 he went to Spain, to take up the 
position of assistant engineer on the Ferro Carril 
de Murcia y Granada, under Mr. Neil Kennedy. During 
the next three years he was resident engineer on one 
of the divisional sections of the railway, the length of 
which was upwards of 30 miles. In 1892, Mr. Morgan 
returned to his native country and was appointed 








assistant engineer to the Barry District Council, serving 


under Mr. J. C. Pardoe, Engineer to the Council. He 
occupied this position for some twelve months, and 
was engaged on operations connected with the sewerage 
and improvement works which had become necessary 
owing to the rapid increase of the town consequent 
upon the construction of the Barry Docks and Railways. 
| In 1894, Mr. Morgan became assistant engineer on 
the main drainage works of the Rhondda Valley, and 
was appointed resident engineer of the operations in the 
Rhondda Fach Valley ; he had charge of the construc- 
tion of seven miles of sewers. Some time afterwards, 
he again joined the staff of his old chief, Mr. Watkeys, 
of Llanelly, and was engaged in making surveys and 
general plans of extensions to the town waterworks. 
Mr. Morgan became Deputy Borough Engineer of 
St. Helens, Lancashire, in 1896, and continued to 
occupy this post until 1900, when he was appointed 
to the position held by him at the time of his death, 
that of Borough Engineer and Surveyor of Bolton. 

During his long tenure of office, over 60 miles of new 
highways were constructed and many of the older roads 
widened. Since the war, some 2,000 houses have been 
erected under the direct supervision of the Borough 
Engineer’s department. Under Mr. Morgan’s direc- 
tion an important improvement scheme, involving con- 
siderable expenditure, was prepared some time ago. 
This involved the demolition of a wide area of old 
property in the centre of Bolton in order to make way 
for new thoroughfares grouped round an enlarged town 
hall; the acquisition of the sites needed is now pro- 
ceeding. 

On October 30, 1917, Mr. Morgan was appointed 
engineer to the City of Cardiff; but, owing to his 
wife’s ill-health, he ultimately decided not to take 
up the post. For his public services, Mr. Morgan was 
recently appointed an Officer of the Order of the British 
Empire. He was elected an associate member of the 
Institution of Civil Engineers on January 10, 1899, and 
became a member of the Institution of Municipal and 
County Engineers in May, 1907. He was also a hono- 
rary fellow of the Institution of Sanitary Engineers. 








YEAR BOOKS AND ANNUALS. 


The Motor Ship Reference Book.—lIt is hardly too 
much to say that to anyone who is interested in motor 
vessels, even though it be to only a minor extent, The 
Motor Ship Reference Book, published by the Temple 
Press, Limited, 5-15, Rosebery-avenue, E.C.1, at 5s. 
net, is indispensable. No doubt most of the informa- 
tion given in the book could be obtained from other 
sources, but only with a great amount of trouble, and 
the convenience of having, say, a complete list of every 
motor vessel in service of any size ready to hand, is 
difficult to overestimate. The list included in the book 
gives the essential particulars of each vessel, and is 
brought up to date each year, that in the 1928 edition, 
for example, including all vessels completed in 1927, and 
all at present on order. In addition, a large amount of 
other statistical information is given, together with 
photographs and sectional drawings of all the more im- 
portant engine designs. As an instance of the care 
that is taken to keep the work up to date, we notice 
that particulars of the A.E.G. Hesselman engine have 
been included in the latest edition, although the three 
Hamburg-Amerika liners in which these engines are to 
be installed are not yet in service. If further indication 
were required of the care taken in editing, it is given 
by the fact that the drawing of the Doxford engine 
included in earlier editions has been replaced by one 
showing the latest type in rather more detail. A new 
feature of the reference book that will appeal to many, 
is a series of reproductions of photographs, showing the 
more important motor vessels constructed in 1927. All 
the characteristic features of the book have been retained. 
The chapter on fuel and lubricating oil for motor ships, 
we notice, has been extended, and now includes 
tables giving the prices of Diesel oil since January, 1925, 
and the current prices at various ports. The book is 
compiled by the staff of our contemporary T'he Motor 
Ship, and apart from anything else, is remarkable for 
the accuracy of the technical information given, and 
for the informative nature of the comments on current 
design and tendencies. 





Anuario de Mineria, Metalurgia, Electricidad y 
demas Industrias de Espana, 1927.—The present 
volume of this well-known Spanish mining and industrial 
year book forms the twenty-seventh annual edition. 
It is compiled by Mr. A. Contreras and Mr. A. Oriol, 
both mining engineers, and is issued by the Revista 
Minera, Metalurgica y de Ingenieria, 3, Villalar, 
Madrid, at the price of 14 pesetas. The book gives 
brief data concerning all mines, classified according to 
minerals and provinces, and of all mining, metallurgical, 
electrical and chemical companies established in Spain, 
the information comprising the capital, address and 
list of the members of the board of each one. It also 
constitutes a directory of Spanish and of foreign civil 





engineers established in the country. A chapter deals 
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with the fees charged by the Madrid School of Mines 
Laboratory for tests, and for the analysis of ores and 
metals. Industrial legislation is also entered into, and 
other information given, all of which proves useful to 
Spanish business men, whilst many of the data quoted 
are of a nature to assist foreign industrial establish- 
ments in their intercourse with Spanish concerns. 





The South and East African Year Book.—In order 
to make the information contained in this well-known 
year book accessible to a larger circle, the publishers 
have, wisely, we think, reduced the price of the 
1928 edition from 5s. to 2s. 6d. In spite of the lowering 
of the price, the year book and guide retains all its 
old features. As-usual, the work is divided into three 
main sections: Part I deals with South Africa; Part II 
with East Africa; and Part III with fishing, shooting, 
and general data regarding sport. Much detailed 
information is given in the book regarding imports 
and exports, means of transport and communication, 
the rapid growth in manufacturing activities, immi- 
gration, the acquisition of land, agriculture and the 
cultivation of cereals, fruit, sugar, tea, cotton and 
timber, the pastoral industries, prospecting, the mining 
industry, and mining laws. The specially prepared 
atlas, with 64 pages of maps in colours, is again included. 
The volume is edited by Messrs. A. Samler Brown and 
G. Gordon Brown for Messrs. the Union-Castle Mail 
Steamship Company, Limited, 3, Fenchurch-street, 
London, E.C.3, and is published by Messrs. Sampson 
Low, Marston and Company, Limited, 100, Southwark- 
street, London, S.E.1. 





Oesterreichisches Montan-Handbuch, 1927.—This 
year book of the Austrian mining industry, the eighth 
annual issue, gives figures concerning the working of 
the Austrian mines in 1926, classified according to 
provinces and products; namely, coal, iron ore, other 
ores, graphite, mineral oil and oil shale. Separate 
tables deal with the output of each mineral and 
contain comparative figures for the ten years 1917 
to 1926, the information covering number of workings 
and of persons employed, wages and production. The 
brown coal raised in Austria in 1917 amounted to 
2,314,645 tons, as compared with 2,957,728 tons in 
1926. The figures for black coal were, respectively, 88,841 
tons and 157,308 tons, whilst the iron ore output fell 
from 1,781,709 tons in 1917 to 1,094,371 tons in 1926. 
Among the other information quoted is an enumeration, 
in tabular form, of all the most important pieces of 
machinery in use in the various mines of the country, 
their number, power and other characteristic features 
being stated. Detailed particulars are given concerning 
the different classes of labour employed, and the names 
of owners, overseers and staff of the various mining 
concerns are listed. A separate section contains 
statistical data coneerning the country’s consumption, 
imports and exports of minerals. The book is edited by 
the Austrian Mine Owners Association, and is published, 
at the price of schilling, 20, by the Verlag fiir Fach- 
literatur, Vegagasse 4, Wien XIX. 





SHIPBUILDING IN 1927.—Messrs. Doxford and Sons, 
Limited, Pallion Yard, Sunderland, have launched two 
ships totalling 11,430 tons.—The gross tonnage of the four 
ships launched at the Wear Dock Yard, Sunderland, of 
Messrs, 8. P. Austin and Son, Limited, amounted to 6,911. 
—The steamers and motorships launched by Messrs. R. 
and W. Hawthorn, Leslie and Company, Limited, at their 
Hebburn-on-Tyne Shipyard, numbered eight, and the total 
gross tonnage amounted to 28,392.—The total tonnage 
launched, at the shipyards on the rivers Clyde,'Tyne, and 
Wear, owned by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, was 181,224. Among the vessels 
included are the mctorships Zealandic, Port Gisborne, and 
Port Huon, all of wich have a tonnage of over 10,000.— 
The shipbuilding work carried out by Messrs. Wm. Simons 
and Company, Limited, Renfrew, included three dredgers 
having a total tonnage of 2,790.—Messrs. Archibald 
McMillan and Son, Limited, Dock Yard, Dumbarton, 
have launched three carga. motorships, each having a 
gross tonnage of nearly 4,000.—The total gross tonnage 
of the shipping launched by Messrs. Short Brothers, 
Limited, Sunderland, was 31,465.—Fourteen vessels 
aggregating 61,112 gross tons were launched by Messrs. 


Palmers Shipbuilding and Iron Company, Limited, 
Jarrow and Hebburn.-—Messrs. Craig, Taylor and 
Company, Limited, Stockton-on-Tees, have launched 


two steamers aggregating 9,202 gross tons.—Messrs. 
Henry Robb Limited, Leith, have launched 34 dredgers, 
lighters and tugs, the total gross tonnage of which was 
3,758.—Six vessels, aggregating 26,147 gross tons, were 
launched at the West Docks, South Shields, of Messrs, 
John Readhead and Sons, Limited.—Messrs. D. M. Cum- 
ming, Limited, Glasgow, have built two sugar-carrying 
lighters, each of 50 gross tons.—The gross tonnage of the 
34 steamers and motorships launched at the Belfast, 
Glasgow, and Greenock shipyards of Messrs. Harland and 
Wolff, Limited, was 94,700. Of these, the S.S. Laurentic, 
had a gross tonnage of 18,724.—Messrs. William Dobson 
and Company, Walker, Newcastle-on-Tyne, have launched 
two vessels aggregating 8,728 gross tons..—The three 
vessels launched by Messrs. Cowpen Dry Docks and Ship- 
building Company, Limited, Blyth, totalled 8,338 tons. 


LETTER TO THE EDITOR. 


THE THAMES FLOODS. 
To THE EpiTor oF ENGINEERING. 

Str,—On the score of strict historical accuracy, 
objection might be taken to the statement, in your 
article of January 13, that “there is no previous 
record of a tidal bore being established in the estuary 
of the Thames.” : 

Floods at Lambeth, Westminster, or both places, are 
recorded in 1821, 1763 (twice), 1571, 1555, 1242, 1236, 
1092, 1091. This list is probably incomplete, as it 
has been compiled partly from secondary authorities, 
which quote such primary sources as Florence of 
Worcester, William of Malmesbury, R. de Hovenden, 
Matthew Paris, Stow and Holinshed. 

In 1091, London Bridge was swept away. In 1236, 
the river flowed into the great Palace at Westminster, 
and the depth of water there was such that the middle 
of the Hall might be passed in boats. In 1555, a 
wherrie rowed over Westminster Bridge and into 
Palace Court. When the flood of 1571 subsided, 
fishes were found in Westminster Hall. The damage 
to riverside warehouses in 1763 was 20,0001. 

In many instances the exact date of the flood is 
on record, so that the corresponding normal state of the 
tide could be calculated. 

It seems almost certain that some, at least, of these 
floods were caused by abnormal tides as well as by 
heavy rainfall in the Thames valley. 

Apparently the experience of the last nine hundred 
years points to an incidence of about one such flood 
per century. Even the entirely proper desire to 
avoid panic remedies for very rare catastrophes, not 
of the greatest severity, cannot justify the suppression 
of historical records. 

Yours faithfully, 


January 16, 1928. GEORGE M. Meyer. 
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His Majesty’s Stationery Office. [Price 3s. 6d. net. ] 

Deutsche Kraftfahrzeug-Typenschau. No. 2. Omnibuasse, 
Nutzkraftwagen, Zugmaschinen. Edited by C. W. 
Ertch Meyer. Dresden: Deutscher Motor-Ziet- 
schrift, G.m.b.H. [Price 2 marks.] 

Cours de Mécanique. Vol. II. Mecanique Spéciale des 
Fluides Hydraulique, Thermodynamique, Air Com- 

ime. By L. Gurttot. Third edition. Paris: 
Ch. Béranger. [Price 55 francs + 40 per cent. ] 

Technique de L’Etirage. Etude Générale. By M. G. 
DE Latrre. Paris: ‘ L’Usine.” 

Note on Steps to be taken to Permit of Running the ‘“‘ Future 

Large Vehicle ’’ on Broad Gauge Railways. By A. I 

StercH. Technical Paper. No. 262. Calcutta: 

Government of India. Central Publication Branch. 

[Price 10 annas, or Is.] 

United States Bureau of Labour Statistics. Bulletin 

No. 443. Wages and Hours of Labour in Woollen and 

Worsted Goods Manufacturing, 1910 to 1926. Washing- 

ton: Government Printing Office. [Price 10 cents. ] 





THe Institution oF ELEcTRICAL ENGINEERS.—We 
have been informed that the ‘“ Progress Reviews,” 
which appear from time to time in the Journal of the 
Institution of Electrical Engineers are obtainable, in 
pamphlet form, from the secretary of the Institution, 
Savoy-place, Victoria-embankment, London, W.C.2., 
at the price of ls. 10d. per copy. Three reviews have 
been published in the January issue of the Journal, 
namely “ Electricity in Mines,“ by Mr. J. A. B. Horsley ; 
“Co-operative Research in 1927,” by Mr. E. B. Wed- 
ares and “Electrical Standardisation,” by Mr. P. 
xood, 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish stee] 
trade, since the resumption of work, have not been wholly 
satisfactory. There has been a fair accumulation of 
specifications since the beginning of the year on the 
books of some makers, but others complain of a dearth 
of fresh business. On the whole, it cannot be said that 
there is any noted improvement in the industry yei. 
After a national holiday period, it takes a little time for 
business to settle down, but the general feeling is that 
we are on the eve of better times and that most trades 
will benefit. Unfortunately, shipbuilders are not picking 
up many fresh contracts just now, and this has rather a 
bad effect on the steel trade. Black-sheet makers have 
still a fair amount of work on hand, but most of them 
could be doing with more orders, particularly for the 
heavier gauges. Inquiries of late have not been very 
heavy. Prices are practically without change and are 
as follows :—Boiler plates, 10/. 10s. per ton ; ship plates, 
81. 2s. 6d. per ton ; sections, 71. 12s, 6d. perton; and sheets, 
4-in., 82. 12s, 6d. per ton ; all delivered Glasgow stations, 

Malleable Iron Trade.—In the West of Scotland 
malleable iron trade there is little change to report. 
Orders which came to hand during the stoppage were not 
of great tonnage, and further new business is still very 
difficult to pick up. In the steel re-rolling branches 
there is a fair amount doing, but buyers are not very 
inclined to book much ahead, with the result that the most 
profitable use of plant cannot be obtained. The current 
quotations are 10/1. 5s. per ton for Crown bars, and 
7l. 15s, per ton for re-rolled steel bars; both delivered 
Glasgow stations. The export prices are 5s. and lis. 
per ton less, respectively. 

Scottish Pig-Iron Trade.—The state of affairs in the 
Scottish pig-iron trade has not improved, and the dull 
tone is general. Buyers are not much in evidence, and 
sales, either on home or export account, are of small 
dimensions. Inquiries are few. Prices are unchanged 
but have an easier tendency; they are as follow :— 
hematite, 74s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. per ton; and No. 3, 70s. per 
ton, both on trucks at makers’ yards, 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, January 14, amounted to 910 tons. Of this 
total, 870 tons went overseas and 40 tons coastwise. 
For the corresponding week of last year, the figures were 
35 tons overseas and 164 tons coastwise, making a total 
shipment of 199 tons. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—While certain iron and steel sections 
are experiencing considerable activity, others are only 
engaged at about 50 per cent. capacity. Bulk steel 
manufacture continues brisk as does that of shipbuilding 
requirements, but work at the open-hearth furnaces 
only necessitates plant operating at half pressure. 
Business in finished steel and steel products is slack 
at present, but improvement is anticipated as the 
year progresses. Stainless steel is finding increased 
favour with builders of railway carriages and tramway- 
cars, who are providing a lot of work, both in this class 
of steel and other metal fittings. The demand for 
steel for motor-car production, while keeping individual 
firms busy, shows a decrease on the average of the 
past year or two. This is chiefly on account of the 
slump in the French motor-car industry. Despite a 
reduction in the price of pig-iron, purchasers show no 
inclination to extend the buying movement, which for 
some little time has been decidedly slack. The yearly 
statistics to hand for exports from this district to the 
United States, show an increase both in steel and cutlery. 
In the latter connection, which includes a substantial 
business in safety-razors, blades and blanks, the figure 
has increased fully 50 per cent. over the previous year. 
Sales of best quality small tools on home account 
continue brisk, but the overseas demand is for the 
cheaper goods which come from Germany. The demand 
for garden and agricultural tools continues poor, but 
the seasonal demand is expected to be sufficiently 
substantial to wipe off surplus stocks which accumulated 
owing to the inferior demand last year, consequent on 
the inclement weather. 

South Yorkshire Coal Trade.—The position reveals 
a better tone than that prevailing towards the latter 
end of last year. The demand for washed slacks almost 
absorbs the output, but other slacks continue only 
moderate, despite the reduction in prices enforced on 
account of surpluses at pit heads and on railway sidings. 
The only business in industrial fuel is chiefly with 
buyers insuring against the probable rise in quotations. 
House coal continues to be in steady demand. Business 
in furnace and foundry coke, at reduced rates, continues 
to expand both on overseas and inland account. 
Quotations :—Best branch hand-picked, 27s. 6d. to 
29s. 6d.; Derbyshire best bright house, 20s. 6d. to 
21s. 6d.; best house coal, 19s. to 20s. 6d.; screened 
house coal, 16s. to 17s. 6d.; screened house nuts, 
15s. to 61s.; Yorkshire hards, 14s. 6d. to 15s. 6d.; 
Derbyshire hards, 14s. to 15s. 6d.; rough slacks, 
8s. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s.; smalls, 
3s. to 4s, 6d. 





DresEt Enotve Users’ Association.—We learn from 
the secretarial statement issued recently by the Diese 
Engine Users’ Association, 19, Cadogan-gardens, London, 
S.W.3, that 47 new members and subscribers have been 
elected during 1927. The total membership of the 





Association, at the present time, is 472, 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Sales of Cleveland pig iron 
fall short of expectation, but early expansion of business 
is confidently looked for. After the demands of makers 
consuming plant have been satisfied, the quantity of iron 
available for disposal in the open market is not large, 
and fixed quotations are fully maintained. Home needs 
are steadily growing, and sales to Scotland are on a 
better scale, but business with overseas customers 
continues very light. Stocks are low, and as there seems 
little likelihood of early increase of output, further 
withdrawals from stores at makers yards are probable. 
No. 1 grade of iron is 67s. 6d.; No. 3 g.m.b., 65s. ; 
No. 4 foundry, 64s.; and No. 4 forge, 63s. 6d. 

Hematite.—Producers of East-Coast hematite iron 
complain that quotations are much below cost of produc- 
tion. Prices, however, are somewhat less weak than they 
have been, and with prospect of rather better home and 
Continental demand, further stiffening of recognised 
market rates is hoped for. Sales of ordinary brands are 
few, but business in iron of special quality is still put 
through on the basis of the quotation for mixed numbers, 
which stands at 70s. 

Foreign Ore.—There is continued absence of movement 
in the direction of renewal of negotiations for foreign 
ore contracts. Consumers are well bought to the end of 
June and are not disposed to commit themselves beyond 
that period. Nominally, prices are unchanged, best 
rubio remaining at 21s. c.i.f. Tees. 

Blast-Furnace Coke.—There is just a little more doing 
in furnace coke, but local users are still disinclined to 
buy forward, though makers suggest that values are more 
likely to advance than otherwise. Parcels are still 
offered on the unprofitable basis of Durham good average 
qualities at 17s. 6d., delivered here. 

Manufactured Iron and Steel.—Little news of moment 
is ascertainable concerning finished iron and _ steel. 
There is rather more doing in shipbuilding material, 
and railmakers have a moderate amount of work in 
hand. Values remain steady. Among the principal 
market quotations are: Common iron bars, 101. 5s. ; 
best bars, 102. 15s.; double best bars, 11/. 5s.; treble 
best bars, 111. 15s.; packing (parallel), 8/.; packing 
(tapered), 11/.; steel billets (soft), 7/. 2s. 6d.; steel 
billets (medium), 71. 12s, 6d; steel billets (hard), 81. 2s. 
6d. ; steel ship plates, 81. 2s. 6d.; steel rivets, 111. 10s. ; 
steel angles, 7/. 12s. 6d.; steel joists, 7/. 12s. 6d.; heavy 
steel rails, 81. 10s.; and galvanised corrugated sheets, 
131. 2s. 6d. to 131. 78. 6d. 





Contracts.—Messrs. William Beardmore and Com- 
pany, Limited, have received an order from the Crown 
Agents for the Colonies for 4,144 tons of steel rails and 
120 tons of fishplates, the approximate value of which 
order is 35,0001. This material is destined for the 
Kenya and Uganda Railways.—Messrs. The ‘“ De 
Maas’ Shipbuilding Company, Slikkerveer, Holland, 
have secured contracts from the Dutch Ministry of 
Public Works for the construction of two lock gates for 
the Netherlands North Sea Canal, and for the building 
of a mooring pontoon, with bridges, for the Flushing 
harbour works.—The Sudan Government has placed an 
order with Messrs. Ailsa Craig Motor Company, Limited, 
Chiswick, London, W.4, for one of their KM6-type, 
28-36 h.p., six-cylinder marine motors for use in a pas- 
senger launch. A motor tug, fitted with a similar engine, 
has just been supplied to the Cochin Harbour Department. 





PersonaL.—An agreement has been entered into 
between Messrs. Automatic and Electric Furnaces, 
Limited, Elecfurn Works, North-road, Holloway, Lon- 
don, N.7, and Messrs. Allgemeine Elektricitiats Gesell- 
schaft, Berlin, Germany, whereby this latter company 
will now manufacture and sell Wild-Barfield electric 
furnaces in Germany, Austria-Hungary, Jugo-Slavia, 
Bulgaria, Turkey, Greece, Rumania, China, Finland, 
and Luxemburg.—Mr. F. Latham has joined the staff 
of Messrs. The Lands Improvement Company, 58, 
Victoria-street, London, S.W.1, as their permanent 
surveyor.—Mr. R. A. Wrigley, Keld, Somerset-avenue, 
Wilpshire, nr. Blackburn, late chief draughtsman for 
Messrs. Yates and Thom, Limited, Blackburn, has 
opened a practice as consulting and mechanical engineer. 
—Mr. A. H. Barker, M.Inst.C.E., of 100, Victoria-street, 
London, 8.W.1, has been appointed consulting engineer 
for the rebuilding scheme of the University of Leeds, 
for which Messrs. Lanchester, Lucas and Lodge are the 
architects. 


TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference numbers given below being quoted in 
each case. The Town Council of Pretoria, Transvaal, 
is inviting tenders for the supply of 11,500 ft. of 9-in. 
internal diameter cast-iron coated pipes, B.S.S., Class D, 
together with 7 valves and a quantity of tapers, tees, 
and slip sockets. Tenders will be received at Pretoria 
until noon on February 16, 1928. Local representation 
is practically essential. (Ref. No. AX 5775.)—The specifi- 
cation and drawings relative to a contract for the con- 
struction of a swing bridge over the Raysh el Tewfiki 
at Benha are now in the possession of the Department of 
Overseas Trade. Tenders will be received at Cairo until 
February 15, 1928, Local representation is essential. 
(Ref. No. AX. 5785.) 


NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Fifth Report of the Steam- 


Nozzles Research Committee. Graduates’ Section: 
Monday, January 23, 6.30 p.m. ‘‘ Cutting Steel and 
Iron with Oxygen,” by Mr. C. G. Bainbridge. Friday, 


January 27, 7 p.m. Informal Meeting. “ Applications 


‘of Electro-Chemical Deposits of Metals to Engineering 


Purposes.” Introduced by Mr. C. H. Faris. 
INSTITUTION oF ELECTRICAL ENGINEERS.—London 
Students’ Section: To-night, 6.15 p.m., Victoria- 

embankment, W.C.2. ‘The Three-Cathode Carbon 


Are,” by Dr. R. C. Fox. North-Eastern Centre : Monday, 
January 23, 7 p.m. Armstrong College, Newcastle-on- 

e.” “Large Electric Baking Ovens,” by Mr. W. 
Ellerd-Styles. North-Western Centre: Tuesday, Janu- 
ary 24, 7 p.m., Milton Hall, Manchester. Joint Meeting 
with Institution of Post Office Engineers. ‘ Recent 
Applications of Power in the Post Office,” by Mr. H. C. 
Gunton. North Midland Centre : Tuesday, January 24, 
7.30 p.m., Albert Hall, Cookridge-street, Leeds. Faraday 
Lecture: ‘Electricity in the Service of Man,” by Dr. 
S. Z. de Ferranti. 


Junior INSTITUTION OF ENGINEERS.—To-night, 
7.30 p.m., 39, Victoria-street, S.W.1. ‘‘ Steam Accumu- 
lators,” by Mr. 8. Hopkins. Friday, January 27, 7.30 p.m., 
‘** Powdered Fuel for Boiler Firing,” by Mr. R. H. Allen. 


Royat Institution.-—To-night, 9 p.m., Albemarle- 
street, W.1. ‘* Photo-Electricity,” by Sir W. Bragg. 
Tuesday, January 24, 5.15 p.m. “ Dielectrics for Elec- 
trical Condensers ” (Lecture II), by Mr. P. R. Coursey. 
Thursday, January 26, 5.15 p.m. ‘Unsaturation of 
Carbon Compounds ”’ (Lecture II), by Professor J. F. 
Thorpe. 

INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS.— 
Southern District : Saturday, January 21, 12 noon, Town 
Hall, Devizes. ‘‘ The Effect of Gas Liquor on Sewage 
Disposal Work,” by Mr. H. R. Cooper. Yorkshire 
District: Saturday, January 21, 2 p.m., Town Hall, 
Sheffield. ‘‘ Report of the Royal Commission on Land 
Drainage,” by Mr. W. J. Hadfield. 


Hutu Association oF ENGINEERS.—Saturday, Janu- 
ary 21, 7.15 p.m., Technical College, Park-street, Hull. 
Lecture. ‘‘ Gyroscopic Aids to Navigation,” by Mr. 
L, E. Perkin. 


BRADFORD ENGINEERING Socrety.—Monday, Janu- 
ary 23, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. Lecture: ‘‘ Modern Boiler Setting,” by Mr. 
G. Murray. 


InsTITUTION OF WELDING ENGINEERS.—Monday, 
January 23, 7.30 p.m., Caxton Hall, Westminster, S.W.1. 
‘* Electric Welding Repairs to Inflated Gasholders,” by 
Mr. A. E. Plumstead. 


Royat Society or Arts.—Monday, January 23, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture: 
“The Scientific Foundation of the Refining of Petro- 
leum ” (Lecture II), by Dr. A. E. Dunstan. Wednesday, 
January 25, 8 p.m. ‘‘ Enamels,” by Mr. H. de Koningh. 


INSTITUTION oF CIvit ENGINEERS.—Tuesday, Jan- 
uary 24, 6 p.m., Great George-street, S.W.1. ‘‘ Railway 
and Vehicular Bridge across Vancouver Harbour, B.C. 
(Canada),”” by Mr. A. D. Swan. Manchester and Dis- 
trict Association : Wednesday, January 25, 6.45 p.m., 
Manchester Literary and Philosophical Society, 
36, George-street, Manchester. Vernon Harcourt 
Lecture: ‘‘ Appliances for Handling Goods in Ports 
and Docks,” by Mr. H Reed. Yorkshire Asso- 
ciation: Thursday, January 26, Hotel Metropole, 
Leeds. ‘‘The New Ryburn Pipe Line for Wakefield 
Water Works,” by Mr. A. G. Beaumont. 


SHEFFIELD METALLURGICAL ASSOOCIATION.—Tuesday, 
January 24, 7.30 p.m., 198, West-street, Sheffield. 
‘*Free Carbon in Steel,” by Mr. G. Glenn. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—Tuesday, January 24, 7.30 p.m., 39, Elm- 
bank-crescent, Glasgow. “Some Notes on Deck 
Supports,” by Mr. W. H. Carslaw. 


Society oF TECHNICAL ENGINEERS.—Birmingham 
Branch: Tuesday, January 24, 7.45 p.m., Queen’s Hotel, 
Birmingham. ‘Scientific Management,” by Prof. J. F. 
Rees. 

InsTITUTION oF LocomoTIvE ENGINEERS (LONDON).— 
Thursday, January 26, 6 p.m., Denison House, Vauxhall 
Bridge-road, S.W.1. ‘The Booster,” by Mr. O. V. 8. 
Bulleid. North-Eastern Centre: Friday, January 27, 
7 p.m., Hotel Metropole, Leeds. “Collapsing Teste of 
Copper Tubes,” by Mr. F. Tomlinson. 


Royat AERONAUTICAL ete ae Ba ag, January 
26, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. Lecture: “The Designing of the 
Schneider Trophy Winning Seaplane §. 5,” 7 . RK. J. 
Mitchell, Mr. P. A. Ralli, and Captain G. 8. Wilkinson. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 27, 6 p.m., Mining 
Institute, Newcastle-on-Tyne. ‘Ship Vibration Periods, 
by Mr. J. L. Taylor. 


Society or CHEemMicaL INDUSTRY: CHEMICAL EN- 
GINEERING Grovup.—Friday, January 27, 6.45 p.m., 
Society of Dyers and Colourists, Dyers’ Hall, Dowgate- 
hill, E.C.4. Discussion of ‘‘ Dry Cleaning and Finishing 
Machinery,” by Mr. A. I. Hatfield. 

InstiTuTE or Metats.—Sheffield Local Section : Friday, 


oem | 27, 7.30 p.m., The University, Sheffield, ‘ The 
Metal Aeroplane,”’ by Mr. J. C. Buchanan, 





INSTITUTE OF BriTIsH FoUNDRYMEN.— Middlesbrough 
Branch: Friday, January 27, 7.45 p.m., Cleveland 
Technical Institute, Corporation-road, Middlesbrough. 
** Foundry Costing,’ by Mr. D. G. Pennington. Scottish 
Branch, Paisley Section : Friday, January 27, 7.45 p.m., 
Technical College, George-street, Paisley. ‘‘ Some Notes 
on Continental Foundry Practice,” by Mr. J. G. Arnott. 
Newcastle and District Branch : Saturday, January 28, 
6.15 p.m., Neville Hall, Newcastle-on-Tyne. “‘ Ramming 
Moulds by Sandslinger,’’ by Mr. D. Sharpe. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—-Despite the difficulties caused by 
the adoption of a licensing system in regard to imports 
of foreign coal by France, and regulations in Spain com- 
pelling the use of a certain percentage of the native 
product, South Wales, in the past year, made considerable 
progress towards the recovery of markets lost as a result 
of the 1926 strike of @olliery workers. Shipments of 
coal as cargo foreign amounted to 22,365,726 tons, 
which was 13,000,000 tons more than in 1926, and 
1,200,000 tons more than in 1925, but 3,000,000 tons 
less than in 1913. The recovery in volume was, however, 
secured by a sacrifice in price. The average value of 
the coal shipped in the past year was 20s. ld. per ton 
f.o.b., which was 8d. less than in the preceding twelve 
months, 3s. less than was the case in 1925, and 5s. below 
the average for 1924. Compared with 1925, shipments 
at Cardiff were raised from 12,762,285 tons to 13,921,007 
tons, and at Port Talbot from 1,847,625 tons to 1,967,546 
tons, but at Newport reduced from 3,871,077 tons to 
3,806,445 tons, and at Swansea from 2,702,130 tons to 
2,670,728 tons. The quantity of coal shipped in Decem- 
ber, namely, 1,595,837 tons, was the smallest for any month 
of the year, the check in volume being due to the Christ- 
mas holidays, coupled with shipping delays caused by 
bad weather and wintry conditions, which virtually sus- 
pended loading operations for practically a week. Exports 
in the past week at 429,910 tons, were the highest since 
the end of November, and were 60,000 tons more than was 
the case in the corresponding period of last year. Com- 
pared with the preceding six days, clearances from Cardiff 
were raised from 269,770 tons to 270,540 tons, at N ewport 
from 57,540 tons to 90,230 tons, at Swansea from 32,690 
tons to 35,470 tons, and at Port Talbot from 29,230 tons 
to 29,790 tons, but reduced at Llanelly from 5,900 tons 
to 3,880 tons. Exports to France were raised from 
89,120 tons to 116,910 tons, and to Spain from 19,420 
tons to 26,100 tons. Though new business continues 
on quiet lines, most of the collieries are fairly well placed 
for the time being, with clearances on account of contracts 
previously arranged. Supplies of large are ample 
on the basis of 19s. to 19s. 6d. for best Admiralties, but 
smalls and sized coals are scarce, and relatively good 
demand with the best smalls steady at 12s. 6d. to 13s., 
and nuts from 18s. to 22s, 6d. 


Iron and Steel Trades.—Exports of iron and steel goods 
from South Wales in the past week totalled 28,045 tons, 
compared with 11,332 tons in the preceding six days. 
Shipments of black plates and sheets were raised from 
223 tons to 1,829 tons; of galvanised sheets, from 859 
tons to 9,059 tons; and of other iron and steel goods, 
from 2,280 tons to 10,052 tons; but those of tinplateS 
were reduced from 7,975 tons to 7,106 tons. 





CoNFERENCE ON CARBONISATION.—A conference on car- 
bonisation will be held under the auspices of the joint 
fuel committee of the Society of Chemical Industry, The 
Institution of Gas Engineers, the Coke Oven Managers’ 
Association, and the Institute of Fuel, from February 21 
to 24 next, at the Midland Institute, and at Queen’s 
College, Birmingham. A large number of papers will 
be discussed, and visits will be paid to the British Indus- 
tries Fair and to the Birmingham Gas Works. Tickets, 
programmes, and further particulars may be obtained 
from the Hon. Secretary, Joint Fuel Committee, Allington 
House, Victoria-street, London, 8.W.1. 





Output or MARINE MACHINERY FOR THE YEAR 1927,— 
Messrs, David Rowan and Company, Limited, 231, Elliot- 
street, Glasgow, C.3, were the builders of the engines of 
20 vessels, having an aggregate i.h.p. of 49,000.—Doxford 
airless-injection, opposed-piston engines, totalling 61,400 
po i have been constructed by Messrs. William Doxford 
and Sons, Limited, Pallion Yard, Sunderland, for 10 
motorships. The largest installation is for the quadruple- 
screw M.S. Bermuda; it has an i.h.p. of 15,000.— Nineteen 
sets of steam engines, aggregating 6,720 i.h.p., have been 
built by Messrs. McKie and Baxter, Limited, Copland 
Works, Govan, Glasgow.—Five ships were engined by 
Messrs. John Dickinson and Sons, Limited, Palmer’s Hill 
Engine Works, Sunderland. The total output represented 
14,090 i.h.p.—The total shaft horse-power of the marine 
turbines and gearing constructed by Messrs. The Parsons 
Marine Steam Turbine Company, Limited, Turbinia 
Works, Wallsend-on-Tyne, amounted to 65,500.—The 
output of marine propelling machinery of the Central 
Marine Engine Works, West Hartlepool, comprised 17 
sets having a total i.h.p. of 55,270.—At their Neptune 
Engine Works, Walker-on-Tyne, Mossrs. Swan, Hunter 
and Wigham Richardson, Limited, constructed the 
propelling machinery for 10 ships. This production 
represents a total of 23,800 i.h.p.—Messrs. The Shields 
Engineering and Dry Dock Company, Limited, North 
Shields, have completed one set of 800-i.h.p., triple- 
expansion engines.—The total i.h.p. of the machinery 
for eight vessels, constructed by Messrs. The Wallsend 
Slipway and Engineering Company, Limited, is 
36,270. They have also supplied oil-burning installa- 
tions, for marine and land purposes, representing 
350,792 i.h.p, 
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Fic. 4. Part or AIste B or MAcHINE SHOP, SHOWING GALLERY AND TURBINE TEST BED. 
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THE ECONOMICS’ OF SECURITY. 


Ir is a common practice of critics and historians 
to compare the conditions of human existence in 
some remote period with those of to-day. The 
result is almost invariably to the former’s disadvan- 
tage. Though such comparisons may on the whole 
be true enough, they suffer under the disadvan- 
tage that those who make them have had practical 
experience of present conditions, and no experi- 
ence, other than the most theoretical, of other 
ages. There is, moreover, considerable difficulty 
in discovering what existence in those times was 
like and, in spite of, or even because of, the vast 
amount of written evidence that is available about 
the present period, it may be doubted whether 
posterity will be much better off. Both history and 
fiction tend to concentrate on the high lights which, 
in real life, only stand out in greater relief because 
of the vast areas of shadow which surround them. 

For instance, the student of one hundred years 
hence, reading about the floods of 1928 in the dusty 
files of the British Museum, might be forgiven for 
supposing, not only that the loss of life and material 
damage were more widespread than was actually 
the case, but that these unfortunate occurrences 
were the result of criminal negligence on the part of 
certain authorities, instead of in fact being due to 
a most unusual combination of circumstances. It 
is true that such a combination could have been, 
and can now be, guarded against, so that to that 
extent there has been neglect. But to do so would 
necessitate a huge expenditure which, it may well 
be argued, cannot be economically justified. On 
the other hand, such flooding as occurs each winter 
should be dealt with, though even in grappling with 
this smaller problem a word of warning must be 
uttered against doing anything rash. This is the 
more necessary, since those who have been blamed 
for, or who have been affected by, what has recently 
occurred are not, like our hypothetical student, in 
the happy position of being able to examine the 
situation in its true perspective. As a result, there 
is a tendency evident to press for ‘schemes which, 
while they will at best ensure against a state of 
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worst upset the day-by-day navigation of our prin- 
cipal river, and so adversely affect London’s trade. 
In either event, they will necessitate the expenditure 
of large sums of money, for which even posterity 
may find it difficult to discover the justification. 
From every point of view, therefore, it will be 
advisable to hasten slowly. 

What has recently happened in London is, how- 
ever, only an illustration of a much greater problem, 
with which it may be profitable to deal on broad 
lines. It is a problem which, like so many of those 
which we are trying to solve to-day, is imposed by 
the conditions under which we live, and, in this 
country at least, by the demand that our existence 
shall remain undisturbed by anything unusual. 
In other words, life must go like clockwork. It is 
a state of mind, which finds a minor breakdown on 
a Tube railway a more important world-event than 
an earthquake in Japan. At first sight, to attempt 
to achieve an easy life seems neither an unpleasant, 
nor an unethical ideal. If we can so arrange 
matters that we make our worldly pilgrimage 
without being hampered by an undue proportion 
of those ills the flesh is heir to, theoretically we 
should be in a position to perform our daily 
tasks more efficiently, and thus do our full 
share towards the general amelioration of existence. 
There is a good deal of truth in this contention. 
For it cannot be denied, in spite of instances 
to the contrary, that a man works better when he 
does not go in constant fear of starvation and 
when his labours are performed under pleasant 
conditions. But there is a limit to this as to every- 
thing, and that limit is reached when a more 
comfortable existence or higher efficiency can only 
be obtained as the result of effort or expenditure, 
which are altogether out of proportion to the 
results. 

We may illustrate this thesis by reference to 
engineering practice, which is, after all, a not un- 
important factor in present-day existence. Speed 
is a desirable factor in trans-oceanic travel. But 
every marine engineer knows that to obtain each 
extra knot of speed the horse-power must not be 
increased directly, but as some higher and ever 
higher power. However desirable therefore it may 
be to reduce the journey time between London and 
New York, finance and engineering, not to speak of 
personal comfort, impose an almost inexorable limit 
on any great reduction on the time occupied by the 
voyage to-day. 

Again, we rightly pride ourselves on the efficiency 
of our public services. That pride is often exhibited 
in the cry that goes up when failures of water, 
gas, or electricity supplies occur, as they must 
inevitably occur, from time to time. But it is too 
often forgotten, even by engineers, that such con- 
tinuity as has been attained is costly, and that the 
necessary expenditure to secure it in a higher degree, 
far from being wise, may be highly uneconomic. This 
will be obvious if we consider certain aspects of 
electrical engineering practice. Electricity, unlike 
gas or water, cannot be stored, but like them it 
must be immediately available to the consumer. The 
result is that much ingenious equipment has been 
devised to ensure that, as far as is humanly 
possible, no consumer shall in any event be deprived 
of the energy he requires for lighting, power or 
other purposes. In fact, the consumer in this 
country is seldom so deprived. That result is, 
however, not achieved without cost, nor without 
complication. In power stations, for instance, there 
is not only a duplication of the main generating 
plant, but an intricate array of auxiliaries, the 
object of which is to ensure that under no possible 
combination of circumstances shall the station be 
shut down. Duplicate steam ranges, alternative 
drives for feed pumps, and house turbines are the 
currency of modern power station practice, and are 
all an indication that the undertakers realise their 
responsibility to the public. It would be interesting, 
nevertheless, to have an actuarial statement as to 
the financial effect of the expenditure, which these 
refinements represent, this statement being directed 
to show whether the premium thus paid bears its 
true relationship to the incidence of the risk insured. 
The same determination to secure continuity is 
to be found on the transmission and distribution 
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reasons these systems are erected as if it were 
intended that they should last for ever and 
never fail. They are encompassed about with 
guards and protective devices, whose object is 
to ensure both the safety of the public and, 
as near as possible, an absolute continuity of 
supply. But here again it may be questioned whether 
the premiums paid to insure against these risks are 
not excessive, and whether absolute security is an 
ideal, which economically, it would be wise not to 
attempt to attain. These are questions, which the 
demand for cheap electricity in rural areas is 
forcing on the attention of engineers. It is obvious 
that to reduce the price to the consumer the first 
cost of the installation must be cut down and this, 
it seems clear, can only be done if those concerned 
will be content with a lower grade of service and a 
less complete degree of protection. This may be 
repugnant to those whose characteristic it is not 
to be content with anything short of the best. On 
the other hand, there must be many consumers who 
would sooner have a supply on 330 days of the year 
rather than none at all and who, for the same reason, 
would cheerfully run the risk of an occasional 
accident. 

Apart from these considerations, recent meteoro- 
logical conditions provide an ironical comment on 
the attempts that have been made to obtain abso- 
lute continuity of supply. Like those which caused 
the floods in London, these conditions were almost 
unprecedented. In the outer metropolitan area 
icicles formed on the uppermost conductor of certain 
overhead transmission systems . and, gradually 
growing, came into contact with one of the wires 
below. This caused the protective devices to 
operate, and interrupted the supply. Meanwhile, 
the icicle had melted. Supply was resumed when 
the switches were replaced, only for the above cycle 
of operations to be repeated again and again to the 
bewilderment of the engineers and the annoyance 
of the consumers, who did not appreciate the 
benefits of a supply at so low a frequency. In 
another area salt spray, driven in by the gale, coated 
the insulators and caused earths, while in a third, 
sleet led to similar trouble to that caused by the 
icicles. It is not improbable that all these dis- 
quieting phenomena could be guarded against, 
but in the British climate they are not likely to be of 
frequent occurrence. It may well be argued, therefore, 
that too much time and money should not be spent 
in guarding against them. In fact, speaking quite 
generally, it may be said that the time has come 
when it would be advisable to consider how electrical 
systems can be simplified rather than further 
complicated, and such an investigation might not 
unprofitably be extended to some other branches of 
engineering. 

There is the more reason for this since in these 
other branches, perhaps because matters have 
not gone so far as in electrical work, there is an 
increasing tendency to complication. This is 
encouraged by a natural desire to reduce labour 
costs. The fundamental disadvantage of automatic 
apparatus is, however, that at best it can only deal 
with the foreseen. In considering to what extent the 
use of such apparatus should be adopted, therefore, 
the number of times it will be called upon to operate 
should be taken as a criterion and carefully weighed 
against the cost of its installation. In more cases 
than might be supposed it will probably be found 
worth while not to use it. For efficient operation 
is one thing and misplaced ingenuity another ; and 
since the latter in the }ong run means unremunerative 
expenditure, it would be well to resist the temptation 
to display it too lavisnly. 








POWER ALCOHOL FROM VEGETABLE 
WASTES. 


To a greater or a less extent all countries are 
showing an increased anxiety about their fuel 
supplies. The fundamental reason, common to 
them all, is that fuel as at present used is almost 
entirely mineral substance or product, which ulti- 
mately must get increasingly scarcer, dearer and 
more difficult to procure. In some countries their 
distance from sources of supply already makes fuels 
dear. Others, such as our own, have to import most 
of their liquid fuel, and see serious financial and 





ENGINEERING. 


_ [JAN. 20, 1928. 











other disadvantages in the necessity. All of them 
would be glad if they could produce their liquid fuel 
for themselves, and would welcome the possibility 
of being able to grow it or, best of all, to derive it 
from the wastes of what they growalready. Investi- 
gations along all these lines are everywhere in 
progress, with varying prospects of ultimate tech- 
nical and economical success ; but up to now, least 
seems to have been done on the problems involved 
in the economical production of alcohol from 
vegetable wastes. These problems, indeed, are 
perhaps the most difficult of the many which the 
fuel industries are facing, but their successful 
solution would mean a more general and permanent 
result than can be expected from work in other 
directions. 

A special interest is therefore to be found in the 
Fourth Memorandum on Fuel for Motor Transport 
which has just been published for the Fuel Research 
Board of the Department of Scientific and Industrial 
Research, dealing in particular with Power Alcohol 
from Grasses, Straws, and Waste Vegetable Mate- 
vials [H.M. Stationery Office, 9d. net]. While it 
records definite progress in an important branch 
of the Board’s work on liquid fuels, it continues the 
wise tradition of cautious and conservative conclu- 
sions which has characterised the Board’s utterances 
since it was first formed under the direction of Sir 
George Beilby. In describing a simplified process 
which has been devised as the result of Dr. A. C. 
Thaysen’s experiments for the Board at the Bacterio- 
logical Laboratory of the Royal Naval Cordite 
Factory, the report expresses clearly the conditions 
without which the method cannot be of practical 
value, and no one is likely to be misled into conceiv- 
ing a premature or exaggerated notion of its pros- 
pects. It is not clear, however, to what extent the 
scope of the enquiry has been restricted with the 
object of avoiding the risk of unproductive work, 
nor how far the possibility of wider results might be 
enlarged if such restriction, should it in fact exist, 
were relaxed. The subject is of too great importance 
from the national point of view for these doubts to 
be satisfactory, least of all to the engineering trades, 
to which the assurance of cheap power is of funda- 
mental importance. It may, therefore, be worth 
while to consider in outline what this report 
discloses, and to indicate one respect in which what 
appears to be the Board’s present policy seems to 
call for reconsideration. 

In recent years the subject of industrial alcohol 
was first considered in this country by a Depart- 
mental Committee, which concluded in effect that 
the matter should be delayed until petrol became 
dear enough to give alcohol a chance of competing. 
Such a conclusion was possibly appropriate to 
the circumstances of the times, but it does not meet 
the present situation. While alcohol was used in- 
dustrially mainly by the chemical trades, it could 
possibly command a relatively high price, though 
the provision of cheap alcohol had been an impor- 
tant factor in developing the great German chemical 
industries. Its use as a fuel, on the other hand, 
at a high price can only bea last resort. One of the 
more conspicuous errors of the Coal Commission 
of 1925 was that it included an enhanced price 
among the circumstances on which it relied for a 
remedy, and failed to realise in its proper perspective 
the fact that dearer coal would be a misfortune 
alike for the coal industry as a whole and for the 
industries which depend on it. The acceptance of 
a high price as the basis of an industry in power 
alcohol, from whatever source it may be prepared, 
can only be a sound policy when all means of 
producing it have been tried sufficiently to show that 
the cost cannot be reduced. It is too early to judge 
how far the cost of synthetic fuels will operate to 
limit the price of alcohol derived from vegetable 
sources. So far as this country is concerned, the 
Fuel Research Board has already concluded that 
the synthetic production of alcohol from calcium 
carbide or from the ethylene of gas plant and coke 
ovens is not likely to be possible on a commercial 
scale, though conceivably the carbide process might 
be economically practicable in parts of the Empire 
which have water power or cheap electricity. Except 
for the cheap production of methyl alcohol, a 
substance which as a fuel has other disadvantages 
than its low calorific value, the preparation of liquid 





fuels by a catalytic treatment of either coal or water 
gas with hydrogen at high temperatures and pres- 
sures has not yet reached the stage of large scale 
production. The same must at present be said of 
low-temperature methods of carbonising coal; 
and most, or all, of these processes are dependent on 
coal, and can be used to advantage only where 
and for so long as it is cheap and abundant. The 
aspiration for cheap alcohol is interpreted wrongly 
if it is confined to the wish to provide a substitute 
for other liquid fuels when they have become dearer. 
Experience as well as theory shows that industrial 
and economic progress must depend up to a limit, 
which is far from having been reached, on the amount 
of power at the disposal of industry, whether for 
the purpose of manufacture or of transport. The 
more it has to spend in providing this power, the less 
it will have left for other purposes, and the hopes 
formed in regard to alcohol will be disappointed 
grievously if its price has to follow the upward 
course which the price of mineral fuels must ulti- 
mately take. 

The best known of the innumerable sources of 
alcohol are the plants and vegetable products which 
contain sugar or starch and can yield alcohol by 
fermentation. In this country there seems to be no 
possibility of producing alcohol in any considerable 
quantities from such material, owing partly to 
insufficient acreage, partly to the cost of cultivating, 
harvesting and manufacture, and partly to the 
fact that the most suitable materials are also 
important foodstuffs. In many other parts of the 
Empire there is no scarcity of land, and a greater 
choice of suitable crops, which to some extent are 
being investigated on the spot in order to ascertain 
how far they can avoid the difficulties of cost. 
Apart, however, from raw materials rich in sugar 
or starch, it is possible to produce alcohol from the 
cellulose of plants, and the present report is con- 
cerned mainly with methods of doing so. In the 
laboratory the conversion can be made by direct 
fermentation, though as yet organisms able to effect 
it continuously have not been isolated. The cellu- 
lose of plants, however, contains in round figures 
some 50 per cent. of substances which differ from 
true cellulose both in their chemical composition 
and in their behaviour to micro-organisms; and 
when hydrolysed by dilute acids something under 
half of these substances can be converted into others 
having similar reactions to those of sugar, and 
yielding something like a third of their weight in 
the form of alcohol with a little acetone when 
fermented with a suitable organism. The research 
with which the present report deals was concerned 
with studying this process, and among other 
results showed how it could be conducted without 
the expense and inconvenience of treatment under 
pressure, which previously had been necessary. 
It was found, in fact, that by a preliminary steeping 
of the chopped-up raw material (straw) in dilute 
acid enough acid was absorbed to enable the 
material, after the excess liquid had been squeezed 
out, to undergo complete hydrolysis under the 
action of steam at atmospheric pressure, which 
served also to sterilise the mash from other organisms 
and therefore to ensure a pure fermentation. Experi- 
ments on a semi-technical scale (about 1 cwt. lots) 
bore out these results, and, indeed, presumably 
through more thorough and uniform steeping, 
gave invariably a somewhat higher yield of fer- 
mentable material. It remains therefore to con- 
struct full-size plants on the simplified lines which 
are now possible, and to apply them on the spot 
to the various crops and in the various parts of the 
Empire that are thought most promising for the 
purpose. 

The possibility which may be disclosed in this 
way of obtaining economically practicable results 
by successively hydrolysing and fermenting 4 
fraction of the cellulosic wastes is doubtless an 
important advance. It does not seem, however; 
to reduce the desirability of making a sufficient 
attempt to work out what the report describes as 
the ideal process, in which the main constituents of 
the cellulose, either all together or separately, 
would be converted straight away into alcohol by 
biological means, and the complications and cost of 
hydrolysis avoided. The report states that the 
search for a suitable organism might involve yeats 
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of unproductive work, and would involve dealing 
with materials of which the chemistry is little 
understood. For this reason it was thought desirable 
to attempt in the first instance to evolve a combined 
process of hydrolysis followed by fermentation, and 
on similar grounds to restrict the hydrolysis to 
dilute acids, affecting a smaller fraction of the 
material, instead of courting the difficulties involved 
in the use of concentrated acids, by which a larger 
fraction could be hydrolysed. There seems no 
reason to doubt that this decision was wise, if the 
purpose in view was to obtain the earliest possible 
result. To obtain abundant supplies of alcohol in 
a large number of centres throughout the Empire 
seems, however, an object of such ultimate import- 
ance as to deserve consideration apart from» the 
prospect of immediate results. The risk of unpro- 
ductive work might well be undertaken if there was 
a chance of discovering the bacteriolytic agent of 
which the existence seems already known. The pre- 
sent position of the problem, as described in the re- 
port, seems to point to a shortage of fundamental 
chemical and bacteriological knowledge. In all dis- 
cussions of the function of scientific research it is 
common ground that it must often address itself to 
the bare search for new knowledge, and for the time 
being disclaim any attempt to attack technical pro- 
blems. Nature’s own version of the old nurse’s maxim 
seems sometimes to be that “‘ them as asks for tech- 
nical results shan’t have them, and them as don’t 
ask for enlarged knowledge don’t want technical re- 
sults.” It is for those who are familiar with the 


wastes to say whether in their view pure research 
in these sciences is not necessary as a condition pre- 
cedent to being in a position to attack the problem 
rationally with the best prospect of success. It may 
well be that for the time being the attack on the 
technical problem of the bacteriolysis and subse- 
quent alcoholic fermentation of cellulose should be 
suspended, as offering no sufficient prospect of 
reasonably early results. More evidence than is 
given in the report seems, however, to be necessary 
if at the same time pure researches are not instituted, 
which may ultimately enable the problem to be 
attacked with a prospect of success. 





CONCRETE IN THE LABORATORY. 


THERE is probably no material used in construc- 
tion which has been the subject of such close enquiry 
by so many investigators scattered over the world, 
as concrete, whether plain, or reinforced with steel. 
In this country we have not been idle, but it may 
be conceded that in the study of concrete we have 
been outstripped by our cousins in the western 
hemisphere. Comparative freedom from mishaps 
may, perhaps, have something to do with our 
attitude towards more exhaustive work of this 
nature, but we are always willing to learn. In 
papers submitted to the twenty-third Annual 
Congress of the American Concrete Institute, held 
in the early part of last year, there were two impor- 
tant reports of committees and a paper by Herbert 
J. Gilkey, which are worthy of much attention. In 
these an attempt was made to derive order from 
a very chaos of variables—a most complicated and 
confusing study. Involved as this enquiry is, there 
yet appear to emerge certain conclusions, in some 
cases tentative only, of much importance. The 
first of the reports (E. 3) states that two question- 
naires were sent to 209 testing laboratories—com- 
mercial, governmental, railroad, highway, and to 
others attached to the universities. Summaries of 
the replies received make up the greater part of the 
report. The field covered was wide and relates 
to cements, aggregates, water, and to concretes, 
plain or reinforced, their physical properties, 
methods of working, workability, curing, permea- 
bility, strength, durability, and the effects of “ jig- 
ging” and of haulage over long distances. 

The undermentioned conclusions submitted by 
various investigators are of interest. A study of 
neat cement and mortars on the extent of changes 
and increase or decrease in magnitude with lapse of 
time, carried out at the University of Michigan, on 
two hundred pieces, showed no decrease of volume 
change with changes in moisture over a period of 
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4-5 per cent. by washing, appeared to have no ill 
effect on compressive tests made at twenty-eight 
days and one year at the University of Kentucky. 
Tests made by the Iowa State Highway Commis- 
sioners on the effects of shale showed that any but 
very small amounts were deleterious; and that the 
effects of rotten stone in the aggregate, though 
influencing strength less than the shale, is very 
objectionable, disintegrating under road traffic, 
more than 3 per cent. by weight resulting in a 
bad surface after one or two years. An important 
enquiry undertaken at the University of California 
upon the flow of concrete under continuous compres- 
sive stress shows that plastic deformation which 
occurs with time is greater for lean mixes than for 
rich, and greater for dry specimens than for wet 
ones. Air-dry specimens continue to flow over a 
longer period than those kept wet. A somewhat 
similar study of the effect of age on plastic flow is 
being continued at the Ohio State University. 
With respect to the effects of “‘ jigging ’” the Univer- 
sity of California has tested some 800 specimens 
and find that with good grading of the aggregate 
there is a marked increase of strength, but that 
with faulty grading there may be a decrease due to 
separation, large pieces coming to the top. With 
an ideal mixture there may be one hundred per cent. 
of increase over that of the unjigged concrete. At 
the same laboratory, enquiries into the modulus 
of elasticity and Poisson’s ratio appear to show that 
both these quantities increase with age, and that 
Poisson’s ratio is greater for low stresses than for 
high. Within ages so far studied, it ranges from 
0-10 to 0-24. The University of Wisconsin find, 
amongst other things, that the results of transverse 
strength tests on concrete show a variation of but 
one-third that disclosed by compressive tests. 
Tension tests conducted at the University of Mary- 
land show that for mortars and concretes less than 
90 days old, the ratio of tensile and compressive 
results is practically the same, though varying 
with age from fifteen to twenty per cent.—beyond 
90 days the ratio remained constant at 8 per cent. 
Studies are proceeding at three laboratories on the 
volumetric changes in concrete, but the results are 
as yet scanty. The above specified studies relate 
to concrete as such, but other studies are in hand 
with special reference to reinforced concrete, and 
to the use of concrete as a material for strengthening 
wasted steel structures. Other enquiries are im- 
minent, 

Aggregates form the subject of the second report 
referred to (E.5), the committee in this issue being 
prepared to deal only with gravel and crushed stone, 
making, however, a progress report on slags. The 
enquiry into aggregates has been proceeding for 
many years, but more particularly with respect to 
the properties of the concrete resulting, and in a 
lesser degree covering the properties of individual 
particles. With regard to gravels, researches have, 
however, been carried out on hardness, strength and 
resistance to abrasion. The report consists largely, 
it must be admitted, of a statement of the difficulties 
peculiar to the enquiry, but specific information is 
given in the appendices, in the form of diagrams 
relating to wear, crushing resistance, specific gravity, 
absorption and other properties. Crushed stone 
aggregate being examined, it is advanced that the 
crushing strength of stone used being seldom less 
than that of the strongest concrete, it would seem 
that if the stone is at least equal to that desired 
in the concrete, stone strength need not be con- 
sidered. Among other points brought out is that 
respecting permeability. -Professor Withey, of 
the University of Wisconsin, has shown that no 
matter what kind of coarse aggregate is used, there 
is a fairly definite relation between permeability 
and crushing strength; properly cured broken stone 
concrete of plastic consistency is said by him to be 
impermeable when the crushing strength is 2,500 lb. 
per square inch. This confident statement would, 
perhaps, be questioned by some. With respect to 
slag aggregate, the results so far seem to be negli- 
gible. One feature of this particular enquiry is 
that sources of information covering some 70 
characteristics of the material have been examined 
by the committee, which, it is not surprising to 
learn, asks for an extension of time in which to 


The paper of Professor Gilkey, making the third 
of the papers under review, gives a resumé of what 
he conceives is yet to be done in the study of coarse 
aggregates for concrete. Attention is directed to 
the common view that the strength of concrete is 
essentially the strength of its mortar, the coarse 
aggregate but little affecting this. The Colorado 
tests traverse this view, as it was found that the 
mortar is commonly from 10 per cent. to 20 per cent. 
stronger than the concrete of which the mortar is 
a part, in some cases 50 per cent. stronger. Reasons 
are suggested as accounting for this—‘“‘ lack of homo- 
geneity ” seems, perhaps to be the most acceptable. 
The stresses developed in the mortar of concrete, 
with large aggregate, are probably more complex 
and destructive, due to presence of the aggregate 
inducing localised stresses of large amounts affecting 
considerable areas. The difference in strength 
appears to be less as the large aggregate is reduced 
in size, the enquiry being extended to include the 
consideration of small aggregate and sand, similar 
results become apparent. The general question of 
coarse aggregates has indeed been studied by 
Professor Gilkey from various points of view. The 
whole question dealt with in these papers is, it will 
be seen, very involved, almost hopeless in its com- 
plexity, and to make the study practicable, it 
would seem to be wise—even necessary—to elimi- 
nate those items, having but little bearing on the 
result. The enquiry will perhaps render this 
possible by showing us what may be thought of 
negligible importance. In this review of work done, 
or in hand, much that is of interest, or is suggestive, 
has been passed over, but appreciative acknow- 
ledgment should be given of the endeavour made 
to advance the business of concrete making by 
practice based on knowledge. There are both advan- 
tages and disadvantages in the American method 
of harnessing so many to pull together at the stub- 
born roots of knowledge. There is a difficulty 
in securing a real unity of effort, and the tendency 
with large resources of power available is to attempt 
too much. The greatest refinement in concrete 
design is not necessary, but given a sufficient 
working knowledge, it is recognised that effort 
may, perhaps, be as wisely directed to securing a 
good result in the field. Much of the trouble 
which has been experienced in concrete work has 
arisen from palpably bad design and faulty work, 
from too hurried execution, incautious striking of 
forms, and so on, that is by the violation of principles 
already well understood, though sometimes slighted 
by men in a hurry. As time and tide wait for no 
man, neither will natural law governing processes 
brook restraint. 








NOTES. 


Tue DETECTION OF STRAIN IN STEEL. 


The presence of slight permanent strain in a piece 
of steel is very difficult to detect, even under the 
microscope. As, however, the matter is of impor- 
tance to designers and users of metals generally, 
various more or less indirect methods of determin- 
ing the location and direction of the strain in de- 
formed materials have been put forward, from time 
to time, by engineers, metallurgists, chemists and 
physicists. A method which has given encouraging 
results is the special etching process originated by 
Dr. A. Fry, of Essen. This process, in its present 
stage of development, furnishes somewhat erratic 
results, nevertheless it gives some promise of even- 
tually becoming applicable to practical everyday 
use. The method consists essentially in annealing 
the steel specimen at a low temperature for a short 
time. This is followed by a more or less prolonged 
immersion in an acid solution of copper chloride. 
The preferential attack, by the solution, of per- 
manently deformed material is responsible for the 
production of strain-etch figures on the surface of 
the specimen. This particular branch of scientific 
metallurgy has been the subject of extensive research 
at Birmingham University, and the results of various 
investigations have been published in our columns 
on several occasions. One of the principal points 
brought out during the researches is that the process 
has limitations, the chief one being that while 
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some mild steels yield strain-etch markings, others, 
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apparently of similar composition and structure, 
give negative results. This fact was stated definitely 
by Dr. J. D. Jevons, in an article which appeared 
on page 155 of our issue of February 11, 1927, and 
is reiterated by Mr. E. W. Fell, in a recent Carnegie 
Scholarship Memoir of the Iron and Steel Institute, 
entitled “‘ Strain in Steel.” Mr. Fell is, however, 
of the opinion that the initial heat-treated condition 
of the steel, before straining, is of importance. He 
shows, for instance, that no strain markings were 
observed on strain-etching mild steel, which, prior 
to deformation by cold-work, had been quenched 
from above 700 deg. C. This leads to the question 
of the amount of tempering necessary, before 
deformation, to bring about the appearance of strain 
markings. Mr. Fell found that, provided the tem- 
pering temperature, prior to the application of 
strain, was above 500 deg. C., strain-etching revealed 
markings on the surface of the material. Tempering 
at lower temperatures yielded negative results. 
The author also established that mild steel, annealed 
before straining, appeared to show strain figures less 
distinctly than steel correspondingly strained in 
the condition as received or when normalised. 
Some interesting photographs are reproduced in 
the memoir depicting the strain figures obtained in 
mild-steel sheet as a result of penetration by rifle 
bullets fired at different velocities. Mr. Fell’s 
aim has been to broaden and extend the application 
of special-etching method for the detection of strain 
in mild steel. Much of his work constitutes a 
confirmation of previous investigations; on the 
other hand several of his observations will be wel- 
comed as they bring new light to bear upon a difficult 
subject. 
STANDARD Corrosion TESTS. 


The problems involved in the framing of a series 
of standard tests for ascertaining the corrosion- 
resisting properties of materials were dealt with 
at some length by Dr. G. D. Bengough in an 
address given before the London Local Section 
of the Institute of Metals on January 12 last. 
Referring to standard corrosion tests in general, 
Dr. Bengough stated that, firstly, the tests should 
not be of too long duration ; an accelerated corrosion 
test, lasting perhaps two or three weeks, should 
give the desired information. The second condition 
was that the tests should be easily reproducible, 
i.e., identical results should be obtainable at 
different times in different laboratories. In the 
third place the tests should be relatively simple 
to operate in order that they might become part 
of the general routine of an industrial laboratory. 
Lastly, the tests should be readily interpretable. 
All these conditions were very difficult to meet, 
and the question was further complicated by the 
fact that modern industry would demand a great 
variety of individual standard tests. It would be 
necessary, for instance, to standardise the method 
of ascertaining the amount of metal corroding in 
a given time. Again, a uniform method of 
determining the extent of pitting and discoloration 
would have to be devised. Furthermore, in order 
to obtain strictly reproducible results, all the factors 
influencing corrosion would have to be kept 
constant. Corrosion was mainly governed by 
such factors as the prevailing temperature, the 
pressure of the oxygen, the hydrogen-ion con- 
centration, the rate and distribution of the oxygen 
supply, the nature and distribution of the corrosion 
products, the conductivity of the corroding liquid, 
the metal-ion concentration, the electrical pro- 
perties of the metal, particularly the electrode 
potential, and the state of aggregation and the 
chemical reactivity 01 the metal. Some of these 
factors were easy to control, others could only be 
partially controlled, while others again were quite 
uncontrollable. Which of these factors became 
important depended largely on the nature of 
the test. It might happen that, under certain 
conditions, one factor became the dominant or 
controlling factor, and that variations in the others 
had no great influence. Again, conditions during 


a test might vary. At the commencement of the 
experiment the rate and distribution of the oxygen 
supply, for example, might be the dominant factor ; 
later on, during the test, the accumulation of the 
_roducts of corrosion might be such as to render 
all other factors unimportant. Taking everything 


into consideration, it was quite clear that at the 
present moment it was not possible to frame 
standard tests which could be generally adopted. 
The research work which it would be necessary 
to carry out before such tests could be laid down 
would have to be conducted with much greater 
accuracy than was usually considered sufficient 
by many investigators. 


THE PANAMA CANAL. 


A succinct and well-conceived account of the 
construction and subsequent working of the Panama 
Canal was given by Mr. J. F. Stevens in his presi- 
dential address to the American Society of Civil 
Engineers, in July last. This discourse, which was 
reproduced in ENGINEERING, on page 250, vol. exxiv, 
relates how the original difficulties connected with 
the construction of the undertaking were overcome, 
and concludes by quoting statistics which indicate, 
not only that the operation of the canal is proceeding 
smoothly and efficiently, but that the volume of traffic 
is steadily increasing. The growing importance of 
the highway is fully confirmed in the recently-issued 
Annual Report of the Governor of the Panama 
Canal. During the fiscal year ending June 30, 1927, 
the period covered by the Report, a total of 5,475 
commercial vessels passed through the canal. This 
figure constitutes a record, and the net tonnage of 
the vessels, and the volume of the cargo carried, 
also exceeded those of any preceding year. Further- 
more, vessels were handled both during transit and 
at the terminal ports with great promptness, and no 
delays occurred. The cargo tonnage carried under 
the United States flag was approximately 55 per 
cent. of the total, while that carried by British 
ships was 23 per cent. The total net revenue of the 
undertaking amounted to well over 18 million 
dollars, a substantial increase over the figure for 
the previous year. Some landslides into the canal 
occurred during the period under review, causing 
partial obstruction without, however, interrupting 
traffic. Some 5,638,000 cubic yards of earth and 
rock were removed, by dredging, from the bed of 
the canal and from the harbours and port approaches. 
Electric power for the operation of the Panama Canal 
is derived primarily from the hydro-electric plant 
at Gatun. A new Diesel-engine generating plant 
is, however, being installed as a stand-by at Mira- 
flores, and the work was practically complete on 
June 30 last. The installation comprises three 
units, each consisting of a 3,750-b.h.p. Diesel engine, 
direct-coupled to a 2,500-kw. generator, supplying 
current at 2,200-volts and 25 cycles. The engines, 
which operate at a speed of 125 r.p.m., are all of 
the two-cycle, air-injection type, having six cylinders 
of 29-in. bore and a piston stroke of 44 in. In 
addition to the operation and maintenance of the 
canal proper, the United States Government 
authorities of the Canal Zone are responsible for the 
administration of the Panama Railroad, oil and 
coaling plants, dry docks and repair shops, piers and 
wharves, and various other commercial undertakings 
which, normally, are conducted by private com- 
panies. Again, schools, hospitals, post offices, and 
police, fire and customs services, are all under the 
control of the Governor. When it is pointed out 
that there are 17;000 Americans, 8,000 of whom are 
civilians, and 20,000 West Indians and natives, 
resident in the Canal Zone, the magnitude and com- 
plexity of the undertaking will be appreciated. 


THE DANGERS OF BITUMEN Lap CABLES. 


The dangers of the now out-of-date practice of 
laying underground cables in bitumen were empha- 
sised by Mr. G. Scott Ram and Dr. J. 8. Haldane 
in a report made by them to the Electricity Commis- 
sioners on an explosion at Acton.* The views 
expressed in that document seem to receive prima 
facie confirmation from the evidence available 
on another explosion, which occurred on December 
29 outside the Royal Institution. In both cases it 
appears that gas, generated by the bitumen in which 
a distributor was laid, passed along an open-ended 
pipe containing the service cable into a building, 
where ignition took place for some, as yet, unex- 
plained reason. We have already expressed the 
hope that the Electricity Commissioners will hold 
an inquiry into the second occurrence, and we feel 








* See ENGINEERING, vol. cxxiv, page 274 (1927). 


that in doing so special attention might be directed 
to the cause of ignition. This, however, is a secon- 
dary matter compared with what now seems to be 
the well-proved facts that this method of cable 
laying is risky and that the risks are increasing with 
the growing use of electricity. We are therefore 
glad to see, from a circular letter, issued by them on 
Wednesday, that the Electricity Commissioners 
are considering the amendment of the existing regu- 
lations on the lines suggested by the inspectors 
and that in the meantime, they are taking the 
opportunity of pointing out that all services into 
consumer’s premises should either be laid solid, 
or arranged so that there can be no influx of gas, 
however generated, at the point of entry, and that 
thére should be frequent and regular testing of cables 
laid in bitumen, especially when they carry direct- 
current or have been a long timein use. In addition, 
they express the opinion that the attendants 
concerned should be given reasonable discretion in 
the matter of switching off circuits in the case of 
heavy faults, where the network includes cables 
laid in bitumen. May we also add that supply 
engineers would do well to consider the possibility 
of replacing all such cables without delay. We are 
surprised to learn that any still exist inthe West End 
of London. 





THE DIMENSIONAL THEORY OF 
STEAM NOZZLE FLOW. 


By J. C. OaKpEn, M.A., M.Se.Tech., A.M.I.Mech.E; 


In recent years a very large amount of experi- 
mental work has been devoted to the study of the 
flow of steam through the nozzle and blade passages 
of steam turbines. The chief object of these 
researches has been to determine the amount of 
the frictional resistance which the steam encounters 
in its passage, and té compare the energy losses in 
nozzles and blades of different shapes and under 
varying conditions of steam velocity, temperature, 
and pressure, in order to enable manufacturers to 
reduce to a minimum the losses arising from this 
cause in actual turbines. 

One of the chief difficulties associated with such 
work is the extreme complication resulting from the 
large number of independent factors upon which the 
amount of the energy loss depends. When it is 
remembered that the friction loss in a steam nozzle 
is affected not only by the size, shape and roughness 
of the metal surfaces, but also by the velocity, 
density and viscosity of the steam at every point in 
its passage through the nozzle, it becomes evident 
that the task of obtaining complete information in 
regard to even a single nozzle of definite shape, 
size and roughness, over a wide range of steam 
conditions, is one of considerable magnitude. 
Moreover, the number of independent variables 
renders it difficult to compare the results obtained 
from different nozzles or by different observers, since 
it is only on rare occasions that any two tests will 
be found to have been performed under exactly 
similar conditions. 

In cases of this kind, a valuable simplification may 
usually be effected by using the methods of dimen- 
sional analysis. By this means, it may often be 
shown that the value of the unknown variable which 
is to be measured is determined, not by each of the 
independent variables separately, but only by the 
value of certain definite combinations of them; 
and if the number of these combinations is less than 
the original number of independent variables, the 
result is a simplification of the problem, equivalent, 
in effect, to that which would be obtained if the 
number of independent variables could be diminished. 
Thus, for example, in the case of an unknown 
quantity Y, the value of which depends on three 
variables, x, y, z, it might happen that Y could be 
shown to depend, not upon the values of «, y and 2 
separately, but only on the value of, say, the function 


(*"). The task of determining Y experimentally, 


z 


for all values of x, y and z, would then be much 
simplified, the number of independent variables 
being reduced, in effect, from three to one. 

The result of the application of such methods to 
the flow of incompressible fluids is already well 





known. For an incompressible fluid flowing in 4 
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straight pipe of given roughness, the resistance to 
flow may be expressed in the form 

R _,/(v-d.p 

Bai)... 0 
where R is the resistance per unit area of wetted 
surface, v is the average speed of the liquid, p is its 
density, » its viscosity, and d is the diameter of the 
pipe. The symbol f indicates a function, the form 
of which is not specified. The use of this equation 
solves the problem completely, except for the deter- 
mination of the form of the function f of the one 
v.d.p* 





variable In this case, therefore, the result 





of dimensional treatment has been equivalent to a 
reduction of the number of independent variables 
from four to one. 

Similarly, for the flow of an incompressible liquid 
through a nozzle or orifice, it may be shown that the 
coefficients of velocity, discharge and contraction, 
and the energy coefficient or efficiency, may all be 
expressed as functions of the one quantity pan 
Thus, the efficiency n of a nozzle, for example, may 
be written in the form 

_ v.d.p 2 
n F (a ) a P « (2) 

This theoretical treatment gives no information 
concerning the nature of the functions f and F, 
which remain to be determined experimentally. 
In practice, these functions are found in all cases 
to possess an important characteristic, namely, 


that, for large values of i Kad the value of the 





function approaches more and more nearly to a 
d. 
P Thus, for 





v e F 
constant value as is increased. 


v.d.p 


values of in excess of a certain minimum, the 





function may be regarded as approximately con- 
stant, and the above equations assume the following 
simple forms : 

For the resistance in pipe flow 


a, = constant . P - (3) 
p.v 

and for the efficiency of a nozzle :— 
7 = constant ° : a (4 


The explanation of this property of the function 
becomes evident when the nature of the causes 
of energy loss is considered. The energy loss in a 
moving incompressible fluid may be regarded as 
the sum of two parts: (a) the viscous friction of 
the fluid moving over the stationary walls of the 
apparatus; and (b) the dissipation of energy due 
to the formation of eddies and vortices in the 
fluid. In the case of a compressible fluid, a third 
item must be added, namely (c) the loss due to 
the creation of compression waves in the fluid. Of 
these three losses, the first is obviously dependent 
on the viscosity coefficient of the fluid, whereas 
the last two are independent of the viscosity. 
At very low speeds of flow, when turbulence is 
entirely absent, the viscous loss accounts for 
the whole of the waste of energy. If from this 
point the speed be steadily increased, a certain 
critical speed is soon attained at which eddies 
make their appearance, and the loss from this 
cause increases so rapidly in comparison with the 
viscous loss that, as the speed continues to in- 
crease, the latter soon becomes an insignificant part 
of the whole. In this condition of high-speed flow, 


: d. 
u.€., when P 





is large, the viscosity coefficient 


BM 

of the fluid ceases to play any appreciable part in 
determining the total energy loss, and the term 
containing the symbol » must then disappear 
from the equations (1) and (2). This condition can 
only be satisfied provided that the function in each 
equation assumes the form of a constant. The 
constancy of the function corresponds, therefore, 
to the condition of completely turbulent flow, 
in which practically the whole of the wasted energy 
to form eddies and pressure waves in the 
uid. 

The above equations may still be applied in 
those cases where the fluid is not a liquid but a 





* Fora full discussion of this equation, as applied to 
flow through pipes, see ENGINEERING, Vol. cxxii, page 474 


compressible gas, provided that the changes of 
density of the gas are sufficiently small to allow 
it to be considered, without serious error, as incom- 
pressible. An important example of this application 
occurs in the investigation of the many problems 
of aircraft design by the use of models. Where, 
on the other hand, the variations of density are 
too large to be neglected, as in the flow of steam 
through turbine nozzles at other than very low 
speeds of flow, it becomes necessary to build up 
a modified form of the principle, in which the density 
is to be regarded as a variable quantity. The argu- 
ment may be put in various forms, according to 
the particular problem to which it is intended to 
apply.* 

In the case of the flow of gas or steam through 
a nozzle, the quantities of greatest practical interest 
are the efficiency and the discharge coefficient 
of the nozzle. If, for simplicity, it is assumed that 
the gas on the upstream side of the nozzle has no 
appreciable kinetic energy, the efficiency may be 
defined as the average kinetic energy of the issuing 
jet, per unit mass of gas, divided by the correspond- 
ing quantity as calculated for frictionless flow ; 
and the discharge coefficient may be defined simi- 
larly as the ratio of the weight of gas discharged 
per unit time to the calculated discharge. In 
what follows, the efficiency only is dealt with, 
but the method of treatment applies equally to 
the discharge coefficient. 

For a nozzle of definite geometrical shape and 
roughness, the efficiency may depend upon the 
value of any or all of the following quantities :— 

(1) The size of the nozzle, expressed by any one 
dimension (d) ; 

(2) The initial pressure (P) of the gas ; 

(3) The ratio (r) of the pressures of the gas before 
and after passing through the nozzle ; 

(4) The initial absolute temperature (¢) ; 

(5) The viscosity (x) and 

(6) The adiabatic index (y) of the gas ; 

(7) The constant R in the gas equation P V = Rt; 
and 

(8) The mechanical equivalent of heat (J). 

The initial temperature and pressure of the gas 
may always be adjusted to give any required values 
of the average velocity (v) and density (p) of the 
jet leaving the nozzle. The quantities v and 
may therefore be substituted for P and ¢ in the 
above list. 

Now it is shown in books on dimensional analysist 
that, given m physical quantities expressed in 
terms of n dimensional units, it is possible to obtain 
from the original m quantities, taken singly or in 
combination, m — n independent quantities of zero 
dimensions ; and, further, if the original m quantities 
are connected by a physical relation, this relation may 
be written down by equating to zero an unknown 
function of these (m — n) new quantities. 

Including the efficiency y, we have here nine 
quantities connected by some as yet unknown 
relation. The dimensions of the quantities, in 
terms of the four fundamental units—mass (M), 
length (L), time (T) and temperature (6) are given 
in the following list :— 

Quantity. 
Efficiency (7) F 
Pressure ratio (r) ste 
Adiabatic index (y) ... 


Dimensions. 
No dimensions. 
No dimensions. 
No dimensions. 


Nozzle size (d) aa L. 

Gas velocity at exit (v) L. T=. 

Gas density at exit (p M .L-. 
Viscosity (u) ... ve M.L-". T-1. 
Gas constant (R)_... a. EAE. 
Mechanical equivalent (J) ... L?. T-. @-. 


The number of dimensionsal units being four, it 
should be possible to form from these nine quantities 
five quantities of zero dimensions. Four of these 


are evidently y, y, ; and r, and the fifth is found on 


v.d.p 


inspection to be ——~“. The fundamental relation 


which determines the efficiency of a nozzle under 

any conditions of flow may therefore be written :— 
R_ v.d.p\ _ 

(> Y B hs tT, in ) = 0 

* Bridgeman, Dimensional Analysis (Yale Univ, 


Press), Chapter 7, gives the case of a body moving through 
@ fluid. 
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where f and F indicate functions of unspecified 
form. 

For any one gas, for which y and R are fixed, the 
expression reduces to the form 


ed 
= Fes, ‘ 1 ¢@ 
i] (* r- (8) 


Thus the efficiency of any given nozzle, under all 
possible conditions of flow, may be expressed as a 
function of only two variables. 

As in the previous case of a nozzle conveying 
liquid, a further simplification is possible for very 








high and very low values of hs At low speeds 


of flow, the density of the oe wil remain almost 
constant throughout the nozzle, and equation (6) 
may then be replaced by equation (2). On the 
other hand, for very high speeds, where the energy 
loss is due almost entirely to eddies and compression 


a must disappear from the 





waves, the term 


equation, as in the previous case. 
then, becomes 


The expression, 


n=F(r). .« «© © (7) 


In this condition the efficiency is independent, not 
only of the viscosity of the gas, but also of its 
density, and of the size of the nozzle. 

It appears, then, that the efficiency of a nozzle 
conveying gas is determined, at low speeds, by the 


v.d.p 


value of the one variable only, and at high 





speeds by the value of the pressure-ratio 7 only. 
Between these two regions there must be an inter- 
mediate one, in which the efficiency can only be 
adequately represented as a function of. both 
variables, 

The result expressed in equation (7) is confirmed 
by certain experiments of the Steam Nozzles 
Research Committee of the Institution of Mechanical 
Engineers. These experiments also indicate the 
extent of the speed-range over which this equation 
is valid. The Committee has at various times 
tested several nozzles, both straight and curved, 
under varying conditions of steam temperature, 
and with back-pressures of 15 lb. and 60 Ib. per 
square inch absolute, and also a pair of similar 
nozzles of different sizes. The efficiency curves, 
when plotted on a basis of pressure ratio, show 
that for steam speeds in excess of about 850 ft. 
per second, or about one-half the velocity of sound 
in the issuing jet, the change of efficiency produced 
by these alterations of steam temperature and 
pressure and of nozzle size was in every case so 
small as to be less than the experimental errors. 
It appears probable, then, that, within the range of 
conditions covered by these tests, equation (7) may 
be used in connection with ordinary smooth nozzles 
in all cases where the steam speed is greater than 
about half the speed of sound in the issuing steam. 
There is at present no evidence to show whether 
this remains true for conditions outside the range 
of the tests, and further experimental work in this 
direction would be very valuable. 

These results possess an obvious value in both 
design and research work. The knowledge that 
the efficiency is a function of only two variables, 
and, over a certain range of speed, of only one, 
not only reduces considerably the amount of 
experimental work required for a complete test 
of a nozzle under varying steam conditions, but 
greatly increases the field of application, and 
therefore the value, of all existing test results. 
The fact that at high speeds the efficiency is not 
appreciably affected by the size of the nozzle is 
itself of great interest, since it makes possible 
the use of small-scale models for test purposes. 
By this means it will be possible to estimate the 
efficiencies of the very large nozzles now in use, 
which could not be tested directly on account of 
their size. 

It will be noticed that, in the dimensional treat- 
ment, no provision was made to take account of 
any variation of the viscosity which may occur 
as the gas passes through the nozzle. The error 
so introduced is probably negligible compared 











+ Loc. cit., page 40. 





with the ordinary limits of accuracy in nozzle 
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testing, since it is only at low speeds of flow that 
such a variation would be able to affect the 
efficiency appreciably, and at low speeds the changes 
of temperature and pressure in the gas will usually 
be too small to produce any considerable change in 
the value of the viscosity. It must be mentioned 
also that the above theory does not apply to the 
flow of wet steam, which does not obey the ordinary 
laws of gases. 

The subject of the friction loss in a blade channel 
may be treated in a similar way, though the case 
is complicated by the inclusion of two additional 
variables—the relative velocity (u), and the 
direction (%) of the incoming steam. The efficiency 
may, in this case, be defined as the kinetic energy 
of the steam leaving the blade, per unit mass, 
measured relative to the blade, divided by the 
corresponding quantity for frictionless flow. Omit- 
ting constants, the general expression then takes 


the form 
.d.p u 
-F(+* 5 oo ), 
n r : ¢ 





’ 
v 


or for high-speed flow, approximately, 


7 = F (1%, 9) 
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James Watt and the Steam Engine. The Memorial 
Volume, prepared for the Watt Centenary Com- 
memoration at Birmingham, 1919. By H. W. 
DICKINSON AND Ruys JENKINS. Oxford: Clarendon 
Press. [31. 3s. net.] 

THE centenary of Watt’s death in 1819 had been 
regarded both at home and abroad as an occasion 
to be commemorated, The war interrupted the 
discussion of arrangements for the purpose, and 
up till now it has not been found possible to establish‘ 
the Memorial Hall and the Watt Chair of Engi- 
neering, which were the more costly of the schemes 
put forward by the Centenary Committee. Fortu- 
nately, however, the funds at the committee’s 
disposal, the co-operation of the many persons and 
bodies who possess relevant documents and informa- 
tion, and the labours of the present authors, have 
permitted the publication of a memorial volume. 
Watt’s greatness as an inventor was recognised in 
his lifetime both at home and abroad, and a con- 
siderable literature has been devoted already to 
his life and achievements. At the time, however, 
when this literature was growing up, it was im- 
possible for the writers to avoid being impressed 
with the consequences of Watt’s work even more 
than with its technical and historical details. On 
the pedestal of Watt’s statue in Westminster Abbey, 
Brougham’s fine and uncoloured eulogium recites 
how his name must endure while the peaceful arts 
flourish, and in an eloquent and celebrated digres- 
sion which Scott introduced into the preface to T'he 
Monastery, Watt is celebrated, among other things, 
as the man who commanded manufactures to arise, 
abridged time and space, and produced a change in 
the world of which the already extraordinary effects 
were, perhaps, only then beginning to be felt. While 
such changes were new it must have been difficult 
for historians to bring a suitable account of them 
into perspective with a critical examination of the 
details of Watt’s work. Time, indeed, has not 
belittled Watt’s place in the history of industry and 
invention, but the changes which have resulted 
from his work are now familiar, and for some time 
past there has been an unfilled place in literature 
for a detailed and authentic account of how the 
invention was made, introduced into industry, and 
developed. 

The present work is devoted mainly to providing 
this study. The piety of the families and kinsmen 
of Watt and his partner, and the pride and public 
spirit of his fellow-citizens of Birmingham, have 
preserved most of Watt’s voluminous correspondence 
and the archives and drawings of the firm. The 
authors, who, by their experience, are peculiarly 
competent for their task, have gone through the 
whole of this material, sifting, collating, condens- 
ing and rejecting, so as both to assure the 
authenticity of the documents they use or quote, 
and to bring the work into manageable dimen- 
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sions. With very few exceptions, the illustrations of 
engines and parts are taken photographically from 
the original sketches or drawings. The topography 
of the Soho foundry, as it stood in Watt’s time, has 
been cleared up with the assistance of the present 
occupants, Messrs. W. and T. Avery, Limited ; and 
owners of portraits of Watt have allowed them to be 
reproduced. The authors have disclaimed any inten- 
tion of adding to the sufficiently numerous eulogies 
of Watt as an inventor, and, in respect to his work 
on the steam engine, have confined themselves to 
tracing its development until in 1800 the renewed 
patent ran out, the partnership with Boulton came 
to an end, and Watt retired from active busi- 
ness. The discussion of the steam engine is 
preceded by an interesting and sufficient account 
of Watt himself, his family and associates. Like 
the rest of the work, these biographical par- 
ticulars are derived from quoted original sources, 
and serve, as the authors claim, to throw some fresh 
light on Watt’s life, and to clear up some current 
mistakes. 

The principle the authors have adopted in the 
book is to make each part as far as possible complete 
in itself. The various stages of the invention em- 
bodied in the engines, and the elements of which 
each was composed, had to be described in their 
proper places, and there they are of primary impor- 
tance. Many or most of them, however, are of con- 
sequence both in the general narrative of Watt’s 
life and in the description of the various forms 
given successively to the complete engine. The 
authors have decided wisely to refer to the several 
elements of their. subject in each connection in 
which they are relevant, proportioning the extent 
of such references to the relative importance 
of the element in the section of the subject 
under treatment. This method has meant a cer- 
tain amount of repetition, but such as there has 
been has thoroughly served its purpose. The 
first three chapters deal respectively with Watt’s 
origin and early days for the first 20 years of his 
life, his stay in Glasgow up to the time of his 
marriage, shortly after the beginning of his experi- 
ments on steam, and his widening connections 
during the next 10 years, in which, though engaged 
for much of his time as a land surveyor, he invented 
the separate condenser, and with the assistance of 
Dr. Roebuck, of Carron, patented it and had his 
first engine made. The next two chapters describe 
his partnership with Boulton for the 25 years for 
which his patent was renewed, and a last short 
chapter gives an account of his life in the retirement 
in which he lived for the next 19 years. 

The first chapter on the relation of Watt to the 
steam engine deals with separate stages in the 
evolution of the engine, and here the strictly 
chronological order of treatment could not be 
maintained, because the several types of engine 
overlapped in the periods of their development. 
The second chapter deals with the experimental 
stage of the engine from 1765 to 1774, while 
the next three chapters are devoted to the single- 
acting pumping engine, as developed in the nine 
years after 1774. A separate chapter deals with 
the invention of the double-acting engine and of 
the parallel motion. The last two general chapters 
deal with the relatively small amount of work done 
on purely rotary engines, and with the various 
ways in which reciprocating motion was converted 
into rotary motion. Incidentally, it appears that 
there were no valid patents to prevent Watt from 
adopting the crank in any combination in which 
he would have been likely to want it. An account 
of how the engines were made at the Soho manu- 
factory and at the works of the Soho foundry is of 
particular interest, as illustrating the transition from 
the stage at which engines were assembled on the 
job from parts mostly bought outside, to that in 
which they were manufactured at the works. The 
earlier stage remains still evident in the term 
engine builder instead of maker. Other chapters 
describe, respectively, the staff of Boulton and 
Watt, the personalities and projects of their 
competitors, and the business arrangements in 
respect to premiums or royalties and partnerships. 
A final chapter deals with such data on the per- 
formance of engines as are available, and describes 
the circumstances in which the horse-power unit 








was introduced. In addition to a bibliography 
relating to Watt, appendices include reprints of 
the voluminous directions for erecting and working 
the engines issued in 1779, and of the shorter direc- 
tions in 1784. 

Much of the material in this comprehensive 
account of the subject has been used before, 
except, as remarked above, the drawings and 
particulars reproduced from the firm’s records. 
As presented by the authors, it is constantly 
suggesting conclusions which have not been drawn 
hitherto, correcting some that were inaccurate, 
and presenting others in a perspective which 
could not be seen previously, at least with the 
same clearness. It has always been known, for 
instance, that, in addition to providing the partner- 
ship with indispensable financial resources, Boulton 
was an able and versatile man of business. It now 
appears that, in addition, he became a competent 
and sagacious engineer, whose co-operation was 
valuable on the technical as well as on the business 
side. 

It has been known, again, that Watt was 
a man of uncertain health, but it has not been 
realised how strenuously he had to work in the 
earlier years of the partnership. It is astonishing 
to find that for four years after he went to 
Birmingham, and for a year after he went to 
Cornwall to erect the first engine, he had not the 
help of a draughtsman, and up till then was 
conducting the entire technical correspondence of 
the firm in addition to doing all the designs and 
calculations and generally supervising the works. 
It was, however, in the third year after his arrival 
in Birmingham, when he went for the first time 
to Cornwall, that Murdock was engaged, and 
gradually, of course, Watt was able to procure 
and train the necessary technical assistance to 
assist his partner and him in coping with the 
growing business. A matter of still wider importance, 
on which the information now given permits 
previous opinions to be reconsidered, is the effect 
which the history of the patents had on the 
industry. Watt’s patent was renewed for the 
unusually long period of twenty-five years, though in 
this connection it must be remembered that, owing to 
the differences in facilities for communications, manu- 
facture, and transport, far less work could be carried 
out in the course of a year at that time than at 
present. 

It seems certain that if the patent had not 
been renewed for at least a substantial term, the busi- 
ness would have been likely to fail, and Watt’s work 
on steam to have ceased. Apart from his scientific 
abilities, Watt’s genius as an inventor stands 
above question, and incalculable injury would 
have been done to the industry if this genius 
had been withdrawn from it. On the other hand, 
as the authors point out, Watt had not the same 
genius as an engineer. He could invent half a 
dozen ways of getting out of a difficulty without 
having the instinct to recognise which was the 
best, and the control of the industry through his 
patents enabled him to stop others from making 
desirable progress, though he was unwilling to 
make it himself. He was, for example, perfectly 
aware that great benefit could be obtained by 
using steam under substantial pressure, and in 
one letter seems also to have realised the benefit 
of superheat. Nevertheless, his aversion to steam 
under pressure prevented its introduction into 
practice for many years. On balance, it will 
probably be thought that the industry received 
full value for the exceptional consideration with 
which Parliament and the Law Courts treated 
Watt in the grant, renewal and construction of 
his patents. 

This notice would not be complete without 
mentioning the singular beauty of the volume, 
not only in its lavish illustrations but in its type, 
paper, and binding. It is so excellent in these 
respects that its appearance may be an appropriate 
oceasion for protesting against the inordinate 
length of line adopted in this and in other similar 
publications. The eyes of readers would have 
been spared, without any loss of beauty in the 
page, if the text had been printed in two columns 
separated by a vertical blank space, as has, in fact, 
been done in the case of the footnotes. 
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Der Briickenbau: III Band, I. Halfte: Hiserne Briicken, 
I. Teil. By Dr. JoseEPH Metan. Third Edition. Leipzig 
and Vienna: Franz Deuticke. [26 marks. ] 

Tur present volume is part of a comprehensive 

treatise on bridge building, of which the first two 

volumes deal with wood, stone, and reinforced- 
conerete bridges, and the present, which deals 
with girder bridges, is completed by a second part 
dealing with arch and suspension bridges, now in 
its second edition. No special treatment seems to 
be given to movable bridges. The material for the 
work is based on the lectures delivered by the 
author in his capacity of Professor of Bridge Build- 
ing at the German Technical High School at Prague, 

The reader is supposed to be already familiar 
with the theory, both of building mechanics in 
general and bridge building in particular, so that 
in the present work these subjects are only dealt 
with to such an extent as is required by the results 
and applications described. The immediate purpose 
of the work is, in fact, to give students a not 
too voluminous text book, which, on the one 
hand, is to include the information necessary for 
designing bridges on their own account and for 
criticising existing structures; and, on the other 
hand, can furnish them with sufficient examples 
of successful constructions on which they may 
base their work. It is only five years since the 
second edition of this part was published, following 
the first edition after ten years, and the other parts 
seem to have been revised at similar intervals. 
The demand for the book among Professor Melan’s 
own students is hardly likely to have been sufficient 
to account for these rapid revisions of so large 
a work, and an inspection of the present volume 
appears to suggest a more general explanation. 
In proposing to give the reader an account of 
present practice, the author imposed on himself 
the duty not only of giving a clear explanation 
in the first instance, but also of revising his 
exposition and bringing it up to date at such 
intervals as might be required. This obligation 
is no slight one, in a subject on which much 
theoretical and experimental work has been done, 
and the true explanation of the apparent popularity 
of the present work seems, therefore, to be that 
the author has discharged his onerous undertaking 
conscientiously, as well as with the competence 
to be expected in a teacher and engineer of his 
reputation and experience. 

The volume runs into over 500 large pages, 
and contains nearly 600 illustrations. It is divided 
into five chapters, the first three of which are short, 
and deal, respectively, with structural materials, 
permissible stresses, and riveted designs. The other 
two deal, respectively, in considerable detail with 
the floors of iron bridges, balustrades, &c., and 
with the various types of girder supports. Among 
the matters on which the previous edition has 
been added to, or altered, the author lays some 
stress on the attempts that have been made to 
obtain steel of higher mechanical properties with 
little increase of price. He adopts the usual 
assumption that, provided the ductility of the 
Stronger steel, as measured by the difference 
between the yield point and the ultimate stress, 
is no less than that of the softer steel, the stress 
permissible in a stronger material may be increased 
over that allowed for usual structural steel in 
the ratio of the ultimate stresses, and the necessary 
weight may be decreased similarly. This is not 
necessarily an advantage with small or medium 
Spans, especially of railway bridges, because the 
Stresses that arise from live loads appear to increase 
if the weight of the bridge is reduced below a 
limit. With large spans and heavy loads, on the 
other hand, the advantage of greater strength 
may be considerable, and upon the assumptions at 
present accepted in regard to the ratio of stress 
dependent on the weight of the bridge to the 
stress that is independent of it, a precise method 
1s s.own for defining,’ for any bridge, the exact 
Incrvase of price that can be paid economically 
for 2 given increase of strength. To some extent, 
alloy steels, such as nickel steel with a low percentage 
of nickel, and also high-carbon steels, have been 
appiicd in the construction of bridges both in the 
United States and in Germany, and mention is 
made of a recently-produced steel with an ultimate 





stress of 34 tons per square inch, a yield point 
of 30 tons per square inch, and an elongation of 
27 per cent., the price of which is said not to be 
appreciably higher than that of ordinary structural 
steel. If experience should show that steel can 
be produced uniformly in this quality at the same 
price as ordinary structural steel, it will no doubt 
be a substantial advance on present materials. 
In any case, the author is doubtless right in 
emphasising the statement that, both in the United 
States and in Germany, a persistent attempt is being 
made to obtain structural steel of higher strength 
and equal toughness at, or near, the price of ordinary 
steel. 

Among the other additions found in the present 
volume mention may be made of the inclusion 
of revised methods of calculation, as, for example, 
stresses in bolts, oscillation of bridges caused by 
live loads, the theory of the buckling of structures, 


and the calculation of the Vierendeel strutless | 


framed girders. The statement of the rules for 
traffic load, and permissible stresses on iron bridges 
in Austria, Czechoslovakia, Germany, France, 
Switzerland, and North America, is brought up to 
date. A good account is given of the experiments 
made in various countries on the effect of live 
loads on railway bridges, together with a description 
of the principal instruments by which these 
observations have been made. Interesting par- 
ticulars are likewise included of the considerable 
differences to be found in the results obtained 
at various times on American, Swiss, Indian, 
English, and German railways. It will be remem- 
bered that the comprehensive observations of the 
Indian Railways Bridges Committee showed, with 
bridges of the same span, and even with different 
parts of one and the same bridge, an increment 
of stress due to live loads, which varied from 1 per 
cent. to 45 per cent. with some bridges, and from 
3 per cent. to as much as 70 per cent. with others. 
The data collected in the observations made by 
other authorities give further instances of dis- 
crepancies, and it may be hoped that some light 
will be thrown on this important subject by the 
investigation on which the railway companies of 
this country are engaged with the assistance of the 
Department of Scientific and Industrial Research. 

The utility of this book as a work of reference 
would be increased considerably if it were provided 
with an index. It seems a pity that so excellent 
a tool should be left without a handle. 





The Italian Navy in the World War, 1915-1918. Pre- 
pared by the Office of the Chief of the Staff of the 
Royal Italian Navy. Rome: Provveditorato Generale 
dello Stato. 

Tuis is not the Italian Government’s first contri- 
bution to the history of the naval war, for 
Professor Camillo Manfroni was allowed to consult 
official documents when he compiled his Storia 
della Marina Italiana durante la Guerra Mondiale. 
In addition to this, the Italian navy has shown very 
great appreciation of serious research upon the 
history of naval operations. Sir Julian Corbett’s 
volumes were translated as soon as they appeared, 
and we believe that Mr. Fayle’s history of sea-borne 
trade and the German naval staff history were 
treated in the same way. 

The volume under review is, as the Italian naval 
staff states, a collection of facts and figures. It is 
not properly speaking a historical work, and shows 
the material effort made to deal with the tasks that 
confronted the Italian Navy. These tasks were 
certainly extremely difficult. When Italy entered 
the war, the Italian Navy was more powerful than 
the Austrian, but the Italian coast-line is long, 
unaccidented, and difficult to defend. From the 
Isonzo to Cape Santa Maria di Leuca there are only 
two fleet anchorages—Venice and Brindisi. Opposite 
to this exposed coast is an archipelago of islands, 
a complex of narrow channels, and an indented 
coast-line, in which “every creek could become a 
base.” The Italians had a superiority in one 


constituent of sea power, viz., ships and guns; in 
all else they were at a very serious disadvantage. 
They were, indeed, compelled to stipulate that 
Great Britain should station a squadron of old 
battleships, and a squadron of light cruisers, at 
Taranto, 


The defeat of the Serbian armies, and their retreat 
to the Albanian coast, at once threw an immense 
responsibility upon the Italian Navy. The Italian 
government undertook to transport the Serbian 
armies to allied territory. The operation was not 
purely a naval one. A large expeditionary force 
had to be landed at Durazzo, and the force already 
at Valona strengthened, in order to secure the ports 
of evacuation against an Austro- Bulgarian advance. 
In addition to this, the transports had to be protected 
against raids by the Austrian cruiser forces at 
Cattaro. These raids culminated in a prolonged 
cruiser action between an Austrian force under 
Captain Seitz of the cruiser Helgoland, and an 
Italo-British squadron under Admiral Belleni. 
Each of the allied navies assisted in the evacuation 


|of the Serbs, but ‘the control of this immensely 


difficult operation was, throughout, in Italian hands, 
and it is to their everlasting credit that not a single 
Serbian soldier lost his life during the evacuation. 

From the beginning of 1916 to the end of the war, 
the Italian naval forces were mainly employed in 
combating the submarine campaign. In May, 
1917, an allied cruiser force under Admiral Acton 
engaged an Austrian force under Admiral Njegovan, 
but the action was really a consequence of submarine 
warfare. 

The Italian measures for defending commerce 
were entirely different from those taken by France 
and Great Britain. The Italian Navy mounted a 
chain of batteries along the western coast-line from 
the frontier to Cape Colonne, in Calabria, and by so 
doing, created a defended coastal zone, every part 
of which was covered by the fire of one or more of 
these batteries. As far as was possible, all shipping 
was diverted to this defended coastal zone. The 
experiment was not entirely successful, and the 
Italian naval authorities, like our own, were com- 
pelled to adopt a comprehensive system of convoy. 

Those who desire to learn something of the 
organisational side of naval warfare cannot do 
better than study this volume. It isa documented 
commentary upon the relations between naval 
armaments and the industrial life of a modern state ; 
the statistical tables relating to oil, coal, men, and 
machinery are impressive and suggestive. We hope, 
however, that the Italian naval staff do not regard 
this volume as their final contribution to the history 
of the war at sea. No Italian ought to forget that 
Italian classical writers literally taught Europe how 
to write political and military history. Such 
writers as Costanzo, Davila, Strada and Bellarmino 
presented Europe with historical writings which 
have never been improved upon. They were past 
masters of historical:narrative, because they knew 
better than any who went before, or came after them, 
how to relate historical cause and effect, and to com- 
pile an ordered, chronological narrative in which the 
sequence of events seems inevitable. It is thus that 
history should be written. If the clearest brains of 
the Italian Navy were to compile a detailed history 
of the naval war in the Mediterranean, in the 
dispassionate, scientific, style of their ancestors, 
students of naval warfare would be presented with a 
work which historians of other countries might equal, | 
but which none would be likely to surpass. 








THE DEFLECTION oF Fiat PuatTes FIxXeD AT THE 
CIRCUMFERENCE.—We regret that in the article pub- 
lished under the above title on page 31 of our issue of 
last week, Dr. P. T. Petrie’s name appeared in the open- 
ing paragraph as Mr. P. T. Petrie. 


LAUNCH oF THE M.S. ‘“ Greystoke CastTLE.’’—On 
Thursday, December 8 last, Messrs. Cammell Laird and 
Company, Limited, launched from their Birkenhead 
yard the twin-screw motor cargo vessel Greystoke 
Castle, which is the first of two similar vessels the com- 
pany has in hand for Messrs. The Lancashire Shipping 
Company, Limited, of Liverpool. The present vessel, 
which has been constructed on the Isherwood combina- 
tion system of framing to comply with Lloyd’s 100 Al 
class, has a straight stem and an elliptical stern, and 
her main dimensions are: length, 425 ft., breadth, 
56 ft.; and depth, 31 ft. 9 in., the displacement load 
being about 13,200 tons. The cargo is carried 
in five holds and five ’tween decks spaces, and 13 
steel derricks, with lifts ranging from 5 to 30 tons, 
are fitted to the masts for the cargo handling. The 
propelling machinery consists of two four-cycle, single- 
acting, six-cylinder reversible Diesel engines of the Werk- 
spoor type, which have been built by Messrs, The North 
Eastern Marine Engineering Company, Limited, 
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FLOATING DOCK FOR SINGAPORE NAVAL BASE. 


CONSTRUCTED BY MESSRS. SWAN, HUNTER, AND WIGHAM RICHARDSON, 


LIMITED, WALLSEND-ON-TYNE. 
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FLOATING DOCK FOR SINGAPORE 
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NAVAL BASE. 

Tue two illustrations on this page of the 50,000- | 
ton floating dock for the new British naval base at | 
Singapore show that what is one of the largest docks | 
of this class has been completed, the work having | 
occupied little more than a year from the time the 
contract for its construction was allotted to the 
builders. The dock was designed by Sir W. G. Berry, 
Director of Naval Construction at the Admiralty, 
and the contract was awarded to Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Wallsend-on-Tyne, 
in November, 1926. Delivery of the steel, of which | 
20,000 tons were required, was commenced in January 
of last year, and the first of the seven sections of which 
the dock is composed was launched on July 15; the 
last section was launched as recently as December 10. 
As shown in Fig. 1, the dock is now practically ready 
for towing to Singapore, a distance of some 8,500 
miles, and the builders must be congratulated on 
having completed this important structure in such 
a comparatively short space of time. 

Technical particulars of the dock are not yet 
_ available for publication, but it is understood to be 
capable of lifting a 54,000-ton ship, and to have a 
length of about 850 ft. The floating dock at South- 
ampton, which was built by Messrs. Sir W. G. Arm- 
strong, Whitworth and Company, Limited, to the 
designs of Messrs. Clark and Standfield, is, we believe, 
the largest in the world, having a lifting capacity 
of 60,000 tons and an overall length of 960 ft. Full 
particulars of the Southampton Dock will be found 
on page 789 of our 117th volume. As in the case | 
of the Southampton dock, the pumps for the Singapore 
dock are electrically operated and controlled, the 
electrical equipment, in both cases, having been 
supplied by Messrs. Crompton Parkinson, Limited, | 
of Chelmsford and Guiseley. The control house is 
visible in the background of Fig. 2, which is a view | 
of one of the top decks of the Singapore dock. The | 


motors driving the pumps are supplied with three-phase Fic. 


current at 1,000 volts and 50 cycles, and consist of 

three machines of the vertical-spindle type developing | 

300 h.p. each at 480 r.p.m., two developing 180 h.p.| It is understood that the contract for towing the 
at 575 r.p.m.,and two 90 h.p. at 960 r.p.m. In each/dock to Singapore has been awarded to Messrs. the 
case, the motors have been specially designed to|L. Smit and Company's International Tug Company, 
withstand the tropical conditions under which they | of Rotterdam, and that the dock will be divided into 
will be required to operate, and also to be unaffected | two parts for the operation. It may also be of interest 
by the fact that they will necessarily be left out of | to mention that the dock will be the largest floating 
use for long periods between dockings. structure to have traversed the Suez Canal. 








Tue [Iron-ORE OvTPUT IN THE UNITED STATES.— 
According to figures compiled by the United States 
Bureau of Mines, nearly 62 million tons of iron ore were 
mined in that country during 1927. Some five-sixths 
of this output was derived from the Lake Superior 
district, the chief producing states being Minnesota 
and Michigan. Of the other states, Alabama produced 
6} million tons and Pennsylvania 1,179,000 tons. 
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ELECTRIC CONTROL IN THE 
BOILER HOUSE. 


Ir is to-day pretty generally accepted that the boiler 
house offers more scope for increased economy than 
any other stage in the process of conversion of coal into 
power. The problem of attaining that increase has 
a dual aspect. It may be considered either from the 
point of view of the improvement of the plant itself, 
the object being the attainment of the highest possible 
thermal efficiency, or from the point of view of the 
operation of that plant, special attention being directed 
to the prevention of losses in both the main and the 
auxiliary equipment. Considerable progress has been 
made in the latter direction. On land, at least, the 
fireman has been virtually replaced by the mechanical 
stoker, in all but the smallest plants, and the mechanical 
stoker is now experiencing competition from equip- 
ment for producing pulverised fuel, though there are, 
of course, reasons for this change other than mere 
labour saving. The transport of the coal from the 
barge or railway wagon to the bunker or storage 
ground, is now effected with the minimum of human 
intervention, and the same may be said of the disposal 
of the ashes. The reduction in the amount of labour 
employed on these operations has, in turn, brought 
about the concentration of the devices for the control 
of the various equipment in some convenient central 
position, and thus has led to the use of much ingenious 
apparatus, most of which performs its functions auto- 
matically. This is particularly the case where pulverised 
fuel is used, and it is an advance which has been 
stimulated by the increasing size of electric power 
stations and of the boilers installed in them. The 
operation of the coal and ash-handling plant is a 
Separate problem from the control of the equipment, 
which determines the amount of fuel and air that is 
actually fed into the boilers, though both have their 
interesting features. It is with the latter however, 
that we propose to deal in this article, and to begin 
with some general principles may be stated. 

To-day, most of the auxiliary plant in a boiler 
house, including the mechanical stokers when these 
are used, is electrically driven. The principal excep- 
tion to this rule are the feed pumps, though these 
are sometimes also operated by the same method. 
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the pulverising process, and for operating this the 
electric drive is again general. Predicating the 
employment of electricity, the next question is how 
best it can be applied. The answer is complicated by 
the fact, that to-day, three-phase generation is almost 
universal, while on the other hand, some of the plant 
we are discussing, such as the induced-draught fans, 
must be driven by motors of the variable-speed type. 
There are four possible ways of obtaining this speed 
variation : (1) To use direct current supplied from the 
main alternators through motor-generators. (2) To use 
alternating current with rotor regulation, a method 
which means waste of power. (3) To use alternating 
current to drive motors, which are fitted with two stator 
windings and thus to produce two or three fixed speeds 
by pole-changing methods; (4) to use alternating 
current commutator motors. 

Another motor which must often be of the variable- 
speed type, is that used for operating the grates of 
the mechanical stokers. For this purpose, the direct- 
current motor has obvious advantages in ease and 
economy of speed control, but as conversion is usually 
necessary to obtain this type of current, it is frequently 





advisable to effect the desired speed variation by 
mechanical means, that is by some form of gearing. 
When pulverised fuel is employed, speed varia- 
tion is also essential on the motors which drive 
the pulverisers, conveyors, fans and feeders, and the 
same considerations therefore apply as those men- 
tioned above, in connection with the operation of the 
induced-draught fans. In this case, however, the 





immediate combustion of the fuel as it enters the 
furnace makes the control of the proportions of fuel 
and air a more sensitive matter than when mechanical 
stokers are used. With the help of such devices as the 
Bailey meter control, however, these two supplies can 
now be controlled automatically in response to the 
steam demand, a state of affairs which necessitates an 
equally ready response from the electrical apparatus 
controlling the motor speeds. This can be met in any 
of the ways mentioned above. 

As regards the control of power station auxiliaries 
in general, it may be said that the primary considera- 
tion is continuity of operation. This predicates the use 
of robust equipment, which, in the case of the control 
apparatus, should preferably be ironclad and should 





When pulverised fuel is employed, a considerable 
‘mount of machinery is required in connection with 





also be fitted with efficient electrical and mechanical 
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tion under the most trying conditions, whether atmo- 
spheric or electrical. In addition, it is desirable that 
care should be exercised in the selection of the positions 
in which this apparatus is installed, so that it may be 
exposed no more than is necessary to the heat, dust and 
other harmful influences, which are to some extent 
inseparable from boiler-house operation. For the 
reasons stated above it is desirable that the actual 
control gear should be concentrated in some central 
position on the firing floor, and this can conveniently 
be effected by using ‘‘ push button” devices. This 
centralisation has, as is well known, been carried out 
almost to a maximum extent in some recent American 
power stations, and is gradually becoming more general 
in this country. For obvious reasons it is desirable, 
on the other hand, that the starters and speed-regulating 
equipment itself should be fixed as near as possible to 
the motor to which they apply. 





To illustrate the principles we have enumerated 
in the foregoing paragraphs we propose to describe 
two modern boiler-house installations, in which 
electric control apparatus of the latest pattern is em- 
ployed. This equipment was designed and manu- 








subsidiary devices, so as to ensure satisfactory opera- 





factured by Messrs. Brookhirst Switchgear, Limited, 
of Northgate Works, Chester, a firm which has devoted 
a considerable amount of research to the production 
of control apparatus suitable for this class of work. 
The first of these installations is in a boiler house 
at an Indian colliery. Here the plant at present 
consists of three water-tube boilers with economisers, 
mechanical stokers and forced and induced-draught 
fans, though provision has been made for consider- 
able extensions. Each boiler has its own induced- 
draught fan, but one forced-draught fan is common to 
two boilers, and the same arrangement applies to the 
stoker motors. The supply is on the three-phase 
system at 550 volts and 50 cycles. The layout of the 
plant, with which we are concerned in this description, 
will be clear from Figs. 1 to 6 above and on page 86. 
These are largely self-explanatory. The function of 
the switch pillars on the selector switch and push- 
button board, shown at the bottom of Fig. 4, may, how- 
ever, be briefly indicated. Reading from left to right, 
the pillars marked A and B are for controlling the 
550-volt supply from the turbine house. Pillar C 
controls the two stoker and the three economiser 
motors, pillars D and E and H and K the induced- 
draught fan motors ; pillars F and G the forced-draught 





(28190) 
SHYVITIXNG ISNOH INIGENL 4OF 
OYVOEGHILIMS LNOMVYO IdAL LINN 





ae 
| 




















[JAN. 20, 1928. 
Ei ---0-41-——" 
é 

















(-919) : ‘o-bay 











¥31109 €6NNOILVAITI ONF 


ISNOH ANIGYNL 


TIATIINIWISVG LV NV Td LAV 


8 YN 


1A Ia 
FZ 


STN 
; Ham 7 
: 


Z 


\ 


e) 
Z 
= 
Mm 
(3) 
(x) 
Z 
—- | 
om | 
Z| 
ca 


] 


nt S 
$ 


SG 


Ws 
SL 
\« 


Wily S Dy SS 


+ 


Wy 


! 


UW 

i 
ey 
x= 





‘UGLSTHO ‘SHUAANIONG ‘“GULINIT ‘UVADHOLIMS ISHYIHMOOUA ‘SUSSAN AM CGALINULSNOD 


"IOULNOO ASNOH UATIOd YOX LNAWdINOD TVOINLOGDTE 





& 
i 


Al ay TERRES. 





i 
% 
bs 
i 

A 
ES 
re 


SESAME RSS 5s: 


a a8 oF Sa 8 RLS rage 





# 
é 
@ 
i 











JAN. 20, 1928.] 


ENGINEERING. 





ELECTRICAL BOILER HOUSE CONTROL. 


MESSRS. BROOKHIRST SWITCHGEAR, LIMITED, ENGINEERS, CHESTER. 





Fie. 11. 





Fig. 12, Starter anD ConTROL PANEL FOR > 
D.C. Motor. 


fan motors, and pillar L the bucket-conveyor motors. 
In Fig. 1, the unit type switchboard for the boiler 
house auxiliary motors, which carries the switches 
controlled by the push-button equipment, is shown 
mm the centre, the individual panels being lettered 
from A to O. The same lettering is observed on 
the diagram of connections, where the board is 
shown at the bottom of Fig. 2. Panels A, B and C 
control the economiser motors, panel D the bucket- 
conveyor motor, panels E and L, the stoker motors, 
panels F and G and J and K the induced-draught fan 
motors, and panels H and I the forced-draught fan 
motors. Panel M carries an automatic circuit breaker 
for controlling the automatic starting gear on the pump 











PusH Burton ControL APPARATUS. 





Fie. 13. 


Rotor REGULATOR. 


motors. Panel N carries the tie-switch connecting to 
the ’bus-bars, and panel O the automatic circuit breaker 
for the incoming cables. 

It will be seen therefore, that all the switchgear 
for controlling the motors operating the fans and 
other electrically-driven plant in the boiler house, is 
mounted on one switchboard. This consists essen- 
tially of seven electrically-operated circuit breakers, 
which control the supply to the four 21-h.p. motors 
driving the induced-draught fans, the two 32-h.p. 
motors for the forced-draught fans, and to one 6-h.p. 
motor for a bucket conveyor. All these circuit breakers 
are installed in the basement of the boiler house, as 
shown in Figs. 2 and 3, and, as already stated, are con- 
trolled from push buttons fixed on the firing floor of the 
boiler house (Fig. 1). The forced-draught motors are 
equipped with automatic motor starters, which operate 
as soon as the corresponding circuit-breaker is closed. 
The panel, on which the control apparatus for the rotor 
is fixed, is placed against the motor itself, while the 
control panel for the stator is arranged on the bus- 
bars in the basement. As already mentioned the 
motors driving the forced-draught fans have an output 
of 32 h.p., their speed being 570 r.p.m. The arrange- 
ment of the starters used on these motors is shown in 
Figs. 7 and 8 on the opposite page. From these it 
will be seen that the starting arm is moved over the 
starting notches by one of two solenoids at the side, 
these being in turn excited by the depression of the 
appropriate push button on the boiler-house floor. 
When the stator switch is closed, the rotor regulator 
comes automatically to the full-on position, and 
cannot be stopped intermediately. 

The induced-draught fan motors are equipped with 
automatic rotor regulators, a front elevation of one of 
which is given in Fig. 9. These are designed so that there 
is sufficient resistance in the circuit for the motor to 
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start when the stator circuit-breaker is closed. The 
speed is then gradually increased by depressing the 
appropriate push button on the control switch board. 
Each motor has two push buttons, which are lettered 
* accelerate’ and “ retard”’ respectively. At start- 
ing the continued depression of the “ accelerate ”’ 
push-button gradually brings the motor up to the 
desired speed. The arrangement of the regulator used 
will be followed from Figs. 9 and 10, from which it 
will be seen that as the solenoid rises it engages with 
the starter arm and pushes it round one notch. 
When the solenoid core reaches the highest point of 
its travel it breaks its own circuit and, therefore, 
falls. If the push-button is continually depressed the 
circuit is made afresh when the core reaches the lowest 
point of its travel, so that it again rises and moves 
the starter arm to the next notch. This cycle of 
operations is repeated as long as the push button is 
depressed. This starter is also employed as a speed 
regulator and, as will be seen, has a considerably 
greater number of notches than the one shown in Fig. 7, 
so that the adjustment is very sensitive. The output 
of the induced-draught fan motors on this installation 
is 21 h.p., and their speed can be varied from 350 to 
480 r.p.m. A lamp is provided on the control panel 
to show when the motor has reached its maximum 
speed, though this can equally, and perhaps more 
effectively, be indicated by watching either the water 
gauges or the CO, recorders. 

The accompanying Fig. 11 illustrates the control 
apparatus, which is being used on this installation 
as erected at the makers’ works. The push button 
control panel, which is fixed on the firing floor, is visible 
on the extreme left. Next to it come the various stator 
switches, which are direct connected to the ’bus-bars, 
while behind them (the upper portions only being 
visible), are the rotor regulators for controlling the 
forced and induced-draught fan motors. The two 
panels in the centre foreground carry equipment, which 
is used in connection with float switches, visible on the 
floor, to control the supply to the 5-h.p. motors driving 
the auxiliary feed pumps, the position of which is 
indicated in Fig. 4. These motors have straight-on, 
contactor type starters, and the circuit includes a 
selector switch, so that the floats can control 
either of the motors. Fig. 13 is a view of one 
of the regulators, and this illustration, together with 
Figs. 7 to 10, will permit the general design of these 
appliances to be appreciated. It will be seen from 
Fig. 11 that the various contactors are oil immersed ; 
the contacts themselves are provided with adequate 
operating surfaces, and that care has been taken 
to ensure the protection and reliability of all the 
working parts. 

The bucket conveyor mentioned is fitted with an 
automatic rotor starter, which comes into action as 
soon as the appropriate circuit breaker is closed, 
while the board shown in Fig. 4, also carries 
a hand-operated circuit breaker, which controls 
the supply to the motors driving the mechanical 
stokers and economisers. These motors are more 
directly controlled by small drum type straight-on 
starters, which are fitted with no-volt releases. 

In cases where a direct-current supply is available for 
operating the motors used for the purposes with which 
we have been dealing, a panel of the type shown in 
Fig. 12 can be employed for control purposes. This 
comprises a starter, no-volt and overload release circuit 
breaker, shunt regulator and isolating switch. The 
shunt regulator is of the horizontal screw-operated type, 
which gives a step-by-step action and prevents an 
unduly rapid variation of the speed. It is interlocked 
with the starter, so that the motor cannot be started up 
with a weak field. 


(To be continued.) 





SOCIETY OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS. 


(Concluded from page 54.) 
Fires AND ExpLosions ON Orn TANKERS. 


ANOTHER paper read at the recent meeting of the 
Society of Naval Architects and Marine Engineers, was 
by Mr. R. L. Hague, on ‘“ Tank Steamer Fires and 
Explosions.”” Between January 1, 1922 and May 1, 
1927, no less than 135,000 million gallons of petroleum 
in bulk was transported across the oceans of the world. 
There were, in all, only 57 fires or explosions in the 
same time, including those occurring during loading 
or discharging, and while repairs were being effected, 
as well as in free travel at sea. The hydrocarbon 
vapours given off from crude petroleum had the 
property of being heavier than air, and thus in still air 
sank to low levels in tanks, containers, or ships. They 
were all inflammable, and when present in air, in 
relatively low concentrations, were intoxicating. Air 
containing 0-3 per cent. by volume was generally 





regarded as the danger limit, and most men could work 
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in such an atmosphere for periods up to 30 minutes. 
When concentration was increased, the mixture became 
highly explosive, the explosive range extending from 
a 1 per cent. to a 6 per cent. mixture by volume, being 
most intense at about 3} per cent. Other than 
failures of electrical connections, the principal source 
of trouble had generally been attributable to some type 
of carelessness. There were two authenticated cases of 
peculiar circumstances giving rise to fires. In one, the 
clashing of steel girders, being hoisted overboard, caused 
the ignition, and in the other sparks caused by hob- 
nailed boots on a steel deck had the same effect. The 
Standard Oil Company issued a set of rules for the 
loading and discharge of tankers. For the purpose of 
sending to earth any static electricity generated on a 
vessel, which might cause sparks, when connecting or 
disconnecting, a short-circuiting device had been 
introduced, the use of which was probably the most 
important of all the safety precautions. Loading 
during severe electrical storms should never be per- 
mitted. When loading highly inflammable products, 
all fires on a ship should be extinguished, and steam 
from shore stations taken for the operation of auxiliaries 
and heating. In some foreign ports, local regulations 
enforced similar action when discharging, but this was 
not generally recognised as necessary. The latest 
practice in the transportation of petrol was to make the 
tank tops capable of gas-tight sealing and condense 
the vapours generated, instead of permitting them to 
have free escape to the atmosphere. In warmer 
weather, the decks were cooled by circulating water, 
pumped on board. 

A regular cleaning system for tanks had been en- 
forced at New York for five years without the occur- 
rence of a single accident. This consisted of steaming, 
ventilating, washing down, pumping dry, and wiping 
out. The time occupied for each of these was left to 
the judgment of the supervisor, but a minimum period 
for steaming of 12 hours had become an accepted rule. 
At no time was a vessel permitted to go to a repair 
yard for repairs to hull or decks above the tanks, when 
any of the cargo tanks, except the bunker tanks, 
contained any inflammable oil. In steam-driven 
vessels of the Standard Oil Company, steam lines for 
fire-smothering were led to all cargo spaces, bunkers, 
coffer-dams, lamp rooms, paint lockers and pump 
rooms, while the boiler rooms were equipped with a 
gravity Foamite (carbon tetrachloride) system, with 
an independent flexible hose connection to the engine 
room, where there were also portable extinguishers of 
the acid and foam type. Carbon dioxide smothering- 
lines were in use in Diesel-driven ships. 


Nava AVIATION. 


The United States of America, unlike Great Britain, 
still had two military aviation departments, the one 
controlled by the Navy and the other by the Army. 
On both sides progress was being made, and Captain 
E. 8. Land, U.S.N., presented a paper dealing with 
the subject from the marine side, entitled ‘“‘ What is 
Naval Aviation Doing ?”’ In this he first emphasised 
the fact that the most important reason that prompted 
the action of the Bureau of Aeronautics of the Navy 
Department to decide against participation in aviation 
racing, including that for the Schneider Cup, was the 
financial one. Similar action had been taken in 
regard to long-distance flights, for it was thought 
that here again such activities should be left to private 
enterprise, although encouragement and the provision 
of assistance by technical advice, the loan of personnel, 
and of special instruments, was regarded as within 
the proper scope of the work of a Government Depart- 
ment. Naval aviation in America was being improved 
through the perfect:ng of many accessories, with the 
technical help and financial assistance of the Bureau. 
Hand-starters and the Oleo landing gear were examples 
of this activity. Similar aid was also being given 
on the development of brakes and superchargers. 
The naval aviation service was the first to adopt 
the all-metal propeller as standard equipment. The 
corrosion of metals was one of the most serious problems 
with which naval aviation had to contend, but through 
co-operation with the manufacturers interested in 
aluminium alloys and in steel alloys, advances had 
been made, which should be the means of producing 
more satisfactory results tian were previously obtained. 
Standardisation, with the co-operation of the Army 
Air Corps and the constructors, had resulted in the 
reduction of costs of production of machines, and in 
improved reliability and maintenance. 

The use of the stored-up energy of a rotated 
flywheel was put to service by Mr. Roland Chilton 
in 1922, to effect the starting of seaplane engines. 
After experimental work by the naval aviation autho- 
rities, improvements were made in the construction, 
and the flywheel starter, with a clutch which was 
adjusted to slip at 600 Ib. torque, was now part of 
the standard equipment of certain classes of seaplane 
engines. In some cases, the peculiar shape of these 
starters was regarded as a disadvantage, but a compact 





form of concentric starter, working on the same 
principle, had been introduced and had been applied 
with success. Any landing-gear making use of oil 
in its shock-absorbing system was referred to as 
an Oleo gear. The combinations of oil with steel 
springs, or with rubber in compression, or again with 
air, were all used in actual gears. It was the need 
for shock-absorbers, experienced with the aircraft 
carrier Langley, that led to interest in their develop- 
ment, and Oleo gears were now used on the naval 
machines for pursuit and bombing, and also on most 
of the observation planes. During the last fiscal 
year, 297 aeroplanes and 562 engines were purchased 
for the Naval Air Service. Despite the attention 
that was drawn to the merits of the air-cooled engine 
by the various Atlantic flights, very little had been 
said of subsequent progress. The ‘‘ Wasp” engine 
of 400 h.p. to 425 h.p. was now out of the experimental 
stage, and was actually in service. Two larger engines, 
over 500 h.p., the products of the Pratt and Whitney 
Company and the Wright Aeronautical Corporation, 
were now being put to flight tests. 


DriesEL ENGINES. 


It is natural, in a country with great oil resources, 
such as the United States, that great interest should be 
taken in the Diesel engine for ship propulsion, and 
no less than five papers dealing with this subject from 
various aspects, were presented at the meeting. ' The 
first related to a report of the tests on a marine engine, 
the second to the engines for use in naval vessels, the 
third to those adopted for the conversion programme 
of the United States Shipping Board, the fourth 
to the questions involved in the production of engines 
giving low weight per horse-power, and the fifth to 
Diesel-engine balance and hull vibration. 

Messrs. Ernest Nibbs and Stephen A. Gardner, in 
their contribution ‘‘ Test of a Two-cycle, Double-acting 
Marine Diesel Engine,” first gave descriptive details 
of a M.A.N. type of engine built by the New London 
Ship and Engine Company, and then referred to the 
methods of testing and the results obtained. The 
engine was constructed for the United States Shipping 
Board for installation in the S.S. Wilscox, a vessel of 
9,500 tons deadweight. It worked on the two-stroke 
cycle and was double-acting. With four cylinders of 
274 in. diameter and a stroke of 47} in. it gave 3,680 
brake horse-power on test at a speed of 115 r.p.m. 
Perhaps the most outstanding feature of the M.A.N. 
two-cycle engine was the arrangement of the exhaust 
and scavenging ports, both being located on the same 
side of the cylinder. The exhaust ports were opened 
when the crank was about 50 deg. from the dead 
centre, and the scavenging ports after a further angle 
of 17 deg. movement. In all, there were nine ex- 
haust and nine scavenging ports for the upper end of 
the cylinder, and ten of each for the lower end. By 
the use of the angular setting of the scavenging ports, 
the incoming air was first directed against the piston 
and made to travel throughout the length of the cylinder 
on the side opposite to that on which it entered. 
Coming across the cylinder end, it got back to the 
exhaust ports, on the same side of the cylinder as it 
entered, sweeping out, in front of it, all the products 
of combustion of the previous cycle and leaving the 
cylinder full of fresh air for the next working stroke. 
In the lower combustion head there were four pockets, 
set at 90-deg. intervals, for the accommodation of the 
spray valves, and two others, set on a diameter, for 
the air-starting and relief valves, respectively. A 
similar form of conical-surfaced head was in use for 
the upper head, but in it provision was made for a 
single-spray valve only, located at the centre. The 
piston was constructed in four parts—an upper and a 
lower head, a guide ring, and a distance-piece—and 
provision was made for water cooling. 

After giving details of the arrangements for the 
tests, in which, it should be stated, the power was 
absorbed by a Froude hydraulic dynamometer, the 
authors gave the results obtained. They were started 
on Friday, June 17, and continued until Sunday, 
July 17, a period of 30 days. In the full load 
test, the indicated horse-power averaged 5,074, and 
the brake horse-power 3,679, giving a mechanical 
efficiency of 72-5 per cent., but it was shown that the 
results from the last two days of the test, after the 
engine had been run in, gave a higher value for the 
mechanical efficiency—namely, 75-9 per cent. In the 
long duration tests, oil of 19,194 B.Th.U. per pound 
gross and 18,071 net was used, but the fuel consump- 
tions were worked out on the basis of a standard of 
18,500 B.Th.U. per pound net, and were 0-324 lb. per 
indicated horse-power per hour, and 0-447 Ib. per 
brake horse-power per hour. The thermal efficiency 
was 30-8 per cent. A 10 per cent. overload test for 
six hours gave consumptions of 0-359 lb. and 0-464 Ib. 
per hour per indicated horse-power and brake horse- 
power, respectively, the corresponding results in a 
15 per cent. overload test of four hours’ duration beinr 
0-369 lb. and 0-475 lb. In concluding, the authors 





suggested that the figures obtained in the investiga- 
tions, coupled with the service reports obtained in prior 
installations, afforded good proof of the economy and 
reliability of large two-stroke cycle, double-acting, 
port-scavenging, air-injection engines. 


DresEL ENGINES FOR UNITED STATES VESSELS. 


In another paper, Captain R. D. Gatewood, U.S.N., 
concerned himself with ‘“‘ The Engines of the U.S, 
Shipping Board Conversion Programme,” and dealt 
with the twelve selected engines for installation in 
particular ships, as a large scale experiment. Ex- 
amples of each type had been tested under conditions 
similar to those referred to in the previously-men- 
tioned paper and the results, and other particulars 
available, enabled comparisons to be made, at any 
rate, from the standpoints of fuel consumption, thermal 
and mechanical efficiencies, weight and dimensions. 
Three of them wete of the four-stroke, single-acting 
type, one was a four-stroke, double-acting engine, four 
were two-stroke single-acting sets and four worked 
double-acting on the same cycle. Taking them in 
the order of types, as these have been stated, the 
first for consideration were three engines, all of the 
McIntosh and Seymour type. These were six-cylinder 
engines, of the four-stroke single-acting type of 2,700 
brake horse-power, with cylinders 32 in. in diameter 
and 60 in. stroke. While of the standard design of the 
firm, they had the special feature of water-cooled 
exhaust valves, as well as water-cooled valve seats. 
For the purpose of supplying the cooling medium to the 
movable valves, long rubber-hose connections were 
led to the exhaust valve stems, on each of which was 
a bronze fitting, permitting the entry of the water to a 
Monel metal tube, extending to within a short distance 
of the inner face of the hollow valve. Discharge took 
place through the annular space between this tube and 
the inside of the hollow stem, to an external hose. As 
the length of the flexible hose connections were very 
considerable, in comparison with the lift of the valves, 
it was thought that they would not require renewal 
more often than such things as gaskets and packings. 
This engine was of the box frame, trunk-piston type, 
and the entire unit was built with a single bedplate, 
on an extension of which there was mounted a gene- 
rator of 75 kw. capacity, driven by the engine, used to 
carry the auxiliary load at sea. In the case of this 
engine, the total weight was 432 tons, composed of 370 
tons for the main engine, and 62 tons for the indepen- 
dent compressor. The overall dimensions were : Length, 
44 ft. 2in.; width, 17 ft. 2in.; and height, 30 ft. 6 in. 
above the base seating for the engine and 31 ft. length, 
10 ft. 3 in. width and 13 ft. height for the compressor. 
One of the engines was submitted to a test of 30 days’ 
duration, and showed a fuel consumption of 0-428 Ib. 
per brake horse-power per hour, when corrected to 
the standard net calorific value of 18,500 B.Th.U. 
per pound, and the mechanical efficiency was 81-37 
per cent., excluding the compressor unit. The other 
two engines were tested in the shops for 24 hours, and 
gave fuel consumptions of 0-416 and 0-417 Ib. per 
brake horse-power-hour, respectively. All three engines 
had been fitted into ships and for the return journeys 
on the maiden trips of two of them, to Germany and to 
Australia, respectively, the fuel rate worked out at 
0-45 lb. per brake horse-power-hour for all purposes. 

The double-acting four-stroke engine was also a pro- 
duction of Messrs. McIntosh and Seymour, and was of 
the same power, namely, 2,700 brake horse-power. It 
had, however, four cylinders of 32 in. diameter, and 52-in. 
stroke. In this case, the piston was of the built-up type, 
being composed of two parts bolted together, the bottom 
one of which was hollowed out in way of the fuel valve. 
In other respects, the special features of the single- 
acting engines were incorporated in the design. In 
the shop tests, of 30-days’ continuous running, a fuel 
consumption of 0-417 lb. per brake horse-power-hour 
was obtained, and a mechanical efficiency of 76-5 per 
cent. The engine weight was 341-5 tons, and the 
overall dimensions were: Length, 32 ft. 6 in.; width, 


14 ft. 3in.; and height, above base 33 ft. 3 in. This: 


engine was, at present, in course of installation in one 
of the Shipping Board vessels, and thus no figures for 
fuel consumption in a long sea trip were, as yet, available. 

The two-stroke single-acting engines were all four 
of the Busch-Sulzer type. They gave 3,000 brake 
horse-power, and had six cylinders of 30-in. diameter, 
and the, stroke was 52 in. In this case the air for 
scavenging, and for injection, was obtained from a 
scavenge pump and a compressor forming component 
parts of the unit. -A 30-day test was run with the 
first set completed, and gave a fuel consumption at full 
load of 0-432 lb. per brake horse-power per hour, and 
a mechanical efficiency of 74:5 per cent. In accord- 
ance with the procedure adopted with the other sets, 
the three other engines were tested for 24 hours, 
and gave fuel consumptions of 0-423 Ib., 0-415 Ib., 
and 0-414 lb. per brake horse-power per hour. Each 
engine had a weight, complete, of 378 tons, and the 
overall dimensions were: Length, 48 ft. 4 in. ; width, 
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13 ft. 3 in.; and height, 26 ft. l‘in. One of the sets 
had been subjected to observation in a sea trip from 
Philadelphia to Buenos Aires, and return to New York, 
a total distance of 12,977 miles, when an average 
speed of 11-6 knots was maintained, on an average 
daily consumption of 14-46 tons of fuel, or 0-486 Ib. 
per brake horse-power per hour for all purposes. 
The only trouble experienced necessitated the renewal 
of a piston cooling tube, which had been carried away, 
and the replacement of a defective piston casting. 

Two types of two-stroke double-acting engines 
were selected, the Worthington, of which there were 
two examples, and the M.A.N. engine, as made by 
two different American firms, the first of which, 
made by the New London Ship and Engine Company, 
was the engine referred to in the paper just previouly 
dealt with, and the other was made by the Hooven, 
Owens, Rentschler Company, and was known as the 
Hamilton M.A.N. engine. The Worthington engines 
were of 2,900 brake horse-power, having four cylinders 
of 28 in. diameter and a stroke of 40 in. In this 
engine, one of the special features was the cylinder 
construction. Each cylinder was made of two dome- 
shaped ends of forged steel, with a central block 
between them containing the exhaust and scavenging 
ports. Within the cylinder, the cast-iron liners were 
accommodated. These served to take whatever wear 
was occasioned by the movement of the piston, but 
were not called upon to withstand any radial pressure, 
all of which was carried by the surrounding shell. 
A light case, or cover, enclosed the outer shell to 
form the water jacket. Each of these engines weighed 
complete 330-5 tons, and had overall dimensions of 
41 ft. length, 16 ft. breadth, and 28 ft. height above 
the base. The 30-day continuous test of the first 
of these engines gave a fuel consumption, at full load, 
of 0-473 lb. per brake horse-power per hour, and a 
mechanical efficiency of 72-5 per cent. In a 24-hour 
test, the other showed a fuel consumption of 0-446 1b. per 
brake horse-power per hour and a mechanical efficiency 
of 71-1 per cent. One of the vessels in which these 
engines were installed, in a run loaded from Savannah 
to Bremerhaven, used 0-467 lb. of oil per brake 
horse-power per hour, and the other gave an almost 
similar result in a maiden voyage from Galveston 
to Venice. The dimensions of the two engines of the 
M.A.N. design were the same, and were referred to 
in the paper previously dealt with. Upon completion 
of the Hamilton M.A.N. engine, it was given a shop 
test of 30 days’ duration, and was shown to 
have a fuel consumption of 0-444 lb. per brake 
horse-power per hour, corrected to the same basis 
used for all the others, namely, for a standard net 
calorific value of the fuel of 18,500 B.Th.U. per pound. 
The mechanical efficiency was found to be 74-0 per 
cent. The weight was 389 tons. For the other engine, 
that made by the New London Ship and Engine 
Company, the results of the tests were given previously. 
It may be mentioned, however, that the designed 
conditions were the generation of 3,300 brake horse- 
power at 95 r.p.m., but the tests were conducted at 
3,680 brake horse-power and 115 r.p.m., due to the 
fact that the engine rocked considerably at the 
designed speed, which was caused, as far as could 
be determined, by the foundations on which the 
engine was erected. It ran steadily and quietly 
under the conditions of the test. 


Diese, ENGINES FOR NAvat SERVICE. 


In his paper on “ Diesel Engines for the Navy” 
Mr. Edward C. Magdeburger divided the consideration 
of the subject into two parts—main propulsion and 
auxiliary power. For submarine propulsion, engines 
varying in power from 120 brake horse-power to a total 
of 7,000 brake horse-power were in use. They were 
mostly of the four-stroke type, but there were many 
two-stroke engines, and the largest individual engines 
were of about equal power. They were the Busch- 
Sulzer two-stroke six-cylinder engine of 2,500 brake 
horse-power running at 325 r.p.m., and the Bureau 
type of four-stroke engine with ten cylinders giving 
2,350 brake horse-power at 345 r.p.m. Auxiliary 
naval ships, such as transports, oil carriers, repair and 
depot ships, did not differ much from the ordinary 
merchant vessel, but were operated for a much smaller 
time. The difference in cruising radius, and in the 
amount of oil a tanker could carry, gave the Diesel- 
propelled vessel an advantage over the steamer, which 
could not be lightly disregarded in time of national 
emergency. No navy in the world employed oil 
engines for the propulsion of cruisers and capital 
ships, with the possible exception of the British cruiser- 
minelayer Adventure, which, in addition to its 
40,000 h.p. steam plant, driving it at 27} knots, 
had a Diesel plant for cruising at moderate speeds. 
Had the European War not ended in 1918, the German 
Navy would have had oil engines of 12,000 h.p. in- 
stalled to drive the wing screws of some of their new 
cruisers, to increase their cruising radius and enable 
them to operate for long periods without touching 








port. Though two of these engines completed their 
shop tests successfully, they were never put into 
service, and were destroyed by order of the Allied 
Commission. The building of an 11,000-ton battleship 
equipped with Diesel engines was under consideration 
in Germany, and the recently-built cruiser Kénigsberg 
was reported to have Diesel engines for cruising, in 
addition to a 65,000-h.p. steam-turbine installation. 

Excessive wear due to continuous running, and 
fuel consumption at partial loads, mitigate against the 
use of direct-coupled oil engines for driving high-speed 
naval vessels of any considerable size. Even in the 
larger submarines, such as the British X1 and the 
American V class, an indirect drive by means of electric 
motors was employed to obtain reasonable fuel con- 
sumption and reduce the wear of the engines. Although 
multi-cylinder engines had been constructed to satisfy 
any condition of power when directly coupled to the 
propeller shaft, their height could hardly be regarded 
as satisfactory to go under the protective deck of a 
naval vessel. This was a further reason why high- 
powered naval vessels could not use directly-coupled 
oil engines. High-speed engines, built but not com- 
pleted in time for installation in German submarines, 
had now been utilised in association with gear drives 
with success, a scheme resulting in the outstanding 
advantages of low headroom of the engine room and 
light weight of engine. Hydraulic coupling had also 
been employed, particularly to separate the disturbing 
periodic forces of the oil engine from the gear drive 
and the propeller shaft. The original proposals of the 
Vulcan Company embodied the use of the Féttinger 
transformer for reversing, but in the latest installation, 
the Wulsty Castle, the Beardmore-Tosi engines were 
made reversible, and only one hydraulic coupling was 
used between the engine and the pinion. The Ham- 
burg-America Line had ordered a vessel for their 
Atlantic service of 12,100 shaft horse-power, in which 
the Vulcan gear was to be fitted, and also a similar 
vessel with the direct-coupled Frahm gear of the 
Blohm and Voss Company. The Vulcan system had 
this advantage, that it permitted the use of several 
engines, which could be coupled hydraulically to give 
the required speed, a sufficient number being used to 
keep them about fully loaded, thus saving the re- 
mainder from wear, and also effecting an economy in 
fuel. There seemed to be no reason why the advan- 
tages of electric transmission could not be realised with 
the use of oil engines. Considering auxiliary purposes, 
Diesel engines could be used for electric generation with 
a much lower fuel consumption than steam turbines. 
Their installation also permitted fuel savings, by the 
utilisation of exhaust-heated boilers for the distillation 
of water and for low-pressure steam circuits. 


TREND or DreseL EnaIne DEsian. 


Diesel engines were developed in their early history 
for marine service, when low speed was essential to 
high propeller efficiency, if direct coupling were used. 
Speed-transforming systems now made possible the 
development of the light-weight high-speed engine, 
and it was this phase of Diesel engine development 
that was considered by Mr. O. D. Treiber, in his 
paper entitled “‘ Modern Trend of the Diesel Engine, 
with Respect to Low Weight per Horse-power, High 
Revolutions per Minute, and High Mean-Effective 
Pressure.” Metallurgists had produced new alloys 
which permitted the use of high stresses, and these 
should be utilised in the design of engines to obtain 
smaller dimensions and weight, accompanied with the 
reduction of maintenance and repair costs. There 
were three subjects for study in the production of an 
engine, the use of light-weight materials of great 
strength and wear resistance, the use of high piston 
speeds, and the production of high mean-effective pres- 
sures. The author devoted himself to the considera- 
tion of the case where a compression pressure of 
350 lb. per square inch was used with varying per- 
centages of fuel burned at constant volume. This 
pressure, he said, was more satisfactory from the 
standpoint of thermal efficiency than the higher value 
used with air injection, and led to the production of 
lower maximum pressures. It could, however, only 
be employed in association with a fine fuel spray 
system and direct solid injection. 

The results of the investigation showed that there 
was a decided bend in the graph of indicated thermal 
efficiency, when the fuel burned at constant volume 
amounted to 20 per cent., which corresponded to a 
maximum pressure of 700 lb. per square inch, a value 
well within reasonable limits for practical design and 
operation. This corresponded to a mean indicated 
pressure of 245 lb. per square inch and a thermal 
efficiency of 41-4 per cent. These were unattainable 
limits, due to radiation losses, which would bring the 
mean-effective pressure down to 196 lb. per square inch, 
and the loss due to volumetric efficiency would reduce 
it still further to 172-5 lb. per square inch. Tests had 
shown that mean pressures between 140 lb. and 160 lb. 
per square inch had been obtained without super- 








charging. The difficulties of time lag in combustion 
could be minimised by maintaining the fuel oil under 
high pressure prior to injection and atomising. The 
four-stroke engine, with solid injection, offered the 
greatest possibility in the reduction of weights of 
reciprocating parts. Inertia of valve mechanism was 
important, but not outside the range of control, After 
referring to a V-type engine of 3,000 h.p., running at 
700 r.p.m. and weighing 60,000 lb., which was con- 
structed for a high-speed motor boat, as well as to the 
materials now available and best suited to the con- 
struction of its various components, the author con- 
cluded that Diesel engines of 20,000 h.p. to 30,000 h.p., 
running at 250 r.p.m. to 350 r.p.m., and weighing 30 lb. 
to 40 lb. per horse-power, were a possibility of the 
immediate future. 

In the concluding paper, Professor Frank M. Lewis, 
of the Webb Institute of Naval Architecture, discussed 
the various factors of ‘‘ Vibration and Engine Balance 
in Diesel Ships ” from an analytical standpoint. 





THE WATER SUPPLY OF NEWPORT, 
MON. 


THE Talybont water scheme of the Corporation of 
Newport, Mon., the first instalment of which was 
inaugurated recently, will provide an ample supply 
of water to that town for many years to come. The 
new supply is being derived from the Caerfanell, one 
of the tributaries of the River Usk, and the dam 
of the impounding reservoir will eventually be built 
across the stream at a point about 24 miles above the 
village of Talybont. The water will flow to the reser- 
voir from a mountainous area of about 4,540 acres, 
the highest point of which is 2,500 ft. above sea level. 
The construction of the reservoir itself is not being 
undertaken until the population to be supplied has 
increased to such an extent as to render it necessary ; 
meanwhile, however, the supply is being taken direct 
from the stream by means of a temporary low intake 
weir. The water thus obtained will, it is estimated, 
increase the supply from the existing works by 2} 
million gallons a day. The existing works comprise 
the two Ynys-y-fro, the Pant-yr-eos, and the Llan- 
vaches reservoirs, which, together, have a total storage 
capacity of 675 million gallons. All the water re- 
quired by the town, so far as the circumstances of 
distribution will permit, will, in future, be taken from 
the new service, the policy being to husband the quan- 
tity of water in the reservoirs. These will only be 
drawn upon when the Caerfanel!, and the various other 
streams in the collecting areas, fall below the required 
quantity. It is anticipated that the total supply of 
water at the disposal of the Corporation, during the 
severest drought, will be in the neighbourhood of 
4} million gallons a day. 

A plant for the precipitation and filtration of the 
Caerfanell water has been erected by the Paterson 
Engineering Co., Ltd. It is 1} miles below the 
temporary intake weir. The water is thence conveyed 
to the centre of Newport by means of a line of cast-iron 
pipes, some 33 miles in length. The first section has 
a length of 25 miles and consists of pipes 25 in. in dia- 
meter. The second section, which is 5? miles long, 
comprises cast-iron piping 19 in. in diameter. ‘This 
section terminates at a covered service reservoir at 
Llantarnam, which has a capacity of 5 million gallons. 
A duplicate reservoir will eventually be erected at 
this point. The piping conveying the water from the 
service reservoir to the town has a diameter of 25 in. 
over a portion of its length, and of 27 in. over the 
remainder. Throughout the length of the pipe line, 
provision has been made for the eventual installation 
of a second line of piping. The consulting engineers, 
under whose supervision the work was carried out, 
were Messrs. G. H. Hill and Sons, 3, Victoria-street, 
London, 8.W.1. 





Launch or THE §.S. “ Brieuton.’’—On Thursday, 
December 22, Messrs. Short Brothers, Limited, success- 
fully launched the single-screw cargo steamer Brighton 
from their shipyard at Pallion, Sunderland, where she is 
being built to the order of Messrs. R. Chapman and 
Son, of Newcastle-on-Tyne. The principal dimensions 
are : length between perpendiculars, 409 ft. 6in. ; breadth, 
54 ft.; and depth, 31 ft. 6 in.; while the deadweight 
capacity is approximately 8,950 tons on a draught of 
25 ft. 5 in. at summer load line. The vessel is arranged 
for the carriage of grain in bulk, with steel divisions 
in the holds between hatchways, and wood shifting 
boards. Eight derricks, working into four main hatches, 
and two derricks, working into a cross-bunker hatch, are 
fitted for handling the cargo, together with 11 steam 
winches and a steam and hand windlass, supplied by 
Messrs. Clarke, Chapman and Company, Limited, of 
Gateshead-on-Tyne. Water ballast may be carried in 
both the double-bottom and the fore and aft peak tanks. 
The propelling machinery, which is being supplied by 
Messrs. John Dickinson and Sons, Limited, Sunderland, 
consists of triple-expansion engines, having cylinders 
22} in., 39 in. and 68 in. in diameter, with a stroke of 
48 in. Steam is supplied by two multitubular boilers, 
at @ pressure of 220 lb. per square inch. 
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** ENGINEERING’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Speci fications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


273,395. Douglas Motors, Limited, Kingswood, 
Bristol, and C. G. Pullin, Bristol. Internal-Com- 
bustion Engines. (2 Figs.) March 31, 1926.—The 
invention relates to the driving of dynamos connected 
with internal-combustion engines. According to the 
invention, one of the gears 4 driving the magneto 5 is 
provided with a shaft 2, with which is mounted coaxially 
and loosely a second gear 14 adapted to engage a pinion 
32 on the spindle of the dynamo 31, and between the 
shaft 2 and the loosely-mounted gear 14 is provided a 











(273,395) 


slipping clutch 12 adapted to transmit the drive to the 
dynamo. The magneto can be engaged With the shaft 
2 by a quickly detachable coupling. The invention 

rmits of a unitary construction of driving mechanism 
for both the dynamo and magneto which can be readily 
assembled and subsequently mounted on the engine, 
so that the dynamo and the magneto can be connected 
or removed without disturbing it. In addition, by the 
employment of the slipping clutch, excessive torque 
to the dynamo is avoided and any injury to its armature 
is effectually prevented. (Accepted July 13, 1927.) 


274,338. G. F. Hunter, Clapham, London. 
Carburettors. (3 Figs.) November 25, 1926.—The 
invention has reference to carburettors in which the 
fuel nozzle delivers into a passage between two throttles, 
one controlling the admission of air to the passage and 
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UD (274,338) 


the other controlling the outlet of mixture to the engine, 
the passage having a dependent branch, or choke tube, 
enclosing the fuel nozzle located between the two throttles. 
The invention is characterised by the fact that the air 
throttle a is regulated automatically by an independent 
spring controlled diaphragm or bellows 7, exposed to the 
suction in the main passage c substantially at the trans- 
verse plane of the fuel nozzle branch d. (Sealed.) 


274,315. A. V. Terry, Redditch. Valve-Spring 
Lifter. (3 Figs.) October 5, 1926.—The invention 
relates to a valve-spring lifter and compressor of the 








ment controlled by a combined screw and toggle or 
crossed-link action. According to the invention, a valve- 
spring lifter and compressor of the type referred to, 
comprises a pair of jaws a, facially superposed, a parallel 
pair of straight rearward extension arms b and a toggle- 
link device f connected to the arms 6b by fixed and slidable 
pivots. The arms 6 are moved apart or together by a 
screw ”. The screw n operates within a plain sleeve 
bearing o and a threaded nut bearing m. Preferably, the 
screw n operates, at its forward end, within the plain sleeve 
bearing o which is applied direct to the fixed pivot of one 
of the crossed or toggle links f, the rearward other bearing 
being provided by a swivelling nut m which is carried 
by an extension k of the slidably pivoted end of the 
other crossed or toggle link, the rotatable screw being 
thereby located obliquely in relation to the parallel 
pair of arms. (Sealed.) 


MOTOR ROAD VEHICLES. 


274,246. Willys Overland Crossley, Limited, 
Stockport, and F. Mallett, St. Sampsons, Guernsey. 
Tip-Wagon Road Vehicles. (4 Figs.) June 3, 1926. 
—To construct a platform tip wagon, ¢.e., a wagon having 
a platform above and wider than the chassis, presents a 
constructional difficulty in obtaining the full angle of 
tip without unduly increasing the height of the platform, 
owing to the necessity of locating the pivot either at or 
in front of the chassis back axle, while at the same time 
arranging for the platform to clear the rear ends of the 
chassis side members when in the tilted position. The 
object of the invention is to provide a tip-wagon road 
vehicle having a low platform and a full angle of tipping. 
According to the invention, the platform a of the wagon 














is mounted on longitudinal frame members ¢ arranged 
so that they may lie between the side members d of the 
vehicle chassis when in the tiited position. To the under- 
side of each of the longitudinal frame members c, is 
secured a bracket e arranged a little behind the centre of 
the length of the platform and carrying a cross pivot 
bar f. To the side members of the lorry chassis are 
secured chassis brackets g, g placed on the inside and 
adapted to receive the ends of the pivot bar f. The 
back cross member h of the chassis is placed forward 
of the chassis brackets. A cross stay j is provided 
immediately behind the chassis bracket and just clear of 
the longitudinal frame members c when in the tilted 
position. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


274,296. H. A. Stenning, London. Locomotive 
Blast Pipes. (1 Fig.) April 17, 1926.—The invention 
has reference to steam-driven booster engines or motors 
for locomotives. According to the invention, the blast 
pipe is so constructed that the two exhausts, namely, that 
of the locomotive engine and that of the booster engine, 
combine within the blast pipe before escaping through 
the top or outlet end. The exhaust from the booster 
engine is delivered into an annular space 8, between the 




















upper portion 7 of the lower part 2 of the blast pipe 
and the lower portion of the upper part 1 of the blast 
pipe, which upper part tapers from the upper end of 
the annular space 8 to the outlet of the blast pipe. The 
parts 1, 2 are made separately and secured to each other 
by flanges 3, 4. The exhaust pipe 12 from the booster 
engine is connected to a lateral opening or port 9, in the 
lower portion of the upper part of the blast pipe, so 
as to deliver exhaust steam into the annular space 8. 
(Sealed. ) 








manually-operated type for use in connection with in- 
ternal-combustion engines, characterised by a pair of 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


268,044. Daniel Adamson & Company, Limited, 
Dukinfield, and J. Gilmour, Dukinfield. Constant- 
Pressure Governors. (2 Figs.) December 28, 1925.— 
The invention relates to the constant-pressure governing 
apparatus of turbo-blowers and compressors, in which a 
sliding relay valve operates a rotary motor to govern the 
turbine speed. According to the invention, the casing 





jaws having a parallel expanding and contracting move- 





of the relay valve D is constructed with an auxiliary 








chamber or cylinder A fitted with a piston, metal 
bellows or diaphragm, and is connected by the pipe a 
to the discharge side of the compressor behind the 
non-return valve Cl, or, in the case of a turbine, ata 




















(268,044, 


point in the system at a lower pressure than the initial, 
so that any variation of pressure will cause the relay 
valve to move in one direction or the other to increase 
or decrease the speed of the turbine. (Sealed.) 


MISCELLANEOUS. 


270,154. Henry Simon, Limited, Manchester, 
and H. Williams, Manchester. Discharging Grain 
from Ships. (2 Figs.) October 2, 1926.—The inven- 
tion relates to pneumatic elevating plant for discharging 
grain from ships. The invention consists in the provision 
of two supply means for the electrical equipment of the 
gantry or travelling structure a, the one comprising a 
trolley wire ¢ with a collecting trolley d and the other a 
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main or mains, or conductors, with plug and socket or 
like connections g, h. The travelling of the structure a 
along its track is prevented when a plug and socket or 
the like connnection g, h is in its operative position, by 
interlocking means which cause the opening of an inter- 
lock master circuit controlling the operation of the 
travelling motor or motors upon the structure which 
obtain current through the trolley wires c except when 
the plugs are in dummy sockets or supported upon the 
structure clear of the sockets g which are upon the 
dockside. (Accepted May 11, 1927.) 


274,217. E. Watson, Gateshead. Trench - Cut- 
ting Machines. (2 Figs.) April 20, 1926,—The 
invention relates to machines for cutting trenches, of the 
type provided with a power-driven chassis on which is 
mounted a series of buckets carried by endless chains 
which pass over sprocket wheels carried by a frame 
mounted on the chassis. A trenching machine, in 
accordance with this invention, is provided with «a 
substantially triangular frame j carrying the sprocket 
wheels k around which travel the endless chains /! 
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on which the buckets k2 or diggers k? are mounted. 
The frame is pivotally mounted on the chassis and 
adapted to be adjusted about its pivot to vary the 
depth of the trench excavated by the buckets or diggers. 
A pair of vertical knives or cutting discs p and a plough 
or ploughs q are disposed in front of the travelling 
buckets or diggers, and are adapted to cut a width ot 
turf and penetrate beneath same, and raise and deposit 
it to one side clear of the line of the trench as thie 
machine travels along. (Accepted July 27, 1927.) 
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THE ENGINEERING OUTLOOK. 
III.—Tue Moror Inpustry. 

In previous years the motor industry has been 
treated as a single unit, notwithstanding its well- 
defined branches, and the term has been used to 
cover the manufacture of private cars, commercial 
vehicles, motor cycles, cycles and aircraft. This 
method was followed partly owing to the necessity 
of generalisation from certain official statistics 
which do not distinguish between these industries, 
and partly because the movement of these industries 
was similar in character. At the beginning of 1928 
this state of affairs can no longer be said to exist, 
while new sources of information available make it 
possible to deal with them in detail apart from a 
general summary of employment statistics, which 
is given in Table I below. 

Taste I.—Workpeople Employed. 
































No. Motors, Cycles and Aircraft.* 
ea | ages = 
~ | in 7 ae ag No. | No. | No. 1028 
dis- in- unem-/} em- 
| tricts. | sured. wopet ployed. 100. 
ar et | | a a 
1913 ..| 19,001/100 oe a 
1918 ::| 39,686 208-9 | — | — | = 
1920 | 48,202 297-4 ol ok La 
1923. | | 
Ist 6 months | 27,812146-4 | 191,830 16,108, 175,7 = 100-0 
Qnd_séi,, 31,453 165-5 = _ 
1924— meee 
4st 6 montns | oF ari 149-8 Y | 208:840| 16,145) 187, oo 
1925— - Peal | 
Ist 6 months | Hers 178-5 | 214,840) 14,100, 200,740 114-3 
1926— é 9| a | 
dst, 6 months | spitz liga. y| 224.040) 21,609) 202,431 115-6 
1927— ” ate | | 
te mentte| een y | 232,860 | 18,339 | 214,531)122-5 
= ” ” | | 








* Figures only relate to the month of July in each year. 

Table I gives the number of workpeople employed 
in the construction of motors, cycles and aircraft, 
as recorded in the Ministry of Labour Gazette, 
together with a sample of employment in the 
motor industry in seven principal manufacturing 
districts. 

On balance, the upward movement of this group 
of industries has continued, and may not unreason- 
ably be expected to continue during 1928. The 
prospects of the various branches, however, differ 
widely as will be seen from the following reviews :— 

(a) Private Cars.—The census of production for 
1924 corroborates the provisional figures of private 
car production, published by the Society of Motor 
Manufacturers and Traders, in their annual review, 
“The Motor Industry of Great Britain.”” These 
figures are given below :— 
Output of Cars. 


1923 66,396 
1924 105,468 
1925 121,000 
1926 138,500 
1927 154,000 


It will be seen that sili continues to increase, 
though less rapidly, and to this extent corroborates 
employment statistics. During 1927 it is thought 
that the bulk of the increased demand has been 
in the home market, as the export position has not 
been so buoyant as in recent years. 

Precise figures of exports of cars are not avail- 
able for past years owing to the classification of 
chassis adopted by the British Customs authorities, 
though this defect will be remedied as from 
January 1, 1928. In the following table, the item 
“Chassis for Private Cars”? has accordingly been 
estimated on the basis of registration and import 
Statistics in overseas markets. 

Taste Il.—U.K. Exports of Motor Cars and Chassis. 

Sh 








—— | Complete Cars. | Chassis. | Total. 

| 
1923 a 3,259 1,600 | 4,859 
1924 .. | 10,961 2,000 12,961 
1925, | 17,772 6,600 | 24,372 
1926 .. 14,865 12,000 26,865 
1927 .. | 16,400 14,000 | 30,400 





The retarded increase in exports of chassis during 
1927 may ‘be attributed entirely to the collapse 





of the Australian market during the last six months. 


Unfortunately, this condition is likely to con- 
tinue in 1928, and there is reason to doubt whether, 
by the end of 1928, exports will be any greater 
than for the year 1927. Australia has been taking 
approximately 50 per cent. of the total British 
car exports, and the continued improvement of 
other markets is unlikely to do more than offset 
the decrease in Australia. That the Australian 
figures will decrease is assumed partly because there 
was a serious over-importation of British cars in 
the early months of 1927 and partly owing to 
the general prevailing depression in that country. 
Although this crisis was precipitated by severe 
droughts, it had its basis in unsound credit condi- 
tions and an uneconomic level of production costs 
made possible for the time being by a high tariff 
barrier. It cannot be expected that these more 
deep-seated troubles will be eradicated before the 
end of 1928, even if more favourable weather obtains 
this year than last. 

As indicated above, the home demand in 1927 
has been more satisfactory in spite of exception- 
ally bad weather and contraction in purchasing 
power due to the industrial dislocation of 1926. 
The number of private cars in use in Great Britain 
in recent years is shown below. 


1923 383,528 
1924 473,528 
1925 579,901 
1926 676,207 
1927 778,056 


In order to effect ‘he ua increase of 102,000 cars 
between 1926 and 1927, approximately 150,000 
new cars were.sold, indicating a wastage of 48,000. 
If the whole of this demand had been available to 
the British manufacturer the prospects would be 
highly satisfactory for 1928, during which it is 
anticipated that 170,000 new cars will be sold. 
Unfortunately, however, the decrease in imports 
during 1926 has been reversed in 1927, as will be 
seen from the following statistics :— 

TaBLe III.—U.K. Imports of Private Cars. 





Chassis. | 





—— Complete Cars. | } Total. 
| | 
1923 16,617 6,318 22,935 
1924 .. 13,707 6,210 | 19,917 
1925 .. 33,067 | 7,800 | 40,867 
1926 .. — 12,075 | 5,225 17,300 
1927 .. as 20,000 9,000 29,000 
! 





Imports in 1928 are likely to remain at least at 
their 1927 -level, and may well increase having 
regard to the appearance of the new Ford motor 
car, the demand for which will probably not be 
satisfied at first from production in this country. 

Outside the British market, the competitive posi- 
tion can best be gauged from a consideration of 
exports of the principal producing countries. 

TasBiLe 1V.—International Exports of Private Cars. 


























(Numbers. ) 
| j 
Exports from—| 1923. | 1924. |" 1925. | 1926. | 1927.8 
United States 127, 035 | 151,180 | 252,288 | 238,481 | 288,000 
Canada .| 57,481 | 43,882 | 58,005 | 53,628 | 50,000 
United aida 4, 859 12,961 | 24,372 | 26,865 | 30,400 
France ..| 28,604 | 43,863 | 56,689 | 54,675 | 48,000 
Ttaly | 11,243 | 16, 661 25,561 | 30,091 | 31,818 
Other c ountries 15,381 14,081 16,091 18,957 15,400 





Total --| 244,608 | 282,628 — | 422,697 | <o8.eas 





* Estimate based on incomplete returns. 

The exports of the United States and Canada 
must really be considered together, as the industries 
of these two countries are virtually under the same 
management, and fluctuations of exports as between 
these countries is often merely the result of internal 
adjustment to keep production in balance, or with 
the object of qualifying for British preferential 
tariff. The position of American exports is over- 
whelmingly strong, and is not far short of equalling 
the whole of European production. In the last two 
years, the United Kingdom and Italy have gained 
at the expense of France as exporters. Germany is 
fully occupied at present in producing her own 
requirements, and her exports are negligible. Other 
countries do a small export trade, chiefly in Central 
Europe amongst one another. 

When it is remembered that nearly 50 per cent. 
of British exports go to Australia and 90 per cent. 
to the British Empire, Table IV shows that the 





British industry has a long way to go before its 
export position is established on a sound basis. 
From a study of the markets, it is clear that this is 
most likely to be achieved by the production of an 
Empire model which could oust American motor 
cars from the Empire markets. The British industry 
could then stand on its own feet to meet American 
competition, instead of competing with other 
European countries for 25 per cent. of world exports. 

Although this position was less obvious two years 
ago owing to the rapid increase in British exports 
until December, 1925, the necessity of such a 
course was pointed out in this series of articles in 
January, 1926. The experience of the last two 
years has shown that British manufacturers are 
still reluctant to co-operate on a big scale in the 
production, marketing and after-service of a British 
car which, as a transportation unit, would be in 
every respect, and under overseas conditions, as 
good a selling proposition as its chief American 
rivals. Yet it is clearly within their capacity to 
do so, and once accomplished must meet with 
rapid success, owing to the strong sentimental 
preference for British products, which exists at 
present in the Empire. 

It is difficult to say whether any move in this 
direction can possibly take effect during 1928. 
It may be hazarded that it is now too late for this 
year’s prospects to be altered were such a policy 
adopted. Accordingly, the prospect of the industry 
is disastrous competition for a very moderately 
expanding market. Until the industry gets to- 
gether to enlarge its market considerably in the 
manner indicated, there would not seem to be any 
prosperity ahead for the private car industry. 

(b) Commercial Vehicles—The motor lorry and 
hackney industry continued to expand steadily 
during 1927. Production figures have been as 


follows :— 
1923 21,604 
1924 26,532 
1925 32,000 
1926 41,500 
1927 46,000 


This movement na ein the tia of increased 
demand both in the Home market and overseas. 

The export statistics of commercial vehicles have 
the same shortcoming as those of private cars, and, 
like the latter, will be improved as from January lI, 
1928. In the meantime, it is necessary to estimate 
the item for “Chassis for Commercial Vehicles ”’ 
on the basis of registration and import statistics 
in overseas markets. 

TaBLeE V.—U.K. Exports of Commercial Vehicles and 











Chassis. 
! 
a | Complete Cars. Chassis. Total. 
- ae | | — = 
1923 .. ; | 977 423 1,400 
1924 .. aa 1,730 905 2,635 
1925 .. «ot 1,544 3,105 4,649 
1926 .. acl 1,148 5,224 6,372 
1927 . <a 1,800 6,000 7,800 





The British commercial vehicle leads the world 
in design and performance, and at least as far as 
the heavy part of the industry is concerned pro- 
duction is concentrated in the hands of compa- 
ratively few concerns. There is thus an absence 
of the multiplication of competitive models, which 
was described above as existing in the private 
car industry. Although a great field for expansion 
still lies before this industry in the export field, 
the beginnings of an adequate marketing and after 
service organisation are already present. Closer 
co-operation between the few important manufac- 
turers should quickly render the British industry 
predominant in world markets. In 1928, a further 
considerable increase in these exports is looked for. 

Home demand in 1927 has also been very satis- 
factory. The number of motor lorries and hackneys 
in use in Great Britain in recent years has been as 
follows :— 


1922 248,009 
1923 280,232 
1924 318,443 
1925 347,092 
1926 373,784 
1927 406,274* 


* Estimated on imneiiinn returns. 


To effect the net increase of 32,500 commercial 
vehicles between 1926 and 1927, approximately 
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70.4) 
48,600 new vehicles were sold, indicating a wastage 
of 16,000. 

The continued decrease in imports since the 
imposition of McKenna duties on commercial 
vehicles has been a very satisfactory feature of this 
industry. 

TasBLe VI.—U.K. Imports of Commercial Vehicles. 


Complete | 


| 
- | Vehicles | Chassis. Total 
— |—— 
1923 .. .| 771 | 6,319 7,090 
1924 .. 1,319 6,213 7,532 
1925 .. 655 7,817 8,472 
1926 .. 700 5,211 5,911 
1927 130 5,000 | 5,130 


The importation of complete heavy vehicles 
has almost ceased, and the greater part of the 
imported lorry chassis are cheap light chassis for 
vans and light commercial work. It is diffcult 
to say whether imports of the latter will increase 
in 1928, owing to the advent of the new Ford lorry 
which appears to be a sound job or whether the 
British light industry will hold its own. It would 
seem probable that at least a temporary increase 
is probable. On the other hand, the home demand 
for road vehicles is likely to expand so rapidly that 
the effects of this competition need not be felt 
very seriously. 

Outside the British market, the competitive 


position is reflected in the following statistics :— 
TABLE VII.—Jnternational Exports of Commercial 
Vehicles. (Numbers.) 


: : : - 
Exports from—| 1923. | 1924. | 1925.| 1926. ; 1927." 
| 

| 

o PRPSM Tse SIEM ih AO. 
United States | 24,859 | 27,542 | 50,636 | 66,775 | 106,000 
Canada ..| 12,489 | 12,774 | 16,144 | 20,694 | 18,500 
France | 2319 | 3.264 | 4.782 | 5,093 | 5,200 
telly .. +} 1,507 2,913 3,480 4,103 | 4,200 
UnitedKingdom}| 1,400 2,635 4,649 6,372 7,800 
Total ..| 42,524 | 49,128 | 76,691 | 103,037 | 141,700 

j | 





| 





* Estimate based on incomplete returns. 
Rapid as has been the increase in the world 
demand, the United States has more than main- 
tained the lead she enjoyed at the beginning of the 
period under review. It must be borne in mind, 
however, that practically the whole of American and 
Canadian exports are cheap light lorries of the Ford 
and Chevrolet type. In the heavier lorry and ’bus 
lines the United Kingdom probably exports a greater 
value than the United States. 

The motor industry .andles a peculiar product 
which is at once in the cetegory of “ capital goods,” 
and yet is sold to a great number of individual 
consumers in the same way as most “ consumption 
goods.” If rationalisation is to be desired in the 
engineering industry as a whole, the need is the more 
insistent in the motor industry for the following 
reason. An adequate marketing and after service 
organisation in all the great markets is bound to 
prove expensive, even in comparison with manu- 
facturing cost. The advantages of combination, 
evident as they are in the realm of purely manu- 
facturing costs, become automatically three times 
as important in view of this special feature of the 
motor industry. That rationalisation would be 











advantageous in principle is, however, not entirely 
the point. With such competitive organisations 
in the field as General Motors Corporation, Ford 
and Fiat, it has become a matter of urgent neces- 
sity. . 








THE POST OFFICE TUBE RAILWAY, 
LONDON. 


Tue London traffic problem, like poverty, is a 
condition which is always with us. And though 
its ramifications have been examined on many 
occasions from more than one aspect, no solu- 
tion for it has yet been found. In fact, the 
difficulties of finding a solution increase, like 
the traffic, though perhaps at a greater rate, 
every year. From the theoretical point of view 
one of the obvious ways out of the impasse, which 
is now approaching with disquieting rapidity, is 
to provide further facilities for the carriage of both 
passengers and goods across the metropolis. As the 
capacity of the streets in the central areas cannot 
be increased without inordinate expense, this solu- 
tion predicates the provision of more tube railways, 
a course which cannot be adopted freely for more 
than one reason, the principal of which is financial. 
Nevertheless, more than is being done might be 
effected in this direction; and it is therefore 
worthy of record that some years ago, when con- 
ditions were nothing like so bad as they are at 
present, the British Post Office came to the con- 
clusion that it would be desirable to replace the 
road-van service it was then using by a more 
adequate method of transporting the letter and 
parcel mails between the principal post offices and 
railway stations in London, with a view both to 
accelerating the service and contributing to the 
reduction of street congestion. Delay in transit 
is, of course, a vital matter in the operations of this 
department. The mails must catch certain trains ; 
and it is desirable that they should not be made up 
until the last possible moment. The margin at the 
best of times is, therefore, narrow. 

This being the position, a committee was appointed 
in 1909 to consider the question in all its bearings. 
The advantages and disadvantages of pneumatically- 
operated tube railways and of other proposals were 
carefully gone into, and, finally. it was decided 
that the best results would be obtained by employing 
an automatic system with electrically-operated 
trains without drivers, control being effected from 
cabins at the various stations along the line. A 
scheme embodying these ideas was accordingly pre- 
pared in detail, the first contracts were let, and the 
tunnelling work was started just after war broke 
out. This world catastrophe naturally necessitated 
a change in policy. It was decided, however, to 
complete the tunnelling, but no further progress 
was made until after the Armistice, the tunnels 
being meanwhile employed for the useful, if unin- 
tended, purpose of storing works of art. 

Soon after the end of the war tenders were invited 
for the electrical equipment of the railway, the 
specifications laying down a complete scheme, but 
permitting alternative proposals to be put forward. 
The prices ruling at that time were, however, such 
as to render it probable that, if the tenders re- 
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ceived were accepted, the cost would adversely 
affect the economic soundness of the undertaking. 
It was not until 1924, therefore, when costs had 
fallen considerably, that contracts were placed for 
the electrical equipment, rolling-stock, conveyors. 
lifts and other necessary apparatus. As will be 
gathered from the following description, the method 
of operation employed is a distinct departure from 
anything that has been done before: and the 
performance of the railway will therefore be watched 
with interest, especially by electrical engineers. 

It may be mentioned here that the consulting 
engineer for the civil engineering work and the 
track construction of the railway was Mr. Harley 
H. Dalrymple-Hay, M.Inst.C.E., of Regent-street, 
London, a similar function for the equipment being 
exercised, first by Sir John Snell, G.B.E., until his 
appointment as Electricity Commissioner, and then 
by Mr. A. M. Sillar, M.Inst.C.E., of Victoria-street. 
Westminster. Major H. C. Gunton, M.B.E., M.1.E.E., 
Principal Power Engineer of the Post Office, repre- 
senting Col. T. F. Purves, O.B.E., Engineer-in-Chief, 
has, in conjunction with Mr. Sillar, been responsible 
for the electrical equipment, rolling-stock, conveyors, 
and lifts. To these gentlemen, and to Messrs. 
W. H. Powell and J. R. Kingston, who are assis- 
tants to Major Gunton, we wish to express our 
thanks for their assistance in the preparation of this 
article. Mr. Evan Evans, whose services have 
been temporarily placed at the disposal of the 
Postmaster-General by the London Underground 
Railways, occupies the position of Manager of the 
Railway, and amongst other improvements incor- 
porated at his suggestion, were the containers 
described below. Major W. G. Center, M.C., of the 
Post Office Engineering Department, is to act as 
executive engineer and will be responsible for 
maintenance. 

The extent of the railway, which has recently been 
opened for traffic, is shown on the accompanying 
map, Fig. 1. As will be seen, it runs from Pad- 
dington railway station and District Post Office in 
the west to the Eastern District Post Office in the 
east, connecting on the way with the Western 
Parcels, Western District and Western Central Dis- 
trict Post Offices, the Mount Pleasant Sorting 
Office, the General Post Office at King Edward 
Building in the City, and the railway station at 
Liverpool Street. The dotted lines on the map 
show the run of possible future extensions which, 
if undertaken, will provide direct underground con- 
nection between the principal railway stations and 
post offices in London. The total length of the 
railway, as at present constructed, is 64 miles. 

Tenders for the necessary civil engineering work 
were invited in 1912, the contract for the tunnell- 
ing being let to Messrs. John Mowlem and Company, 
Limited, and for the station platform construction 
and permanent way to Messrs. Charles Brand and 
Son, both of London. Tunnelling was actually 
commenced on October 16, 1914, and _ finished. 
except for certain works at the Mount Pleasant car 
depot, and at Paddington and Liverpool Street, in 
1917. The station platform and permanent way 
contract was commenced in December, 1923, and 
was finished in December,,.1925. But before going 
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into the details of the work thus involved, it may 
be to call attention to certain considerations, which 
determined the civil engineering construction of the 
railway. 

The gauge, which it was found would most con- 
veniently carry rolling-stock of sufficient capacity 
to handle the required traffic, was 2 ft., and it may 
be mentioned that this is the first permanent 2-ft. 
gauge railway in this country. The minimum size 
of the tunnel between the stations, which would 
accommodate a single track of this gauge and give 
the necessary clearances, was one of 7-ft. internal 
diameter. In order, however, to economise expen- 
diture, it was decided to run both tracks in one 
tunnel. The minimum size of tunnel requisite 
for this purpose on straight runs, and assum- 
ing that no curves would have a less radius 
than 400 ft., was one of 9 ft. internal diameter. 
his gave the necessary clearances, and was there- 
fore the size finally chosen. As, however, at the 
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stations the platforms are of the “island” type, 
like those on some tube railways, two tunnels were 
necessary, and 7-ft. tunnels were therefore con- 
structed for a short distance from the end of each 
station tunnel to the commencement of the 9-ft. 
tunnel, the connection between the two diameters 
being made by step-plate junctions, as shown in 
Fig. 24, on Plate X, which illustrates the tunnels at 
Paddington, and in Figs. 7 and 8, Plate IX, which 
show the arrangements at King Edward Building. 
In the stations themselves, accommodation had 
to be provided, not only for the platform line, but 
for a through line, and at the West Central District 
Office, Mount’ Pleasant and King Edward Building 
for a running-round loop line as well, making three 
tracks in all at these places. At these three-track 
stations, the internal diameter of the station tunnel 
is therefore 25 ft., while at the other stations it is 
21 ft. 24 in. A view of a 25-ft. tunnel is given 
in Fig. 26, Plate X. These unusual requirements 








“ENGINEERING” 


Fig.30. PLAN 


—-— 25 Station Tannel 


(178...) 


led to constructional conditions, which were quite 
different from those used on the London Tube rail- 
ways, where, except for simple crossovers at a few 
points, two separate single tunnels are the rule. 
This difference is well indicated on the drawings we 
give of the tunnel lay-out at King Edward Building 
station (Figs. 6, 7 and 8, Plate 1X). As shown on 
the plan, (Fig. 7, Plate IX), it was necessary to 
build lengths of tunnel of varying diameter with 
step-plate connections between them, while to pro- 
vide for a future connection to other railway stations 
and post offices, it was decided to include in the 
contract, the construction of similar blank step- 
plates, not only here but at the Western Central 
District Office and at Mount Pleasant so that 
further junctions may eventually be made without 
difficulty, as shown dotted on the map given in 
Fig. 1. The decision to provide these future 
junction tunnels during the construction of the 
main line proved to be especially wise at Mount 
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final permanent size is reached. The views given 
in Figs. 23, 25 and 26, on Plate X, and in 
Fig. 27, on page 93, give some idea of the compli- 
cated nature of the work at this place. Fig. 27 
illustrates the method of constructing the 29-ft. 
tunnel, shield chamber at the King Edward Build- 
ing eastbound station, showing the 14-ft. pilot 
tunnel and the breaking out to the 19 ft. 6 in. 
diameter pilot. Fig. 25 is a view looking west from 
the step-plate near the shield chamber, and shows 
the 14-ft. tunnel and the 7-ft. siding tunnel under 
the west yard. Fig. 23 illustrates the 7-ft. tunnel, 
and Fig. 26 the 25-ft. tunnel in course of construc- 
tion. The point, which is most worthy of notice, 
however, is that the work here was carried out 
without the slightest trouble, thus indicating not 
only that the building itself was soundly erected, 
but that the methods adopted for the construction 
of the railway were carefully thought out and 
justified by results. 

Compressed air, it may be added incidentally, 
was comparatively little used in the construction 
of the railway, and only when the presence of water- 
bearing strata was to be feared. At Liverpool-street, 
for instance, though the Great Eastern Railway 
Company requested that the tunnels should be 
constructed by this method, Mr. Dalrymple-Hay 
advised that this was unnecessary and would mean 
unjustifiable expenditure, especially in view of the 
fact that the much more difficult operations at 
King Edward Building had been satisfactorily com- 
pleted without it. The matter was finally referred 
to an arbitrator, whose award in favour of the 
Postmaster-General was shown by subsequent 
events to have been correct. 

The actual constructional work was effected 
through a series of shafts, which were sunk at 
various places along the route of the line. The 
westernmost of these was near Paddington, where 
the shaft was sunk on private property, near the 
Grand Junction Canal, a most convenient site both 
from the point of view of removing the spoil and 
bringing up the material. Near the Western 
Parcels Office a temporary working site was obtained, 
and a 12-ft. shaft was sunk to the level of the rail- 
way, 72 ft. below. From this place, excavation 
work was conducted in both directions. Near the 
Western Central District Office, the Postmaster- 
General obtained possession of part of the roadway 
in Shaftesbury-avenue for sinking a 65-ft. shaft, 
and the work westward from this place joined up 
with that from the Western Parcels Office under 
Great Titchfield-street. Two shafts were sunk at 
Mount Pleasant, one at the western, and the other 
at the eastern, end of the site of the station. The 
tunnel westward from this place joined up with 
the eastern tunnel from the Western Central District 
Office, under Lambs Conduit-street, where, as an 
example of the accuracy of the setting out, it may 
be stated that the joint was made to within } in. 
From the shaft at the eastern end of Mount Pleasant 
station, work was conducted as far as the junction 
of Great Saffron-hill and Cross-street, where it 
joined the tunnel driven westward from King 
Edward Building. The shaft at the latter place was 
sunk in a yard near the site of the old Roman wall. 
The next shaft eastward was at the western end of 
Finsbury-circus, where a site was selected partly 
in the roadway and partly in the public garden. 
In the eastward direction, the tunnel was driven 
from here as far as a point under the eastern side of 
Bishopsgate, where the eastern and western plat- 
form line of the Liverpool-street station connect 
in a step-plate tunnel. The easternmost shaft was 
in the Whitechapel-rcoad, just where the East London 
Railway crosses under the highway. Considerable 
care had to be taken here to avoid the main L.C.C. 
sewer. 

Generally speaking, the running tunnels between 
the various stations were driven by the ordinary 
method of the Greathead shield. The breaking-up 
methods used, and also the details of the timbering 
employed, are shown in Figs. 41 to 55 on page 106. 
The short lengths of interconnecting tunnel at the 
stations were excavated by hand mining, a method 
which presented no difficulty in the London clay. 
After excavation, the whole of the work was grouted 
with pure Portland cement. No blue lias lime was 
used, as Mr. Dalrymple-Hay’sexperienceisthat settle- 
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ments cannot be eliminated whenit isemployed. In 
his opinion, it is, in fact, impossible to guarantee 
that the lime ‘is hot and, if it is not hot, it will not 
set quickly enough to ensure proper support, and 
the prevention of settlement of the ground. 

The station tunnels themselves were driven by 
Greathead shields, except in the case of one of the 
tunnels at Mount Pleasant, where a modified ar- 
rangement was used. Here the tail was cut off the 
shield, so that when the latter was moved forward 
clay was exposed. This was done to see whether 
the volume of grout necessary could be reduced, 
and from this point of view the experiment proved 
entirely successful. 

In addition to the tunnel proper, of which further 
illustrations are given in Figs. 2 to 5 on Plate VIII, 
permanent shafts were provided at all stations for 
giving access to the platforms, by means of con- 
veyors, lifts and staircases, from the basement level 
of the various Post Office buildings and main line 
railway stations. These shafts generally have an 
internal diameter of 12 ft. ‘They are of the usual 
construction, and were sunk by underpinning and 
lined with cast-iron segments. At Mount Pleasant 
and King Edward Building, which are two of the 
busiest stations on the railway. some of the shafts 
are 14 ft. in diameter. The position of these is 
shown on Fig. 9, Plate IX. 

In addition to the vertical shafts, conveyor subways 
have also been provided at Paddington and Liver- 
pool-street, so that direct communication is possible 
by this means between the main line railway plat- 
forms, from which the Continental and country 
mails are dispatched and received, and those of the 
Post Office Railway, as explained in more detail 
later. There is also a similar subway at Mount 
Pleasant. 

Intercommunication between the island plat- 
forms is obtained by cross-passages of 10-ft. internal 
diameter, while other works include the lay-by sid- 
ings at each end of the stations at Paddington, King 
Edward Building, and the Eastern District Office, 
as well as at the eastern end of Mount Pleasant 
station. These, as shown in Figs. 7 and 8, Plate IX, 
are constructed with bifurcated connections to both 
the platform tunnels. 

Coming to the track, the running rails are 
of British standard section No. 35, weighing 
35 lb. per yard, and are secured to oak sleepers 
by #-in. coach screws. This heavy design has been 
adopted, in order to reduce the maintenance work. 
The sleepers themselves are embedded in the 
concrete of the tunnel invert and are 3 ft. 6 in. long, 
their section being 7 in. by 3}in. Great attention 
was paid to the question of curvature. On the 
sections between stations where the speed is high 
the minimum radius of curvature is 400 ft. As 
shown in Fig. 22 on Plate IX, this necessitated a 
maximum super-elevation of 3} in. with a guard 
rail 1? in. from the running rail and the outer rail 
} in. wide to gauge. On the running round loops 
the minimum radius of curvature is as low as 60 ft. 
The general character of the track construction is 
clear from Figs. 14, 15, 21, and 22 on Plate IX. 


(To be continued.) 





BRICK-PAVED ROADS. 


EXPERIMENTS which will be watched with interest, 
are now being made in London, with the surfacing 
of concrete road foundations with bricks, in order 
to carry heavy road traffic. The first bricks sup- 
plied from France for this purpose were laid in 
October, at the Great Western Railway, West- 
bourne Park Goods Yard, and the entrance to the 
Municipal depot of the Chelsea Borough Council 
has now also been paved with these bricks. Both 
test-lengths are now in use, and preparations are in 
hand for commencing laying experimental lengths 
at four other sites in London. In all cases, the 
bricks will be subjected to exceptionally heavy 
traffic. 

This class of paving is on lines similar to works 
executed already in France, with a brick manufac- 
tured specially for the purpose. The bricks laid 
here have been obtained from Messrs. Horace W. 
Cullum and Company, 50, Britannia Street, King’s 
Cross, W.C.1., the London agents, and the work has 
been executed under the direction of Mr. Peter 





Hay, of La Société la Brique entre dure, Usines 
d’Hydrequent, prés de} Marquise, Pas de Calais, 
France, at whose works the bricks were manu- 
factured. 

In France, some 20 miles of roads have now been 
surfaced with these bricks, including such roadways 
as the Grand Pont d’Etaples, in Paris, and have 
been in use for two years. In character, the bricks 
made for this purpose by the company named, are 
reddish-brown externally, while the interior is blue 
or mottled red. They are tough and strong, heavy 
and compact. Their weight is, on an average of 
10 bricks, 136°5 lbs. per cubic foot, and their 
absorption is less than 1 per cent. When laid on 
the flat and crushed, they split vertically, and have 
as high a crushing strength as first-class Stafford. 
shire blue bricks. The characteristics which make 
them particularly suitable for road surfaces are :— 
(1) Regularity of shape and size ; (2) an even grain 
at right angles to the wearing surface; and (3) a 
texture which affords a firm foothold. 

Some tests have recently been carried out by 
Messrs. David Kirkaldy and Son to ascertain the rate 
of wear of 8-in. by 33-in. by 3-in. wire-cut_ bricks of 
this make. In these, a surface of 7 in. by 3 in. of 
each of 10 bricks was exposed to wear in the standard 
apparatus, specified by the Institution of Municipal 
and County Engineersfor determining the rate of wear 
of concrete flags. The apparatus contained 1,000 4-in. 
diameter hard steel balls, and was rotated at a 
speed of 58r.p.m. The specified number of revolu- 
tions in each direction was 86,400. The results 
showed that no bricks were broken, and that the wear 
was on an average a quarter of an inch in depth. 
The bricks lost 6 per cent. of their original weight. 

The method of construction which has been found 
to be most satisfactory, according to experience in 
France, is as follows :—Fine, damp sand, free from 
small stones, is laid on a properly-cambered and 
matured concrete foundation. The sand is screeded 
to a uniform depth of ? in., and then pressed down 
by hand. The bricks are laid on this, as close as 
practicable to one another, in the manner of wood- 
block paving. They are then rolled by a three-ton 
roller. If any of the bricks break under this treat- 
ment, they can be pulled out quickly by a special 
pair of tongs and replaced by others. The joints 
are then filled with Texaco, or some other suitable 
asphalt, at a temperature of 350° F. This is 
poured in from a melting kettle. An alternative 
method is to use a grout made with quick-hardening 
cement for the joints. Traffic can be allowed on 
the road a few hours after the asphalt joints are 
finished, or in a few days when cement is used. 

It may here be noted that brick paving is used to 
a considerable extent in the United States, where 
both bitumen and cement filling have been used. 
While the former has mostly proved satisfactory, 
the latter has, under certain climatic conditions, 
proved quite unsuitable, actual explosions of paving 
having occurred, with considerable damage to passing 
traffic. 

The United States Bureau of Public Roads has 
carried out an elaborate series of tests in connection 
with brick pavements, on its circular track at 
Arlington. The results of these were published in 
the journal of the Bureau.* The tests were super- 
vised by Mr. L. W. Teller, Engineer of Tests, and 
Mr. J. T. Pauls, Associate Highway Engineer of the 
Bureau. 

The circular track at Arlington is 13 ft. wide, and 
of a mean length of 540 ft. It was laid with 10 
types of brick paving on a concrete foundation. 
On one-half of the track a plain sand-bedding course 
was laid to a thickness of } in., and on the other 
half a 4 to 1 cement-sand course, ? in. thick, was 
spread. ; 

On each of these types of bedding, five test sections 
of paving bricks were laid. The bricks were all 
vertical fibre, plain wire cuts, 8} in. long by 4 
wide. They were 2 in., 24 in., 3 in., 34 in., and 
4 in. thick respectively, and a total length of about 
45 ft. was laid with each size. Transition sections, 
about 10 ft. long, were laid to allow for the difference 
in thickness of the bricks. : 

After being laid, the bricks were rolled with 4 
3-ton roller. Damp bricks were then dried and 





* Public Roads, September, 1926, The Government 
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the joints filled with asphalt (32 penetration) at a 
temperature of 375 deg. to 400 deg. F. Strips, 
30 in. wide, were painted on the track for the 
wheels. The track was constructed with a super- 
elevation for a speed of 9 miles an hour. 

Two series of tests were made, the first with 
solid rubber tyres and the second with heavy non- 
skid chains on the rear wheels of the same lorries. 
In the first series a 3-ton motor lorry was used for 
10,000 circuits of the track; next, a 5-ton motor 
lorry was run for 10,000 circuits; and, lastly, a 
7}-ton motor lorry was run for 20,000 circuits. 


was counted, The results are shown in Table IT 
which gives the number of bricks broken trans- 
versely, under each load, as a percentage of the 
total number of bricks in the two wheel strips of 
each section. It is noticeable that nearly all the 
breakages occurred among the 2-in. bricks and that, 
on an average of all the results, 24 times as many 
breakages were recorded for the bricks laid on 
cement mortar as on sand alone. Most bricks were 
broken by the 7}-ton lorry with solid tyres, the 
3-ton lorry with non-skid chains coming next in 
the amount of damage done. 





TABLE L.—ParticuLaRs oF Motor Lorries AND LoaDs. 





























Particulars of Motor Lorries. 
Tyres. Chains on Rear Wheels. No. of 
- | Circuits 
Test No. Rated Maximum of Track 
Load. i Load per | Height In 
Load. Size. inch of | Diameter above No Thousands. 
aan Tyre. per Wheel. 
Tons. Lb. In. | Lb. In. In. 
1 | 2 | 3. | ‘ | 5 | 6 | 7. | 8 | 9 
st Series— 
ai y 3 5,800 40 x10 580 \ \ 10 
2 5 7,750 40 x12 646 None None None 10 
3 74 10,570 40 x12 881 J J 20 
2nd Series— 
] 3 As As | As 1} 1k 7 10 
: ; bo above ; above 1} 1 8 10 
3 73 above ove J a ik ii 8 2.2 





























TABLE II.—PERCENTAGE OF THE TOTAL NUMBER OF BRICKS IN THE Two WHEEL STRIPS OF EACH 
SECTION WHICH WERE BROKEN TRANSVERSELY UNDER EACH LoaD. 




















































































































Thickness of bricks in inches. S = sand bed. C = cement-sand bed. 
No. 
of Rated 2 2-5 | 3 | 3°5 4 Total. 
Tyres. Trips Load. : 
n 
Thousands. s C s C 8 | C s C Ss C Ss c 
per per per per per | per per per per per per 
cent cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent 
1. 2. 3. |! 5 6. | 7 | & | % | 10 ee ee eS Ye eT: 
10 3 _ —_— = — = — = _ _ 0-0} 0-0 
i A ea 10 5 1:6 2-1 — 2 | = aa — _ 1-6 2:1 
Plain Solid 10 7-5 5-6]11-8| 0-2] 0-3 =| — -- 0-4); — 0-2 5:8 | 12-7 
10 7:5 3:5 4-6 —_ —_ al = og Bes 3°5 46 
‘a... (oe 10-7 | 18-5] 0-2] 0-3] — | — | - 0-4] — | 0-2] 10-9 | 19-4 
ihe es _f 10 3 tel 66! ~ 0-5| 0-3) — ~- O-1] - — 3| 6-6 
Non-skid Chains 10 5 0:5 3-1 0-5 —_ —_— 0-1 oo — 0-1 0-6 3-7 
\ 22 | 7-5 | o-4| 1 —|—j]|-— > ses, fae oe 
Total «.. oe 22-2 - 1-9] 10 2 | — 1-0 | 0-3 a 0-1 0-1 —_ 0-1 2-3 | 11-4 
Grand Total ..| 62-2 — |12-6| 28-7| 0-2] 1 5 | o-3| — | 0-1| 0-5] 0-0| 0-3 | 13-2 | 30-8 














TaBLE III.—Physical Tests on Bricks taken from the 
Tested Pavement. 




















Transverse Test. Crushing 
Coefficient of Bending. Strength. 
Rattler 
Brick Test 
thickness Loss by Tested Tested Tested 
in. Weight at. on edge. on edge. 
Per cent. Ib. per Ib. per Ib. per 
| square inch.} square inch.| square inch. 
4; | 2 | 3 | 4. | 5. 
2 22-8 2,088 1,991 | 10,240 
2h 18-8 2,461 2,197 12,530 
3 19-0 2,115 1,964 10,770 
3} 17-0 2,233 2,146 10,916 
4 | 16-8 | 2,117 1,998 10,850 
Averages, | 2,203 | 11,061 


18-9 | | 2,059 





In the second series, with the machines fitted with 
non-skid chains, the 3-ton and 5-ton lorries each 
did 10,000 circuits, but the 7}-ton lorry only did 
2,200 circuits. Particulars of the motor lorries 
and the loads are shown in Table I. In the first 
series of tests the speed was 12 miles an hour. 
This was reduced to 9 miles an hour in the second 
Series, because of the excessive heat of the chains. 

The total amount of traffic which passed over the 
strips of brick paving, each 30 in. wide, during these 
tests, amounted to some 630,000 tons, the traffic re- 
presented in the most severe tests, with the non-skid 
chains on the rear wheels, being about 200,000 tons. 

After each test the track was inspected, and the 
number of broken bricks in each of the 10 sections 


A record was also kept of the transverse breakages 
under the inner and outer wheels for the 2-in. 
brick section, and it was found that only 31 breakages 
occurred under the action of the inner wheel, while 
246 were recorded for the outer wheel track. This 
was very likely due to the speed having been 
increased from 9 miles per hour for which the track 
was super-elevated, to 12 miles per hour which was 
probably high for the track conditions. When the 
speed was reduced to 9 miles per hour in the last 
22,200 trips, although non-skid chains were used, 
the breakages were 77 under the inner wheel and 
only 44 under the outer wheel. 

These transverse breakages did not materially 
affect the use of the pavement, because the broken 
portions remained in position, and did not scale 
at the cracks except in the case of the 2-in. bricks. 
The number of bricks broken during the entire 
test was said to be less than would be broken ordi- 
narily during the rolling of the pavement. Any 
cobbling or rounding of the edges depends chiefly 
on how close the bricks are packed. 

Instead of testing sample bricks before the paving 
was laid, the engineers in charge removed bricks 
from the pavement for this purpose on the comple- 
tion of the road tests. In consequence, some 
difficulty was experienced in applying a fair test, 
and for this reason additional transverse tests were 
carried out. The results of these are shown in 
Table III. They indicate that the 2}-in. bricks 
were probably the best in quality. : 

In the same table the results of rattler tests are 
shown. This test is described in the Standard 





Specification for Brick Paving of the American 
Society for Testing Materials. It was adopted in 
1915. The rattler test is employed for the purpose 
of determining whether the materia] as a whole 
possesses sufficient strength, toughness and hardness. 

The rattler consists of a steel-lined drum 1 ft. 
8 in. long internally, and 2 ft. 4 in. in diameter. 
This is charged with ten cast-iron balls weighing 
from 7 to 7°5 lb. each, and from 245 to 260 balls 
weighing from 0°75 to 0°95 lb. each. The total 
weight of the charge is as nearly as practicable 
300 lb. In a test, ten bricks of known weight are 
placed in the barrel with the balls, and the drum 
is then rotated at a uniform rate of between 29°5 
to 30°5 revolutions per minute for 1,800 revolutions. 
All the pieces of brick under 1 1b. are rejected and 
the rest weighed, the percentage loss by weight of 
the ten bricks being then calculated. This loss is 
shown in column 2 of Table III. 

The following conclusions may be drawn from 
the Arlington tests :—(1) Bricks should be bedded 
on sand in preference to a cement-sand bed. (2) 
The thickness of the bricks should be at least 24 in. 
and, to allow for wear, should be preferably thicker. 
(3) The super-elevation on curves should be sufficient 
for a reasonable speed in order to prevent excessive 
wear on the track by the outer wheel. (4) Con- 
siderable care should be taken to obtain suitable 
vertical fibre bricks of high strength and uniform 
quality. : 

It is generally considered that this class of work 
is suitable for heavy traffic and where renewals 
must be effected quickly. The fact that some two 
million square yards of this type of paving have 
been laid in the United States since 1905, and that 
it continues to be adopted, indicates that it has 
been found to be satisfactory. 





THE WESTERN PORTS OF THE’ 
NORTH ATLANTIC, 


By Brysson CunnineuamM, D.Sc., M.Inst.C.E. 
V.—TuE Port or Boston. 
(Concluded from page 37.) 

Boston Tidewater Terminal.—The Tidewater 
Terminal, three views of which are given in 
Figs. 17 to 19 on pages 98 to 99, is one of 
the important installations at the port of Boston 
for shipping purposes ; it compares, as a shipping 
terminal, exceedingly favourably with similar in- 
stallations at other American ports. It was 
brought into existence in 1918, to facilitate the 
storage and shipment of war supplies destined 
for the support and maintenance of the American 
Army in France. Although it was not actually 
completed before the signing of the Armistice, 
and was not used for the actual shipment of any 
appreciable quantity of war supplies, it was utilised 
for storage purposes as a depot for great quantities 
of army material. It was also available for the 
disembarkation of troops returning from Europe. 
As an indication of its capacity, and also of the 
volume of the supplies which were under production 
at the time of the Armistice, and which could not 
be stored either at the point of production or 
elsewhere, it may be stated that in this one 
terminal there were stored, soon after its completion, 
goods of the value of one thousand million dollars. 
These goods at a later date were disposed of by 
publie auction. 

The Tidewater Terminal occupies a site practically 
extending along the entire north frontage of a branch 
waterway on the eastern side of the harbour, 
which is known as the ‘ Reserved Channel,” as 
will be seen in Fig. 1, page 35, ante. It has a 
depth of 30 ft. at mean low water, and a total 
frontage of over 5,000 ft., including a slip on the 
north side abutting on the main ship channel, at 
which there is a depth of 30 ft. at mean low water. 
Convenient rail service is available at the site 
by the New York, New Haven and Hartford 
Railway, giving direct connection to New York 
City and Southern New England, and having 
connection by an outer belt line with all the other 
railroads serving the Boston district, and, in 
addition, by an inner connecting line, with the 
various divisions of the Boston and Maine Railroad, 
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The configuration of the site lent itself to an 
arrangement of the various parts of the depot, by 
which they could be conveniently adapted to the 
efficient receipt, storage and shipment of goods, 
arriving or leaving either by rail or water. The 
scheme adopted was that of a quay development, 
with the two most important buildings, viz., the 
storehouse and wharf shed, running parallel with 
the Reserved Channel, and occupying the space 
between it and the graving dock. These buildings 
are also separated by a paved street, containing 
railway sidings and crossed by bridges connecting 
the buildings. There are also rail tracks on the 
waterfront. 

Of the main buildings, the storehouse is an eight- 
storey building, which is clearly shown in Figs. 17 
and 18, constructed of reinforced concrete of the 
flat slab type, 126 ft. wide and 1,638 ft. long. It 
is divided into six equal sections, separated by 
fire walls, with provision for expansion between 
sections, and is so constructed and equipped that 
it may be used either for manufacturing purpose 
or storage. The lower floor has a wood-block 
pavement and is des.gned for loads of 500 lb. per 
square foot; all the other floors have granolithic 
surfaces and are designed for loads of 200 lb. per 
square foot. 

The wharf shed, which is best seen in Fig. 18, 
adjoins the storehouse on the southerly side, and 
is connected with it by six bridges, one at each 
section of the storehouse. The street between the 
storehouse and the wharf shed, 87 ft. wide, is 
called Terminal-street ; its surface is level with 
the lower floors of both the storehouse and the 
wharf shed. The latter is a double-storey structure, 


100 ft. wide and 1,638 ft. long, with steel frame and 
The balcony at the second- 


concrete curtain walls. 


Fie. 18. 


storey level permits of the transference of freight 
between the upper floor anda ship. One of the rails 
for the semi-portal gantry cranes which serve the 
wharf shed, is located directly below the balcony. 
The pavement on the lower floor, which is designed 
to support 600 lb. per square foot, is wood-blocked ; 
the upper floor, which is designed to take a load of 
400 lb. per square foot, has a bitulithic pavement, 
except the balconies, which have concrete surfaces. 

The pier shed, shown in Fig. 19, is located at the 
eastern end of the property and was intended to be 
used for naval stores. It consists of two treble- 
storey buildings of reinforced concrete, parallel with 
each otlier, of the flat-slab type, each 100 ft. wide by 





924 ft. long. and connected by bridges at the second 
|and third floors. The depressed way between the 
| buildings has a net width of 37 ft. and accom- 
| modates three railway tracks. Inclined ramps afford 
}access to the ground floor of the buildings. The 
pier-shed buildings have balconies at the second and 
| third floors on the quayside, so that freight may be 
transferred directly between either of these floors 
and a ship. The floors are designed for the same 
loads as the storehouse. 
| The total area available for storage in the fore- | 
| going buildings is 1,624,000 ft. net, provided one kind 
| of goods only is stored per section in each building, 
‘and 12 per cent. less if storage throughout the 
| buildings is of a miscellaneous character. The 
| estimated capacity for goods corresponding with the 
|maximum storage area is approximately 300,000 
“short”? tons (tons of 2,000 lb.), while for miscel- 
laneous storage the corresponding capacity is about 
| 100,000 short tons. In addition to the storage area 
in the buildings, there is available open storage 
space served by railway tracks with a total net area 





(exclusive of the tracks themselves) of 184,700 sq. ft. 


A continuous wharf, with a concrete deck, entirely 
surrounds the site, and provides berthing space of 
5,464 lin. ft., of which 2,500 lin. ft. along the 
Reserved Channel has a depth of 35 ft. at low water, 
and the remaining portion a depth of 30 ft. at low 
water. The wharf will accommodate simultaneously 
11 ships, 10 of which may have lengths of from 300 ft. 
to 500 ft., the eleventh being a small vessel which 
can be berthed in an emergency at the end of the 
site. 

The terminal is equipped with automatic electric 
freight and passenger lifts, tractors and _ trailers, 
gantry cranes, locomotive cranes, electric dock 
winches, piling machines, &c. 

The lift equipment of the storehouse merits some 
special mention. In each of the six sections there 
are four lifts, grouped together at the centre of the 
eastern end of each section. Each lift has a plat- 
form 9 ft. 4 in. by 17 ft. 6 in., with entrances at both 
ends, and a working capacity of 10,000 lb., with 
a speed of 150 ft. per minute. The lifts are of the 
micro-levelling type, which enables them to be 
automatically stopped flush with any floor level, s0 


| that trailer trucks can be pushed on and off without 


difficulty. They are also provided with automatic 
electrically-operated fire doors, which cannot be 
opened at any floor unless the lift is at that floor. 
Push buttons inside the car, and outside at each 
landing, are also provided for opening the doors. 

The designing and supervising engineers for the 
structure were Messrs. Fay, Spofford and Thorndike, 
of Boston, who were appointed by the United States 
Army Board for the execution of the undertaking. 
The photographs reproduced have been courteously 
supplied by the firm. 

Ship-Repair Facilities—In all, there are at 
Boston six graving docks, one floating dock, and 
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eight slipways for the purpose of executing repairs 
to shipping. The floating dock belongs to the 
Bethlehem Shipbuilding Corporation, Limited. 
Formerly located at Weymouth, Fore River, above 
Quincy Point Bridge, it is now moved to a site at 
East Boston. It has a length of 479 ft. and 
entrance width of 90 ft., and a depth of water over 
blocks, when submerged, of 27 ft. 6in. It was built 
in 1921, and has a lifting capacity of 11.500 tons. 

Of the six graving docks, three belong to the 
United States Navy and three to the Bethlehem 
Shipbuilding Corporation, Limited. Four of them 
are less than 500 ft. in length, a fifth has an over-all 
length of 738 ft.. an entrance width of 101 ft. 8 in. 
at coping level, and 91 ft. 4 in. at 6 ft. above the 
keel blocks, and a depth over sill of 30 ft. at 
H.W.O.8.T. It can deal with ships up to 700 ft. 
long and of 85 ft. beam. It was built in 1905. 

But far excelling any of the foregoing is the magni- 
ficent graving dock, built during the war and com- 
pleted in 1919, by the Commonwealth of Massa- 
chusetts, and in the same year sold to the United 
States Government. It is located in South Boston 
and adjoins the Tidewater Terminal. It must 
be included among the two or three largest graving 
docks in the world, having a length of 1,176 ft. 
overall, or 1,158 ft. 10 in. at floor level. The entrance 
width is 149 ft. at coping level and 125 ft. at 
6 ft. above the keel blocks. The depth at mean high 
water is 44 ft. 6 in. over sill and 42 ft. 34 in. over 
blocks. |The dock was intended to have two float- 
ing caissons, and provision was made for its use as a 
long single chamber or as two chambers each of 
about one-half the total length. Only one caisson, 
however, has been so far installed. If a caisson 
is set at the inner sill, the inner chamber is 
638 ft. 10 in. in length. The dock is equipped with 
a crane of 50 tons lifting power at an outreach 
extending 5 ft. beyond the centre line of the dock. 
_ Commerce and Shipping.—At one time second 
in importance to New York, Boston now occupies 
a position about sixth in rank, based on the total 
export and import cargo tonnage, among the leading 
Atlantic and Gulf Ports of the United States. The 
figures in the following Table are for the last two 
fiscal years, from statistics issued by the United 





States Shipping Board. They relate only to foreign 
commerce, and it should be pointed out that Boston 
has a very considerable local and coastal traffic, 
which, if taken into account, makes the position | 
of the port about third among U.S. ports. | 





Fie. 19. 


This relative retrogression (actually there has 
been a considerable advance in the port’s trade) 
is due in part to a fact already been mentioned, 
viz., the paucity of the export trade, and the influ- 
ences which militate against its revival. 

In an investigation of the nature of the outbound 
foreign commerce of the large export ports of the 
United States, it can be shown that, with the excep- 
tion of New York, each of the ports depends largely 


Total Tonnage of Imports and Exports. 








Fiscal Fiscal 
_ Year, Year, Increase. | Decrease. 

1926. 1925. 

Tons. Tons. Tons. Tons. 
New York -| 23,267,520 | 23,522,071 = 254,551 
New Orleans..| 8,279,186 9,410,331 1,131,145 
Baltimore 6,010,559 | 5,485,071 | 525,488 — 
Philadelphia..| 5,096,399 5,736,805 _ 640,406 
Norfolk --| 3,821,365 2,912,890 | 408,475 _ 
Boston 2,818,194 2,302,803 | 515,391 _ 

















for its volume of export commerce upon one or more 
primary bulk commodities, which originate in the 
appropriate hinterland of the port. Thus about 
nine-tenths of the exports of Philadelphia and 
Baltimore consist of coal, coke, oil, grain and steel. 
With the single exception of grain, none of these 
export commodities could normally be expected 
to move, in quantity, through Boston, and in recent 
years, the export flow of grain has been much 
handicapped by a differential rail rate on grain in 
favour of Philadelphia, Baltimore and Norfolk. 
This differential is based on the shorter haulage 
distance from the grain fields of the Middle West. 
The point is one of commercial rather than of 
engineering interest. It is only mentioned here to 
account for the present position of Boston as a port. 
Under present conditions, Boston cannot offer suffi- 
cient inducement to steamship companies to arrange 
any considerable number of regular services to the 
port. Boston is now merely a port of call for much 
of its foreign freight, though it does take in a 
quantity of imports, mainly raw material for manu- 
facture in the New England States. Many vessels 
engaged in foreign trade unload partial cargoes and 
proceed to New York and Southern ports with the 
remainder, or vice versa. The inability to supply a 


return cargo acts detrimentally. 
The position is summed up in the recommendations 
of the Division of Metropolitan and Port Planning 








to the Legislative Assembly of the State of Massa- 
chusetts in October, 1925. 

“We commend most heartily the effort being 
made by the Maritime Association and other Boston 
interests to abolish the differential against Boston 
on grain and other products. While we do not 
anticipate that a huge volume of grain will flow 
through Boston, such as flows through some of the 
Southern ports and through Montreal, yet we do 
feel that with the abolition of the differential, 
Boston may expect to receive a reasonable amount 
of export grain. This export grain is essential as 
bulk cargo for vessels sailing to European ports. 
It is the natural bulk cargo for Boston shipping, and 
we urge that every effort be made to secure an 
equal rate to all of the North Atlantic Ports, at 
least for ex-lake grain which comes by water to the 
foot of the lakes. Not only is such grain a profitable 
bulk cargo for ships sailing to European ports, it is 
also a valuable addition to the freight handled by 
New England Railroads.” 

Oil Fuel Supplies—In view of the importance 
nowadays of obtaining supplies of oil fuel, it may be 
mentioned that there are two companies at Boston 
engaged in furnishing fuel oil to vessels, viz., the 
Mexican Petroleum Corporation at Chelsea and the 
Beacon Oil Company at Everett. Both companies 
supply to bunkers from piers or barges. The 
Mexican Petroleum Corporation terminal is located 
on Chelsea Creek and has a capacity of 230,000 
barrels. There is a channel approach 25 ft. deep at 
mean low water, but by taking advantage of the 
tide, steamers of practically any size customarily 
visiting the port, can reach the pier. Barge supplies 
can be given in any part of the harbour. 

The Beacon Oil Company possesses an installation 
with a total capacity of 750,000 barrels, including 
eleven underground concrete storage tanks, which 
can be used at will for crude oil or fuel oil. Supplies 
can be given at the Company’s pier or by means of 
barges in the harbour. 

Both the Mexican Petroleum Corporation and the 
Beacon Oil Company obtain their oil by tank 
steamers from Mexico. 

Coal Bunkering.—The coaling of ships is a fre- 
quent operation at Boston, but the companies en- 
gaged regularly in the bunkering of vessels number 
only four. They are the Maritime Coaling Company, 
C. H. Sprague and Son, the Burton Furber Coal 
Company, and the Suffolk Coal Company. The 
storage capacity of these companies, runs to 133,550 
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tons. Lighters used for bunkering are equipped 
with suitable appliances. 

Grain Storage.—The principal elevators are those 
of the Boston and Albany Railroad at East Boston, 
and the elevators of the Boston and Maine Railroad 
at Mystic Wharf and Hoosac Wharves, Charlestown. 
The first has a storage capacity of 1,017,191 bushels 
and a normal working capacity of 700,000 to 
800,000 bushels. It is a fireproof structure of steel 
enclosed in brick and terra-cotta. Grain is trans- 
ferred from cars to the elevator at the rate of 15,000 
bushels per hour, and from the elevator to ship at 
the rate of 20,000 bushels per hour over each side of 
a pier, using electrically-operated belt conveyors. 

The Boston and Maine Elevator at Hoosac 
Wharves has a storage capacity of 1,000,000 bushels 
and a working capacity of about 850,000 bushels. 
Grain is transferred from cars to the elevator at the 
rate of 8,000 to 10,000 bushels per hour, and from 
elevator to ship at the rate of 10,000 to 12,000 
bushels per hour. This also is fireproof structure of 
steel with terra-cotta facings. The elevator of the 
same company at Mystic Wharf is a frame structure 
covered with corrugated iron. It has a storage 
capacity of 420,000 bushels and a working capacity 
of 350,000 bushels. 

It will be observed that the three elevators, with 
their aggregate capacity of about two and a half 
million bushels, are all railway-owned. There is a 
suggestion that an independent elevator should be 
provided by the State for general use. 

The writer desires to acknowledge the courteous 
assistance which he received from the Commis- 
sioners and officials of the Department of Public 
Works in preparing the foregoing article, and the 
facilities afforded him in connection with his visit 
to the port. 








LABOUR NOTES. 


Tue General Council of the Trades Union Congress, 
at a special meeting in London on Tuesday, decided to 
continue the discussions on the subject of industrial 
peace, with Sir Alfred Mond and the employers asso- 
ciated with him in the movement. According to an 
official report of the proceedings, the Council authorised 
the committee, which was appointed in the first place, 
to make arrangements for the conference with the 
employers to go into the questions for discussion, and 
to meet the committee already appointed by the 
employers. The Council also authorised its committee 
to draft an interim report for submission to the 
executives of the affiliated unions, and reports of the 
proceedings are to be prepared for circulation to 
the unions from time to time during the period of 
the discussions. It was unofficially stated that of 
the 33 members of the Council five were absent. The 
decision to continue the discussions was not unanimous, 
a minority of six voting in one division in favour of 
postponing further discussions until the Council had 
obtained a special mandate from the affiliated unions. 
For another amendment, which was defeated, Mr. A. B. 
Swales, a member of the Executive Council of the 
Amalgamated Engineering Union, was responsible. 
It was to the effect that the employers’ group be 
required to consult the various employers’ organisations 
and obtain their authorisation before preceeding 
further. 

The committee originally appointed by the General 
Council consisted vf Mr. Ben Turner, Mr. W. Thorne, 
M.P., Mr. J. H. Thomas, M.P., Mr. A. Pugh, Mr. E. 
Bevin, Mr. T. Richards, and Mr. W. M. Citrine. Mr. 
W. Milne-Bailey has now been added. and will act as 
secretary. The employers’ committee consists of 
Sir Alfred Mond, Lord Londonderry, Sir David Milne- 
Watson, Sir Hugo Hirst, Lord Ashfield, Lord Weir, 
Mr. Vernon Willey, and Mr. J. Conway Davies (secre- 
tary). 

The Times understands that the programme of 
legislation for the coming Session, which is now under 
consideration by the Cabinet, does not include any 
Bill to ratify the Washington Hours Convention, 
although pressure has been put on the Government 
by the Labour Party to take the necessary action. 
Belgium ratified the Convention unconditionally in 
1926. France ratified last June, on condition that her 
ratification did not become effective until Germany and 
Great Britain had taken similar action, Italy ratified 
in 1924, subject to ratification by five other countries, 
including France, Germany, and Great Britain. Bul- 
garia, Chile, Czechoslovakia, Greece, India, and 
toumania have ratified unconditionally, and Austria 
and Latvia have imposed conditions as to the ratifica- 
tion by other countries. 


ENGINEERING. 


According to the Ministry of Labour Gazette, employ- 
ment showed an improvement, on the whole, during the 
first three weeks of December. At the end of the 
month, however, there was a sharp rise in the numbers 
unemployed, the effects of the dismissal of workers 
engaged for the Christmas trade and of the extended 
short-time working, which normally occur in the last 
week of the year, having been accentuated by the 
severe weather conditions. Apart from the usual 
Christmas improvement, there was a recovery in some 
important industries, particularly in iron mining, pig- 
iron manufacture, and textile bleaching, dyeing, &c. 
The improvement in general engineering, the motor 
vehicle industry, and the tinplate trade was also con- 
tinued. On the other hand, the pottery industry 
showed a marked decline; there was also an increase 
in the numbers unemployed in the steel industry and 
in the lace trade, and a further seasonal decline in 
employment in the building trade, public works con- 
tracting, the shipping and fishing industries, and in 
the canal, river, dock and harbour services. In coal 
mining there was again a net decrease in unemploy- 
ment, although a further rise occurred in the numbers 
wholly unemployed. 


Among the workpeople (numbering approximately 
12,100,000) insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed (in- 
cluding those temporarily stopped as well as those 
wholly unemployed), in all industries taken together, 
was 9-8 at December 19, 1927, as compared with 10-0 
at November 21, 1927, and 11-9 at December 20, 1926. 
The percentage wholly unemployed was 7-7 at Decem- 
ber 19, 1927, as compared with 7-6 at November 21, 
1927; while the percentage temporarily stopped was 
2-1, as compared with 2-4. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
wages reported to have come into operation during 
December resulted in a reduction of about 6,700/. in 
the weekly full-time wages of about 73,000 workpeople, 
and in an increase of 1,9001. in those of nearly 27,000 
workpeople. The largest group of workpeople whose 
wages were reduced were iron puddlers and iron and 
steel millmen in the Midlands, in whose case there was 
a reduction equivalent to about 3} per cent. on current 
rates. There was a small reduction (less than 1 per 
cent. on current rates) in the wages of coal miners in 
Warwickshire. In the case of steel sheet millmen and 
galvanisers in various districts in England and Wales, 
the wages of the higher-paid men were reduced and 
those of the lower-paid men were increased. Other 
groups of workpeople whose wages were increased 
included electrical cable makers, roller leather makers, 
and the employees of various local authorities. 





The changes in wages so far reported to the Ministry 
of Labour for the year 1927, in the industries for which 
statistics are compiled, have resulted in net increases 
of 30,4001. in the weekly full-time wages of 280,000 
workpeople, and in net reductions of 389,000/. in those 
of over 1,850,000 workpeople. In 1926, there were 
net increases of 133,0001. in the weekly full-time wages 
of 420,000 workpeople, and net reductions of 83,700. 
in those of 740,000 workpeople. 





The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in December was 12. In addition, 15 disputes which 
began before December, were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in December (including work- 
people thrown out of work at the establishments 
where the disputes occurred, but not themselves parties 
to the disputes) was about 7,600; and the aggregate 
duration of all disputes during December was about 
38,000 working days. These figures compare with totals 
of 10,600 workpeople involved, and 51,000 working 
days lost, in the previous month. The total number of 
workpeople involved in all disputes in progress in 
1927 was approximately 113,700. The time lost by 
such workpeople was about 1,175,000 working days ; 
this is the lowest figure recorded in the whole period 
(of forty years) for which statistics are available. 

In the course of its annual review, the Ministry of 
Labour states that when account is taken of all the 
information in the possession of the Department, it 
would appear that, at the end of 1927, the weekly 
full-time rates of wages of those classes of workpeople 
for whom particulars are available were between 70 
and 75 per cent., on the average, above the level of the 
corresponding rates for August, 1914, compared with 
about 75 per cent. at the end of 1926. The rates of 
wages of agricultural labourers are included in that 
calculation, which relates, it is pointed out, to rates of 
wages for a full normal week, and takes no account of 





changes in earnings resulting from alterations in the 
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state of employment, the effect of which varied in 
different industries. As the number of hours con- 
stituting a full working week was reduced in nearly all 
industries in 1919 and 1920, the percentage increase 
in hourly rates of wages as between 1914 and 1926-27 
is greater than the increase in weekly rates. 





The total number of workers whose normal hours of 
labour were reported to the Department as having 
been changed in 1927, was about 20,300. Of these, 
18,650 had an average increase of 3-5 hours per week, 
and 1,650 a reduction of 4-7 hours per week. The 
principal increases in hours were alterations from 7 
to 8 per shift, in the case of underground workers, 
and from 463 to 49 per week, in the case of surface 
workers, at shale mines in Scotland ; from 44 to 48 
per week for thread workers in Scotland ; and from 
44 to 47 per week for the employees of certain local 
authorities in London. The hours of coal tippers 
and trimmers at the Bristol Channel ports were raised 
from 43 to 45 per week on the first shift, and from 37} 
to 40 on the second shift. 





The Ministry of Labour states that on January 16, 
1928, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,193,800, of whom 857,100 were wholly unem- 
ployed, 272,400 temporarily stopped, and 64,300 
persons normally in casual employment. Of the total 
number, 945,100 were men, 41,300 boys, 169,300 
women, and 38,100 girls. Of 1,232,069 persons on the 
registers on January 9, 1928, 865,411 were wholly 
unemployed, 304,707 temporarily stopped, and 61,95] 
persons normally in casual employment; 983,616 
were men, 40,481 boys, 172,522 women, and 35,450 
girls. On January 17, 1927, the number of unem- 
ployed persons was 1,391,018, of whom 1,086,427 
were men, 41,586 boys, 220,712 women, and 42,293 
girls. 





At a meeting in Manchester, on Monday, representa- 
tives of the various cotton operatives’ organisations 
received and considered a report by Mr. J. Bell, the 
secretary of the United Textile Factory Workers’ 
Association, on the proceedings at the joint conference, 
held in the previous week, with the employers’ organi- 
sations. The following official statement was subse- 
quently made :—‘‘ We have considered a statement 
dealing with the meeting with the employers last week, 
and also the question of representation at the next 
round-table conference. It was decided to reduce 
our representations from over 100 to 36, as follows :— 
Eight from each of the three larger amalgamations 
(spinners, cardroom workers, and weavers), and two 
from each of the five smaller amalgamations, together 
with Mr. W. Thomasson, as president of the United 
Textile Factory Workers’ Association, and Mr. J. Bell 
as general secretary.” In reply to questions put to 
him, Mr. Bell said that they had informed the employers 
that they adhered to their request for the withdrawal 
of the claims in the two reports submitted relating to 
wages and working hours. So far, the employers had 
made no reply to the repeated request to drop the 
clauses, nor had they said anything further regarding 
the suggestion of the operatives’ representations, 
that a Royal Commission should be appointed to inquire 
into the factors which go to make up costs of produc- 
tion. The next meeting of the two sides is due to take 
place on February 3. 





Following its usual practice of intervening wherever 
trouble threatens to ‘* boil over”’—so to say—in the 
world of industry, the National Minority Movement is 
to the fore with a pamphlet entitled ‘‘ What’s Wrong 
in the Textile Industry.”” In a foreword, Mr. Pollitt, 
with characteristic outspokenness, attacks the leaders 
of the cotton operatives. ‘‘It is a by-word in the 
Labour movement,”’ he says, “‘ that the cotton unions 
represent one of the most reactionary influences in the 
British trade union and Labour movement. Any one 
who watches, either at the Trades Union Congress 
or at the National Labour Party Conference, the role 
played by the cotton trade delegates, will have no 
difficulty in subscribing to this view. We believe 
that the reason for this is to be found in the multi- 
plicity of unions which has always characterised the 
cotton industry, in the sectional and craft divisions, 
in the jealousies and rivalries of the trade union leaders, 
in the marked absence of any facilities for weekly or 
fortnightly meetings of the members of the cotton 
trade unions, where the textile workers could have 
adequate opportunities for discussing and framing 
policies.” The object of the pamphlet is declared to 
be “ to try and smash through the present bureaucratic 
conspiracy against the rank and file of the cotton trade 
unions, and to try and show these workers the real 
position of the cotton industry and their future problems 
in relation to this industry, and upon what basis they 
have to organise if the terrible situation they have been 





placed in during the last four years is ever to be ended.” 
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THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 
(Concluded from page 69.) 


THE apparatus for testing permanent magnets, of 
the M-L. Magneto Syndicate, Limited, Coventry, 
measures the remanence and coercive force in c.g.s. 
units, determines the data for plotting B-H and 
demagnetisation curves, shows the energy which 
can be stored in a circuit by the magnet under 
test, and enables the flux density of straight and 
curved bars of cobalt steel, and of horse-shoes of 
tungsten steel, in commercial sizes, to be estimated 
within 5 per cent. The tests are almost automatic, 
and the remanence and coercive force can be deter- 
mined in less than half a minute. The set consists 
of a generator, a control panel, a special magnetising 
switch, compensators for length, section and space 
flux, and a millivoltmeter and ammeter. In the 
unipolar generator, an iron disc is rotated, by a 
motor of constant speed, in the air gap between the 
two pole pieces of soft iron, which are shaped so 
as to receive the specimen; the e.m.f. induced in 
the disc measures the flux. The spring-controlled 
switch, on release, returns to the demagnetising 
position, and the compensators dispense with 
calculations and corrections. 

The Wild-Barfield high-temperature furnace, 
shown by Messrs. Automatic and Electric Furnaces, 
Limited, of North-road, Holloway, N.7, is a rectan- 
gular brick chamber, measuring 16 in. by 16 in. 
by 7 in., the parallel carborundum heater rods of 
which are arranged in the roof to heat the contents 
of the furnace by radiation. Automatic correction 























Fia. 15. 


for the negative temperature coefficient of car- 
borundum is secured by permanently connecting 
a ballast resistance with the rod; there is, in 
addition, a rheostat for temperature control by 
hand. Silvered-iron wire is wound round the thick 
ends of the rods to make the electrical connections. 
The furnaces shown by Messrs. R. M. Catterson 
Smith and K. 8. Mills, 4298, King’s-road, S.W.10, 
were described on page 52 of our issue of 
January 21, 1927. 

In the construction of their switches for Wheat- 
stone bridges and resistance boxes, Messrs. H. 
Tinsley and Company, of Werndee Hall, South 
Norwood, S.E.25, are paying particular attention 
to contact resistances, which may become erratic in 
the course of time, particularly when warping of 
the ebonite bases take place. With the aid of the 
device illustrated in the diagram, Fig. 14, the 
contact resistances of small switches have been kept 
constant within 10 microhms throughout long 
series of tests. The studs on the outside of the 
centre ring, which forms the common point of 
contact, are slotted and the brushes are split ; the 
studs are sufficiently close to one another for the 
brush to engage the slot of the next stud before 
leaving the preceding stud. The studs are faced 
With silver-gold, and the brushes are made of this 
and other materials. The sensitive moving-coil 
vibration galvanometer of the firm is tuned simply by 
setting the frequency dial, and is designed specially 
for duplexing submarine cables by a method requiring 
measurements at a large number of frequencies ; 
four interchangeable suspension pieces can be used. 


ENGINEERING. 


In another new vibration galvanometer, of the 
| moving-iron type, tuning is effected electromagneti- 
leally, from a distance, by altering the current 
| through the field coils, and thus changing the 
| vibration period of the iron. The vibration galvano- 
|meter due to H. Schering, of the Reichsanstalt, 
| shown in Fig. 15, was exhibited for the first time. 
| These galvanometers, designed for low frequencies 
up to a few hundred periods per second, are of the 
moving-iron type. Between the poles of the direct- 
current field magnet (the vertical coils) are arranged 
two pairs of horizontal pole shoes for the alternating 
| current coils. Between these is suspended the rect- 
angular moving iron which is magnetised by the direct 
currents, but only slightly oriented if of considerable 
width. The galvanometer is also tuned from a dis- 
tance by altering the current through the field coils, 
and the frequency range depends upon the dimen- 
sions of the moving iron, to which a mirror is 
attached. 

Among other instruments, the manufacture of 
which has been taken up by Mr. Tinsley and his 
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Fig. 16. 


partner, Mr. D. C. Gall, is the high precision standard 
variable air condenser, developed in the National 
Physical Laboratory. It is built up of thick alu- 
minium plates, with large air gaps and quartz insula- 
tion throughout. Scale errors are compensated for 
by the use of a compensating plate of peculiar shape, 
so that a straight-line scale rule holds for the whole 
range of the instrument, up to 3,000 micro-micro- 
farads ; readings can be obtained, with the aid of 
a micrometer, to one-tenth of that unit. 

Of the large variety of standard laboratory and 
portable testing instruments shown by the Weston 
Electrical Instrument Company, Limited, 15, Great 
Saffron-hill, E.C.1, we may mention a new range of 
small round-pattern alternating-current instruments, 
lin. or 2 in. in diameter, and the selective am- 
meters for signal engineers using direct currents 
superposed on alternating-current circuits. 

The new pattern of averaging recorder for bulk 
power supplies made by Messrs. Elliott Brothers 
(London) Limited, Century Works, Lewisham, 
§.E.13, in association with Messrs. Siemens Brothers 
and Company, Limited, Woolwich, S.E.18, is an inte- 
grating meter giving, in addition to the total con- 
sumption, the maximum demand averaged over a 
definite time interval, by the aid of a synchronous 
motor in the place of the clock drive previously 
used. We propose to describe this instrument more 
fully in a subsequent issue. 

In the portable precision moving-iron instruments 
of Messrs. Elliott Brothers, use is made of special 
alloys. A special nickel-iron core is also used in 
the firm’s multiversal current transformer, which 
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has five self-contained ranges, while ten more 
ranges become available when the cable is wound 
through the hole in the transformer. Vacuum 
thermocouples, suitable for heater currents from 
5 milliamperes up to 5 amperes, were also shown. 
The device, which is illustrated in Fig. 16, consists 
of three parts of Bakelite, and the vacuum bulb, 
all fitting into one another. The special feature is 
that the couple is insulated from the heater wire ; 
the device can sustain overloads of 50 per cent. for 
short periods. 

Messrs. Gambrell Brothers, Limited, Merton Road, 
Southfields, S.W.18, exhibited a high-tension bridge 
for measuring the power factor and capacity of 
cables at high voltages, and an instrument to 
determine the minute expansion of the diameter 
of a cable when under load, the rate of recovery, 
and the permanent set. 

Passing to miscellaneous apparatus for the lecture 
room, laboratory and workshop, we may mention the 
variety of machinery models, of moderate size, exhi- 
bited by Messrs. G. Cussons, Limited, of Manchester. 
The Damard Lacquer Company, Limited, in associa- 
tion with Messrs. Bakelite Limited, and Messrs. 
Mouldensite, Limited, of 68, Victoria-street, S.W.1, 
exemplified by their exhibits the ever-extending 
uses of Bakelite mouldings. Messrs. W. Edwards 
and Company, 8, Allendale-road, S.E.5," showed a 
direct-reading high-vacuum gauge, which is a modi- 
fication of the Pirani gauge. In this gauge, a wire 
heated by a dry cell and attached to a thermo- 
junction is sealed into a glass tube, which is 
connected to the vacuum system and also to a 
recording or indicating device. 

Laboratory apparatus were shown by Messrs. 
John J. Griffin and Sons, Limited, and Messrs. Baird 
and Tatlock, Limited, of Kemble-street, W.C.2. We 
noticed that the rectangular Freas electric oven, the 
walls of which are of double asbestos sheet, is now 
fitted with a vacuum chamber, measuring 9 in. by 
9in. This consists of a horizontal cylinder of bronze, 
closed in front by a door, which can be fixed by 
heavy clamps. It is provided with a lamp at the 
back, mica windows in the door, and with three 
shelves and tube connections. A constant tem- 
perature (up to 180 deg. C.) is maintained by a 
thermo-regulator. The glass or quartz conden- 
sation pump, on the Dunoyer system, exhibited 
by the firm, works in two stages, apart from 
its combination with a rough pump. Part of the 
mercury vapour coming from the heated flask is 
injected through a nozzle, which slopes downwards 
into a water-cooled receiver and is returned to the 
flask, this portion constituting the first stage. 
Another part of the vapour escapes through perfora- 
tions into an annular space around the upper portion 
of the nozzle, the space also being water-cooled and 
connected with the high-vacuum space. 

Messrs. Kelvin, Bottomley and Baird, Limited, 
Imperial House, Regent-street, W.1, showed the 
ultra-violet fluorescence cabinet, the use of which 
Mr. A. A. King demonstrated last summer at the 
Royal Society conversazione (see ENGINEERING, 
May 20, 1927, page 616). The shadowless lamp of 
the firm is designed for surgeons, and is fitted with a 
parabolic and a circulator reflector, so arranged 
that an object interposed in the path of the rays 
weakens the light without throwing any shadow. 
A novelty shown by the Laboratory Equipment 
Company, 310-12, Regent-street, W.1, was a 
thorium-acetylene lamp for microscopes. In this, 
the flame heats a thoria disc, 6 mm. in diameter ; 
the portable outfit includes an acetylene cylinder 
of 4 cub. ft. capacity. The London Instrument 
Company, Limited, 5la, Bridge-street, Cambridge, 
exhibited a collection of mechanical apparatus and 
models, stress-strain meters, tachometers, and the 
Moscon macrograph for making tracings and photo- 
graphs of objects under the microscope. 

Messrs. Negretti and Zambra, of 38, Holborn- 
viaduct, E.C.1, displayed an electrical temperature 
recorder in which the inked pad is brought forward, 
the pen is depressed, the pad is taken back, and 
the pen then depressed on to the chart, all by 
clockwork, the measurement being by a thermo- 
couple and coil, or by a resistance thermometer. A 
new dial thermometer, giving signals in red, white 
and green, with a range from 390 to 470 deg. C., 
and a code scale of + 40 deg., was also shown. 





102 __ ee 


The surface thermometer, illustrated in Fig. 17, | street, S.W.1, the single-stage rotary types now 
is intended to be pressed into contact with the} give a vacuum of 0-01 mm., whilst in series a 
surface the temperature of which is required.| vacuum of 0-0002 mm. can be obtained. Pumps 
The thermocouple used consists of two flat strips | of the reciprocating type, in series, are tested to 
joined together and bent to a U-shape, so that only | a vacuum of not less than 0-00001 mm. 
the junction is in contact. There is hence little heat| The Venner motor, of Venner Time Switches, 
loss by conduction along the strips, and the losses | Limited, 45, Horseferry-road, S8.W.1, keeps the 
by radiation and convection are reduced by fitting | mainspring of a clock almost fully wound up and 
the thermocouple with a reflector case, polished | repeats the winding every eight hours. The arma- 
inside and outside. The portable milli-voltmeter, | ture of an electro-magnet on alternating-current 
with which the couple is connected by means of | circuits, or interrupted direct-current circuits, is 
compensating flexible leads, is calibrated in degrees. | moved a little by every impulse, and the drum of 
The bubble manometer of Messrs. Negretti and | the mainspring is thereby turned step by step in 
Zambra is intended for precision measurements in| an anti-clockwise direction, the armature being 
connection with the calibration of pressure and | drawn back again after each impulse by the frequency 
draught gauges. The pressure to be measured is | tuning springs. The drum gear includes two clutches 
balanced against a head of water obtained by | (for forward and backward movement, respectively, 
raising a reservoir vertically on a cathetometer. | one clutch always acting as a free wheel), and also 
The instrument, shown in Fig. 18, consists of two |a differential disc, which rises on the worm of the 
pillars, one of which carries the reservoir, which is| drum until the spring is fully wound up. If the 
an annular tank, 3 in. in diameter, filled with | electric supply should fail, the spring would suffice 
distilled water, and a standard scale and vernier! for three days’ operation. 
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beam emerges from the central chamber at right 
angles to the axis; R tubes are provided with 
cooled radiators. The glass is mechanically protected 
by a cover of Bakelite. The exhibit of Messrs. 
Schall and Son, Limited, 71 to 75, New Cavendish- 
street, W.1, was a complete 200-kv. unit, of 
imposing dimensions, for deep therapy and pro- 
longed X-ray studies of crystals. Another firm 
whose exhibits should be mentioned in this group is 
Messrs. Watson and Sons (Electro-Medical), Limited, 
43, Parker-street, Kingsway, W.C.2, who showed a 
four-valve transformer for radiography, giving 
200 milliamperes at 100 kv. peak and 100 milli- 
amperes at 150-kv. peak, the whole unit being 
immersed in oil in a steel tank. 

New optical glasses were exhibited only by one 
firm, the Parsons Optical Glass Company, of Little 
Chester, Derby, who make about seventy types of 
glass. The borate-flint glass and double-extra 
flint glasses, not previously produced in this country, 
jare distinguished by high refractive index, disper- 
sion and density ; the density is over six in some cases. 









































Fig. 17. Fig. 18. 
operated by rack and pinion and _ reading to | In the new compound wire-drawing diamond dies 
0-002 in. This chamber is connected by a flexible | of Messrs. F. J. Witts and Company, 183, Victoria- 
tube to a stationary reservoir, 2$ in. in diameter, | street, S.W.1, two dies, separated by washers, are 
on the second pillar, and containing a small float | employed, in order to increase precision and dura- 
and a spirit level. The air pressure to be deter- | bility and to eliminate taper effects. While the hole 
mined is admitted to the float chamber. The float | in the diamond of a single die tends to keep cylin- 
partly supports the pivoted cradle carrying the short | drical, it is apt to open out both at the entrance 
bubble tube of the level. With the normal water | and exit when drawing copper wire, and particularly 
level in that chamber, the air bubble is in the at the exit when the material is scaly. The combi- 
centre of the tube, which is about }-in. long, | nation of two dies is said to be more suitable for 
but when pressure is applied, the bubble shifts. | dealing with various materials, and if the two dies 
In operation, the annular chamber is adjusted to | wear elliptical in different directions, the fault can 
read zero, and the float chamber is then adjusted | be corrected by displacing the dies with respect to 
until it also indicates zero. When a head of 4 in. | one another. 

of water is required, the annular chamber is racked} With regard to electro-medical apparatus and 
up 4 in. on the scale, and when the pressure in the | X-ray bulbs, we noticed a simple novelty shown 


Fie. 19. 


Some of the glasses are free from silica and contain 
40 per cent. of lead, but these can only be made 
in bulks of about 40 lb., and they require protection 
against atmospheric corrosion. 

Otherwise lenses and optical accessories were 
mostly exhibited in conjuction with microscopes, 
cameras and lanterns, which were to be seen in 
great variety. Messrs. C. Baker, 244, High Holborn, 
W.C.1, showed a new simple epidiascope, fitted 
with an f/3°5 anastigmat lens and illuminated by 
two 500-watt gas-filled lamps; and an ultra-micro- 
scope illuminator of the type which they introduced 
a few years ago. A novelty shown by Messrs. Belling- 
ham and Stanley, Limited, 71, Hornsey-rise, N.19, is 
illustrated in Fig. 19. It is a refractometer of rigid 
and convenient construction, mounted on a stand 





float chamber is 4 in., the spirit level will again read 
zero. 

The Invar-steel beam balance of Mr. Manley, 
mentioned last year as one of the exhibits of Messrs. 
Oertling, Limited, Turnmill-street, E.C.1, is now 
fitted with a prism and mirror, so that readings can 
be taken on a screen at a distance of 2m. A new 
torsion balance exhibited by the firm is especially 
designed for the rapid weighing of silk fibres. The 
pointer of the instrument is first set to zero, and, 
after placing the fibre on a hook, the pointer is 
returned to zero by hand; the weight (up to 500 


| by the Cox-Cavendish Electrical Company, Limited, 
105, Great Portland-street, London, W.1, consisting 
|of a carbon or tungsten lamp, the two electrode 
rods of which are mounted, similarly to a Jablockkoff 
| candle, in a bell-shaped reflector of spun aluminium. 
The Metalix tubes of Messrs. Philips Lamps, Limited, 
| 145, Charing Cross-road, W.C.2, are straight cylin- 
| ders, and are built up of two glass tubes fitted in 
| alignment into a central chamber of a chromium-iron 


for binocular vision. The prism box, to which the 
scale arc is rigidly attached, is actuated by a screw, 
by the aid of which the border line is adjusted to 
the cross wires. One eye of the observer looks 
through the eye piece of the scale magnifier, and the 
other through the telescope. 

Of the various exhibits of Messrs. J. H. Dallmeyer. 
Limited, 31, Mortimer-street, W.1, we may mention 
the Dallon tele-anastigmat fixed-separation tele- 





having the same expansion coefficient as the glass. 


| The F-type copper tube anode, for 200 kv., is cooled | 
| by water flowing right up to the target, while in| 


photo lenses, which are now made with focal 
lengths of from 3 in. to 40 in., with apertures from 
f/3-5, and the Devry automatic cinecamera and 


milligrammes) is then read off directly. Of the | the B type the electrons are projected into a conical | projector, accommodating 100 ft. of 35-mm. film. 
Geryk vacuum pumps, exhibited by the Pulso-| hole in the face of the target. The D type has| In the hand epidiascopes of the Zeiss Ikon. A.G., 


meter Engineering Company, Limited, of 11, Tothill-! a Goetze line focus (a linear focal spot), and the|of Dresden, exhibited by Messrs. Garner and 
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Peleing, Limited, of Golden-square, W.1, the 
camera is not permanently attached to the stage, 
but may be placed directly on the object, such as 
a book. Messrs. Houghton- Butcher (Great Britain), 
Limited, 88-89. High Holborn, W.C.1, showed a 
variety of lanterns, optiscopes, &c., and safety 
devices for films so designed that the doors cannot 
be opened while the film is in motion. Messrs. 
Newton and Company, 72, Wigmore-street, W.1, 
showed large epidiascopes, in which neither lamp 
nor optical parts need be moved when a change is 
made from opaque to transparent projection. 
Messrs. Ogilvy and Company, 20, Mortimer-street, 
W.1, exhibited metallurgical apparatus, including a 
microscope and detachable camera, and drawing 
and projection apparatus. The new Ross kinemato- 
graph projector, fitted with fixed optical system, 
worm gearing throughout, a new device for reducing 
the area of the light spot at the gate aperture, and 
new focussing jacket, the whole weighing about 
300 lb., shown by Messrs. Ross, Limited, 13 and 14, 
Great Castle-street, W.1, well illustrates, like many 
of these exhibits, the importance of the kinema to 
the optical industry. 

The photo-micrographic apparatus of Messrs. 
Carl Zeiss (London), Limited, Winsley House, 
Wells-street, W.1, consists of a heavy base, sup- 
porting the microscope and the illuminator, and 
between these a vertical rod, on which the Hegener 
camera slides ; this rod may be swung aside. The 
Driiner stereoscopic camera, with homal attach- 
ment, is especially designed for flat-field photo- 
graphy. The research microscope, also displayed 
on their stand, can be used, by interchanging the 
tube, as a monocular or as a binocular single- 
objective ; up to four different objectives may be 
attached to the tube instrument. In the Abbe 
illuminator, both the iris diaphragm and the 
diaphragm carrier are graduated. The binocular 
attachment, for observation at any inclination of 
the tube, is also used with other microscopes. 

The echo sounders of Messrs. Henry Hughes and 
Son, Limited, 59, Fenchurch-street, E.C.3, made for 
shallow water and for water depths ranging from 30 
to 4,500 fathoms, are now free from a liability to a 
minor defect caused by air interference. When the 
first echo sounder was installed on the M.S. Asturias, 
the hydrophone was sometimes found to be screened 
from the echo by air pockets, formed by air bubbles 
adhering to the hull below the water line. The 
hydrophone and the transmitter have therefore been 
built into the ship without perforating the plating 
and with a water chamber intervening, which in- 
creases the strength of the sound wave. 

Another instrument exhibited by Messrs. Hughes 
was the Huson superstellar sextant, which is fitted 
with the bubble horizon of Admiral Coutinho. The 
degrees are read on the arc as usual, and divisions 
of 10 seconds are read on a micrometer fitted to 
a tangent screw. The bubble horizon is fixed hori- 
zontally, parallel to the limb, and is illuminated 
from below ; the light passes through a clear space 
in the silvered horizon mirror to the eye, which is 
correctly located by the aid of a blank telescope. 

The chief novelty shown by Messrs. E. R. Watts 
and Son, Limited, 104, Victoria-street, S.W.1, was 
the Watts-Szepessy direct-reading tachometer. It is 
a standard theodolite combined with a device for 
direct observation of horizontal and vertical dis- 
tances, dispensing with tables and slide rules, yet 
with an accuracy in field and astronomical work at 
least equal to that obtainable by the use of stadia 
lines. The instrument is free from moving parts and 
delicate mechanisms liable to wear and distortion. 
The tangent scale, which forms the tacheometric 
base, is reflected into the field of view of the telescope. 
The scale is graduated on a glass plate attached to 
the circle guard of a standard tacheometer and is 
protected by a glass cover. When the telescope is 
elevated or depressed, the equivalent tangent scale 
divisions are indicated by fine lines, which are used 
directly as stadia lines. 





TRANSANDINE Rattway.—The first electrically 
Operated section of the Transandine Railway, from 
Rio Blanco in Chile to Las Cuevas, on Argentine territory, 
was officially opened at the end of November. This 
innovation will not only speed up the service, but the 
absence of smoke will render the journey through the 
tunnel less unpleasant. 
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ENGINEERS ; NORTH - WESTERN 


BRANCH. 


Tue annual meeting of the North-Western Branch 
of the Institution of Mechanical Engineers was held at 
the Engineers’ Club, Albert-square, Manchester, on 
Thursday, January 19, the chair being occupied by 
Mr. H. F. Massey. After the preliminary business, 
Mr. Massey introduced the newly-elected chairman, 
Professor W. H. Watkinson, and vacated the chair in 
his favour. In introducing Professor Watkinson, Mr. 
Massey said it was the first time anyone from the 
neighbouring city of Liverpool had been elected to that 
position, but the branch was the North-Western one, 
and covered a large area. 


Test ReEsutts or A THREE-CYLINDER COMPOUND 
LOcoMOTIVE. 


Mr. Lawford H. Fry then read in abstract, his paper 
entitled ‘‘ Some Experimental Results from a Three- 
Cylinder Compound Locomotive.’’ This paper was 
read at the Institution in London on December 16, 
1927, and was printed in abridged form on pages 823 
and 855 of our last volume, the discussion which 
followed its presentation being reported on page 816. 

At the conclusion of Mr. Fry’s abstract the Chairman, 
in conveying the thanks of the meeting to him, said 
he thought the introduction of the water-tube firebox 
was an important step in locomotive practice. Mr. 
Fry had referred to the anomalous action of the steam, 
in the increase in rate of heat transfer with increasing 
speed. The late Mr. Willans had found with his engine 
that the heat transfer was exactly opposite to this. 
Perhaps turbulence in steam flow affected the transfer. 
He would enquire if inter-heating had been tried in the 
compound engine. It seemed to him that it would be 
advantageous in locomotive work. 

The discussion was opened by Sir Henry Fowler, who 
said that no locomotive man now considered boiler 
design without a reference to Mr. Fry’s investigations. 
Why, however, did Mr. Fry assign 500 Ib. as the 
probable limit of pressure for future development ? 
He, himself, had had a run on the much higher 
pressure locomotive, already referred to, the Schmidt- 
Henschel, and had been surprised at its performance. 
Mr. Fry had also given the temperature of the 
steam a somewhat low figure, viz., 650 deg. On the 
L.M.S. system temperatures of 700 deg. were com- 
monly obtained. It might be, however, that further 
experience would call for modification of the higher 
temperatures, and the relation of the diameter to the 
length of the tubes might have to be altered. What 
were Mr. Fry’s views of a boiler having a firebox con- 
structed with a brick lining ? Again, why was the speed 
limited to 200 r.p.m.? This was quite a low speed. 
In the case of the engine making the longest non-stop 
run the speed was much higher. It would have been 
interesting if the tests had been carried out at rates of 
up to, say, 5 to 6 revolutions per second. Finally, 
would Mr. Fry say what kind of steel was used for the 
barrel and tubes of the boiler described ? 

Mr. H. N. Gresley followed, saying that in this 
country they had been greatly handicapped in their 
investigations of steam action in locomotive cylinders 
by the lack of such a testing plant as that at Altoona. 
He felt it would be a great advantage if one could be 
erected here. He would like to know why three cylin- 
ders had been chosen in this experimental compound 
engine ? This arrangement of compound had certain 
inherent disadvantages, and spacing the cranks at 
135 deg. gave a worse turning moment than that of a 
2- or 4-cylinder engine. There would be an inter- 
mittent demand on the boiler, and with its small 
steam drums it would be difficult to avoid priming. 
By having one high-pressure cylinder only there were 
also receiver disadvantages. With two high-pressure 
cylinders, there would be a more even flow of steam 
to the low-pressure cylinder. Some of the indicator 
cards he had seen for the engine showed a considerable 
variation in the receiver pressure. 

He did not think the ratio of low-pressure to high- 
pressure cylinders of 2:1 with a pressure of 350 Ib., 
was the best. This ratio had been used in England 
and France with pressures of 200 and 220 lbs. He 
believed the high-pressure German engine already 
mentioned had a ratio of 5:1. In the experimental 
engine, the ratio of the high-pressure and low-pressure 
cut-offs had been a fixed one. This, he thought, was 
a pity. It would have been an advantage if the high- 
pressure cylinder had been fitted with independent 
linking-up gear to permit of different points of cut-off 
being tried. The low-pressure cut-off really controlled 
the receiver pressure, which was higher with an earlier 
low-pressure cut-off. It was also affected by the 
cylinder ratio, for, if the high-pressure cylinder was 
small, the steam would have to be cut off late in order to 
equalise the work between the high-pressure and low- 
pressure cylinders. 








With regard to the low superheat figures of 600 deg. 


to 650 deg., he thought this was due to the boilers of the 
American locomotives being so large. A shorter boiler 
gave a better result. With the Pacific type of engine 
on the L.N.E.R., what might be thought a large super- 
heater did not give as good results as those in shorter 
boilers having barrels 10 ft. long. He had had engines 
running since before the war at 800 deg. F., which had 
given no trouble even with balanced valves. In American 
practice every boiler tube contained a superheater tube. 
He thought a large proportion of superheating area 
was an advantage, and he had increased the number 
of superheater elements in his latest engines from 
32 to 43, which was about double the number originally 
thought necessary. He had got with these a superheat 
of over 600 deg. and up to 650 deg., but nothing like 
the 750 deg. he had hoped for. 

Everything in locomotive performance depended on 
the boiler. He did not see why a water-tube firebox 
with an ordinary barrel was held to be best, but it was 
quite possible that a complete water-tube boiler would 
not have sufficient water volume and would therefore 
lack the necessary reserve. With a minimum diameter 
of 18 in. for the drums, it might be possible to design 
a water-tube boiler which would contain as much water 
as one of the normal type. Such a boiler would have a 
much greater proportion of its surface subjected to 
radiant heat and very little to convection. It would 
therefore be more suitable for oil or pulverised fuel. 

Mr. Chambers pointed out that Mr. Gresley had said 
the chimney draught would not be as effective with 
this 3-cylinder compound engine as with a 2-cylinder 
locomotive, but would there not be four beats per revo- 
lution ? Sir Henry Fowler had given, at the previous 
Institution meeting at London, some figures relating to 
the engine, Royal Scot. These were 2-66 lb. of coal and 
22-3 lb. of water per draw-bar h.p.-hour. Mr. Diamond, 
in a recent paper, had discussed the question of the ratio 
between draw-bar horse-power, and indicated horse- 
power, which was about 1: 1-3, he believed. Taking this 
proportion, the figures for the Royal Scot, which had 
been obtained without tuning up, came out at about 
2 lb. of coal and 17 lb. of water per indicated horse- 
power hour. The corresponding figures for the high 
pressure 3-cylinder compound engine were 2-66 Ib., 
and from 14-2 to 16-3 lb. He would like to know why 
Mr. Fry had adopted the so-called locomotive cycle. 

Mr. G. N. Shaweross agreed with Mr. Gresley as 

to the desirability of a locomotive testing plant in 
this country. On the question of the point of cut-off, 
he would like to know what was the reason for 
the late cut-off in the high pressure cylinder, and the 
meagre allowance to the low pressure one. He thought 
the receiver capacity fairly big, but it did not seem to be 
fully used. If the cut-off had been reversed, say with 
40 per cent. on the high pressure cylinder, would not 
conditions have been better ? As regards the cylinder 
efficiency of 82 per cent., how was that brought about ? 
Perhaps the fact that the locomotive was a goods engine 
running at 25 m.p.h. and not a passenger engine, had 
some influence. It was essential for port areas to be 
large. In English practice these were about ;',th of the 
cylinder volume. Was the English practice of piston 
valves of one-half the cylinder diameter followed ? 
Should not the receiver volume have been larger, and 
the low pressure cut off later ? He could appreciate the 
value of a cylinder 32 in. long, when a receiver pressure 
of 182 lb. absolute had to be brought down to a satis- 
factory low exhaust pressure. 
Mr. J. W. Smith remembered that the late Mr. 
Drummond had once set 160 Ib. pressure as the limit 
for locomotive boilers. Now it had got up to 500 lb. 
What was the clearance capacity in the high pressure 
cylinder? This had given rise to one of the troubles in 
the first three-cylinder compound of this type. The 
small clearance first adopted had limited the speed, but 
an increase of the clearance capacity had enabled any 
desired speed to be obtained. As to separate valve 
motions for the different cylinders, he would say that 
the first five three-cylinder compound engines on the 
Midland Railway had been fitted with such gear. In 
the hands of a driver who understood what was 
required, better results had been obtained than with 
the ordinary type of gear, but with the majority of 
the men this was not the case. The best fixed ratio 
was therefore determined, and the gears altered so that 
the motion for all the cylinders was controlled by one 
handle. He thought perhaps the high-pressure cut-off 
in this éngine was made late so as to get sufficient 
steam for the low-pressure cylinders. He agreed with 
previous speakers that it would be a great advantage 
to have a testing plant. 

Mr. Sanford submitted that if high-pressures were 
wanted, a water-tube fire-box was essential. Mr. Fry 
had published, in The Engineer, some figures of 
combustion rates which indicated a high value for the 
barrel tubes. Why should not designers provide a 
combustion chamber pure and simple, lined only with 
fire-brick, and trust to the ordinary tubes? 

Mr. E. M. Gass said Mr. Fry was an advocate of 
large engines. Tests of two locomotives of effective 





tractive efforts of 20,090 lb. and 28,000 lb., respectively , 
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demonstrated that the larger was 17 per cent. more 
economical than the smaller, when run with a load of 600 
tons and hauling a goods train. The load had been 
gradually reduced, and the economy had decreased till, 
at 300 tons, the coal consumptions were equal. With 
regard to the cut-off being so late in the high-pressure 
cylinder of engine No. 60,000, the reason might lie in 
the desire to avoid high compression. With cut-offs 
earlier than 35 per cent., this was always too high. 
French compound locomotives had a_ high-pressure 
cylinder clearance of 18 per cent., and the cylinder 
ratios were 1: 2-143. At first French engines had a 
very small receiver volume. Increase of receiver 
volume was found to give increased efficiency. This 
volume should not be less than four times the displace- 
ment of the H.P. cylinder. 

The French compound engines had the following 
cut-offs under different circumstances. H.P., 20 per 
cent., L.P., 28 per cent.; H.P., 40 per cent., L.P., 
52 per cent.; H.P., 60 per cent., L.P., 73 per cent. 
He thought real economy arose from the use of an 
early cut-off in the H.P. cylinder. As to the super- 
heating arrangement in the high-pressure continental 
experimental engine referred to, he did not see the 
necessity for reheating before passing the steam to 
the L.P. cylinder. He had never been able to get 
indicator diagrams like those shown in Mr. Fry’s paper, 
and had known of an instance with saturated steam at 
180 Ib. initial pressure, where the compression had 
risen to 250 lb. In this case, the cut-off was 30 per 
cent., and there were not large clearances. What were 
Mr. Fry’s views as to the reduction of compression ? 

Mr. Fry, replying to the discussion, said that the 
indicator cards in his diagrams had been altered in 
appearance by plotting them for his modified Rankine 
cycle, the locomotive cycle. He did not know of any 
actual cases of reheating the steam before passing it to 
the L.P. cylinder, and there were serious objections to 
this from the point of view of design. The German high- 
pressure engine might be regarded as an exception, 
though it was hardly an example of reheating as 
generally understood. 

Sir Henry Fowler here stated that one of the difficul- 
ties encountered with reheating arose from carrying over 
lubricating oil from the H.P. cylinder into the super- 
heater, and for that reason the practice had been 
abandoned. 

Mr. Fry, resuming, referring to the suggested limit 
of 500 Ib., said that when he made the statement he 
did not know so much about the German locomotive 
as he had since learnt, but it must be borne in mind 
that as pressures rose above 500 lb., the possible in- 
crease in efficiency was not so rapid as the increase of 
the difficulties. He had been largely influenced by 
Mr. Guy’s paper read before the Institution of Mech- 
anical Engineers at Manchester,* in which the limit 
suggested was 600 Ib. He might also have to revise 
his ideas on the question of superheat and set the limit 
higher there. As a matter of fact, he had lately been 
told by an engineer on one of the American railroads 
that they were regularly attaining superheat of 750 
degrees to 800 degrees. In some cases, the smoke- 
box gases were coming out of the tubes at a lower 
temperature than the steam in the steam pipe, which 
indicated possibly that the superheater tubes in new 
designs would have to be carried nearer the fire. 

The reason for not having carried out experiments 
at Altoona with a higher rate of revolutions than 200 per 
minute was that the dynamometers on the plant would 
not absorb more horse-power than was generated at 
this speed. The steel used was the regular boiler steel 
for both boiler and tubes, and low carbon steel for the 
flues. The plates were 1,$,-in., 1 in. and 1} in. thick. 
This thickness had a subsidiary advantage in permitting 
stud holes to be drilied to an adequate depth without 
completely penetrating the plates. He was in thorough 
agreement with those speakers who had advocated a 
locomotive testing plant. The Pennsylvania Railroad 
had used its plant to establish ratings for its different 
locomotives. The test plant results had been checked 
by dynamometer car, and it was now possible to rate 
safely locomotives from test records. 

There was one strong reason why they had adopted 
three cylinders and not fo ir in No. 60,000. The engine 
as thus built was a good mechanical job. Two cranks 
were impossible between the frames, for, as the crank 
pins were 11] in. in diameter, crank webs of corresponding 
strength could not be built up in the space. He would 
have liked independent valve gears, but after considera- 
tion it was decided that a single control could be 
arranged to give satisfactory results at one setting. 
The question of the cylinder ratios was really one of a 
compromise with the mechanical advantages, and the 
work was very well equalised at all working speeds 
and cut-offs. As to the type of boiler, the fire tube 
barrel had great advantages. 

This use of the locomotive cycle as a basis of reference 
had come in for a good deal of criticism. Both Mr. 
Diamond and Prof. Lea, had objected to the locomo- 








* See ENGINEERING, vol. exxiii, page 643. 
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tive cycle, but he thought that they had done so with- 
out fully understanding his reasons for proposing it. 
He, personally, had found authorities interpreting the 
Rankine cycle in different ways, and this being the 
case he did not attach a fundamental importance to it. 
He thought that practical considerations would show 
the locomotive cycle was acceptable. 

In locomotive practice, for mechanical reasons 
chiefly, the designer had to content himself with a 
comparatively low ratio of expansion. Expanding 
adiabatically down to the feed-water temperature 
required a condenser and cylinders large enough to 
give over 400 expansions. Even to carry adiabatic 
expansion to the exhaust back-pressure would need 
over 13 expansions, involving cylinders over four times 
the volume of those actually used, and the steam would 
be abnormally wet. Practical considerations thus led 
to the adoption of a mechanically feasible ratio 
of expansion. The steam was expanded to that 
ratio, then released to, and exhausted at, the back 
pressure. 

The proposed locomotive cycle showed the maximum 
amount of work it was theoretically possible to take 
from the steam under the given conditions of admission, 
expansion and exhaust. Consequently, comparison of 
the actual indicator cards with the locomotive cycle 
was a reasonable measure of the designer’s success in 
approaching his ideal. To compare the actual cards 
with the Rankine cycle, whether this was taken to the 
exhaust pressure or to the feed-water temperature, 
was to compare actual performance with an ideal 
standard it was not possible, or even desirable, to attain. 
The Rankine cycle based on the feed-water temperature 
was of interest, but for practical study, with a view to 
determining possible improvements in cylinder design 
or operation, he thought it was less useful than the 
locomotive cycle. 

The matter of cut-offs, was, again, a matter of com- 
promise. The piston valves were 14 in. in diameter. 
He thought that a furnace composed wholly of firebrick 
and without tubes would be difficult to carry on a 
locomotive. Designers of stationary boilers were rapidly 
accepting the necessity of putting tubes in their fireboxes 
and increasing the surface of them by fins and other 
expedients. As to surface exposed to radiant heat, it 
was not a question of taking up most of the heat in the 
firebox ; the surplus could always be taken up in the 
tubes, as these tests showed. No. 60,000 had a large 
surface exposed to radiation, but did not give better 
results than a normally designed boiler. 

Tn closing the meeting, the Chairman said it must not 
be forgotten that, after all, there was only one Rankine 
cycle, however differently views upon it might be 
expressed. He had heard many speakers advocating 
a locomotive testing plant and it was rather strange 
that the railway companies did not instal one. 





Contracts.—The Derwent Valley Water Board has 
awarded, to the South Durham Steel and Iron Company, 
Limited, West Hartlepool, through their pipe-selling 
agents, Messrs. Cochrane and Company, Limited, Ormesby 
Iron Works, Middlesbrough, a contract for the supply 
of over 7,000 tons of 47-in. diameter mild steel pipes. 
The pipes will be protected against corrosion by means 
of a bituminous lining. applied centrifugally, under the 
Talbot patent lining processes.—Messrs. J. W. Brooke 
and Company, Limited, Adrian Works, Lowestoft, 
have secured a contract from Messrs. Marconi’s Wireless 
Telegraph Company, Limited, for petrol-motor, direct- 
current generating sets, giving 25 amps at 100-160 volts, 
the prime mover being the 10-h.p., four-cylinder Empire 
motor. Other orders completed recently include 2-5-k.w. 
petrol-electric sets for Holland, 1-k.w. and 2-k.w. sets 
for East Africa and Sierra Leone, and a series of stationary 
pumping sets for the Kaduna district, West Africa.— 
Messrs. Hadfields, Limited, Sheffield, have recently 
booked another order for one of their large cast-steel 
framed stonebreakers for New Zealand. Fitted with 
Era manganese-steel jaws, cheekplates, &c., the weight 
of the machine is 46 tons, and its capacity is from 100 
to 120 tons per hour.—aAn order, originally specifying 
382 traction motors, placed by the London Electric 
Railways with Messrs. The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
has now been increased to 920 traction motors, each 
of 240 h.p. capacity. The order also includes automatic 
acceleration control equipment for 63 motor coaches 
and 107 trailer’ cars.—Messrs. The General Electric 
Company have also received a contract from the Director 
of Navy Contracts, for the supply of over a quarter of a 
million Osram vacuum and gas-filled electric lamps.—- 
Messrs. John I. Thornycroft and Company, Limited, 
Thornycroft House, Smith-square, London, 8.W.1, have 
secured an order from the Great Western Railway Com- 
pany for 42 four-ton motor chassis, seventy-two 30-cwt. 
motor chassis, and three A 6-type chassis.—Messrs. The 
British Electrical Engineering Company, Limited, 
Falcon Works, Loughborough, have received an order, 
from the County Borough of Hastings, for a 6,250-k.w. 
Brush-Ljungstrém turbo-generating set, with condensing 
plant, &c. This is the fourth Brush-Ljungstrém 
set to be ordered by this authority..—Messrs. Joseph Kaye 
and Sons, Limited, Lock Works, Leeds, have secured 
contracts for a year’s supply of their railway-carriage 
door locks and handles from all sections of both the 
L.M. & S. and L. & N.E. Railway Companies, 
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Giascow, Wednesday. 

Scottish Steel Trade.—A quiet tone rules in the Scottish 
steel trade at present, but there is nevertheless, a fair 
amount of confidence all round, aud producers are hope- 
ful of increased buying in the near future. Consumers 
on the other hand, are not inclined to commit them- 
selves forward, and are mainly purchasing for their more 
immediate requirements. With this state of affairs pre- 
vailing it makes the producers’ position a trifle difficult. 
The general inquiry is only fair and lots of large tonnage 
are not very numerous. One or two establishments have 
quite a good amount of work booked, but some others 
cannot see any distance ahead. In the black sheet trade, 
conditions have varied little. For the heavy gauges the 
demand is still poor, and the lighter and galvanised sorts 
are also not in any great request. Prices in the market 
are as follows :—Boiler plates, 10/. 10s. per ton; ship 
plates, 87. 2s. 6d. per ton; sections, 7/. 12s. 6d. per ton ; 
and sheets, } in., 8/. 12s, 6d. per ton, all delivered Glasgow 
stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there is very little life in evidence. 
Consumers are not ordering very much tonnage and a 
hand-to-mouth state is all too general. In the steel re- 
rolled bar departments there is some dullness, but there 
are possibilities of a better demand coming shortly if 
rumour is true. Prices current are as follow :—‘“* Crown ”’ 
bars, 101. 5s. per ton, and re-rolled steel bars, 7/. 15s. per 
ton, both for home delivery. Export quotations are 5s. 
and 15s. per ton less, respectively. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron trade 
movement is very limited. Buyers of foundry iron and 
hematite are few, and producers can easily overtake the 
current demand, despite the present smaller output. 
To-day’s market prices are :—-Hematite, 74s. per ton, 
delivered at the steel works ; foundry iron, No. 1, 75s. 
per ton, and No. 3, 70s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, January 21, was only 498 tons. Of that 
total, 410 tons went overseas and 88 tons coastwise. 
For the corresponding week of last year the figures were 
687 tons overseas and 104 tons coastwise, making a total 
shipment of 791 tons. 


Shipbuilding.—Messrs. William Denny and Brothers, 
Limited, Dumbarton, have received an order from the 
Southern Railway Company for a motor ferry. This is 
a repeat order of the motor ferry Fishbourne, which 
Messrs. Denny built last year for the Portsmouth and 
the Isle of Wight service of this railway company. 
The Fishbourne is a twin-screw vessel of 136 tons gross 
with Gardner engines of 240 h.p. and two propellers at 
each end. Another contract reported is that secured 
by Messrs. Alexander Hall and Company, Limited, Aber- 
deen, for a steam tug, 112 ft. in length, 27 ft. in moulded 
breadth and 12 ft. 6 in. in depth. They have also 
received an order for a barge, 190 ft. in length, for the 
Tilbury Contracting and Dredging Company, London. 
This makes the fifth barge of a similar design built by 
Messrs. Hall for the same firm. 

Steel-Rolling Record.—What is claimed to be a world’s 
record in the rolling of steel plates has just been set up 
at the Clydebridge steel works, Cambuslang, of Messrs. 
David Colville and Sons, Limited. During the week 
ending 1 o’clock p.m., Saturday last, January 21, the 
firm’s large plate mill produced materials of a slab 
weight of 6,532 tons and of a finished weight of 5,200 tons 
—the latter figure being a record for the rolling of finished 
plates within one week. 








THE CZECHOSLOVAKIAN IRON AND STEEL TRADES.— 
According to the Comité des Forges de France, the coal 
and brown coal mined in Czechoslovakia in 1926 
amounted. respectively, to 14,572,526 tons, and 19,064,893 
tons. The coal exports were 2,884,451 tons, and the 
brown coal exports 3,049,727 tons only. The ironstone 
output shows a total of 1,420,522 tons. The exports of 
ironstone from Czechoslovakia amounted to 169,712 
tons. The pig-iron production during 1926 reached a 
total of 1,087,984 tons, showing a decrease of 7 per cent. 
compared with the total for the preceding year. The 
steel production, in the absence of official data, is esti- 
mated at 1,575,000 tons. The trade figures show that 
the country exported foundry pig and spiegel, and 
imported forge pig and ferro-alloys. In regard to rolled 
and forged iron and steel material, over 30 per cent. 
(422,316 tons) of the total production (1,239,000 tons) 
was exported in the shape of merchant bars, plates and 
sheets, wire and tubes. 





Tue Iron aNp Coat TrapEs REviEw.—A special 
issue to celebrate the diamond jubilee of The Iron and 
Coal Trades Review has just been published. It takes 
the form of a compendium of information relative to the 
progress, during the past 60 years, of the great industries 
with which the journal deals. The subject is divided 
into four main sections, respectively dealing with the 
British coal and iron and steel industries, and the coal 
and iron and steel industries of leading foreign countries. 
The issue contains some 75 articles, each of which is 
from the pen of an authority on the subject. Included 
in the list of authors will be found Professor H. Louis, 
Dr. C. H. Lander, Sir W. J. Larke, Sir Hugh Bell, 5ir 
Frederick Mills, Sir Robert Hadfield and Mr. J. W. Hall. 
A portrait and brief biographical sketch of the author 
appears at the head of each article. The issue contams 
well over 200 pages, and is profusely illustrated ; it 5 
obtainable from the offices of the Review, 49, Wellington- 
street, London, W.C.2, price 21s, net, 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—While there is a disposition on the part 
of the comparatively few steelmaking and engineering 
firms, who are favourably placed as regards forward 
business, to augment stafis and enlarge output, general 
progress is slow. A considerable amount of plant is 
either wholly idle or is operating only part time. Accord- 
ing to some of the most prominent industrial organisers, 
there is little likelihood of engaging this surplus produc- 
tive capacity for some time to come. The works that 
are busy, and that have been more or less fully occupied 
for a considerable period, are mostly those belonging 
to medium-sized businesses which have concentrated 
on specialised products. Viewed as a whole, the market 
for raw and semi-finished materials is flat. Forward 
buying of pig iron, steel billets, and ferro-alloys is at a 
minimum, and prices generally are weak. Steelmaking 
hematites are in fair demand, mainly at the rates which 
prevailed before Christmas. Ship steel is a shade 
busier, and the building trades are less moribund than 
was the case a fortnight ago. Those local firms which 
anticipated benefit from the first batch of British railway 
orders have been disappointed. None of the contracts 
for a variety of steel and engineering products have been 
placed in the Sheffield district, though some of the 
recipients will probably call upon Sheffield for the 
necessary steel supplies. There is no improvement in 
bar iron or wire rod manufacture. Rolling mills are 
operating alternate weeks on hand-to-mouth orders. 
Conditions in tool manufacture are mixed. There is 
some improvement in inquiries for machine tools from 
Lancashire. Mechanics’ and engineers’ tools are mode- 
rately active lines. A better demand than that of 
last year is anticipated for farm and garden tools, 
though producers have to face the disability of the 
existence of considerable stocks among the principal 
distributors. 

South Yorkshire Coal Trade.—Speculation respecting 
the effect of the Three Counties Scheme is responsible 
for a certain amount of increased buying among industrial 
users. Supplies are, however, fully adequate for inland 
requirements. It is very difficult to gauge the trend of 
export business. Both nuts and smalls are the subject 
of increased attention, but there appears to be no improve- 
ment in either furnace or foundry coke. House-coal 
purchases are well below the seasonal average. Quota- 
tions: Best handpicked branch, 27s. 6d. to 29s. 6d. ; 
Derbyshire best brights, 20s. 6d. to 21s. 6d.; Best 
house, 19s. to 20s. 6d. ; screened house, 16s. to 17s. 6d. ; 
screened nuts, 15s. to 16s.; Yorkshire hards, 14s. 6d. 
to 15s. 6d.; Derbyshire hards, 14s. to 15s. 6d.; rough 
slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s. ; 
smalls, 3s. to 4s. 6d. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—As anticipated, the demand 
for Cleveland pig iron has expanded considerably, and 
with prospects of slight early increase in prices, buyers 
are keen to arrange for forward supplies. Some of the 
contracts that have just been made are for delivery over 
the first half of the year, and many of them are for 
supplies to the end of March. Most of the production 
continues to go into consumption at local foundries and 
steelworks, but home customers in other areas are 
buying a good deal more freely, and business with Scotland 
is now on quite a heavy scale. Overseas sales are as yet 
few and small, but inquiries from abroad are increasing, 
and early expansion of export trade is confidently 
expected. Reductions in the river charges on the Conti- 
nent are said to be promised, and when the concessions 
are made, orders are likely to be released. Makers’ 
fixed quotations stand: No. 1 quality, 67s. 6d.; No. 3, 
~~. 65s.; No. 4, foundry, 64s.; and No. 4, forge, 

3. 6d. 


Hematite-—Buyers of East Coast hematite are taking 
more interest in the market, and values are inclined to 
stiffen, but quotations are well below cost of production. 
Makers are, however, booking orders on unprofitable 
terms in order to keep furnaces in blast. Both home 
and Continental demand show some improvement. 
Sales are almost entirely of iron to specified analysis. 

he basis of quotations is mixed numbers at 70s. 


; Foreign Ore.—There is continued absence of business 
in foreign ore, but sellers are not disposed to lower prices. 
The strike of ore miners in Sweden does not need to be of 
long duration seriously to hamper consumers here. 


Blast-Furnace Coke.—At last, makers of Durham 
blast-furnace coke are taking a rather firmer stand, 
but they are still selling at unprofitable figures. They 
ask, and state they have realised, up to 17s. 9d. for good 
average qualities delivered here, but local users declare 
they can place orders at 17s. 6d. 


_ Manufactured Iron and Steel—The total make of 
finished iron and steel is heavy. Sales of several descrip- 
tions of material are less difficult to put through than 
they have been, and several firms have quite good 
order books. Quotations are steady. Common iron 
bars are 101, 58.; best bars, 10/. 15s.; best best bars, 
111, 58.; packing (parallel), 8/. ; packing (tapered), 11J. ; 
steel billets (soft), 71. 2s. 6d.; steel billets (medium), 
il, 128. 6d.; steel billets (hard), 87. 2s. 6d.; steel ship 
Plates, 81. 28. 6d.; steel billets, 112. 10s. ; steel angles 
1. 128. 6d.; steel joists, 7]. 12s. 6d.; heavy sections of 
steel rails, 81. 10s.; and galvanised corrugated sheets 
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NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—Conditions in the coal trade have 
shown little alteration. Difficulties continue to be 
experienced by the non-arrival of expected shipping, 
owing to the bad weather, with the result that collieries 
have been compelled in some cases to find fresh outlets 
for coal previously sold. Demand for large coal has 
been on quiet lines, and though most undertakings were 
in need of fresh orders for large, concessions in price have 
been available only for spot shipment, which few pros- 
pective buyers have been able to guarantee. Best 
Admiralty large ruled from 19s. to 19s. 3d., with other 
classes at relative figures. Small and sized coals, 
however, were scarce, the output being limited by inter- 
mittent working at the pits. At the same time the 
demand was relatively good, and salesmen have experi- 
enced no difficulty in upholding values on the basis of 
12s, 9d. to 13s. for best bunker smalls and 19s. to 22s, 6d. 
for dry nuts. Shipments of coal in the past week 
amounted to 428,530 tons, which was slightly less than 
in the preceding six days. At Cardiff, clearances were 
raised from 270,540 tons to 291,520 tons, at Swansea, 
from 35,470 tons to 42,630 tons, and at Llanelly, from 
3,880 tons to 6,160 tons, but diminished at Newport from 
90,230 tons to 62,860 tons, and at Port Talbot from 29,790 
tons to 25,360 tons. Shipments to Argentina were 
raised from 42,620 tons to 55,100 tons, to Brazil from 
24,000 tons to 48,850 tons, to France from 116,910 tons 
to 117,210 tons, and to Spain from 26,100 tons to 31,890 
tons, but reduced to Egypt from 29,850 tons to 7,500 tons. 
For some considerable time past the question of standard- 
ising sized coals has been under consideration by the 
South Wales coalowners, coal exporters, and French 
importers. The coalowners have now been recommended 
by their association to standardise sizes from April 2 
next, and to discard the names of cobbles, nuts, beans, 
peas and grains, and to substitute Nos. 1, 2, 3, 4 and 5 
sized coal respectively, and to sell duff coal as washed or 
unwashed duff. 

Timber for the Pits.-For years past it has been 
customary for the railway company to transfer empty 
colliery wagons to Cardiff, from Barry, to load pitwood 
for the colliery, free of charge. The railway has now 
decided to make a charge for this service, which would 
add 113d. per ton to the cost of the pitwood carried in 
transferred wagons. It is felt by pitwood importers 
and coal owners that such a charge will create a new 
burden on the coal industry, and in some cases, a hardship, 
as sometimes a colliery loading a ship at Barry with coal 
will require to take pitwood from a vessel discharging 
at Cardiff, and vice versa. The matter is being con- 
sidered by the pitwood importers and the coal owners. 

Ship Repair Contract Lost.—The contract to repair ice 
damage sustained by the Cardiff steamer Euterpe has 
been secured by the Humber Graving Dock and Engi- 
neering Company, Limited, Immingham, at a price which 
is understood to be about half the lowest figure tendered 
by South Wales. The work will take about three weeks 
to a month. The vessel left Cardiff to-day, where she 
was examined, en route for Immingham. 








Output oF MarINE MACHINERY FOR THE YEAR 
1927.—Messrs. The North Eastern Marine Engineering 
Company, Limited, Wallsend-on-Tyne, were the builders 
of the engines of 15 vessels, having an aggregate i.h.p. 
of 42,125.—The propelling machinery of seven vessels 
was constructed at the St. Peter’s Works, Newcastle- 
on-Tyne, of Messrs. R. & W. Hawthorn, Leslie and Com- 
pany, Limited; the total output represented 21,200 
i.h.p.—The i.h.p. of the engines constructed by Messrs. 
Palmer’s Shipbuilding and Iron Company, Limited, 
Jarrow and Hebburn, totalled 13,570.—Messrs. Harland 
and Wolff constructed the engines of 32 vessels at their 
Belfast and Glasgow works. The total i.h.p. was 
80,575; the largest set had an i.h.p. of 13,000, and 
was for the S.S. Laurentic_—Messrs. John Readhead 
and Sons, Limited, South Shields, supplied the engines 
for five out of the six ships constructed in their 
shipyard. The total i.h.p. was 9,799.—The steamers, 
engined by Messrs. Blair and Company (1926), Limited, 
Stockton-on-Tees, numbered six, and, taken together, 
the i.h.p. was 12,070. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1 
particulars of tenders invited by various bodies in the 
British possessions and in foreign’ countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case. The South African Railways and Harbours 
Board is calling for tenders for the supply of 30, class H 2, 
locomotive boilers. Tenders must reach Johannesburg 
not later than noon on February 23, 1928. (Ref. No. 
A.X. 5818.)—The Melbourne arbour Trust Commis- 
sioners are inviting tenders for the supply, delivery, and 
erection of two 3-ton semi-portal electric cargo cranes, 
or, alternatively, two 5-ton semi-portal electric cargo 
cranes. Tenders must reach Melbourne before 11 a.m. 
on April 17, 1928. (Ref. No. A.X. 5827).—The Stores 
Department of the Town Council of Johannesburg is 
inviting tenders for the supply and delivery of a portable 
petrol-driven compressor plant for rock drilling, having 
a piston displacement of 160 cub. ft. per minute. 
Tenders should reach Johannesburg not later than noon 
on March 1, 1928. (Ref. No. A.X. 5828.)—The Board 
of the Port and Railways of Lourenco Marques, Portu- 
guese East Africa, is calling for tenders for two sets 
of motor pumps for the water supply of Ressano Garcia. 
Tenders will be received until 3 p.m. on March 26, 1928. 


- 





No. 24 gauge, in bundles), 132. 





(Ref. No, A.X. 5831.) 


NOTICES OF MEETINGS. 





Socrety or CHEMICAL INDUSTRY: CHEMICAL ENGI- 
NEERING GrovuPp.—To-night, 6.45 p.m., Society of Dyers 
and Colourists, Dyers’ Hall, Dowgate Hill, E.C.4. Discus- 
sion of “Dry Cleaning and Finishing Machinery,” hy 
Mr. A. I. Hatfield. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s Gate, S.W.1. Informal Meeting 
** Applications of Electro-Chemical Deposits of Metals 
to Engineering Purposes.”” Introduced by Mr. C. H. 
Faris. North-Western Branch : Thursday, February 2, 
7.15 p.m., Engineers’ Club, Albert-square, Manchester. 
Fifth Report of the Steam-Nozzles Research Committee. 
Glasgow and West of Scotland Branch: Thursday, 
February 2, 7.30 p.m., Royal Technical College, Glasgow. 
Thomas Lowe Gray Lecture : ‘‘ The Marine Oil Engine,” 
by Prof. C. J. Hawkes. Midland Graduates’ Section : 
Friday, February 3, 7.30 p.m., Chamber of Commerce, 
New-street. Birmingham. ‘“‘ Railway Carriages of Steel 
Construction,” by Mr. J. G. K. Hitchens. 


JUNIOR INSTITUTION OF ENGINEERS.—To-night, 
7.30 p.m., 39, Victoria-street, S.W.1. ‘‘ Powdered Fuel 
for Boiler Firing,” by Mr. R. H. Allen. Friday, Feb- 
ruary 3, 7.30 p.m. ‘‘ Automatic Sub-Stations,” by 
Mr. D. Kingsbury. 


INSTITUTION OF PRopuUCTION ENGINEERS.—To-night, 
7.45 p.m., Society of Motor Manufacturers and Traders, 
Limited, 83, Pall Mall, S.W.1. Annual General Meeting 
Presidential Address by Sir Alfred Herbert. 


INsTITUTE OF BritisH FoUNDRYMEN.—Newcastle and 
District Branch: Saturday, January 28, 6.15 p.m., 
Neville Hall, Newcastle-on-Tyne. ‘‘ Ramming Moulds 
by Sandslinger,” by Mr. D. Sharpe. London Branch : 
Thursday, February 2, 8 p.m., Engineers’ Club, Coventry- 
street, W.1. ‘‘A Vanished Industry,” by Mr. J. H. 
Every. 


RoyaL Society or Arrs.—Monday, January 80, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture : 
“'The Scientific Foundation of the Refining of Petroleum’’ 
(Lecture III), by Dr. A. E. Dunstan. Tuesday, January 
31, 4.30 p.m. ‘“‘ Migration in the Empire,” by the 
Rt. Hon. Lord Lovat. Wednesday, February 1, 8 p.m. 
“Some Modern Aspects of the Cultivation of Para 
Rubber,” by Mr. C. A. Wright. 


SHEFFIELD METALLURGICAL AssocrATIoN.-—Tuesday, 
January 31, 7.30 p.m., 198, West-street, Sheffield. 
“The Ageing of Magnetic Steel,’’ by Mr. J. E. Gould. 


LIVERPOOL ENGINEERING Society.—-Wednesday, 
February 1, 6 p.m., 9, The Temple, Dale-street, Liver- 
pool. ‘Notes from a Ship Surveyor’s Diary,” by 
Mr. F. F. Perris. 


Royat Instirution,—Thursday, February 2, 5.15 p.m., 
Albemarle-street, W.1. ‘‘ From Faraday’s Note-Books ”’ 
(Lecture I), by Sir W. Bragg. Friday, February 3, 
9 p.m. ‘ Photosynthesis,” by Prof. E. C. C. Baly. 


Institution oF ELectricAL ENGINEERS.—Thursday, 
February 2,6 p.m. Ordinary Meeting. ‘‘Some Practical 
Considerations in the Design of Automatic Equipments 
for Heavy Traction Substations,’’ by Mr. H. B. Poynder. 
Wireless Section: Wednesday, February 1, 6 p.m., 
Victoria-embankment, W.C.2. ‘‘ The Design and Distri- 
bution of Wireless Broadcasting Stations for a National 
Service,”’ by Capt. P. P. Eckersley. 


Royat AgERonavuticaL Socirety.—Thursday, Feb- 
ruary 2, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2.  ‘‘ Ground Transport for an Air Organi- 
sation,”’ by Fit.-Lt. R. E. H. Allen. 


INSTITUTION OF CiIviL ENGINEERS.—Birmingham and 
District Association: Friday, February 3, 6 p.m., 
Chamber of Commerce, New-street, Birmingham. ‘* The 
Reconstruction of the Wolverhampton—Dudley Road,”’ 
by Mr. C. O. L. Gibbons. 


INstituTION oF Locomotive ENGINEERS.— Manchester 
Centre: Friday, February 3, 7 p.m., College of Tech- 
nology, Sackville-street, Manchester. ‘‘The Use and 
Collapsing Tests of Copper Flue Tubes for Locomotive 
Boilers,” by Mr. F. Tomlinson. 


RuraAL Construction AssociaTion.—Saturday, Feb- 
ruary 4, 5.50 p.m., London School of Economics, 
Houghton-street, W.C.2. “‘ Electricity in Rural Life,” 
by Mr. R. Borlase Matthews. 





PERSONAL.—Sir Westcott Abell, K.B.E., has resigned 
the office of Chief Ship Surveyor to Lloyd’s Register of 
Shipping, and is starting in private business as a consul- 
tant.—We understand that the firm of Messrs. Fairfield- 
Howden Ruths Steam Accumulators, Limited, have 
been reconstituted under the title of Messrs. Ruths 
Steam Accumulators, Limited, Africa House, Kingsway, 
London, W.C.2. The new company will pursue arid 
extend, on a large commercial scale, the construction 
and use of steam accumulators in all parts of the British 
Empire.—A new company, bearing the name of Messrs. 
Leeds, Tozzer and Company, Inc., 75, West-street, 
New York, U.S.A., has been formed, under the presidency 
of Mr. E. L. Leeds, and the vice-presidency of Mr. B. A. 
Tozzer, for the purpose of supplying special-purpose 
machine tools and machinery, and acting as sales agents. 
—The Board of Messrs. Sir W. G. Armstrong, Whitworth 
and Company, Limited, has appointed Lieut.-Col. 
W. T. C. Huffam, O.B.E., M.C., to be chief represen- 
tative of the firm and local director in India, Burma 
and Ceylon, with offices in Bombay.—Mr. J. Roger 
Preston has removed from 104, High Holborn, to 7, 
Southampton-street, Bloomsbury-square, London, W.C.1. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no ee exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC ; * ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and | 8598 GERRARD. 


~ SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 














For the United Kingdom ..................0 £3 5 0 
For Canada— 
Thin paper copies ...............:c0000 £218 6 
Thick paper Copies.................00000 £3 3 0 
For all other places abroad— 
Thin paper copies 0 
Thick paper copies 6 





Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 
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STEAM NOZZLES RESEARCH. 


tical value of the work of the Steam Nozzles 
Research Committee was the quite intelligible 
complaint made last Friday at the Institution 
of Mechanical Engineers to the effect that the 
experiments described in the fifth report were 
not made with commercial types of nozzle. As 
matters stand to-day, this is undoubtedly true, 
but it is the very work of the committee which 
has been mainly responsible for the fact. The 
forms chosen at the outset of their investigation 
were fairly representative of the then existing prac- 
tice. As Dr. Stoney pointed out, even thicker divi- 
sion plates than the thickest adopted by the commit- 
tee were then in common use on marine turbines, 
whilst in our issue of November 19, 1915, on page 528, 
we described a failure of a turbine of Continental 
make in which the division plates were only 2 mm. 
thick, which is not much in excess of the thinnest 
tried by the Committee. The few turbine designers 
of that date who thought “ hydraulically’ were 
very apt to be overruled by the shopman, who was 
mainly concerned in reducing manufacturing costs. 
His insistence was the greater because speeds 
generally ruled low as compared with present- 
day practice, and the number of individual 
blades required varies nearly inversely as the 
square of the speed. It would, perhaps, be unfair 
to saddle on the shops the whole of the respon- 
sibility for the indifferent shapes of blade then 
in commecial use, since 10 or 15 years ago many 
designers seemed to attach more importance to 
ensuring a definite and known angle of discharge then 
to reducing blade friction. In fact, when the tests 
of Mr. Pochobradsky’s blades were first published, 
objection was taken to the fact that the angle of 
discharge was less definite than it was with certain 
blades having parallel throats but a materially lower 
efficiency. In fact, the blading with which most 
of the committee’s experiments have been made 
was fairly representative of common practice at the 
outset of the research. The defective features of 
these types were rapidly disclosed, and this led to 
very important practical results. To-day un- 
chamfered partition plates will be found only in 
the cheapest and commonest class of work, but it is 
the work of the Committee which has been respon- 
sible for the change. 

When the first part of their programme was 
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whether the new programme should be devoted to 
research on the improved commercial blading then 
coming into use. No doubt much might be said 
in favour of this course, the more particularly as 
it had been found elsewhere that certain so-called 
stream line forms of blade were actually less efficient 
than some types bent up from thin parallel plates. 
On the other hand, it was pretty certain that unless 
the committee investigated the effect of higher 
discharge pressures, nobody else was likely to do so. 
It was not anticipated that raising this discharge 
pressure to 4 atm. absolute would have any material 
effect, but it was necessary to make sure, since 
almost equally confident anticipations had been 
proved erroneous in the course of the tests. In 
order that the new tests should be fairly comparable 
with the older set, it was very desirable that the sets 
of nozzles tested should be as nearly as possible 
identical. This is, we think, more than sufficient 
excuse for the delay in taking up the study of the 
improved types now in use. 

Experimental work in engineering is notoriously 
costly. Apart from his balance, the chemist 
requires for his researches but little save a few 
bits of glass and lengths of rubber tubing, whilst 
those who conduct researches in engineering have, 
of necessity, to employ heavy metal apparatus, 
taking much time to construct and to modify, and 
costly both in provision and use. Moreover, the 
engineers’ problems often require dynamic rather 
than static tests. Complications are thus intro- 
|duced from which the “ researcher” in chemistry 
| is happily free. It follows, accordingly, that a great 
ideal of time is required in such experiments as 
those conducted by the Nozzles Committee, both 
| to train the observers and to track down sources 
| of error. 

The most disconcerting observations are at times 
recorded. Thus, Mr. H. Guy has given us partic- 
ulars of a series of tests, in which extreme care was 
taken to secure perfect similarity in three sets of 
nozzles of different sizes. The test figures, however, 
proved inconsistent. The smallest set showed the 
highest friction losses, but the intermediate set 
proved superior to the largest. After weeks, or 
perhaps months, of work and worry, it was noted 
that there was a small but apparently quite trivial 
departure from similarity on the down stream face 
of the largest nozzle plate. When it was corrected, 
its efficiency rose above that of the intermediate 
set, and the whole of the results thus became con- 
sistent. The extreme range of efficiency, it should 
be noted, was small, and the difference could only 
have been detected with a very sensitive apparatus. 

An abstract of the Fifth Report of the Committee 
will be found. on page 116 of our issue of this 
week and a report of the meeting held at the 
Institution of Mechanical Engineers last Friday, on 
page 109. 

The experiments described by Mr. Hodkinson at 
this meeting were of very great interest, since they 
showed that even at speeds beyond the critical, the 
committee’s apparatus can yield satisfactory results. 
It should, however, be noted that at Rugby it 
was found that until the porous pad was fitted 
to the impulse plate, the error was in exactly the 
opposite direction from that observed in the Metro- 
politan- Vickers experiments at the higher velocities. 
As stated by Mr. Hodkinson, the impulse in this 
latter case was a little less than the reaction. At 
Rugby, until the pad was fitted, the impulse was 
always materially greater than the reaction. It 
may, perhaps, be noted that at Rugby the ratio 
of the width of the bars of the cage to the 
spacing was at least some 5 or 6 to 1, and a 
definite null result was recorded, though it is 
probable that the sensitiveness of the apparatus 
used was not as high as that employed at Trafford 
Park. Any eddies outside of the cage used by the 
committee will tend to increase the apparent 
impulse, and if, with velocities below the critical, 
higher co-efficients are obtained with a reaction 
tester, it seems certain that the reaction tests are 
in error, owing probably to the pressure in the 
discharge box being non-uniform. In the case of 
the Manchester apparatus, specific tests have shown 
that the discharge-box pressure is sensibly uniform, 
but any lack of uniformity would as a matter of 








completed, the question naturally arose as to 





fact tend to make the velocity co-efficients too high. 
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With speeds in excess of the critical, it is difficult to 
visualise the physical conditions, and it may be that 
in Mr. Guy’s tests at the higher speeds fluid was 
entering or leaving the cage in a direction not 
strictly perpendicular to the axis of the jet. If 
there be insufficient guidance this could be corrected 
by using wider slats. The objection to this is, of 
course, that the weight of the cage would be 
increased. 

It was suggested at the meeting that turbine 
designers might have something to learn from 
aeronautical engineers. As pointed out by Prandtl 
in his Wilbur Wright lecture, delivered last May, 
“drag coefficients ” can, in many cases, be greatly 
reduced by feeding in, or withdrawing, fluid at 
certain points of the object past which the fluid is 
streaming. It is, however, difficult to see the 
possibility of any similar procedure in the case 
of turbine blading, and it would seem still more 
impracticable to fit the blades with rotating noses. 
It is possible, however, that some of the methods 
employed in determining wing forms might well 
prove useful in connection with the proportioning of 
blading. As Mr. Pochobradsky pointed out, the 
mere adoption of ‘profiled’? blading will not 
necessarily lead to good results. In fact, as already 
mentioned, some “ stream line ’’ forms have proved 
inferior to much cheaper and simpler constructions. 
The general problem is, of course, much more 
difficult than the determination of a good wing form. 
On the one hand, turbine blades are much more 
sharply curved than wings, and on the other, each 
blade tends to disturb the flow round its neighbours. 
Again, in the case of a wing, there is no turbulence 
save near the wing surface. It is, to say the least, 
by no means certain that this condition is satisfied 
in the case of steam turbine blading, though it 
may, perhaps, hold good in the case of water tur- 
bines of the propeller type. Nevertheless, it is, at 
any rate, a plausible hypothesis that blading which 
as tested at very low velocities gives stream lines 
of easy curvature and free from sharp distortions 
will also prove efficient when the flow is wholly or 
partially turbulent. Experiments based on this 
hypothesis are now being made by at least one 
firm of steam turbine builders. 

It was gratifying to have the testimony of several 
speakers on the appreciation which the work of the 
Nozzles Committee has received abroad. English 
engineers are generally credited with a reluctance to 
promote scientific research, but in the investigation 
of steam nozzle problems they may fairly claim 
to have established a lead. As pointed out at 
Friday’s meeting, their work has led to a veritable 
revolution in the design of impulse turbines, and 
has made possible the recent great increase in the 
efficiency of this type of machine. Incidentally, 
it may be noted that it was another scientific 
research, also financed by the Institution of Mecha- 
nical Engineers, which formed the basis of Osborne 
Reynolds’ theory of lubrication, which led, in its 
turn, to such fundamental improvements in the 
design of bearings and thrust blocks. 





PRESENT CONDITIONS OF TRADE IN 
THE ARGENTINE REPUBLIC. 

THERE are many countries of the world in 
which the foundations of British predominance in 
trade were laid by the investment of British capital. 
The Argentine Republic affords a good example, 
but one in which the changes in the nature and the 
methods of distribution of commercial products 
have led to conditions deserving the most careful 
consideration. Naturaliy, competition has sprung 
up in what is now one of the few remaining large 
open markets, and the United States of America 
and some of the European countries are participat- 
ing. Still, it must be owned that the Argentine 
market is one of the most important to Great 
Britain, apart from those within the Empire. The 
goods purchased from us by the Argentine Republic, 
a country with a population of only 10,000,000, have 
a value so high in the international account that 
it is only exceeded by the United States and Germany. 
In recent years, out of the average importation by 
the Argentine Republic of 168,000,000/., the British 
share was about 35,000,000]. Comparison might 
be made of these figures with those for Australia, 





where though there is a smaller population, viz., 
6,000,000, and smaller total trade, there are the 
advantages of influence of language and the place 
of origin of the people. In this case, the importation 
of British goods has the value of 65,000,000/. sterling. 
The products of Great Britain are well received 
in the Argentine, as is expressed in the slogan of 
the Argentine Rural Societies :—“‘ Buy from those 
who buy from us.” There is, further, the great 
advantage, already referred to, of having so many 
hundreds of millions invested in the country, and 
also, those of possessing the best machinery for 
distribution by shipping and of banking. With 
this in the favour of the British manufacturers 
and merchants, no excuse need be offered for the 
suggestion that increased trade is possible. We 
propose to examine some of the circumstances, 
using asa basis a Report on the Commercial, Economic 
and Financial Conditions of the Argentine Republic, 
prepared by Mr. H. O. Chalkley for the Depart- 
ment of Overseas Trade, and recently published by 
His Majesty’s Stationery Office at 2s. 6d. net. 

Each year during the last decade, the Argentine 
Republic has exported more than 10,000,000 tons 
of indispensable foodstuffs and raw materials. Even 
in recent times, when there was certainly no price 
incentive to stimulate production, the conditions 
have been well maintained, and during the first 
six months of the year 1927 an average of 1,500,000 
tons was dealt with monthly. These exports are 
most varied and create a high foreign credit or 
purchasing power. Much of it might be used for 
the importation of the necessities for the improve- 
ment of the very low standard of housing and living 
of the masses of the working population. In the 
towns, there is a demand for good clothes, which 
is responsible for the importation of between thirty 
and forty million pounds worth of textiles every 
year. An extension of this demand to the country 
parts and the creation of similar standards in 
housing would do much to improve the volume 
of trade. For the construction of public works, 
roads and bridges, ports, railways and _ electric- 
power supplies, the needs of the country are very 
great. The coal dispute in 1926 caused a very 
serious setback to British trade, but determined 
efforts are now being made to re-establish and 
regain business, not only in coal, but also in manu- 
factured articles in the trade of which breaks were 
made, due to the cancellation of orders. For coal, 
the import figures for the first six months of 
1927 showed a British supply of 1,202,120 tons, 
out of a total of 1,738,188 tons, but this cannot be 
regarded as of a normal character, because coal was 
still on order from American concerns when the 
British coal stoppage was ended. In January, the 
imports of United States coal amounted to 161,312 
tons, but by June they had fallen to only 3,994 tons. 

Good business was done during the year in 
structural steel, but it was mainly of Continental 
origin. Metric dimensions are used for Belgian and 
German steel and this is favoured by some of the 
authorities. Since the coal stoppage ended, the trade 
in British galvanised steel has improved, as was to 
be expected, since the prices are on a competitive 
basis. Large steel pipes, however, are usually 
obtained from Germany, at prices much lower than 
the British tenders. A marked change has been 
effected in the galvanised-sheet trade by the estab- 
lishment of local works, of ample capacity to meet 
all the usual requirements. The galvanised corru- 
gated sheets that are now brought into the country 
only amount to about 10 per cent. of the total con- 
sumption, and four-fifths of this is supplied by British 
shippers. The black-sheet industry is in an entirely 
different position, for 95 per cent. of the needs of 
the local works are obtained from Great Britain. 
Although a recovery is manifest in the market for 
tinplate, and the British producers are getting back 
some of their former trade, it is not taking place as 
quickly as was desired. American mills are now 
producing high-grade plate, and the competition 
between their product and that of our factories is 
more commonly based on the price than was for- 
merly the case. 

Now that the tractor has taken the place of the 
steam engine, the sales of harvester-threshers has 
become very great, since the thresher, binder and 
header has been supplanted. There does not 
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seem to be any harvester-thresher of British origin 
on this market. The difficulty of meeting the 
conditions is great, for the machines used at home 
are not suitable, and the competition of the United 
States would necessitate the use of mass-production 
methods in the manufacture of alternatives. The 
more expensive types of machines the farmers will 
not buy, because of various local conditions, such 
as the uncertainty of land tenure, the improvident 
outlook of the people, the deficiency of their mech- 
anical knowledge, and the fact that machinery of 
this type is frequently exposed to the elements, 
because of the lack of shed accommodation. A 
great and increasing trade exists in the Argentine 
for electrical plant. The orders, however, usually 
go to those countries from which the capital came for 
investment in the power companies. Although the 
railways are British owned and thus receive large 
orders, the supply companies are not, and the 
representatives of German producers receive favour, 
largely because of the long credit they give, accom- 
panied by technical advice and good service. The 
Italian firms work on similar lines. 

Most of the railways experiented increased traffic 
during the year under consideration in the 
report. ‘The mileage owned by British concerns is 
now 15,668, the State railways have 4,282 miles 
open, and there are 2,783 miles of track in the hands 
of private owners, other than British. In this 
field, very good business is done by the manufac- 
turers of the United Kingdom, and it is anticipated 
that orders will be given them shortly by the 
Great Southern Railway for 70 locomotives, 250 
ballast wagons, and the material for constructing 
many passenger coaches and cattle wagons. The 
Central Argentine Railway contemplate an exten- 
sion of 273 miles from Villa del Rosario in the 
direction of Fernandez, and also a line, of approxi- 
mately 40 miles length, between Landeta and San 
Francisco. Three articulated Garratt locomotives 
are on order from Great Britain for the Buenos 
Ayres and Pacific Railway, and they require, for 
delivery in 1928-1929, eight Mikado goods engines. 
Many steel bridges are also on order for extensions 
and replacements. Some 15 tank engines, made in 
Glasgow, were recently put into service on the 
Central Cordoba Railway, and five heavy goods 
locomotives are now under construction in Leeds. 
The Entre Rios and Argentine North-Eastern 
Railways recently had delivery of 10 Garratt- 
type locomotives. The company hope to construct 
a new ferry terminal in Buenos Ayres, for which 
they have to obtain Government approval. For 
the State Railways, locomotives, carriages and 
wagons are mostly obtained from the United States, 
while the bridges and other steel structures are 
mainly supplied by Belgian and German manufac- 
turers. To meet the needs of road transport, there 
is a good and increasing demand for British com- 
mercial vehicles, but cars of similar origin are few 
in number. It is thought, however, that the 
recent visit of a British motor trade delegation to 
Australia may do something to improve the position 
of the British manufacturers in the market. The 
conclusions arrived at in meeting Australian 
requirements are thought also to be applicable to 
conditions prevailing in the Argentine. 

The conditions of the British shipping trade with 
the Argentine are different from those of other 
countries, because the needs of the meat trade 
are the dominating feature, and the return traffic 
from Great Britain is fast becoming insufficient for 
the increasing number of ships in service. New 
items of cargo from the United Kingdom are 
required to meet the situation. Great efforts have 
been made to provide luxurious passenger tonnage, 
notably by the introduction of the Royal Mail motor 
liner Asturias and her sister vessel, the Alcantara. 
Five new motor vessels have been put into service 
by the Blue Star Line, and five steamers are being 
built for the Nelson Line. The Continental com- 
panies, consequently, are also taking steps to im- 
prove their services. An ambitious scheme of air 
transport between Europe and Buenos Ayres has 
been arranged by the French Latécoere Company, 
with the various South American Governments, and 
the Zeppelin Company have also formulated a 
scheme, using airships between Seville and Buenos 
Ayres. 
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THE INSTITUTION OF MECHANICAL | 2s next mounted in the tester, and the impulse 
ENGINEERS. measured, with different distances between the 


nozzle and the pad so as to cover all relative phase 

Aw ordinary general meeting of this Institution | relationships of the waves. The results were shown in 
was held on Friday last, at 6 p.m., at Storey’s-gate, | Fig. 2. In this series of tests the nozzle distance 
Westminster, with Sir Henry Fowler, K.B.E., | was varied from 7-86 in. to 0-9 in. The tests repre- 
President, in the Chair. | sented by blind spots at the 2-4-in. distance were 


Tue Late Mr. Micnuart LonGRIpGE. 


‘The President referred to the death of Mr. Michael | 
Longridge, who had been associated with the In- | 
stitution for many years, having acted both as, 
Member of Council, and as President for two | 
years during the war, when conditions were pro- | 
bably more strenuous than those experienced by 
any other President during the Institution’s history. | 


ELECTION OF OFFICERS. 


Sir Henry next announced that the nominations | 
made by the Council. for the annual election of | 
officers were as follows :—As President : Mr. Richard | 
W. Allen; as Vice-Presidents: Mr. A. E. L.| 
Chorlton and Lieut.-Colonel E. Kitson-Clark ; as | 
Members of Council : Mr. John H. Barker, Mr. James | 
Brown, Professor E. G. Coker, Colonel A. E. | 
Davidson, Major W. Gregson, Professor A. L. | 
Mellanby, Rear-Admiral W. R. Parnall, Mr. R. W. | 
Reid, C.B.E.; Mr. D. E. Roberts, and Major S. J. | 
Thompson. | 


Steam Nozzies RESEARCH. 
Before the presentation of the “ Fifth Report | 








The corresponding measurements with the impulse 
tester were shown as crosses and by the long and 
short dotted curves. 

It would be noted that, for the lower range of 
pressure ratios, the measured impulse was slightly 
greater than the reaction, whereas for the higher 
ratios the measured reaction was slightly greater 
than the impulse. For the pressure ratio correspond- 
ing to the actual “‘ flare’ of the nozzle the reaction 
was 1-66 per cent. greater than the measured im- 
pulse. This result was in line with the belief that 
the velocity coefficients measured in reaction testers 
were slightly higher than those deduced from the 
Institutions’ apparatus. A “null” test was next 
carried out by attaching the cage in its normal 
position outside the nozzle box by means of four 
screws. It was found that a certain amount of 
condensed steam tended to hang on the slats of 
the cage. Steam was turned on the nozzle and 
allowed to run until steady conditions were estab- 
lished. The apparatus, plus the steam in it, was 
then accurately balanced. Steam was then shut 
off by a quick-closing valve and weights added 
to the pan to re-adjust the balance. The added 
weight represented the difference of mass of the 
steam in the apparatus, due to shutting off the 
valve, plus the difference between the impulse 
and the reaction. The results of an early series of 
such tests were plotted in Fig. 4. At the normal 
pressure ratio for the nozzle, this test gave the 
reaction as 1-06 lb. greater than the impulse, 
corresponding to a difference in velocity coefficient 









































































































































of the Steam Nozzles Research Committee” to | Fie. 1. of 1-75 per cent. Thus, the “ null” test, with the 
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the meeting, Mr. W. H. Patchell, chairman of the | 


| Fig.4.‘NULL” TEST ON CAGE OF IMPU. 
committee, stated that, both in Europe and the | F _ 


NOZZLE TESTER. 





























United States, he had been congratulated on the 0 
work of the committee, but the point had been | J 
raised as to whether the observations were not | ° 
affected by eddies outside of the cage used. He | an a 
thought it would be useful if statements could | S § 
be issued with the Fifth Report, indicating that | ‘. SB 
this matter was not being overlooked. 8 os 

Dr. P. T. Petrie then summarised the report, of | 5 we) ° 
which we publish an abstract on page 116 of this | Sos Pi = 
ssue | s - 
Issue. e Wei hi of Stout 








Mr. B. Hodkinson opened the discussion, | , 
remarking that he represented Mr. H. L. Guy, | 0 2 4 60 60 100 120 
who was unavoidably absent. Some time ago| Pressure in Lb perSg¢ in. Gauge 








tests had been carried out in the experimental | Description . : nvergent- 
department of his firm, which indicated that their | wergent. Oo ine The - - 
nozzle tester, which was based on that of ae 0°992 Dia. at Exit. 
committee, could be usefully employed on tests of | Gero) 
convergent-divergent nozzles. Since there was | 
always a possibility with such nozzles that standing | made with a steam temperature of 260 deg. F. 
waves might be formed inside the cage, it was | higher than that shown for the 2-36-in. distance. 
decided to make preliminary tests with simple | The steam chest and nozzle were next mounted 
convergent nozzles operated with pressure ratios | on a weighbridge sensitive to 1 oz, and a series of 
in excess of the critical valves. | Under these con- | tests made, the reaction of the jet being thus weighed 
ditions, waves were formed, the nodes in the jet | directly. Steam was supplied to the nozzle through 
beiny clearly visible (Fig. 1 above), and the wave | 18 ft. of 2-in. diameter pipe, placed horizontally 
length could be measured. Actually five of these | and coupled up to the steam main by 2 ft. of| 
nodes were seen, the position of three of which! flexible piping. Cables were used to take the hori- 
was indicated by the arrows in the figure. | zontal thrust and to support the distant end of the | 
In the case of the nozzle shown, the wave-length horizontal pipe. Fig. 3 showed the reaction observa- | 
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4S measured, was almost exactly 2 in. This nozzle! tions plotted as blind circles and a full line curve. | 


cage in open atmosphere, gave almost exactly the 
same difference between the reaction and the im- 
pulse as was found in the previous tests. Further, 
in both cases the difference was sensibly less than 
the width of the error ‘“‘ band ”’ enclosing the results 
of the Committee’s tests. It was felt that these pre- 
liminary results were such as to establish the flexi- 
bility of the nozzle Committee’s apparatus and the 
general accuracy of their methods and conclusions. 

Mr. H. M. Martin, speaking as a member of 
the Nozzles Committee, remarked that, in the experi- 
ments described by Mr. Hodkinson, he would have 
expected the existence of the standing waves to 
have resulted in greater differences than had been 
found. Two methods had been considered by the 
Committee for eliminating, if thought desirable, the 
correction now necessary when the pressure in 
the discharge box was other than atmospheric. 
In view, however, of certain attempts to improve 
on the Committee’s apparatus, he proposed to 
sketch the principles on which" it was designed. 
Impulse testers had fallen into disfavour, because 
the simple forms used by the earlier experimenters 
gave anomalous results. The Rugby experiments 
showed that those anomalies were mainly due to 
eddies generated by the fluid, as it escaped at a 
high velocity over the edge of the impact plate. 
These eddies reduced the pressure at the back of 
the plate, and thus increased the apparent impulse. 
The plate was therefore covered with a porous pad, 
which was intended to knock most of the velocity 
out of the fluid before it reached the edge of the 
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plate. The kinetic energy of the fluid as it left the 
pad would thus be too small to generate eddies of 
appreciable strength. The Rugby tests indicated 
that this end was attained, a conclusion confirmed 
by an exhaustive investigation of the distribution 
of pressure inside the discharge box at Manchester. 
This pressure had proved to be so uniform that it 
had been considered unnecessary to instal the 
packings of wire netting originally contemplated. 
The object of the cage was to ensure that whatever 
fluid might enter or leave the movable part of the 
apparatus should do so solely when travelling at 
right angles to the axis of the jet. Any such flow 
would, therefore, have no effect on the impulse 
recorded. The nozzles were buried deeply in the 
cage in order to ensure that the topmost bar 
should be located in stagnant steam. If there 
were any fluid in motion in the vicinity of that bar, 
then, by Bernouilli’s principle, there would be a 
corresponding reduction of pressure here, and the 
impulse recorded would be too small. 

Some special experiments made at the instance 
of Dr. Stodola, proved that there could be no appreci- 
able motion of the fluid in the vicinity of the top of 
the cage. He, Mr. Martin, felt little doubt as to the 
general accuracy of the Committee’s results, but, 
as had been noted in previous reports, there was one 
anomaly still existing, for which it was difficult to 
account ; namely, that the impulse recorded was 
found in certain cases to vary slightly with the 
distance between the nozzles and the pad. The 
discrepancy was very small, even in the worst cases, 
but it was of very considerable theoretical interest, 
since, according to the elementary theory, in which 
secondary effects were ignored, it should not exist. 
He did not think that it was in any way due to the 
residual velocity of the steam, as it escaped from 
the pad, but due to something occurring within the 
cage, and not outside it. 

Modern development of hydrodynamic theory 
pointed to the conclusion that a sheet of intense 
vorticity was developed over the surface of any 
jet flowing through quiescent fluid. The accom- 
panying system of eddies would reduce the pressure 
over any adjacent fixed surface. The character 
of these systems would not be independent of the 
arrangement and dimensions of the space in which 
they were generated. It would seem therefore that 
every nozzle tester, whether of the reaction or of 
the impulse type must be subject to a dimensional 
effect. In most cases the effect, though present, 
might well be too small to be detected, but it was 
of course important to arrange matters so as to 
reduce it toa minimum. Hence, a simple hole in a 
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natural causes. 


corrugated pipe increased at a much faster rate. 


a naturally roughened surface. This he thought 


graph taken by Messrs. Yarnell, Nagler and Wood- 


of discontinuity started from each corrugation. 


continuities would start from each asperity on a 
naturally roughened surface, but the scale would be 


pose, he was a little doubtful as to how far roughness 
thus produced was equivalent to that resulting from | than with straight nozzles. 


ward, of the University of Iowa, in experiments on 
the discharge coefficients of corrugated pipe culverts. | nozzle outlet, whether round, long-slot, rectangular 
It would be seen that a Helmholtz-Rayleigh surface | or square, had small (if any) influence on nozzle 
In actual practice, users were limited 
It was, of course, conceivable that similar dis-| to the rectangular, square or wide-slot shape, but 
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influence of roughness was small. 


about 413 ft. per second gave a velocity coefficient 


That would seem to indicate that the physical | of 98 per cent.; for the smooth nozzle, the speed 
character of the flow could not be the same as with | being the same, the velocity coefficient was 99 per 


cent. In effect, therefore, the energy loss in the 


was supported by Fig. 5, reproduced from a photo- | smooth nozzle was 2 per cent., and in the 24-thread 


| efficiency. 


| no disadvantage followed, as the results were much 
| the same as with the round nozzle, which many 





Fig. 6 














flat plate could not be considered a good form of 
nozzle as the eddies would reduce the pressure over 
the surface of the plate. Most of the nozzle plates 
used by the committee were much less open to 
criticism on this head ;_ they were all cut away to 
eliminate the “flapping” effect, but he thought 
that the flat surfaces along the sides of the jet must, 
nevertheless, introduce some small dimensional 
effect, and that the metal should also be cut away 
there. He mignt add that provision for this had 
been made in the new programme of the committee. 
Mr. Martin considered that the detection of that 
small dimensional effect which modern theory 
indicated must exist, constituted a striking testimony 
to the sensitiveness of the apparatus employed. 
Further evidence in support of this conclusion was 
afforded by the fact that experiments with a replica 
of the apparatus had shown that extreme care was 
necessary if conditions of dynamic similarity were 
to be secured. 

As already mentioned, the nozzle, in the case of 








the committee’s apparatus, was buried deeply 
in the cage. The worst possible arrangement 
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these natural 


Moreover, 
asperities were distributed absolutely at random, 


very much smaller. 
whilst the corrugations were evenly pitched. This, 
he believed, must affect what it was now customary 
to call the ** flow pattern,” and when these differed 
no “law of comparison ”’ existed. 

Mr. B. Pochobradsky thought the outstanding 
discovery of the work was the connection between 
nozzle efficiency and speed of efflux. This had 
transformed the design of steam turbines once and 
for all. The experiments described in the Fifth 
Report seemed to confirm the previous results. 
Roughness always developed to a greater or lesser 


would be anything approximating to that repre-| degree in steam turbines, and he was inclined to 


sented in Fig. 6. 


In that case, not only was the/| agree that the roughness produced by “thread- 


nozzle formed in a large flat plate, but it was|ing” a nozzle might not be comparable with that 


actually outside the cage. 
was adjacent to the nozzle plate. 


The top bar, moreover, | due to natural causes. 
Under such | 


It would be of interest 
if the Committee were to arrange to test nozzles 


conditions the jet must induce a flow between the | roughened by corrosion. In modern turbines cor- 


top of the cage and the adjacent fixed surface. 
his opinion, a tester constructed on those lines 
must be worthless. 

An attempt had been made to determine the effect 
of roughness by using a nozzle with threads cut to 
various pitches. While he had no alternative to pro- 


In| rosion must, he felt, have a considerable effect. 
| . . . | 
The steam supply was at times dirty and corrosive, | 
'and boilers might prime, carrying dirt and water 


over into the blading. He was glad to note 


that tests would be made to investigate the 
influence of roughness with curved nozzles; he 


| would have expected to give better results. With 
regard to the tests on the built-up nozzle he had 
prepared for the Committee, he could not agree 
that similar nozzles had been in use as far back as 

1910. These were similar only in the fact that the 
| partitions were “profiled,” instead of being of 
uniform thickness. Profiling, however, was a means 
to an end, not an end in itself, and in the nozzle 
submitted by Messrs. Fraser and Chalmers, the 
curvature, the rate of change of curvature, the 
|convergence and the rate of convergence, had all 
| been the subject of careful study. There were other 
| points of difference from the nozzles described in 
| the discussion at Manchester as being of the same 
|type. These “ profiled” nozzles had, he believed, 
| been first used by Rateau. 

Some time ago he had been notified by the Patent 
Office that a patent had been granted based on 
the discovery of the Nozzles Research Committee, 
that the efficiency of a nozzle was very high 
at certain low velocities, and again very high at 
certain high velocities, and perhaps lower at 
medium velocities. He held that any such patent 
jought, by right, to vest in the originators, in 
this case the Nozzles Research Committee. He 
‘had, therefore, lodged an objection against the 
patent, with the result that it had been withdrawn. 
He would suggest to the Committee that anything 
in the nature of invention or discovery arising out 
of the research should be considered from the point 
‘of view of patents, especially in view of foreign 
competition. On the other hand, he did not feel 
that any individual or firm should have the privileged 
use of something to which the whole industry was 
entitled. Some little time ago he noted that 4 
patent had been taken out by Messrs. Brown- 
Boveri for applying, in a reaction turbine, the 
‘impulse nozzle which had been described by the 
| Nozzles Committee as the most efficient of those 
tested. In his view, this involved no invention, 
and he thought the Committee should consider 

















believed that the effect would be more pronounced 
Even with straicht 
In general, the friction of a pipe | nozzles, however, he could not quite agree that the 
roughened by erosion or deposit varied nearly as the 
square of the velocity of flow. Recent experiments by 
Prof. Gibson showed, however, that the friction in a | 


In Fig. 17 of 
the present report, the curves for the nozzles with 
24 threads per inch made with a steam velocity of 


|per inch nozzle 4 per cent., or double. He 
| was also glad to find, from the report, that the 
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whether it was possible to take steps to prevent 
attempts to appropriate their work. 

Mr. J. C. Oakden said that in an article which 
appeared in ENGINEERING of the 20th inst., he had 
shown that the efficiency of a nozzle might be repre- 
sented under any conditions by a function in which 
the variables were Reynold’s number and the pres- 
sure ratio responsible for the flow. At very low 
speeds of flow, the pressure ratio r might be ignored. 
At the other extreme, for very high speeds of flow 
the reverse happened, and Reynold’s number might 
be ignored. 

Mr. A. J. H. Fitt said he had been forcibly struck 
by the fact that the nozzles with “ cast-in” partition 
plates, were not representative of commercial prac- 
tice. Such thin partitions as were used in both the 
12-deg. and 20-deg. nozzles were not a commercial 
proposition, and the pitch, moreover, was too small, 
and must involve unnecessary frictional losses. With 
increasing pressures the tendency was to use ma- 
chined nozzles, and additional tests of nozzles of 
this type would be of value. With regard to the 
finish of the castings, he did not know what ‘“‘ com- 
mercial’ finish implied. Personally, he was. for 
ever requiring better and better finish from the 
foundry. In certain of the tests the “entry” to 
the nozzles seemed decidedly unsatisfactory. In 
the case of the 1}-in. high plate 20-deg. nozzle, 
which proved less efficient than the 2 in., he was 
inclined to attribute the smaller efficiency to the 
greater proportionate area of the cast-iron sides. 

Professor A. P. Thurston suggested that a study 
of work lately done in aeronautics might prove use- 
ful in connection with nozzle design. 

Mr. I. V. Robinson said he would like to 
emphasise the appreciation by turbine builders, 
of the work done by the Committee, which had, in 
effect, entirely changed the design of the modern 
steam turbine. He thought more might be done 
to bring to the attention of engineers in our 
Dominions the international repute which turbine 
builders were acquiring in this country through the 
activities of the Nozzles Committee. 

Dr. G. Stoney, F.R.S., said it was most interesting 
to find that the cage could be used at velocities above 
the critical. In regard to Mr. Fitt’s remarks, if that 
gentleman examined some of the designs of the 
Brown-Curtis marine turbines, made some ten to 
fourteen years ago, when the nozzle research was 
begun, he would find that the thickness coefficient of 
the experimental plates was small in comparison 
with those of the turbines named. It was found 
that these involved large losses, but that the loss 
could be got rid of by chamfering. He thought, 


s, with Mr. Pochobradsky, that there was no inven- 


tion involved in applying an impulse nozzle to a 
reaction turbine. With regard to Mr. Oakden’s 
work, experience showed that the Reynold’s number 
had little effect on the efficiency. The effect of 
roughness was also most important, but how was a 
standard of comparison to be established ? The 
matter was of special importance in the case of 
impulse turbines, since with this type there was 
blade friction in addition to nozzle friction. 
In one case of which he had knowledge, where 
slight corrosion had supervened, the steam consump- 
tion rose by 15 per cent. A week had been spent 
In scraping the blades, with the result that the 
consumption returned to within 7 per cent. of the 
original figure. No such losses had ever been found 
in a reaction turbine. 

Dr. Petrie in reply to the discussion said that at 
least three valuable suggestions had been made 
during the discussion, all of which would be carefully 
considered when the time came. 

The President then announced that an informal 
meeting of the Institution would be held on Friday, 
January 27, at 7 p.m., when the subject'of discus- 
sion would be the “‘ Application of Electro-chemi- 
cally Deposited Metals to Engineering Purposes,” 
introduced by Mr. C. H. Sarais. The annual 
general meeting would be held on Friday, February 
17, at ( p.m., and a paper on “Waste Heat Re- 
—. by Major W. Gregson, would be read and 
discussed, 





THe FiraDay Mepat.—The Council of the Institution 
ot Electrical Engineers have made the seventh award 
h the Fyraday Medal to Professor J. A. Fleming, F.R.S.. 

onorary member of the Institution. 
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NOTES. 

THE ASSOCIATION OF CONSULTING ENGINEERS. 

THE proposal was made by Colonel R. K. Morcom, 
C.B.E., in replying to the toast of ‘“‘ The Engineering 
Industry,”’ proposed, at the annual dinner of the 
Association of Consulting Engineers, by Mr. L. St. 
L. Pendred, that consultants should ally themselves 
with manufacturers for the benefit of industry. 
The proposal was somewhat naturally caught up 
by one of the subsequent speakers, who likened any 
such relationship to an illegal marriage. With 
Colonel Morcom’s plea one cannot help having 
some sympathy. His objective is the improvement 
of the state of industry in this country, even at the 
cost of some few additional thousands of pounds to 
customers, and the reduction of the deadweight of 
unemployment benefit. A great deal having been 
said recently about goodwill, he appealed to his 
audience to translate this into good works. The 
subject we have referred to proved, as usual, one of 
the most pleasant of the winter’s events. The season 
chosen, as was: pointed out by one speaker, was 
conducive to friendlinesss, any animosities aroused 
during the last Session having had time to die down, 
while those possible in' the future had not yet been 
roused. The toast of ‘‘ The Engineering Institutions ” 
was proposed by Mr. James Swinburne, F.R.S., 
and responded to by Mr. E. F. C. Trench, repre- 
senting the Institution of Civil Engineers, and Sir 
Henry Fowler, representing the Institution of 
Mechanical Engineers. Mr. H. T. Deane proposed 
the ‘“‘ Bench and the Bar,” and Mr. Justice McCardie 
and the Hon. H. P. Macmillan replied in entertaining 
speeches. The toast of ‘‘'The Association’’ was in 
the hands of Sir Henry Haward and was, of course, 
replied to by Mr. 8S. B. Donkin, the Chairman of 
Committee. 

ConcrETE WATER CONDUITS. 


A series of very complete investigations made by 
Dr. E. Rengade, Chief of the Research Department 
of the Société des Chaux et Ciments de Lafarge 
et du Teil, Grenoble, have shown that the action 
of ordinary potable or river water upon Portland 
cement, or similar cement of a siliceous or silico- 
aluminous nature, is quite different from that of 
pure or distilled water. Potable water, normally 
calcareous, has no effect, whilst pure water corrodes 
and dissolves the mortars practically in the same 
way as would a weak acid solution. This would 
explain the action upon cement pipes of the 
particularly pure water which proceeds, for ex- 
ample, from granitic formations. On the other 
hand, «iment fondu, or hyper-aluminous cement, 
offers an almost complete resistance to the prolonged 
action of pure water. The explanation offered by 
Dr. Rengade is as follows: Carbonic-acid gas is 
present in water in two states. In the free 
state, and in river water and non-mineral spring 
water, the carbonic-acid gas is in equilibrium with 
the very low proportion existing normally in the atmo- 
sphere, this being not much over half a milligramme 
per litre of water, 7.e., a negligible quantity. It is 
present also as bicarbonate of lime, which, in the 
case of water containing only 30 milligrammes of 
lime per litre—a very usual proportion—corres- 
ponds to 50 milligrammes of carbonic-acid gas, 
half of which can combine with a fresh amount of 
lime. Now, the setting and hardening of the sili- 
ceous and silico-aluminous bond give rise to the 
formation of a hydrated monocalcic silicate and to 
the freeing of hydrate of lime. Lime is soluble re- 
latively easily in pure water, the rate being slightly 
above one gramme per litre, whilst in contact with 
free carbonic-acid gas, or with bicarbonates, it is 
transformed into a neutral carbonate of lime which 
is quite insoluble. Hence the different action on 
the bond of very pure water, and of water normally 
calcareous containing bicarbonates. The very pure 
water, holding very slight proportions only of car- 
bonic-acid gas, acts as a solvent upon the lime of the 
mortar, the lime gradually disintegrating, whilst 
normally calcareous water containing bicarbonates, 
in contact with the lime, makes for the precipita- 
tion of a neutral insoluble carbonate which fills in 
the pores of the mortar and protects instead of 
damaging it. The very special constitution of 
aluminous cement involves quite special setting and 





hardening conditions, and no freeing of lime takes 
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place. The hydration of this cement, viz., ciment 
fondu, is accompanied by the formation of hyd- 
rated monocalcic silicate and bicalcic aluminate, 
and the freeing of hydrated alumina instead of free 
lime. If, therefore, the corrosion by pure water of 
Portland cements is due to the solution of free lime, 
aluminous cement should resist completely. The 
Paris journal Le Génie Civil, from which we have 
taken the above, gives full details on Dr. Rengade’s 
researches in this matter, with distilled water and 
with water from the River Rhone. We dealt,in our 
issue for May 20, 1927, with a typical case of the 
corrosion of a concrete conduit by pure water. 





TORPEDO-BOAT DESTROYERS FOR 
THE CHILEAN NAVY. 


Tue first of the fleet of six torpedo-boat destroyers 
for the Chilean Navy, the contract for which was placed 
with Messrs. John I. Thornycroft and Company, 
Limited, in April last, was successfully launched from 
the firm’s shipyard at Woolston, Southampton, on 
Wednesday, the 25th instant, the launching ceremony 
having been performed by Madame Huneeus, the wife 
of His Excellency Sefor Don Antonio Huneeus, the 
Chilean Minister to Great Britain. The vessel launched, 
the keel of which was laid on June 20, was named 
Serrano, and the others will bear the names Orella, 
Riquelme, Hyatt, Videla and Aldea. Work on the 
hulls of the three first-mentioned is already well 
advanced, and the Videla has now been laid down on 
the berth vacated by the Serrano. All will be identical, 
and their main dimensions are :—Length overall, 
300 ft., length between perpendiculars 288 ft. 3 in., 
breadth 29 ft., and moulded depth 18 ft. 3 in.; the 
maximum displacement is about 1,430 tons. 

The scantlings are based on British Admiralty 
standards, and the main dimensions, it will be seen, 
are intermediate between those of the British “S” 
and ‘“V,” classes. Their guaranteed speed, of 35 knots, 
is also intermediate between those of the two British 
classes mentioned, being one knot higher than that of 
the ‘““V” class, and one knot lower than that of the 
“$” class. The armament of the Chilean destroyers 
will comprise three 4-7-in. guns, one 3-in. anti-aircraft 
gun and two triple 21-in. torpedo tubes, with the usual 
complement of machine guns, depth charges, mines, 
&e. Their main armament thus compares favourably 
with the three 4-in. guns of the British ‘‘ S ”’-class 
destroyers, and also with the four 4-in. guns of the 
British ‘“‘ V” class. A point that may be mentioned 
in connection with the armament of the Chilean 
destroyers is that the aft 4-7-in. gun will be mounted 
in a house and not on the deck, this arrangement 
affording a drier and better gun platform, with greater 
visibility, and at the same time leaving a clear deck 
space for paravanes or mine rails. Messrs. Vickers- 
Armstrong, Limited, are sub-contractors for the 
armament. 

The propelling machinery consists of compound 

turbines, of which the high-pressure part is of the 
Brown-Curtis type and the low-pressure part of the 
Parsons type, driving twin screws through Parsons 
single-reduction gearing. Geared cruising turbines are 
also provided for low-speed running. Steam is supplied 
at a pressure of 250 lb. per square inch, and without 
superheat, by three Thornycroft water-tube boilers 
burning oil fuel on the Thornycroft system; the 
boilers, it may be mentioned, have seamless lower 
drums. With the arrangement of machinery adopted, 
it has been possible to keep the machinery space short, 
and thus to leave more space available for the accom- 
modation of officers and crew than in the case of the 
earlier Chilean destroyers, although the latter were 
30 ft. longer, and required a larger complement. The 
accommodation to be provided, it may be remarked, is 
of a comparatively luxurious character for this class of 
warship, but it must be remembered in this con- 
nection that the Chilean coastline extends from the 
tropics to Cape Horn, so that in patrolling it a wide 
range of climatic conditions is encountered. 
In view of the high standard of design and construc- 
tion demanded by the Chilean authorities for their 
naval vessels, it is particularly satisfactory that the 
order for these destroyers was secured by British 
shipbuilders, and the fact that Messrs. Thornycroft 
have such an extensive experience in the construction 
of vessels of this class for the British and foreign navies 
leaves little room for doubt that their performance 
in service will fully justify the decision. 








Tre HumBer Ports.—A booklet of tide tables and 
information regarding the Humber ports has reached us 
from Messrs. EK. E. Atkinson and Prickett, Kingston 
Chambers, Land of Green Ginger, Hull. The port 
information given relates to accommodation, charges 





and tariffs at Hull, Goole, Grimsby, and Immingham. 
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THE LATE MR. MICHAEL LONGRIDGE. 


Iv is with much regret that we have to announce 
the death of Mr. Michael Longridge, C.B.E., which 
took place at Exeter on the 18th instant. Mr. 
Longridge was born in 1847, at Bedlington, on the 
River Blythe, Northumberland, where his uncle 
Mr. R. B. Longridge was chief of the Bedlington 
Ironworks, an undertaking purchased in 1785 by 
Mr. Michael Longridge, the grandfather of the 
subject of our memoir. The works were, however, 
disposed of in 1853, and were closed down for good 
a couple of years later. Mr. Michael Longridge was 
the son of Mr. James Atkinson Longridge, a pupil 
of George Stephenson, and 
played a large part in 
the introduction of wire- 
wound ordnance. It is of 
interest to note that a 
wire-wound gun was made 
at the Bedlington works 
in 1855. At the age of 
twelve, Mr. Michael Long- 
ridge was sent to Radley, 
where he distinguished 
himself by taking the 
Richards’ gold medal for 
classics. Proceeding to 
Trinity College, Cam- 
bridge, he changed the 
course of his studies to 
mathematics, and was a 
senior optime in 1869. On 
yoing down, he became 
pupil to his father, and 
was engaged in the con- 
struction of the Fel Rail- 
way over the Mont Cenis, 
and also on surveys for a 
railway between Terni and 
Ceprano, the route being 
laid out so as to avoid 
passing through the Papal 
states, which were then 
under French protection. 
With the outbreak of the 
Franco-Prussian war, the 
French troops were with- 
drawn and the need for 
the proposed line dis- 
appeared. Mr. Longridge 
was next engaged on the 
survey and construction 
of the Central Railway of 
Sweden, acting as resident 
engineer for one section 
of the works, and later 
on he superintended in 
England the construction 
of the bridge work, rails 
and rolling-stock for this 
and for other Swedish 
lines. In 1875 he was 
engaged by the Societa 
per la Bonifica dei Tureni 
Ferraresi to advise on 
pumping plant near 
Ferrara, and other work 
undertaken at nearly the 
same time was a report 
on the Vieux Fort tunnel 
at Marseilles. Later in 
the year he started on what proved to be _ his 
principal life work, when he joined as engineer the 
staff of the Boiler Insurance and Steam Power 
Company of Manchester. 

It was in 1855 that a series of boiler explosions 
led to the formation of the Manchester Steam 
Users’ Association. Among the leaders were 
Sir Joseph Whitworth, Mr. Houldsworth, and 
Mr. R. B. Longridge. The association was a 
mutual protection society. It concerned itself 


solely with steam boilers, and it inaugurated 
the present system of boiler inspection. In case of 
accident to an approved boiler, the association 
’ provided compensation up to a maximum of 5001. 
Mr. R. B. Longridge considered that the field 
covered was too limited, and the rules over rigid. 
In 1859, accordingly, he formed the Boiler Insurance 
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and Steam Power Company, with the intention of 
covering a wider field; and it was this company 
that Mr. Michael Longridge joined in 1875, as 
chief of the engine department. In the year 
1878, Mr. R. B. Longridge decided that. still 
wider powers were needed, and he constituted 
accordingly the Engine and Boiler Insurance Com- 
pany, to which his nephew became engineer-in- 
chief. This appointment he held till his death, 
through all the changes of title and extension of 
activities illustrated by the present style of the com- 
pany, which is now known as the British Engine, 
Boiler and Electrical Insurance Company, Limited. 
Though, as stated, Mr. Longridge retained the title 
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THE LaTE Mr. MicnHart LONGRIDGE. 


of engineer-in-chief till his death, he was compelled 
by weight of years to reduce the range and ex- 
tent of his activities. Thus his masterly annual 
reports on machinery failures ceased in 1910. These 
were actual autographs, and constituted a veritable 
mine of useful hints and data, both on the design 
of engine details and on the endurance of materials 
in actual service. A valuable summary of these 
experiences is to be found in a paper entitled 
“Breakdowns of Stationary Steam Engines,” 
which Mr. Longridge read before the Institution 
of Mechanical Engineers in 1896. In this paper he 
called attention to many prevalent faults in design. 

Many of the engines which came under his notice 
dated back to the early days of mechanical engi- 
neering, and he gave some remarkable instances 





of the endurance of the cast iron so confidently 
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adopted by these pioneers, for use in situations in 
which their successors would insist on providing 
steel. He instanced one case of a cast-iron shaft 
which endured for 698 million revolutions under a 
stress of 5,200 Ib. per square inch. Per contra, he 
recorded a case of a Whitworth steel crank pin which 
failed after 6 million revolutions under a maximum 
stress of 8,600 lb. per square inch. This failure was 
attributed to bad details of design. Not the least 
interesting section of this paper was that giving 
illustrations of the remarkable endurance of cracked 
shafts and other engine details. Thus, in the case 
of the cast-iron beam of an engine built in 1847, 
slight fine cracks developed in 1892, but it was not 
till three months later that 
the breaking point was 
reached. These beams 
he stated were generally 
stressed to between 4,000 
and 5,000 lb. per square 
inch, but in many cases 
the figure was as much 
as 7,000 Ib. per square 
inch, which Mr. Longridge 
thought excessive. In- 
stances of cracked shafts 
running for years were 
also recorded, the gradual 
growth from the first well- 
defined crack to the ulti- 
mate danger point being 
traced from year to year. 
Occasionally, however, the 
final breakdown followed 
rapidly on the initial 
crack. 

Mr. Longridge became 
an associate member of 
the Institution of Civil 
Engineers in 1874, be- 
coming a full member in 
1880. In the same year 
he was elected member of 
the Institution of Mech- 
anical Engineers. He 
served on the council in 
1903, 1906 and 1910, and 
he was president during 
the years 1917-18. In his 
presidential address he 
deplored the obscurantism 
of engineering firms in 
Lancashire and elsewhere, 
who failed to recognise 
that something beyond 
shop traditions was neces- 
sary to cope with foreign 
competition. He stated 
that at the Paris exhibi- 
tion of 1900 the British 
engine exhibits were com- 
pletely outclassed by those 
of their competitors. At 
the date in question, 
moreover, very few British 
engine builders were pre- 
pared to guarantee steam 
consumptions. When this 
led to loss of orders, our 
manufacturers, instead of 
developing ideas for them- 
selves, invested, he said, in 
foreign patents, purchased foreign drawings and 
engaged foreign draughtsmen. Still later, complete 
engines, he recalled, were brought from the Con- 
tinent, and erected, even in Lancashire, by foreign 
workmen. Mr. Longridge attributed this unfortu- 
nate state of affairs to the reluctance of our manu- 
facturers to give a fair chance to engineers trained 
in English technical colleges. The ultimate result 
was that many firms, whose names had been house- 
hold words, ceased to exist. The concluding portion 
of his address was mainly a plea for that co-operation 
between employers and employed which is to-day 
being so ably advocated by Sir Alfred Mond. 

Mr. Longridge was married in 1871 and had 4 
family of four daughters and four sons, of whom two 
lost their lives in the war. He received the (.B.E. 
in 1918 in recognition of his services during the 











iS in 
ling 
haft 
Pr’ a 
, he 
hich 
um 
was 
east 
ving 
‘ked 
case 
847, 
not 
that 
was 
ams 
ally 
000 
are 
ases 
uch 
are 
idge 
In- 
afts 
were 
lual 
vell- 
ulti- 
eing 
ear. 
the 
wed 
itial 


ame 
r of 
Jivil 
be- 
r in 
year 
r of 
ech- 
He 
1 in 
and 
ring 
1 his 
he 
tism 
| in 
ere, 
mise 
rond 
ces- 
eign 
ated 
ribi- 
itish 
om- 
hose 
At 
ion, 
itish 
pre- 
eam 
this 
our 
d of 
\em- 
d, in 
and 
nlete 
‘on- 
eign 
rtu- 
anu- 
ined 
sult 
puse- 
‘tion 
tion 


-day 


id a 
two 
B.E. 
the 








JAN. 27, 1928.] 


ENGINEERING. 





war as a member of the Inventions Board, and of 
the artificial limbs department of the Ministry of 
Pensions. He was also a member of the Engi- 
neering Standards Committee, and of the general 
board of the National Physical Laboratory, and of 
the Advisory Council of the South Kensington 
Museum. 








THE LATE MAJOR-GENERAL 
G. W. GOETHALS. 


THE death, at the age of 69, of Major- 
General George Washington Goethals, of the United 
States Army, which occurred at New York on 
January 21, deprives the world of the man who 
was responsible for bringing to fruition one of 
the greatest works of pure engineering — the 
Panama Canal—that has yet been accomplished. 
Suggestions and attempts to connect the Atlantic 
and Pacific Oceans in this way are strewn across 
history, from the time of Columbus to that of de 
Lesseps. But all these projects, however great 
their ingenuity, resulted in failure for reasons 
which were partly financial, partly climatic and 
only to a subsidiary degree of an engineering 
character. When the United States Government took 
the Panama concession over from the ill-fated French 
Company in 1902 it looked at first as if history 
were about to repeat itself for the nth time. In 
1899, the President had appointed an Isthmian 
Canal Commission, and this body was entrusted 
with the preparatory work of organisation, which 
formed a necessary preliminary to the actual con- 
struction. The task, with which it was charged, 
would in any event have been difficult, but it was 
not rendered easier by the necessity of co-ordinating 
the new with the old, and by the anxiety of the effect 
that yet another failure might have on the American 
public. There seems no doubt that at first the posi- 
tion was as‘ black or even blacker than it was 
painted by the ill-informed. Visible progress, at 
least, was slow, and President Roosevelt’s decision, 
in 1907, to abandon the idea of building the canal 
by contract and to place. the whole construction 
under military engineers, while doing some injustice 
to the civilian pioneers, was therefore sound, and 
proved in the long run to be abundantly justified. 
No less correct was his choice of the man to carry 
out the work; for Goethals exhibited a combina- 
tion of engineering skill, organising ability, force of 
character and energy, which inspired all those who 
worked under him, and actually carried the project 
io completion ahead of the schedule time. While 
there is no possible doubt that Goethals was the 
right man in the right place, it may be added that 
many of his characteristics were such as are better 
displayed in responsible than in subordinate posi- 
tions. For on more than one occasion in his early 
life he exhibited a lack of discipline, such as at a 
later stage he would himself have visited with 
condign punishment if it had been displayed by 
another. This is only to say, however, that he had 
the defects of his qualities, and must not be allowed 
to detract from his performances or to conceal the 
innate sense of justice, which he showed in many 
difficult circumstances. 

Though Goethals will, of course, go down to 
history for his work in connection with the Panama 
Canal, it must be recalled that he came to that work 
a military engineer of wide experience. At the 
age of 18 he entered the College of the City of New 
York, but three years later passed to the West 
Point Military Academy, where he graduated in 
1880. On appointment to the Corps of Engineers, 
one of his first duties was in connection with the 
Improvement of the Ohio River channel, near 
Louisville, under Lieutenant-Colonel W. E. Merrill. 
After a short time as instructor at West Point, 
he again returned to Colonel Merrill, and under him 
was responsible for river improvements in the Pitts- 
burg district. The first big engineering work, 
which he conducted on his own responsibility, came 
in 1891, when he carried out the construction of the 
Muscle Shoals Channel on the Tennessee River, 
but before this was completed he was appointed 
assistant in the office of the Chief of Engineers at 
W ashington, Here he remained until the Spanish- 
Aimerican war broke out, when he became chief 
engmeer of the First Army Corps. At the con- 


clusion of the war he again returned to the West 
Point for a short time, and was afterwards in 
charge of the fortifications at Newport, R.I. His 
appointment as chief engineer of the Panama 
Canal and chairman of the Canal Commission, 
which then followed, had in it many of the elements 
of the dramatic. He was summoned by telephone 
to see the Secretary of War, Mr. Taft, and was 
shortly afterwards interviewed by President Roose- 
velt and selected on the spot. 

The problems, which Goethals had to face on his 
arrival on the Isthmus, may be divided into three 
wide classes. The first was the human problem. 
To begin with, the staff was entirely civilian, and, 
somewhat naturally, was disturbed at the thought 
of a military regime. Goethals took active steps to 
relieve these qualms, and, though in his relations 
with inefficients and strikers he could be ruthless 
enough, he appointed himself as a court of appeal, 
to which anyone with a grievance had free access 
every Sunday. The second problem, if no less 
subtle, was one which lay at the root of the preceding 
failures. Yellow fever and malaria were rampant 
on the Isthmus, and the climate generally was not 
of a kind, which led to white men putting forth 
their best energies. In Colonel Gorgas, however, 
Goethals had a collaborator, who showed himself 
fully capable of tackling these difficulties. Full 
advantage was taken of the results of Sir Ronald 
Ross’s researches into tropical diseases, and careful 
attention to the details of sanitation went a long 
way towards ridding the Canal Zone of its evil 
reputation. Last, but by no means least, there were 
engineering difficulties to be overcome. Of these 
the most formidable were the control of the waters 
of the Chagres River and the excavation of what is 
known as the Culebra Cut. To solve the Canal 
problems, two proposals were made which, in the 
course of the heated discussion, which sub- 
sequently took place, came to be known as the sea 
level and the lock projects. The advocates of the 
former method proposed to control the Chagres 
River by means of a dam at Gamboa, while a tidal 
lock was to be constructed near the Pacific entrance 
tothe canal. The second plan included the creation 
of lakes by the construction of dams across the 
Chagres Valley at Gatun and across the Rio Grande 
valley on the Pacific side. On the Pacific side 
there was to be one lock at Pedro Miguel, and the 
descent to the Pacific was to be made by a flight of 
two locks. The principal objection to this arrange- 
ment was the alleged experimental nature of the 
great hydraulic-filled dam proposed at Gatun, and, 
in fact, a majority of the Consulting Board which 
had been appointed to consider the matter reported 
against it. On the other hand, the members of the 
Isthmian Canal Commission advocated the adoption 
of the lock type of canal, and this design was finally 
chosen. 

All this happened before Goethals came on the 
scene, but he was fully in favour of the use of locks. 
Moreover, the decision we have just noted did not put 
an end to the discussion, and a slip which occurred 
in 1908 in a rock pile, which formed part of the 
Gatun dam, helped to rejuvenate it. A Board, 
which was appointed to consider the question, 
however, recommended adherence to the original 
project, though modifications were made in details, 
and events have proved that they were right. It 
was estimated that the work, which may be said 
to have commenced in 1902, would be completed by 
January 1, 1915. Actually the first ocean steamer 
passed through the Canal on August 3, 1914, and it 
had been made use of by barges some months earlier. 
Without in any way wishing to detract from the 
greatness of this enterprise or from its influence 
on international communication, we may quote 
Goethal’s own words to the effect that the difficulties, 
which arose in the course of its construction, were 
due entirely to the magnitude of the work, compli- 
cated by conditions resulting from delays in securing 
supplies, the effects of the climate and the content- 
ment of the employees, rather than to anything 
inherently novel in the engineering problems, which 
had to be solved. 

In a notice of this kind it is of course impossible 
to give even the shortest general description of the 
work involved in constructing the Canal. But 











the subject, we may perhaps be forgiven for refer- 
ring to the very complete series of seventeen articles, 
which were published in ENGINEERING at intervals 
from May 9, 1913, to October 8, 1915. The biblio- 
graphy of Panama is very large. Our treatment, how- 
ever, not only emphasised the engineering aspect, but 
avoided the political undercurrents which even in this 
undertaking tended sometimes to cloud judgment. 
In 1914, Goethals was appropriately appointed 
the first civil Governor of the Canal Zone, and in 
the following year received the thanks of Congress 
for his distinguished service and was promoted 
Major-General. In 1916, he resigned the governor- 
ship to become chairman of the board constituted 
to report on the Adamson eight-hour law. He 
next became State Engineer of New Jersey, and 
when the United States joined in the world-war 
was made manager of the Emergency Fleet 
Corporation. His opposition to the policy of 
building wooden ships, however led to his speedy 
resignation of this position; and he rejoined the 
Army as Quartermaster-general. In 1918, he was 
awarded the D.S.M. for his work in this department, 
and was made a Commander of the Legion of 
Honour in 1919. He retired from the service in the 
same year. His scientific honours were many, and 
included the John Fritz medal, while he was elected 
an honorary member of the Institution of Civil Engi- 
neers in 1915. Since 1919 he had been the head of a 
business organisation engaged in engineering work. 








THE LATE MR. R. PERCY SELLON. 


WE regret to record the death of Mr. Robert Percy 
Sellon, which occurred at Merstham, Surrey, on 
Wednesday, January 11, at the age of 65. Though 
trained as an engineer, he was for many years closely 
connected with the commercial side of the electrical 
industry, where his sage counsel and charming manners 
will cause him greatly to be missed. 

Mr. Sellon, who was the son of Colonel Robert 
Sellon, R.E., was born in 1863, and was educated at 
Blackheath and Bradfield Colleges. He was one of 
the earliest pupils of Ayrton and Perry at the City 
and Guilds of London Institution, and, after serving 
an apprenticeship, was engaged on some of the first 
installations of electric lighting in Great Britain. 
He subsequently joined the staff of the Brush Electrical 
Engineering Company, Limited, becoming successively 
chief electrician, assistant manager and managing 
director, holding the latter position for some years. 
His work in these positions was largely concerned 
with the development of plant and accessories for 
use on the then novel alternating current system, 
his faith in which has since been thoroughly justified. 
At a later period, he became a director of the County 
of London Electric Supply Company, Limited, of the 
Bournemouth and Poole Electricity Supply Company, 
Limited, and the Richmond Electric Light and Power 
Company, Limited, and managing director of Messrs. 
Johnson, Mathey ahd Company, Limited. He was 
also a director of the Otis Elevator Company, Limited— 
the London branch of the Otis Elevator Company, of 
New York—which was afterwards amalgamated with 
Messrs. R. Waygood and Company, Limited. When 
this change occurred Mr. Sellon retained his seat on 
the board of the company under its new name, 
Waygood-Otis, Limited. 

He was elected a member of the Institution of 
Electrical Engineers in 1888, and served on the Council 
in 1902. He was also for a time chairman of the 
Electrical Trades Section of the London Chamber of 
Commerce. 





THE MANCHESTER ASSOCIATION OF ENGINEERS.—At 
the annual dinner of the Manchester Association of 
Engineers, held in Manchester on Friday, January 20, the 
position of the Association was reviewed by the President, 
Mr. S. H. Heywood. Founded in 1856, it had grown 
from small beginnings to a membership of 850, though 
of late there had been some falling off. Reforms had 
recently taken place; among the changes, joint meetings 
had been arranged. ‘There was room for further co- 
ordination in the latter direction, while engineering 
employers were urged to induce apprentices to join the 
student section, and to encourage foremen and occupants 
of administrative posts generally to become members. 
Sir W. P. Rylands, in proposing ‘‘ The Association,” de- 
precated despondency on the part of the younger men. 
The fields yet to be conquered in engineering were 
immense, and much inspiration could be derived from a 
consideration of the achievements of the past. Practi- 
cally every great development in industrial engineering 
had started in Great Britain. The present depression 
arose, not from any lack of enterprise or from dwindling 
ability, but to the upheaval caused by the world war. 
Mr. G. E. Windeler proposed ‘‘ The Guests,” replied to 
by Mr. W. E. Thompson, President of the Manchester 
Chamber of Commerce. 











since Goethals’ death is likely to revive interest in 
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THE IMPROVEMENT OF THE 
RIVER ST. LAWRENCE. 


By E. W. Lanz, M.Am.Soc.C.E. 
(Continued from page 63.) 


THE important improvements planned for the 
St. Lawrence River are in three sections: (1) the 
International Rapids section, from the head of the 
Galoup Rapids, near Ogdensburg, New York, to 
Lake St. Francis, so named because the river here is 


the boundary between Canada and the United States ; | 


(2) the Soulanges section, between Lake St. Francis 
and Lake St. Louis; and (3) the Lachine section, 
between Lake St. Louis and Montreal. 

Improvement of the International Section.—Two 
plans were developed for the improvement of the 
International section. One of these contemplates 
a single dam near the lower end of the section at 
which would be developed the total power of the 


section ; the other divides the fall, using two dams. 





The single-stage plan consists of a dam between 


| Barnhart Island and Massena Point, near the city of 


Cornwall, Ontario, with wing dykes extending up 
both sides of the river where the banks are low, 


| to restrain the over flow and protect several small 
| towns (Figs. 3a to d). This dam is located in 
| what is now the main channel of the river in rela- 


tively deep water, and will require extensive coffer- 
damming for its construction. Similar power houses, 
each with an installed capacity of 1,163,000 h.p., 
are placed at each end of the dam. These will 
operate in summer under a head of 85 ft ; in winter 
this may be reduced to 75 ft. It is proposed to 


change the International boundary line so that | 





the level of Lake Ontario in case of trouble at the 
main dam. A gap is left in this control through 
which navigation can pass unhindered. 

The navigation route will follow the main channel 
of the river, taking advantage of the enlargements 
made to prevent ice trouble, to within about two 
miles of the dam. Then it will pass through two 
locks and a short section of canal to the river 
below the power plants. The initial cost of the 
single-stage development is estimated at 41,500,000/. 

The two-stage plan contemplates two dams. one 
at Ogden Island, near the town of Waddington, New 
York, and one at the upper end of Barnhart Island, 
not far from that proposed for the single-stage plan 


the power-house belonging to each country would | (Figs. 42 to d). The upper one of these dams 
be within its own domain. Two alternative loca- | will give a head of 12 ft. to 17 ft., and the proposed 
tions of dam and power houses are also given, one | installed capacity is 406,400 h.p. at the greater head. 
as shown inset to Fig. 3c and another substantially | The lower power-house is located at the foot of 
the same as for the two-stage plan described later. | Barnhart Island. The head available is 63 ft. to 


Control gates across the river near Ogdensburg, at 


67 ft., and the installed capacity is 1,808,600 h.p. 


Galoup Island, are proposed in order to regulate | at the larger head. The navigation route for the 
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two-stage plan is similar to that for the single-stage 
plan except that an additional lock is required at 
the upper dam, and a somewhat longer canal with a 
guard gate is required at the lower dam. The 
initial cost of the two-stage plan is estimated at 
49,000,0007. ‘ 

The two-stage plan is similar to that proposed in 
the report of the engineers of the two countries in 
1920. The principle differences are that, in the 
former report, power development at the upper 
dam was not recommended, and the navigation canal 
at the lower dam was to be located on the Canadian 
side, while the recent report places it on the United 
States side. 





Plans for navigation channels without power 
development were also worked out. The best one 
of these is through a canal on the south bank, 
paralleling that section of the river above the upper 
dam site of the two-stage plan, below which point 
the plan is similar to that of the two-stage develop- 
ment plan with the power house and forebay 
omitted. The cost of this plan is estimated at 
16,000,000/. 

The two sections of the Board did not reach an 
agreement on which of the two plans to recommend. 
The Canadian section favoured the two-stage plan 
because it allows the development of the power at 
the upper dam first and the remainder later, when 





Considering the interest 
charges, they believe this advantage will nearly 
compensate for the lower first cost of the single-stage 
plan. The regulation of the flow of the river is made 
more secure by the two-stage system. 

Another advantage of this plan is that the land 
required is 18,000 acres, about 10,000 acres less 
than for the single-stage development. The United 
States section of the Board favoured the single-stage 
plan because it affords better navigation facilities, 
requiring one less lock than the two-stage plan. 
The single-stage scheme also allows a slightly larger 
development of power, and has a smaller first cost. 
Of the power house sites at the lower end of the 
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International Rapids section, the Canadian engineers | FIFTH REPORT OF THE STEAM- 
favoured the dam location shown in Fig. 4d, since it | NOZZLES RESEARCH COMMITTEE.* 
gives higher rock for foundations, and thus less | ents ¢ z i 
construction difficulties. The United States section lc Previous reports of the Steam-Nozzles Research 
preferred the dam at the foot of Barnhart Island, as | ce aden apples bie ager etgy ones anaes 
2 ae ; | NEERING—first report, vol. cxv, page 377; second 
shown in Fig. 3d, because it reduces the length of | report, vol. exv, page 380; third report, vol. exvii, 
the navigation canal, lessens the possibility from ice, page 681; fourth report, vol. cxix, pages 617 and 651. 
and simplifies the operation of the scheme by having | The discussions on these reports were given in the same 
the dam and power house together. Both sections | issue of ENGINEERING as the reprinted reports. In 
agree that either plan, with either power house | conformity with the practice we have adopted in giving 
location, is feasible, and a choice between the various | the results of these investigations, we have again 
scheme should be made on the broad basis of policy, | refrained from reprinting the tables of figures on which 
rather than from strictly engineering considerations the graphs and deductions are based. , The fifth report 
’ . *|is preceded by a summary of the previous work of the 
(Zo be continued.) 





committee, which we also omit. 

Scope of the Work Covered by the Present Report.— 
The decision of the Committee to carry out an investi- 

TRIAL TriP oF THE S.S. “ QuEBEC CrTy.”—Successful | $4tion into the efficiency of nozzles at different pressure 
sea trials were run on Saturday, December 10, of the | Tanges from those covered by the first four reports 
single screw cargo steamer Quebec City, built by Messrs. | involved an alteration in the back pressure against 
William Gray and Company, Limited, of West Hartlepool, | which the nozzles discharged; hitherto this had 
to the order of Messrs. Sir William Reardon Smith and | always remained at or near atmospheric pressure, but 
Sons, Limited, of Cardiff. The vessel, has a length of | the possibility of varying this pressure had been 


400 ft. and breadth of 54 ft. 3 in. The propelling | .s ‘ se = . - 
machinery, which has been built by the Central Marine | anticipated when the tester was originally designed. 








The main casting which formed the exhaust chamber* 
had been made to stand a pressure of 60 Ib. per square 
inch (gauge) in case higher back pressures than atmo- 
spheric were needed. At the same time, the arrange- 
ments for lubricating the frictionless gland through 
which the spindle of the cage passed out of the exhaust 
chamber allowed for the oil to be supplied from 
outside, in case the pressure inside had to be maintained 
at a value which was less than atmospheric pressure. 
The existing condenser, however, has not up to the 
present been fitted with the necessary air pump to 
produce a vacuum inside the tester. It was decided 


|to carry out a series of efficiency tests made 


at a constant back pressure of 45 lb. per square inch 
(gauge), and this involved extensive additions to the 
apparatus. In order to maintain a‘similar scale of 
experiments, a superheater for 8,000 lb. of steam per 
hour was designed and constructed, and means had 
to be provided for measuring the higher pressures with 
a degree of accuracy approaching that already obtained. 
The first tests with the augmented apparatus took 
place in November, 1925, and after about four months 
work it was felt that the desired accuracy, particu- 
larly at the lower velocities, could not be achieved 
without further refinement in pressure measurement. 





Engine Works of the builders, consists of triple expansion | 
engines having cylinders 25 in., 42 in. and 70 in. in| * Presented at a meeting of the Institution of Mechani- 
diameter, and a piston stroke of 48 in. | cal Engineers on January 20, 1928. Abridged. 





* First Report, Fig. 4, see ENGINEERING, Vol. CXV, 
page 379. 
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The addition of a mercury differential pressure gauge 
of special design to withstand high steam pressures 
helped matters to such an extent that results are now 
available for a number of nozzles of different shapes. 
The Superheater and Re-arranged Pipe Work.—It 
may be remembered that the degree of superheat in the 
tests recorded in the previous four reports was not 
under control. Sufficient superheat was found in the 
boiler steam when it reached the apparatus to ensure, 
im every case, that the steam was still superheated on 
the exhaust side of the nozzle. The initial pressure in 
these tests rarely exceeded 30 lb. per square inch 
(abs.), and the maximum quantity of steam required 


was at the rate of about 2,400 lb. per hour. When 
back pressures up to 75 lb. per square inch (abs.) 
were contemplated, arrangements were made for an 
initial pressure up to 165 lb. per square inch (abs.) 
and a flow of steam at a maximum rate of 8,000 Ib. 
per hour. Such a requirement involved the provision 
of a separate superheater to deal with the boiler 
steam immediately before it entered the main tester, 
together with a re-arrangement of the piping of the 
steam supply from the boilers. Fig. 3 on page 118 shows 
the plant with these alterations and additions made. 
A 3-in. diameter pipe now supplies steam direct from 





the boilers of the Bloom Street Electricity station 





of the Manchester Corporation, and enters the test- 
house at the point shown. A main stop-valve is 
placed just inside, and is used for the first rough 
adjustment of the quantity of steam required for any 
particular test. For fine adjustments a by-pass valve 
is used, which can be controlled from the floor close 
to the pointer on the impulse lever. From these 
valves the steam passes to the superheater, entering 
at the top and leaving at the bottom, in order to 
maintain the contraflow principle. Bourdon-type 
pressure gauges are fitted at inlet and at outlet, and a 
thermometer pocket is provided to give an indication 
of the temperature of the steam as it enters the 
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superheater. A blow-off drain is placed underneath which 
exhausts into the outside air. A reference to Fig. 4 
of the first report will show that the steam used 
formerly to be brought in at the side of the steam- 
chest on the top of the main tester. To deal with 
the larger quantities it is now brought, in at the top, 
as shown in Fig. 3. 

The superheater is designed to receive steam at 
an initial superheat of 100 deg. F. (55 deg. C.), and 
to raise the superheat to 200 deg. F. (110 deg. C.). 
It consists of four banks of ‘“‘ Row’s patent’ indented 
steel tubes arranged in series so that the steam, 
entering at the top, passes four times through the 


hot gases before leaving at the bottom to flow into} 
the main tester. By this arrangement the hottest | 


steam flows through the hottest portions of the gases. 


A safety valve is fitted on one of the double elbow bends, | 


and the whole is built into a rectangular fire-brick 
chamber as shown. The superheater is gas-fired, and 
is supplied with town gas from a 3-in. diameter main 
under pressure of 3 in. of water. There are four 
separate gas burners extending lengthwise under the 


tubes. When ful! on, the gas flames are about 5 ft. 6 in. | 


long, and reach up to the top bank of superheater 
tubes. There is a separate control for each burner, 
and a swinging tube carrying a pilot burner for use 


when lighting up. So far, this superheater has never | 
been worked at its full capacity. It has proved satis- | 
factory in use, easy to control, and capable of main- | 


taining an even temperature of any desired degree. 

Rearrangement of the Pressure Measurement Appa- 
ratus.—The measurement of steam pressures between 
15 lb. and 150 lb. per square inch (gauge) required 
careful consideration. It was a question not so much 
of the difficulty of attaining the desired degree of 
accuracy at the higher pressures as of the reliance 
which could be placed on the actual readings of the 
types of pressure gauges available. 

After consulting with various authorities, arrange- 
ments were made to measure the steam pressures on 
standardised Budenberg test gauges with 10-in. dials. 
The scale of the inlet-pressure gauge is graduated up 
to 150 lb. per square inch with dots at 2-lb. intervals. 
The dots are spaced }-in. apart. The exhaust- 
pressure gauge has a scale reading up to 100 Ib. per 
square inch at 1-lb. intervals; in this case the 
graduations are spaced jj in. apart. In order to 
increase the accuracy of the readings, mirrors are 


nozzle height was reduced from 2 in. to l}in., on 
account of the larger steam capacity due to the higher 
initial steam pressure. One nozzle block had a ratio 
of the parallel tail beyond the throat to the throat 
opening of 3:1. In the other the parallel portion 
was cut away entirely to give a ratio of 0:1. The 
nozzle with ratio 3:1 was first checked for efflux 
angle in the way previously devised by the committee. 
The result* coincided with the tests shown in Fig. 7 
of the Second Reportt for the similar type of nozzle, 





Ftg.7. IMPULSE NOZZLES 1%" HIGH . 20°NOMINAL ANGLE. 
100 PLATES 0-04" THICK . BACK PRESSURE 60 LB. PER SQ.INJABS)- 





and the nozzle block was set on the same nozzle pipe 


1} in. Otherwise the nozzle blocks are similar, and 
the same nozzle pipe has been used in each case. 
Two series of tests were carried out with the length 
of the parallel portion of the throat three times that 
of the nozzle opening. In the first group, the nozzle 
farthest away from the impulse plate was blocked up 
with a metal plate let in flush with the entry face 
and only three nozzles were left open. In the second 
group all four nozzles were open. The velocity 
coefficients are shown plotted against the theoretical 
steam velocity in curve 34, Fig. 7. The points* 


| Fig.3. GENERAL ARRANGEMENT OF THE STEAM-NOZZLE TESTING PLANT. 
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placed round the dials immediately inside the scales, 
and the pointers are mounted so that they read 
edgewise. The pressure gauges at inlet are in duplicate 
to provide a further check. The pipe connections 
between the gauges and the tester are provided with 
U-bends underneath the gauges, in order to prevent 
steam getting into the Bourdon tubes, and a length of 
horizontal pipe is included to maintain the water 
in the U-bends comparatively cool. The gauges 
are calibrated at frequent intervals on a deadweight 
tester. When allowances are made for the accuracy 
of this calibration, and of the waterhead correction 
due to the difference in levels between the gauges 
and the points at which the pressure is measured, 
it is estimated that the initial pressure can be read 
to 0-1 lb. per square inch and the final pressure to 
0-05 lb. per square inch. A mercury differential 
pressure gauge was added at a later date. 

Preliminary Tests.—The nozzles chosen for the first 
tests to investigate the effect of discharge against 
higher back pressures were the convergent impulse 
type with partition plates 0-04 in. thick and with 
a@ nominal exit angle of 20 deg. Two new nozzle 
blocks were made similar to the one shown in Fig. 6 
of the First Report,* with the exception that the 








* See ENGINEERING, vol. cxv, page 379. 
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(525.8) Theoretical Velocity of the Steam tn Feet per Second, 


as shown in Fig. 2b, Third 
Report.t The nozzle 
farthest away from the 
impulse plate was blocked 
up, as shown, with a piece 
of hardwood. A consider- 
able amount of prelimin- 
ary testing was carried 
out, over a period of four 
months, on both the im- 
pulse types of nozzle with 
throat ratios of 3:1 and 
0:1 and on some of the 
single straight elementary 
| nozzles referred to in the Fourth Report. Tests with the 

steam discharging against atmospheric back pressure 
| were included, to check the fact that the apparatus was 
| still giving similar results after the alteration to bring 
| the steam in at the top, to those it gave when the steam 
| entered at the side. This preliminary work showed that 
| the desired degree of accuracy at higher back pressures 
| could not be attained, below a theoretical steam speed 
| of about 800 ft. per second, without a further refinement 

in the means for measuring the pressures. The com- 
| mittee then decided to instal the mercury differential 
| pressure gauge which has already been referred to. 
| The test results may now be considered. 

Impulse Nozzles, 20 deg. Nominal Angle, 0-04-in. 
Partition Plates, 14 in. high.—A cross-sectional view 
of the nozzle block is shown in Fig. 6 of the First 
Report, and the setting in the tester in Fig. 26 of 
the Third Report. The results of the previous tests 
on this nozzle, with steam discharging against 
atmospheric back pressure, with threat ratios of 
3:1, 2:1, 1:1 and 0:1, are recorded i_ the Second 
Report. In the former series the nozzle height was 
2 in.; in the present series the height is reduced to 














* This result has been included in Fig. 11 of this Report. 
+t See ENGINEERING, vol. cxv, page 382. 
t See ENGINEERING, vol. cxvii, page 682. 
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| marked with squares are plotted from the results 
recorded with three nozzles open; those With four 
nozzles are indicated by crosses surrounded by squares. 
The mean of the curve of the old nozzle, exhausting 
against atmospheric pressure, is shown by a dotted 
line for purposes of comparison. The initial superheat 
was adjusted to be of the same order as that which 
had been used in the previous tests with this nozzle. 
Under these conditions the two sets of tests are in 
substantial agreement, though it must be remembered 
that this particular nozzle is not in itself very efficient. 

The new 1}-in. high nozzle-blocks had been made in 
duplicate, and the second one was reduced to a throat 
ratio of 0/1 and was subjected to similar tests, but 
against higher back pressures. The results of the tests 
with three and four nozzles open are reproduced. in 
Curve 35, Fig. 7. The mean curve drawn from the 
results of the old tests taken against atmospheric back 
pressure on a 2-in. high nozzle is added in dotted lines. 
As this curve was definitely higher than was shown by 
the present results, tests were made on the 1}-in. high 
nozzle discharging against atmospheric back pressure, 
the superheats being adjusted to correspond with those 
of Curve 4, Second Report. The results of these 
tests are added as crosses to Curve 35. With the 
exception of one point, they all fall within the band of 
accuracy which has been computed for the tests at 
high back pressure. From this it would appear that 
the results of the tests at higher back pressure, with 
throat ratio of 0/1, are still in substantial agreement 
with those made at lower back-pressure, but that the 
1}-in. high nozzle used is not so efficient as the old 
2-in. nozzle under these particular conditions. This 
variation may be due to worse conditions of entry, 4 
point which is receiving further investigation. As a 
further check on these results, it may be mentioned that 
during the period of the preliminary tests, before the 





* Throughout this Report, the points indicating the 
results of tests at higher back pressure are shown 85 
squares; whilst crosses are used, as before, for those 





against atmospheric back pressure. 
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differential gauge had been fitted, the old 2-in. high, 
20 deg. nominal angle, thin-plate nozzle with throat 
ratio of 0/1, had been replaced in the enlarged apparatus 
and a few check tests made. The results obtained 
below a theoretical steam speed of 800 ft. per second 
were found to be unreliable owing to the difficulty of 
reading the pressures with sufficient accuracy, but 
between 800 and 1,000 ft. per second check points at 
both higher and lower back pressures fall within the 
original band of Curve 4, in the Second Report. During 
the same period of preliminary testing the single 14-in. 
diameter elementary straight nozzle* had also been 
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pipe shown in Fig. 2a of the third report,* and the new 
efflux test showed that the same setting could be used 
in the present case. This had the advantage of 
| reducing the number of variables in case a comparison 
| could be made between the 1}-in. high nozzle and its 
prototype (2 in. high), the results of the tests of which 
were shown on Curve 11 of the third report.t Actually 
the new setting gave an angle of 134 deg. instead of 
14 deg., as shown in Fig. 2a of the third report. Nine 
tests were made with the steam discharging against a 
back pressure of approximately 60 lb. per square inch 
abs., and seven against atmospheric back pressure ; 
the results are shown in Curve 36 of Fig. 13. The 
mean ‘of Curve 11 from the old nozzle is added for 
comparison. As far as these tests have gone, they tend 
to confirm the results obtained with higher back 
pressures on the thin plate, 3/1 ratio, 20 deg. nominal 
angle impulse nozzles (Curve 34, Fig. 7), namely that, 
with a throat ratio of 3/1, the tests at higher back 
pressure of a nozzle 1} in. high give a similar result to 
those at lower back pressure on a nozzle 2 in. high. 
They also afford additional evidence that there appear 
to be little or no difference in the efficiency of nozzles 
working against different back pressures. 

The Probable Accuracy of the Test Results.—A 
method for estimating the probable degree of accuracy 
of any particular test point was given in the Second 
Report, in the case of the tests carried out with steam 
| discharging against atmospheric back pressure. In 
| this method, the error involved in reading each measure- 
| ment was taken into consideration, its effect on the 
| required data was computed, and the test worked out 
| for the two cases when all the deviations were making 
| either for a maximum or for a minimum. As a result 
of these calculations, the curves of performance for the 
| various nozzles have been presented in the form of 
| bands, the width of which showed the estimated degree 
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tested under similar conditions, and the results are 
plotted in Fig. 8. Here, again, the six points repre- 
senting results of tests at higher back pressure fall 
within the band drawn for the original tests of this 
nozzle made against atmospheric back pressure. 
Impulse Nozzles, 20 Deg. Nominal Angle, Thick 
Partition Plates, 14 in. high, with Radius-Chamfered 
Exit—Two new 20 deg. thick-plate nozzle-blocks, 
1} in. high, had been made up at the same time as the 
thin-plate impulse nozzles, the tests of which have been 
described. One of these, with a throat ratio of 3/1, 
had a 6-in. radius chamfer worked by hand on the 
back of the partition plates, as shown in Fig. 4 of the 
third report.+ In all other respects it was similar to that 
shown in Fig. 7, first report.t The fourth nozzle was 
blocked up by means of a steel plate let in flush with 
the entry face, and the remaining three nozzles were 
tested for efflux of the steam jet into the open, the 
results being shown graphically in Fig. 11. The 
curve for the old 0/1 ratio, 20 deg. nominal angle, 
chamfered nozzle§ has been added in dotted lines. The 
latter nozzle had been set in the tester on the nozzle- 





* For details of setting, see Fig. 14. For previous 
tests on this nozzle see Fourth Report. 

| See ENGINEERING, vol. cxvii, page 682. 

i See ENGINEERING, vol. cxv, page 379. 

§ Third Report. 
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of accuracy at any particular steam velocity. The 
change of steam conditions, and the additions to the 
apparatus, render the earlier bands of probable accuracy 
inapplicable to the tests against higher back pressure, 
and it has therefore been necessary to review this 
portion of the work. 

The Impulse.—As before, the thrust of the steam 
jet on the pressure plate is balanced by means of a 
deadweight in a pan suspended on a knife edge at the 
end of a lever. During a test, this lever is kept balanced 
on a zero mark by means of adjustments on the by-pass 
stop-valve. The pressure plate is connected to this 
lever by means of a 14-in. diameter spindle, which 
passes out of the bottom of the tester through a 
revolving gland. Oil is fed into the top of the gland, 
and is forced out below by the pressure inside the 
tester. A diametral clearance of 4 mils is allowed 


well as to permit expansion of the spindle when hot. 
There is practically no steam leakage through the 
gland even when the pressure inside the tester is 45 lb. 
per square inch (gauge), but the difficulties of efficient 
lubrication have increased and the oil does not flow 
as evenly as formerly, particularly at the highest 
steam velocities. The movement of the lever, though 





* See ENGINEERING, vol. cxvii, page 682. 
+ See ENGINEERING, vol. exvii, page 683. 





between the spindle and the gland for this purpose, as ' 


still free, is more sluggish, and its adjustment requires 
more care than was necessary in the case of the tests 
at atmospheric back pressures. Again, the deter- 
mination of the net impuse of the jet by means of the 
weights in the pan involves the accuracy of the back- 
pressure gauge. This gauge is reliable to 0-05 lb., but 
the reading has to be multiplied by the cross-sectional 
area of the spindle in order to determine the net weight 
in the pan. When these points are taken into account, 
it is estimated that the jet impulse may have a possible 
variation of + 0-1 lb. at any velocity. 

The Discharge has a variation in measurement which 
remains practically the same as before, namely 0-0005 
lb. per second at low velocities, 0-001 lb. per second 
at medium velocities, and 0-003 lb. per second at high 
velocities. 

The Theoretical Velocity involves measurements of 
the initial steam temperature, T,, the accuracy of 
which remains the same as before, namely 0-1 deg. C., 
and of the initial pressure, P,, and the final pressure, 
P,, or, alternatively, of the differential pressure-gauge, 
DP, and either P, or P,. On the gauges, P, can be 
read to 0-1 1b. per square inch and P,, as already stated, 
to half that amount. The differential pressure-gauge 
is used for all velocities below 1,000 ft. per second. 
After some experience, it is considered to be reliable to 

.-in. of mercury (under water). This is equivalent 
to 0:01 lb. per square inch. The height of the baro- 
meter is recorded accurately to four significant figures, 
so that no adjustment in this reading is required. 

The control of the superheat and, it may be added, 
the increasing experience of those actually engaged 
on the research, lead to the conclusion that the values 
of the results of tests carried out at the higher back 
pressures given in this report may be taken as being 
accurate to + 2 per cent. at low velocities ; + 1 per 
cent. at medium velocities; -++ 0-75 per cent. at 
high velocities. These variations are shown in the 
form of bands on the curves in Fig. 7. 


(To be continued.) 





CATALOGUES. 


Machine Tools.—Messrs. Scott Brothers (Keighley) 
have issued a special price list of new and rebuilt machine 


tools which they have ready for immediate despatch at. 


their Keighley works. 


Insulators.—A new catalogue of porcelain insulators 
for the overhead equipment of tramways and light rail- 
ways has been issued by Messrs. British Insulated Cables, 
Limited, Prescot, Lancs. 


Electrical Equipment.—The British Thomson-Houston 
Company, Limited, Rugby, have issued new descriptive 
price lists of time-limit fuses, oil-immersed rotor starters, 
and high-speed circuit breakers. 


Welding Blow Pipe.—A circular illustrating a series 
of welding blow pipes, with protection against blow back 
of the flame, is to hand from the Autogenwerk Sirius 
Company, of Dusseldorf-Eller, Germany. , 


Paving.—A catalogue of ‘‘ Steleon ” paving flags and 
kerbs, with full particulars of shapes, dimensions and 
prices, is to hand from Messrs, Langley London Limited, 
161, Borough High-street, London, 8.E.1. 


Steam Wagon.—The Sentinel Waggon Works, Limited, 
of Shrewsbury, have just issued a description of the 
main working parts of their D.G.6 steam wagon, carrying 
12 to 15 tons on six wheels and fitted with two-speed gear, 
in their periodical for December, 1927. 


Smiths’ Hearths and Forges.—The Blackman Export 
Company, Limited, 374, Euston-road, London, N.W.1, 
have issued new lists of blacksmiths’ hearths, propeller 
fans, and portable forges with hand and electric blowers. 
In each case, the dimensions and prices are given, with 
illustrations. 


Graphite Lubricants.—Messrs. E. G. Acheson, Limited, 
40, Wood-street, Westminster, London, S8.W.1, have 
issued a further series of leaflets describing the qualities 
and special applications of their oil, grease and water 
lubricants impregnated with graphite and known as 
Oildag, Gredag and Aquadag. 


Aluminium Overhead Lines.—The British Aluminium 
Company, Limited, Adelaide House, King William-street, 
London, E.C.4, have issued a number of illustrations 
of aluminium overhead lines in service in many different 
countries, under wide variations of climatic conditions. 
The illustrations are secured in a small loose-leaf cover. 


Electric Generating Plant.—Electric generating plant of 
7 to 9-kw. capacity, driven by two-stroke petrol engines, 
is described in a leaf catalogue issued by Messrs. Petters, 
Limited, Yeovil. The plant is supplied for indoor or 
outdoor operation, and, when required, can be mounted 
on a four-wheel truck. A specification, with full dimen- 
sions and prices, is given. 1 


Grain-Loading Plant.—The latest ‘“‘ occasional letter ”’ 
issued by Messrs. Henry Simon, Limited, 20, Mount-street, 
Manchester, gives the outlines of a grain-loading plant 
which they have undertaken to equip and erect at the 
Port of Bahia Blanca. The storage capacity is 80,000 
tons, and the equipment will unload forty large grain 
trucks simultaneously and load eight ships, after cleaning, 
sorting and storing the grain. The drive will be by 
electric motors of over 10,000 h.p. in the aggregate. It is 
expected that the contract will be completed in 1930. 
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BY-PRODUCT AGGREGATES AND 
POZZUOLANAS. 

In at least two respects a general need is felt for 
improvement in the supply of building materials. 
On the one hand, a large number of by-products from 
other industries have become available, the use of 
which might provide cheaper raw material with desir- 
able properties, especially as aggregates. On the other 
hand, concrete, mortars, and similar products are 
often found to be less stable and sometimes even less 
uniform than is to be desired. The materials intro- 


duced into building practice with one or other of these | 


objects would probably be used more extensively if 
their results were more uniform and better understood. 
The composition of the materials left as by-products 
varies within inconveniently wide limits with the 
details of the processes to which they have been sub- 
jected, and where the materials are natural products, 
they exhibit the variability usually found in nature. 

An essential part of the business of the Building 
Research Board of the Department of Scientific and 
Industrial Research, is to deal with difficulties of this 
sort, and as far as possible to fill in lacune which exist 
both in theory and in practice. At the present time, 
the Board has certain fundamental problems with 
regard to the use of by-products as aggregates, and to 
the action of pozzuolanic materials, under experimental 
investigation at its Building Research Station, and it has 
been thought desirable, in publishing a few preliminary 
results of the Board’s investigations, to add an outline 
account of the present state of knowledge in regard to 
these subjects.* Before dealing with these reports, it 
may be well to mention that part of the work on breeze 
concrete and clinker concrete consists in checking cer- 
tain methods of test, which have been devised with the 
object of recognising the materials likely to give 
trouble in use. The station, we understand, would be 
greatly assisted in its work if it could obtain samples, 
of a few pounds in weight, representing anything that 
has given trouble in practice, together with precise 
details of how it was used, the trouble that arose, and 
the origin of the clinker if it is known. The address 
of the Station is Bucknalls-lane, Garston, near Watford, 
Herts. 

Materials Discussed.—The slags to which reference 
is made are those produced in the smelting of iron 
with either acid or basic charges, and their compo- 
sition varies naturally within wide limits according to 
that of the ores smelted, the corresponding additions 
that have had to be made, and the temperature at 
which the products have been run. Their physical 
character, moreover, is affected fundamentally by the 
manner in which they have been cooled. They may 
be used either as slag proper, which is air-cooled and 
almost always broken up or ground, or as granulated 
slag or slag sand, which is usually run into water as 
it comes from the furnace, and appears as small porous 
particles, which may be pulverised by grinding as re- 
quired. Some slags dissolve large quantities of gas 


and give them up on cooling, acquiring therefore a! 
1 


highly porous structure. An overall idea of the physical 
differences to be found in slags may be had from the 
fact that whereas the specific gravity of limestone is 
about 2-4, that of slag may vary from 1-8 to 2-9, 
and its weight per cubic foot when weighed as coarse 
slag in a cubic-foot box varies from 65 lb. to 100 Ib. 
The variation in granulated slags is still wider, running 
from about 30 lb. to 90 lb. per cubic foot. 

Though the other proposed aggregates do not vary 
so widely in density, both their physical character and 
their chemical composition are affected by the char- 
acter of the fuel from which they have been derived, 
and the temperature and other circumstances under 
which they have been produced. The terms by which 
they are denoted are often used somewhat loosely, and 
the definitions adopted in the report under notice may 
be of interest. Coke breeze is taken to be the small 
coke produced by coke ovens or gas works. The term 
breeze not so qualified is often applied commercially 
to rather fine furnace ash, which has only been par- 
tially sintered, and in this Report is included among 
clinkers. Pan breeze is usually the residue of a coke 
which, after having been used in the furnace, has 
fallen into the pan, and consists of coke breeze and 
clinker in widely-varying proportions. Furnace clinkers 
are ashes from which almost all the combustible material 
has been burnt away. 

The cementing agents to which reference is made in 
the report are lime, by which is meant an unhydrated 
substance composed almost entirely of calcium oxide, 
hydrated lime, Portland cement (B.E.S.A. Standard 
Specification), Portland blast-furnace cement (not less 
than 35 per cent. Portland cement, nor more than 65 per 
cent. granulated slag), and slag cement, which is a 





* Building Research: Special Report, No. 10. Slag, 
Coke Breeze and Clinker as Aggregates. By F. M. Lea, and 
F. L. Brady. [9d. net, ]— Building Research : Bulletin No. 2. 
Pozzuolanas. By A. D. Cowper and F. L. Brady. Both 
published by H.M. Stationery Office. (3d. net.] 





finely-ground mixture of granulated blast-furnace slag 
and lime. 

Behaviour in Use.—Though means for distinguishing 
all of these substances that are suitable for use as 
aggregates, from those that are not, are still wanting, 
and are being sought, enough information is available 
to enable many of them to be used with success. Of 
all of them, for instance, it may be said in general 
terms that they are risky if they have been contami- 
nated with ashes, or with wood, vegetable or other organic 
refuse. Among the slags the caution to be observed 


| varies according as they are acid or basic. Acid slags 


solidify as glasses, which have however the property, 
unusual among glasses, of being stable and not tending 
to crystallise or devitrefy. The chief disadvantages of 
acid slags is that their adhesion to the cement is rather 
low, partly because of their smooth conchoidal fracture, 
and partly because they are practically unattacked by 
the water used, which in the case of basic slags acts 


|on them slightly and binds them to the cement. In 


practice, these disadvantages are not found to be signi- 
ficant if the acidity (silica content) of the slags is not 
excessively high. 

Basic slags, on the other hand, crystallise, and under 
some circumstances, which at present do not seem to 
have been defined precisely, may pass from one 
crystalline compound or form into another, with 
alterations of volume which set up stresses in the mass, 
and sooner or later produce disintegration. Such slags 
are, of course, quite unsuitable for use as aggregates. 
It is found in experience, however, that a slag of this 
character will begin to show some sort of disintegration 
within a comparatively short time of having been 
formed. According to the report, slag which shows no 
signs of incipient disintegration within 14 days of 
being made will remain stable indefinitely, although 
with highly basic slays the instability might appear if 
the slags were exposed to a high temperature, as, for 
instance, in a fire. 

In dealing with relatively reactive substances like 
basic slags, it must be remembered, moreover, that 
the properties required in them for use as an aggregate, 
differ from those which may be tolerated or even be 
valuable when they are used as a cement. Basic slags 
are acted on by water to an extent which increases with 
their percentage of lime, and if they are granulated 
and ground very fine, they may either by themselves, 
or with the addition of a suitable amount of extra lime, 
be used as a cement, perhaps with coarse slag as 
aggregate. If the lumps used as aggregates are 
sufficiently large, their relatively small surface will 
prevent their mass from being acted on by the water 
in the concrete more than superficially, and on the 
other hand the very fine particles will be hydrated 
completely at once. Medium-size particles, how- 
ever, though they will set on the outside, may continue 
to hydrate within the solid mass, and by expanding in 
the process will set up destructive stresses. Investiga- 
tion is required to determine what sizes of particles 
may be used safely when dealing with various basic 
slags, but in the meantime the safest practice is 
considered to be that when basic slag is used as aggre- 
gate, all particles from the size of sand downwards 
should be replaced by ordinary sand. The principle 
adopted, in fact, which applies equally with clinker and 
breeze, is that, except to such extent as a superficial 
attack assists to key it to the cement, an aggregate is 
to be regarded as safe only when it is inert ; and seeing 
that the activity of all matter increases with its fine- 
ness, safe practice demands that all particles not known 
to be coarse enough for safety should be rejected from 
the aggregate of a concrete. 

Similar considerations apply to the presence of 
sulphur, the danger of which in an aggregate appears to 
be that, although it occurs originally as a sulphide, it 
is subject, on exposure to air, carbon dioxide and 
moisture, to one or several of a large number of reactions, 
which may cause disintegration by expansion or other- 
wise. It is to be remembered, however, that with 
whatever material it may be made, concrete derives 
much of its strength and resistance from the density and 
impermeability obtained by the use of appropriate 
mixtures, including percentage of water, well-graded 
aggregates, and careful curing. In experience, it is found 
that when precautions are taken in these respects, a 
sulphide content up to as much as 2 per cent. is consist- 
ent with perfect soundness. These considerations apply, 
of course, only where concrete is made with the usual 
object of obtaining a dense product. Where, however, 
the aggregates discussed in this report are used with 
such an object as obtaining a porous material with 
some heat-insulating value, the precautions mentioned 
are much less likely to make the structure impermeable 
to the penetration of water and air and restrictive of 
chemical action, and an investigation is being made as 
to whether, in such cases, much closer limits should 
be put on the permissible impurities. In general, 
moreover, where more than a trifling percentage 
(say 0-2) of easily soluble salt, such as the sulphates 
of magnesium, sodium or potassium, is present, it is 





apt to enter into some not fully understood reactions, 
through which subsequently solid salts are deposited 
within the mass, and produce destructive effects. In 
these circumstances, a concrete containing cement, such 
as slag cement or Portland blast-furnace cement, which, 
for some reason, are not affected similarly, is actually 
to be preferred even to Portland cement. Calcium 
sulphate, on the other hand, may be accepted safely 
up to 1 per cent., but, owing to the slow hydration and 
corresponding expansion to which it is liable, it is 
dangerous beyond that amount. 

In regard to the presence of salts in clinker concrete 
or coke-breeze concrete, similar considerations may 
be applied, and in addition it has been found that 
calcium sulphate may undergo slow hydration, and 
if present in excess of 1 per cent. may lead to. failure 
by expansion after a long period. Coke-breeze con- 
crete, moreover, by reason of its porous structure must 
not be used in wet situations. The necessity for avoid- 
ing impurities such as unburnt coal in clinker fo: 
concrete, to which reference has already been made, 
is found in experience, though no sufficient explanation 
of it can yet be given. 

Use in Practice.—Granulated slag, usually in associa- 
tion with pumice, is suitable by its porosity and its colour 
for the preparation of sound-absorbent plasters. Coke- 
breeze concrete is light and a good non-conductor of 
heat, but if exposed to moisture must be covered by a 
waterproof coating. It is, however, rather weak, 
especially when derived from gas-works breeze. Clinker 
concrete is stronger, while having a low heat conduct- 
ivity and good fire resistance qualities, but must be 
protected, like coke-breeze concrete, when exposed 
to moisture. In a special form of clinker concrete, all 
the fines are removed and not replaced by sand, so 
that the product is extremely porous and, unlike most 
other porous materials, has large voids. This concrete 
is said to be impermeable to moisture owing to the 
absence of capillaries, and it also has good heat-insulat- 
ing properties. Clinker is also used ground with lime, 
for making lime mortar and plaster, in which applica- 
tion suitable clinkers exhibits pozzuolanic properties, 
and develop a much greater strength and hardness than 
ordinary sand-lime mortars, comparable in fact with 
that of ordinary cement. It is, however, difficult to 
define in advance which clinkers possess these properties. 

Pozzuolanas.—The use of pozzuolanas is much more 
general on the Continent than in this country, probably 
because supplies of natural pozzuolanas are found and 
have been utilised there since ancient times. A 
substance is said to be pozzuolanic when at ordinary 
temperatures in the presence of moisture some of its 
constituents will combine with hydrated lime to form 
stable insoluble compounds of cementitious value. Free 
slaked lime in Portland cement or in mortars is a source 
of weakness in a variety of ways, and when pozzuolanic 
materials are added to them or substituted for some of 
their ingredients they add considerably to their strength 
and resistance. Substituted, for instance, wholly or 
in part for sand in lime mortar, they impart hydraulic 
properties and greater strength, and, added to Portland 
cement in such proportion as is necessary to fix the 
free lime, they increase the resistance of the product 
to various chemical destructive agencies and to the 
effect of high temperatures. The most important arti- 
ficial pozzuolana at present in use is granulated blast- 
furnace slag. Pounded bricks and tiles and sometimes 
burnt clay are also very active, and it is said that many 
clay deposits exist here which might, when burnt, give 
excellent pozzuolanic results. Furnace clinker and 
spent oil shale can be applied similarly. 

The ingredient or ingredients to which pozzuolanic 
action is due are not clearly known, and for the time 
being therefore pozzuolanic activity can be measured 
best by a practical test. Both in tests and in practice 
the material should be ground not less finely than Port- 
land cement. The test consists in making pats of lime 
with and without the pozzuolanic material, and obser- 
ving the rates at which they respectively set and harden. 
The pozzuolana under test is mixed with about half 
its weight of dry slaked lime or with the equivalent 
weight of fat-lime putty to a suitable consistency. 
Both kinds of pats made on glass plates are stored in a 
damp atmosphere. The more rapid hardening of 
the mixed pat indicates pozzuolanic action. This may 
take weeks or months to become appreciable, while 
with granulated slag the pozzuolanic pat will probably 
become intensely hard in a few days. It is, however, 
not the rate of hardening so much as its continued 
increase which indicates whether the action is to be 
regarded as sure. 





THe Cirrus AERO Enoine.—We understand from 
Messrs. A.D.C. Aircraft, Limited, Regent House, Kings- 
way, W.C.2,; the makers of the Cirrus Aero engine, that 
they have in hand the production of higher-powered 
engines of a similar type. The Cirrus engine, it will be 
remembered, has four air-cooled cylinders in line, and 
has an output of about 60 brake horse-power at its normal 
speed of 1,800 r.p.m. It was illustrated and described 
on page 572, vol. cxix, of ENGINEERING. 
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CONCRETE IN THE FIELD. 

In a recent article we gave some account of the 
activities of the American Concrete Institute in 
connection with the laboratory study of concrete. 
Papers submitted to the twenty-third Annual Con- 
gress were then discussed. The report of Committee 
(. 6, submitted to the same meeting, dealing with 
control in the field may now be usefully considered. 
The desirability of such control, indeed, the necessity 
of effective oversight, is manifest ; without it investi- 
gations, which lead to desired results, become labour 
wasted. The Committee in question endeavours to 
show, not only that the quality of concrete may be 
assured by proper methods, but that economy also re- 
sults therefrom. Importance of the relation between 
the quantity of cement and of water is insisted upon, 
and that for workability there must be a sufficiency 
of fine aggregate. A drier concrete than that 
ordinarily used in American practice is advised, 
and it is shown that for a slump not exceeding 
three or four inches, the cost of materials giving 
this consistency and having as concrete the desired 
crushing resistance, is much less than for sloppier 
mixes of the same strength. As the report deals 
more particularly with the economies of concrete 
work, quality concrete methods of proportioning are 
not here enlarged upon, though in dealing with the 
subject of enquiry it was necessary to consider con- 
crete mixes which had been arrived at by method. 

Though not at this stage expressing an opinion on 
the matter, the Abrams fineness-modulus routine has 
been adopted, as being well known. A comparison of 
cost of materials for an arbitrary mix of 1:2:4 
concrete for a stated nominal strength of 2,000 lb. 
per square inch at 28 days, with the cost of 
materials for concretes proportioned on the Abrams 
method, with which there is greater assurance of 
obtaining the strength desired, shows an in- 
creased cost of materials for the arbitrary mix 
varying from 5}$ to 13 per cent. An instance is 
cited showing that in an actual case, a material 
difference resulted. It is, however, conceded that the 
Abrams general method—apart from a strictly deter- 
mined water-cement ratio, may not give the best 
results obtainable. Inexact methods of measure- 
ment, it is pointed out, may result in a considerable 
over-run of the cement used, with other inconveni- 
ences. The economy of field control, admitted in 
the case of large works, is shown to be appreciable 
also in the case of small works, the cost of neces- 
sary preliminary tests being sufficiently moderate 
to make this profitable. 

The American Concrete Institute is not, however, 
the only body in America engaged in the study of 
concrete and field control. The American Society 
for Testing Materials recently held its thirteenth 
annual meeting, at which a collection of papers 
was presented dealing with the production of good 
concrete on works. It was remarked in an introduc- 
tory review of the subject that the fineness-modulus 
and water-cement ratio methods of proportioning 
are but nine years old, and the slump test but 
fifteen, though it may be stated that the impor- 
tance of grading, and water quantity has long been 
recognised in this country, albeit, perhaps, some- 
what loosely. The water-cement ratio, and voids- 
cement ratio—closely related—are held each to be 
indices of strength, and in either case must be consi- 
dered in the light of preliminary tests. To quote 
from one paper, by Mr. R. W. Crum, dealing with 
concrete proportioning :—‘‘ It has been found that 
the volume of void space on plastic mixtures is 
practically controlled by the amount of mixing 
water, and that, therefore, the ratio of mixing water 
to cement is also indicative of the quality of the 
concrete.” Examples of proportioning concrete 
to fulfil certain strength conditions based upon the 
water-cement ratio and the void-cement ratio 
methods, show that the resulting mixes do not 
greatly differ. Regarding the advantages of specify- 
ing for weight of components, as against volu- 
metric proportioning, it may be stated that this 
18 Insisted upon, as, though measurement by volume 
may vary but little with particular operatives, 
‘tis manifest that the actual proportions resulting 
with others may vary considerably. The import- 
ance of correct measurement of water and cement 
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instance is given in which water per bag of cement 
ranged from 0-684 to 1-072 cubic ft., correspond- 
ing with a difference in compressive strength of 
over 100 per cent. Again, as indicating the differ- 
ences which may occur in road work, highway work 
in Iowa is cited where tests were made throughout 
one year as the work progressed. The aggregate 
should have contained 34 per cent. of sand as 
defined, though sieve analysis of samples showed 
it, in fact, to vary between 18 and 50 per cent. In 
a later year, the weighing of aggregates having 
been introduced, similar tests showed the range 
to be from 30 per cent. to 41 per cent.—better, but 
still not perfect. Mr. Crum remarked upon the com- 
mon lack of uniformity in the quality of concrete, 
and insisted upon correct measurement as an 
essential requirement. 

“The Mixing of Concrete,” dealt with by Mr. 
Duff A. Abrams, showed that the strength of concrete 
is increased within the range studied as the time of 
mixing is prolonged, the range of increase being 
pronounced during the interval from 15 to 30 
seconds. Within mixing times of from 15 seconds 
to 10 minutes the 28-day strength of concrete was 
increased about 10 per cent. by doubling the time 
of mixing, but the conclusion is reached that there 
is little advantage in mixing concrete longer than 
one minute after all the materials are in the mixer. 
Mr. Nelson L. Doe, on the subject of the conveying 
and placing of concrete, said that the quality of 
concrete could be lowered considerably by careless 
placing in the forms, due to a tendency to segregate. 
He‘advocated a generous settling period for high ver- 
tical fills where concrete is poured into place, and 
advised the tapping of forms to facilitate settling. 
Much of the information presented in these papers 
may be summed up as common knowledge, as 
that on the making of construction and expansion 
joints. With respect to work done in cold weather, 
which in this country is commonly avoided, some 
useful points were made evident. Mr. McGraw, 
writing upon this, said that the strength of concrete 
is developed faster at the higher temperatures ; 
the temperature must be above freezing-point, 
and should be above 50 deg. F. No strength 
develops in frozen concrete. The use of calcium 
chloride in small quantities lowers the permissible 
temperature by 10 deg. F. and accelerates setting. 
For work carried out in cold weather it is recom- 
mended that the structure be maintained at 50 deg.F. 
for two weeks—if necessary, by artificial heating. 
Granting these precautions, it is contended that 
good results are to be expected. 

As an important aspect of field control in the 
matter of testing by simple means in limited time, 
Mr. H. S. Mattimore dealt with transverse beam 
tests as a criterion of quality. Compression tests 
have largely been relied upon in the past, but these 
need costly apparatus and commonly give very 
divergent results even with the same mix. The 
flexural test gives results more concordant, and for 
highway work are more nearly indicative of the road- 
slab properties. Mr. Mattimore showed that the 
average variation of compressive tests is markedly 
greater than the average variation of transverse tests, 
a further feature being the greater diversity of results 
of individual compressive tests. It would appear 
desirable to standardise the methods of making and 
testing pieces for flexural strength to secure com- 
parable results. Dealing with the general question 
of testing concrete in the field, Mr. Roderick B. 
Young pointed out that quantities measurable in the 
laboratory may not be practicable at the site, thus 
limiting what may there be done. Time appears 
to be the stumbling-block, as it is but little use to 
know the strength of particular concrete, weeks, or 
even days, after placing. Notwithstanding this 
objection, short-time tests enable some amendments 
to be introduced in later mixings and tend to keep 
the average up to the standard desired. The 


kind, but is useful only as suggesting what may 
later be expected under test. It is recommended 


be taken from the forms. 





'S again emphasised, and as showing how the 
quantities desired may really run out on occasion, an 





F company. 
that, whatever method is adopted, samples should Stewart’ Institute, Coatbridge, of Garfin Hall, Lanark- 
Much consideration was | shire, and of Mossend, Coombs Wood, and other recrea- 


given by Mr. Young to the variations observed in| tive and social institutes founded for the benefit of 
employees. 


tively small number of tests, the mean variation may 
be materially greater than in the case of a greater 
number of tests, the effect cf extremes in the latter 
case being commonly damped out. There has been, 
perhaps, in the past, a tendency to place too great 
confidence in the average of test results. Comparing 
test figures obtained from ordinary field tests, with 
the results from sample pieces cut out of finished 
work, it was found by the New York Public Service 
Commissioners, that prisms cut from a 12-in. wall 
gave compressive results 25 per cent. greater than 
pieces made and stored in the laboratory. Usually 
experience has been to the contrary. 

The whole study outlined above is of much 
interest and suggests some reflections upon the 
matters treated. Water-cement ratio, the impor- 
tance of which is insisted upon, is no new thing ; 
that but little water should be used to get the best 
results with Portland cement has been known for 
over sixty years. Grant, in a paper read before the 
Institution of Civil Engineers in 1865, said, ‘‘ The 
stiffer the cement is gauged—that is, the less the 
amount of water used in the working it up—the 
better.” Bramwell on the same occasion cited tests 
conducted by himself in which he obtained results 
showing greatly enhanced strength by the use of 
stated proportions of water of small amounts. 
These particulars, it is true, related to tests on 
cement as distinct from concrete; but in 1898, 
nearly thirty years since, there was published in 
“Tests of Metals and Other Materials ” a mass of 
information, covering 255 pages, relating to tests on 
concrete at the Watertown Arsenal, amongst which 
will be found much concerning the effect of stated 
water allowances to cement, though this had not 
then been labelled as water-cement ratio. The 
plain lesson to be derived from these tests as a 
measure of concrete strength seems largely to have 
been overlooked. The use of the transverse beam 
test as a measure of resistance may, perhaps, have 
other applications than in the control of highway 
operations. This test, expressed as a modulus of 
rupture, is, it is true, essentially governed by tensile 
resistance ; a high flexure modulus may on occasion 
be quite consistent with poor compression results, 
but with reasonably good concrete and uniform 
working conditions the compressive resistance may 
be expected to vary as the modulus, with deviations 
not quite so extreme as those suggested by the 
writers quoted. Some further study in this direction 
might disclose the suitability of the transverse test 
for controlling work of a constructive character. 

It may be that field control will ultimately be 
found to consist largely in control, i.e., training 
and supervision, of the labour element. The niceties 
of laboratory work are not to be expected from the 
average labour personnel. That poor results have 
in the past been not infrequently evident, has 
probably been greatly due to the neglect of known 
principles, as by the use of sloppy mixtures, largely 
influenced, no doubt, by the cost of labour, or in 
placing dry concrete, with the need there then is 
for careful rodding. But economy in cost—or 
otherwise—does not end with chuting the concrete 
into forms; the history of failures makes this 
sufficiently clear. No refinements based on labora- 
tory work, or any system of field control, will be 
productive of reliable results unless there be in the 
conduct of the work, continuous and painstaking 
effort. A feature of concrete construction, by which 
is meant more particularly concrete reinforced, is 
that through the whole process, from design to 
curing, there must be sound work, with this pecu- 


liarity: that, when complete, examination of the 


finished work is of necessity superficial and uncon- 
vincing, except in the case when, too late, serious 


faults are disclosed. 








Messrs. STEWART AND Lioyps’ WELFARE ORGANISA- 
TIoON.—We received recently from Messrs. Stewart and 
Lloyds, Limited, 41. Oswald-street, Glasgow, C.1, a copy 


slump test gives immediate information of a| of publication giving an account of recent develop- 


ments in the works of the firm, and devoting much space 
to information relating to the welfare activities of the 
Illustrated descriptions are given of the 


The highly-successful employees’ share- 


series of test s. It is disturbing to find that there holding scheme instituted in 1924, is also fully explained. 
may be considerable, even under conditions such that | T, order to promote good feeling in the firm, a copy of 








no great variation should be evident. 





For a rela-| the publication has been presented to each employee. 
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ELECTRICAL COMPANY, LIMITED. 
(Continued from page 68.) 

CoNnTINUING our account of the foundries we 
now come to the foundry for brass and other 
non-ferrous metals, which is a separate unit. 
occupies 160 ft. of the north end of west bay 


and of the adjoining span between it and No. 1 | 


Foundry, which latter gives it a 
136 ft. 6 in. 
Fig. 30 on page 136. 
bay is served by an overhead travelling crane and 
two jib cranes. The former has a capacity of 3 


tons, the latter of 2 tons; all are hand operated. | 


The work undertaken is very varied, the weights of 
the castings produced ranging from } oz. to 30 cwt. 


Such a range as this involves the use of more than | 
one method, as green sand and dry sand floor mould- | 


ing shown in Fig. 30 and the bench moulding in 
Fig. 31 attest. There are 36 moulding machines, 
and an important section is devoted to die casting. 


The metals and alloys handled are about thirty in | 
number and include aluminium, aluminium-bronze, | 
phosphor-bronze, manganese bronze, and several | 
Extraction pump castings | 
and impellers form a considerable feature of the | 


gunmetals and brasses. 


foundry production, as does the lining with white 


It | 


total width of | 
A view, looking north, is given in | 
It will be seen that the centre | 


metal of bearings, which may be anything up to 28 in. | 


in diameter. Oil sand cores are largely used in the 
brass foundry. The sand is mixed in a rotary mill. 
and the cores are dried in two semi-circular stoves 


and a brick oven, 18 ft. by 10 ft., all of which | 


are coke fired. The metal is melted in ten furnaces, 
of which five are of the usual pit type, with crucibles. 
These are coke-fired with forced draught, four are 
of 150 lb. capacity each and the fifth is of 300 Ib. 
capacity. These furnaces are seen towards the 
right hand of Fig. 32, the air pipes for the forced 
draught being clearly shown. The air is supplied 
by a large Roots blower and two smaller blowers 
which latter are used alone when the foundry is 
not working to its full capacity. The blowers are 
driven by 1-10 h.p. and 2-20 h.p. induction motors. 
To the left of this figure is seen an example of the 


other five furnaces, which are of the Charlier type | 


and are oil fired. These have a capacity of 600 lb., 
and three of them are employed in the ordinary 
work of the brass foundry. Of the remaining two, 
one is reserved exclusively for bearing metals and 
the other for aluminium. 

The castings are cleaned by several methods. 


The 


equipment includes shears, saw, band saws, rumbler, | 


sand blast apparatus and six pairs of emery-wheel 
grinders. 
dust extractor and fan. All this machinery, with 
the exception of the sand blast apparatus, which 
has a separate 10 h.p. motor, is driven from overhead 
shafting by a 20 h.p. induction motor. An ex- 
hauster fan driven by a 30 h.p. motor is placed on a 
platform outside the building and used 
ventilation. 

The die casting shop is shown in Fig. l8above. The 
metals used are chiefly aluminium bronze and white- 
metal alloys, the latter being pressure cast. The 
parts made range in weight from } oz. to 2 lb., and 
are produced in great variety for such details as 
brush holders and contactor tips. Typical examples 
are shown in Figs. 19 to 22. The metal is melted in 


These last are fitted with a Sturtevant | 


for | 
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Fia. 19. 


Fig. 20. 


























Fia. 21. 
Fias. 19 Tro 22. 


| type and the other of the staircase type, both are 


| 


5-100 Ib. coke-fired crucible furnaces which are seen | 


in the background of Fig. 18. 
shown on the tables near the furnaces. 


cast iron with steel plugs for the cores. The cast- 


The moulds used are | 
They are of | 


ings are made within limits of accuracy of + 0-005 


in., and in some instances receive no subsequent 
machining. 

Adjoining the main building at the north-east 
corner of the brass foundry is an annexe allocated 
to the recovery of non-ferrous scrap from the 
machine shops, turnings, punchings and so forth. 
This scrap may be copper, bronze, phosphor-bronze, 
manganese-bronze, gun-metal, aluminium, alu- 
minium alloys, or other non-ferrous metal, but it is 
naturally often mixed with turnings or other frag- 
ments of steel and iron. These are removed by the 
two magnetic separators shown in Fig. 33 on page 
136, which gives a view of the scrap-recovery 


driven through an overhead shaft and belting by 
a 3 h.p. induction motor. In collecting the scrap 
from the machines in the shops special precautions 
are taken to keep the various alloys separate, so 
that, as the furnace losses are known, the whole 
process of mixing, melting and bringing up to speci- 
fication any one metal or alloy from the recovered 


| scrap can be completed without involving more than 


one melt. The melting furnace is situated in the 
die-casting shop, a corner of it being visible at the 
jright-hand side of Fig. 18. It is of the rever- 
| beratory type, is oil fired, and has a capacity of 
2 tons. 

As regards the supply of raw materials, the foun- 
dries are in close touch with the research depart- 
ment, a whole-time liaison officer being maintained 
between the two. Each incoming consignment of 
pig-iron, copper, aluminium, zinc, tin, or lead is 
| allocated a serial number and is subjected to chemical 


house. As will be seen, one machine is of the drum | analysis, so that the foundry metallurgist has an 








Fig. 22. 


EXAMPLES OF CoRED Brass D1E-CastTrnas. 


accurate record of the materials from which his 
mixtures may be obtained. These, when cast, are 
checked by a daily test for chemical, physical, and 
electrical and magnetic properties, as well as to 
determine the amount of contraction. This proce- 
dure is extended to the individual larger castings, 
which are always further provided with a test bar. 
The records of the tests are tabulated and filed, and 
a check is not only kept on the quality, but the 
history of any particular casting in service is 
known and available. The indirect materials are, 
similarly, closely watched. Sand, for instance, is 
tested for green bond, refractoriness, fineness, 
permeability, and so forth. Coke, plumbago, 
blacking, core-oil, limestone, and other foundry 
requirements are all tested. Fig. 23 on page 123, 
shows the ferrous metals analysis bench in the 
research laboratory, while Fig. 24 gives a view of 
the mechanical test room. The apparatus here 
includes two Olsen and one Avery testing machine. 
These have each a capacity of from 0 to 100,000 Ib. 
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Fig. 23. Frrrous Metats ANALYSIS BENcH IN RESEARCH LABORATORY. 
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Fig. 24. MECHANICAL TESTING DEPARTMENT IN RESEARCH LABORATORY. 


in tension, shearing, compression, and bending 
tests. Other machines are provided for tests 
involving impact, repeated impact, fatigue, growth, 
torsion, and hardness. There is further, apparatus 
for the microscopic and macroscopic examination 
of metals, particularly non-ferrous alloys, with a 
dark-room for projection purposes, and an X-ray 
apparatus. These laboratories are kept busy with 
tests on castings, so that the work of the foundry 
is kept at a constant level as regards quality. 

The activities of the laboratories are not, how- 
ever, limited to this more or less routine work. 
lhe search for improvement in alloys is continually 
going on, and many of the firm’s own developed 
alloys are used for castings needing special properties. 
An instance of such work is a new aluminium- 
silicon alloy, which has been named the M.V.C. 
alloy. It is light, non-corrodible, and has a tensile 
strength of 10 to 11 tons per square inch, with an 
elongation of 6 per cent. and a specific gravity of 
2681. This alloy has been approved by the British 
ants for use under Materials Specification 
NO. DO. 

A tabulated list of the alloys produced, with their 
distinguishing marks, and showing the chemical 
composition and the physical and _ electrical 
properties, is supplied to the engineers responsible 
for design, who are thus enabled to make a precise 
selection of a metal suitable for their needs in any 
Particular instance. Special attention is paid to 
bearing metals, samples of each mixture being 
*xamined chemically and microscopically before 
the material is passed to the machine shops for use. 
The utilit y of this last investigation is strikingly 


demonstrated by Figs. 25 and 26. The first of these 
shows the microstructure of a white bearing metal 
correctly melted and poured, the second shows a 
similar metal which has been “ burnt” and is, 
in consequence, not suitable for service, though 
on a chemical analysis alone it would have been 
considered satisfactory. 

We cannot conclude our account of the foundries 
without some reference to the way in which they 
are administered with regard to foundry costs. 
These invariably present difficulties, which are 
accentuated in a large shop turning out many 
different classes of castings. In the foundry now 
under consideration, the problems involved in 
| obtaining accurate costs have had, and still receive, 
| very careful attention. One practice that has been 
| followed for a number of years is to strike, at 
| periods of four weeks, a balance sheet. Of this 
we give an example in the table on page 124, in 
| the expectation that a consideration of it may 
| prove of service to foundry managers and others 
|interested in the question of the costs of pro- 
| duction. It is found very useful by the firm, 
| not, of course, in an isolated case such as this is 
| but when used in a series. The figures are typical 
|rather than actual, and the different practice in 
some foundries as to the proportion of labour and 
| material charted direct and what is charged to 
| overhead expenses must be taken into account. 
| The scheme may, therefore, need some alteration in 

detail ; nevertheless, it shows a practical method of 
| dealing with what is generally a troublesome matter. 
It may be pointed out here that the major part of 
the work done in the foundry is piece-work. 
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The supply of raw materials to the foundries having 
been considered, that other foundry necessity, 
patterns, now demands attention. There are two 
pattern shops occupying the ground floor of the 
middle of a long building in line with the main bay of 
No. 2iron foundry. Each shop is 128 ft. long, with a 
width of 76 ft. 6 in. and a height of 19ft.3in. One 
is used for the production of small and medium- 
sized patterns, and in the other, of which a photo- 
graph is reproduced in Fig. 27, on page 124, the large 
framed patterns are made. Towards the right hand 
of the figure is shown an example of such a pattern, 
e.g., for a condenser end similar to that of which 
the loam core and casting are illustrated by Figs. 12 
and 13, page 67 ante. In the foreground is a solid 
pattern, undergoing renovation, of the top half of a 
turbine cylinder, the casting from a pattern of this 
kind being shown in Fig. 14, page 76 ante. The 
number of patterns handled in a year is commensur- 
ate with the size of the foundry, over 13,000 patterns 
having been either made or repaired during last year. 
From what has been said of the foundry products it 
will be realised that the range also of patterns is 
both wide and varied, and sometimes they are very 
complex. A practice followed in difficult cases is to 
make small preliminary models, in order to assist 
in determining not only the most economical 
construction of the actual pattern, but also as an 
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aid to seiaieen the coreing and moulding 
operations. 

For the smaller moulds, made from moulding 
machines, a considerable amount of plate pattern- 
making is done. In the case of very small castings 
many patterns are mede of metal, the north- 
western corner of the small pattern shop being 
partitioned off as a small machine shop and 
provided with suitable lathes, shapers, milling 
machines, &c. As regards wood-working machines, 
these number about thirty. They are of standard 
types and, as such, do not need special comment, 
perhaps the most notable being a universal wood- 
milling machine on which the work can be moved 
in any direction. The remainder of the machines 
consist of lathes, planers, drills, sanders, millers, and 
band and circular saws, &c. Dust and shavings 


are removed by an exhaust fan through an overhead |. 


system of pipes having openings at each machine, 
and also at regular intervals along the floor. The 
large system of pipes visible in the figure is used for 
ventilation and warming, and keeps the shop at an 
even temperature. The sprinkler system may be 
noticed on the ceiling, and for additional fire pro- 
tection a large number of sand buckets are arranged 
in readily accessible positions. 

The same methods of temperature regulation and 
fire protection as above mentioned, are applied to 
the pattern stores, the main part of which, it will be 
remembered, is situated in one of the spans of the 
large foundry building. Other similar but smaller 
stores lie to the south of the pattern shops in the 
same buildings as them, whilst some of the larger 
patterns are kept in the open air, and others again in 
a detached shed 160 ft. long lying to the east of the 
pattern shops, in which also the timber is stored. 
The various pattern stores are sectionalised, all 
patterns being stored in order, numbered, and card 
indexed, so that any pattern may be obtained rapidly 
and with certainty. The movement of patterns to 
and from the pattern stores and foundries is con- 
trolled by a complete system of checking. On 
leaving the stores, a tag is attached to each pattern 
showing the number of pieces of which it consists, 
what core-boxes are required, the date by which the 
casting is wanted and other particulars. This tag 
remains with the pattern during moulding and 
casting, until the casting is sent to the stores or shop. 
and the pattern returned to the pattern stores. 

Still dealing with partly-worked materials, we 
come to the forge. This is housed in 192 ft. of 
the north end of a large building, the position of 
which has already been indicated in our opening 
article, and which in cross-section is identical with 
the building forming No.1 iron foundry, that is it con- 
sists of a main shop 63 ft. high to the eaves, with 
lower flanking aisles, and having a total width of 
170 ft. Though the building itself is on the same scale 
as the foundry, the work done in it does not corres- 
pond to the foundry output in so far as the heavy 
forgings complementary to the big turbine castings 
are concerned, as these forgings are purchased 
from outside firms. At the same time, it shares 
the characteristic of variety with the foundry. 
The work done involves the bending and 
joining of angles, and rings of various section, 
general forging, bolt-making, drop forging, and 
acetylene welding, and the equipment of the shop 
is, in consequence, of a somewhat heterogenous 
nature, as an examination of Fig. 28, on page 125, 
which is a general view of one part of the forge 
will show. 

Perhaps the tive hammers for drop-forgings are 
the most prominent a»pliances. These are electri- 
cally operated, and range from 10 cwt. to 
2 tons. Each is provided with its own oil-fired 
furnace, and the battery is furnished with 
a double-ended trimming press. Some examples 
of the work turned out by this plant are shown 
in Fig. 29, on page 125. For making the parts 
for frames and air coolers, the machines comprise 
four cold saws, one guillotine shears, four large 
hand-operated shears, and a pair of bending and 
straightening rolls. Angles and rings, of the latter 
of which there is a wide variety, are bent in a four- 
roll bending machine. There are the usual face plates 
and a large oil-fired furnace for this work also. 
Brackets are bent in a pneumatic riveter, and a 
special bending machine and furnace is used for 
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SoutH PatTERN SHoP, FOR LARGE PATTERNS. 


IRON FOUNDRY STATEMENT—JUNE 30, 1920. 


Cost, 
Total. d/\b. 
Details. Cost. of Output. 
Work in hand at end of _— 

Brought forward . es ae. e. @: 
Castings in stock os - Bate 1 2 —- 
Work on unfinished cores— 

Labour £398 2 
Overhead expenses . < ae Se 8 
————-__ 995 6 3 -- 
Work on unfinished moulds— 
Labour os £406 3 4 
Overhead expenses . a. ~ IOS 
—————-. 1,015 8 4 _— 
Adjustment for differences in unfinished 
work, at end of May and June. 
Cores— 
Labour .- £100 0 0 — 0-026 
Overhead expe mses... 150 0 0 ~- 0-039 
Moulds— 
Labour * “f 5416 8 = 0-014 
Overhead expenses + 82 5 0 —_ 0-021 
Labour charges for June— 

Core-making -. £681 3 4 — 0-163 

Moulding .. 3,006 7 8 — 0-777 

Fettling 542 13 6 —_ 0-140 

4,180 4 6 


Actual factory overhead charges .. 5,206 17 3 1-347 


Material charges— 











Pig-iron . . £2,400 1 3 
Scrap ok es - 282 23-6 
Coke ee a ae 613 4 6 
Sand Le a .. 80010 0 
Plumbago i ae 45 5 0 
ei as $e ea 70 3 4 
Miscellaneous _ om 210 3 6 

a 4,070 10 1 1-054 

Balance (profit for June) 274 1 7 

Totals £19,154 9 2 3-581 

WEIGHT OF OUTPUT. 
Ib. 

Castings shipped in June a 899,001 

Castings in stock at end of June .. 224,112 

Total 25 ; oe ae 1,123,113 

Tess castings in stock at end of ane 196,098 

Net weight produced in June 927,015 


making meter magnets. Four tables for frame 
building and acetylene welding complete the equip- 
ment of this part of the forge. 

The bolt plant consists of a double-ended bolt 
header, a bolt machine, a pair of cropping shears, 
and a trimming press. The hammer equipment, as 
may be inferred from our remarks concerning the 
larger forgings, comprises no tools remarkable for 





Details. ‘ima 
13,366 16 


a> 


Castings shipped in June 
Work in hand at end of June— 
Carried forward— 
Castings in stock ro 
Work on unfinished cores— 


» 
o 
tr 
rw 
-_ 
to 
bo 


Labour my ;: -. £208 2 6 
Overhead expense .. <) at ee 
745 6 3 
Work on unfinished moulds— 
Labour : .. £351 6 8 
Overhead expense ae <- Ont 0 
878 6 8 
Foundry equipment 241 7 7 
Totals £19, 154 9 2 
AVERAGE Cost (PENCE PER POUND). 
May. June. 
+ Ib. Ib. i 
Net weight produced | 863,144 927,015 
; d. 
Labour .. are ma -. 1-208 1-120 
Overhead expense re ae --» 2°62 1-407 
Material. oa ae ine 1-044 1-054 
Total cost perlb.(d). .. .. 8-768 3-581 


size. The largest steam hammer is one ton, and there 
are four smaller steam hammers. In addition, there 
are two pneumatic hammers, the air pumps for which 
are electrically driven, and one Bradley tilt hammer. 
There are, of course, numerous smiths’ hearths and 
heating furnaces, and the miscellaneous machinery 
for general work includes two Ryder forging machines 
two hot saws with adjoining oil-fired furnaces, 
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hydraulic bender, drilling machines, &c. The power 
requirements are met by 26 A. C. induction motors, 
of a total of 374 horse power, and varying in 
individual capacity from 1} horse power to 30 
horse power. 

_For handling the work the shop is provided with 
nine hand-operated jib cranes capable of handling 
loads up to 2 tons each. The artificial lighting is 
done by high candle power incandescent lamps. 
As with the foundry, the research department keeps 
in touch with the forge, all bars, &c., being subjected 
to analysis and mechanical tests. 

(T'o be continued.) 








, Canapian Grain TRAFFIC—During the navigation 
Pa of 1927, the grain elevators at Port Colborne, 
eeaeio, the Lake Erie entrance of the Welland Canal, 
andled 99,026,693 bushels of grain. This is a record total. 





THE IMPROVEMENT OF THE RIVER 
ST. LAWRENCE. 


By E. W. Lanz, M.Am.Soc.C.E. 
(Concluded from page 116.) 


The Soulanges Section.—Several plans were 
studied for the improvement of the Soulanges 
section. The one recommended by the board is a 
combined navigation and power development 
scheme, with an initial installation of 404,000 h.p. 
and provision for gradual extension to the full 
capacity of this section of the river. The plan for 
the improvement comprising the first step are shown 
in Fig. 5 on page 126. For navigation around the 
Coteau Rapids, a canal with alow lift lock is proposed 
on the north side of the river. At the head of Cedars 
Rapids, a dam is to be located at which the initial 





power installation will be placed. This dam will 
submerge the Coteau Rapids, but in order to allow 
for the passage of floods without too great backing 
up of the level of Lake St. Francis, or necessitating 
too large a lowering of the headwater at the power 
plant, considerable excavation is planned to 
increase the flow capacity through the rapids. 
Sufficient water for the present 200,000-h.p. plant 
of the Cedars Rapids Power Company will be 
discharged into its headrace through gates in the 
dam. 

After leaving the low lock at the foot of the Coteau 
Rapids, the navigation channel passes through the 
pool caused by the dam to the north end of the 
structure, where it enters an excavated canal about 
five miles long and, after passing through a guard 
gate and two locks, reaches Lake St. Louis. The 
second step of the power development is the installa- 
tion of a 500,000-h.p. power plant just south of the 
lower lock, which is to be supplied with water 
through a headrace formed by the enlargement of 
the navigation canal. The last step in the power 
development is a dam at the foot of the section 
which will back water up to the dam proposed in 
the initial development. At this dam, 974,000 h.p. 
will be developed. This step will drown out the 
present Cedars Rapids plant, which by that time will 
be practically obsolete. 

The estimated cost of the three steps of the plan 
recommended is as follows :— 


£ 
First part, with full turbine installation 21,000,000 
Second part... 8,000,000 
Third part ... 13,000,000 


Another plan which will give a greater amount 
of open river navigation is mentioned by the Board 
as meriting serious consideration. It consists of 
two dams located substantially as in the scheme 
previously described. The lower dam, however, 
would be higher and the head at the upper dam 
reduced. The present Cedars Rapids power plant 
would be reconstructed to accommodate the rise 
in both headwater and tailwater. The navigation 
would pass through a canal around the Coteau 
Rapids in the same manner as for the recommended 
plan. It would then pass through the pool formed 
by the upper dam, thence through a short canal 
and lock to the pool of the lower dam, then through 
the open water of this pool to a lock at the lower 
dam which would discharge into deep water in 
Lake St. Louis. The total cost of this scheme 
exclusive of interest charges is about 2,300,000/. less 
than the recommended plan, but since the initial 
investment is greater, it is believed the interest 
charges saved by the delayed construction of the 
second and third steps of the recommended plan 
will more than offset this saving in construction 
cost. 

Plans for improvement without power develop- 
ment by means of eanals on both sides of the river 
were worked out, the one on the south side being 
substantially that recommended in the engineers’ 
report of 1920. The cost estimate for this canal is 
6,900,0007. 

If arrangements cannot be made by which 
power interests bear a fair part of the initial cost 
of the scheme recommended by the Joint Board, 
| the Canadian section favoured the construction of 
the lateral canal on the south side of the river. 
The United States section believed that the require- 
ments of navigation will eventually demand open 
water navigation and, therefore, they favoured the 
construction of the recommended plan with power 
houses but without machinery installed, or the plan 
for a !ateral channel on the north side which can later 
be incorporated in the recommended plan with but 
little loss, rather than the canal on the south side 
which will be practically abandoned when open water 
navigation is provided. 

The Lachine Rapids Section.—The improvement 
recommended by the Board for the Lachine section 
does not contemplate the development of power as 
part of the original installation. The plan provides 
a navigation canal along the north side of the river, 
since the excavation necessary in the river channel 
to reduce velocities sufficiently for safe navigation 
is too extensive, and property damage which would 
result from a material raising of water levels would be 








too great. This canal is 11 miles long and contains 
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Fig. 6. To reduce excavation in the upper end of 
the canal and in Lake St. Louis, a system of control 
works will be built near the head of the Lachine 
Rapids which will keep a constant level in the lake. 
These works will be so designed that they can be 
later incorporated in the plan for power development. 
This structure would back water from Lake St. 
Louis up into the Lake of the Two Mountains, and 
auxiliary control works are necessary on two of the 
outlets of this lake which lead to the St. Lawrence 
below Montreal in order to prevent a large proportion 
of the outflow of the lake from passing through these 
rivers. The cost of the canal and control works for 
this section of the waterway was estimated at 
11,000,0007. 

The plan for the improvement of the Lachine 
section recommended by Messrs. Boden and Wooten 
in 1920 was similar to this plan except that in their 
plan the canal passed through the outskirts of the 
city of Montreal, and the construction of control 
works was to be postponed until it was desired to 
increase the navigable depth of the canal from 25 ft. 
to 30 ft. Since much of the land along the route 
recommended by them is already being rapidly 
built up by the growth of the city, and since con- 
siderable interruption of traffic both on the canal 
and in the city streets would result at the bridges 
across the canal which would be necessary, the 
Joint Board believed the canal along the river edge 
preferable. 

In order to develop the power in this section of 
the St. Lawrence, it is necessary to enlarge the 
channel to reduce velocities sufficiently to prevent 
ice gorging. The developing can best be done in 


the average net supply for the months of April and 
May being in excess of 500,000 cub. ft. per second, 
and for November being less than 20,000 cub. ft. 
per second. In spite of these great fluctuations 
in supply, the difference between highest and lowest 
monthly mean levels in the sixty-six years of 
the record ranges from 3-5 ft. in Lake Superior to 
6 ft. in Lake Michigan. The average annual 
variation in level in the various lakes is from 1} to 
about 2 ft., and the greatest variation in any one 
year from 2% to about 4 ft. As a result of these 
small fluctuations the flow and surface levels in the 
rivers connecting the Great Lakes and in the 
St. Lawrence River varies very little and improve- 
ments in the many cities along the banks of the lakes 
and connecting rivers have been built close to the 


month has reached over 800,000 cub. ft. per second, 





practicable source of water supply is Lake Michigan, 
but the lake was also the only practical outlet for 
the city’s sewerage. In 1885 the pollution of 
the city water by sewage was rapidly becoming a 
menace to the health of the community and the 
city of Chicago, combined with the surrounding 
suburbs to solve the problem of excavating what is 
now known as the Chicago Drainage canal. The 
canal extends from the Chicago River, a small 
stream into which most of the city’s sewage dis- 
charges, through a low divide into a tributary 
of the Mississippi River. It was completed in 1900, 
The depth to which it was excavated was sufficient 
to deflect not only the flow of the Chicago River 
from Lake Michigan but also to draw from the lake 
itself at times as much as 10,000 cub. ft. of water 





per second with which to dilute the sewage. 
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two steps. The first step contemplates the con- 
struction of a deep concrete lined channel on the south 
bank of the river leading from Lake St. Louis to 
the foot of the Lachine Rapids, carrying a flow of 
120,000 cub. ft. per second, and discharging through 
a power house at which 391,000 h.p. could be 
developed. 


The construction of a control dam similar to | 


that required for navigation would be necessary 
in this step to preserve the level of Lake St. Louis. 
In the second step a portion of the control works 
would be removed and a headrace constructed from 
the dam to a power-house, beside that built in the 
first step, by placing a longitudinal wall from the 
end of the remaining part of the control works 
down the channel of the river to the power 
house. This plant would develop the remaining 
422,000 h.p. available at the Lachine Rapids. 


Improvements of the Great Lakes.—The area | 


contributing water to the Great Lakes is about 
300,000 sq. miles, of which nearly 100,000 sq. miles 
is occupied by the lakes themselves. The surface 
of the lakes is so great a proportion of the total 
watershed that the fluctuations in their levels 
and outflow are relatively small. A large part 
(about 40 per cent.) of the total water reaching 
the lakes is lost by evaporation from the lake sur- 
faces, not infrequently for periods of a month the 
evaporation exceeding the total inflow. The mean 


net supply (total supply minus evaporation) for a 





water’s edge. Great damage would, therefore, 
result from a material raising of the water surfaces. 
The navigation channels have also been built to 
conform to this small stage fluctuation, and any 
reduction in depth results in considerable losses 
| to the immense shipping interests of the lakes, due 
~ the decrease in the tonnage which ships can 
carry. 

Effects of the Chicago Diversion and Channel 
Enlargement.—The levels of the lakes have been 
affected by many works of man, the more important 
of which will be described in the following para- 
graphs. The outflow of Lake Superior has, for a 
number of years, been controlled by regulating 
works to prevent the levels being drawn down by 
the power companies which have diverted water 
or power at the outlet of this lake. This regulation 
has in general been beneficial to the levels and the 
power development of Lake Superior, and only 
slightly detrimental to the interests on the other 
| lakes. 
| Another cause of change in levels in the Great 
| Lakes is the diversion of water from the St. Lawrence 
Pa by the Chicago Sanitary District. In 





order to explain the significance of this diversion 
it will be necessary to enlarge somewhat on the 
information given in the report of the Joint Board. 
The city of Chicago is located near the south end 


of Lake Michigan. With adjacent suburbs, it 


has a population of about 3,500,000. The only 








This large diversion of water caused a lowering of 
the levels of all the Great Lakes except Lake Superior 
and of the entire length of the St. Lawrence River. 
Since the depression of the levels of the lakes 
causes a lowering of the surface of the interconnec- 
ting rivers and thus a decrease in their carrying 
capacity, a constant diversion such as that of 
Chicago lowers the lakes until it causes a decrease 
in the capacity of the outlet equal to the amount 
of diversion, after which no further lowering results. 
The depression of the surface levels of the Great 
Lakes due to the deflection of the flow from the 
watershed through the Chicago Drainage Canal has 
been 0-4 to 0-5 ft. 

In spite of the fact that the lowering of the levels 
caused great damage to the immense shipping of 
the lakes, an International body of water, and on 
parts of the St. Lawrence River lying wholly within 
Canada, a foreign country, decreased considerably 
the water power resources of this foreign country, and 
added to the flood menace of the Mississippi River ; 
the authorities responsible for the diversion secured 
no authority from che United States government, 
but maintained that the control was vested in the 
State of Illinois, by which they had been properly 
authorised. As soon as the lowering of levels due 
to the diversion became effective, great opposition 
arose, and led to one of the greatest legal controver- 
sies in the history of the United States. A decision 
of the United States Supreme Court established the 
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right of the national government to control this 
diversion, and authority was granted for a diversion 
of 4,167 cub. ft. per second. This limitation, how- 
ever, was ignored by those in charge of the diversion 
canal, and enlargements were made as the local 
conditions made them desirable. As a result of the 
high-handed methods used and lack of tact in the 
handling of the situation on the part of those in 
charge of the canal, the diversion at Chicago has 
been held responsible for a much greater effect than 
it really produces. As a result of unprecedentedly 
small rainfall, culminating in 1925, the lakes 
reached record low stages, and a great demand arose 
that this diversion be greatly reduced or stopped 
altogether. Suit was brought by a number of the 
States to restrain the Chicago Sanitary District from 
any diversion, and this case is still before the United 
States Supreme Court. It is obvious that to make 
any reduction of flow of the canal before arrange- 
ments were made to take care of the sewage would 
cause a grave menace in those communities which 
are dependent on Lake Michigan for their water 
supply. A temporary permit to take an average of 
8,500 sec. ft. from the lake was therefore granted 
the Sanitary District on condition that they should 
build certain sewage control works and meter their 
water supply, which ran over 200 gallons per capita. 
Another cause of the lowering of the levels of the 
lakes was the change of outlet capacity in the St. Clair 
River, the outlet of Lakes Michigan and Huron, 
which are essentially a single lake. Between 1890 
and 1900 this enlargement lowered these lakes about 
(0-34 ft., but the cause of this increased discharge 
capacity is not established. From 1900 to 1908 no 
change took place, but between 1908 and 1925 the 
capacity was further enlarged to the extent of 
0-38 ft. lowering, due to the excavation of gravel 
for commercial purposes in the narrow sections of 
the river where it leaves Lake Huron. A number of 
other diversions, made in the interests of navigation, 
affect the levels of the lakes slightly. Table I is a 
summary of all these effects. 
TABLE I.—Effect of Diversions on Lake Levels. 





Amount | Effect, in Feet, on Levels. 


























| of Diver- ——=s 
ete ; sion in | 
Cause. | Cubic |Michigan 
Feet per | and Erie. | Ontario. 
Second. | Huron. | 
| 
Authorised diversions = | 
Chicago Sanitary dis- H 
trict oe ..| 8,500 |—0-5 —0-4 | —0-4 
Power diversions, Wel- 
land Canal .. ..| 2,050 |—0-025| —0-1 | —0-0 
All present diversions | | | 
and outlet changes— | H 
Chicago sanitary Dis- | i 
trict af é 8,660 |—0-5 | —0-4 | —0-4 
Welland Canal ..| 3,100 |—0-04 | —0-15| 0-0 
Black Rock Canal... 1,000 |—0-01 — 0:05} 0-0 
Changes in St.Clair River 
outlet— | | 
Priorto1908  ..| — |—0-3 - | - 
Subsequent to 1908 — |—0°3 —_ — 
Gut dam a ae — | _- | _- | +0-4 
Total . «| — |=1-15 | —0-6*] 0-0 
| { 








_* Upon the opening of the new Welland Ship Canal the lowering 
of the level of Lake Erie will be increased to 0-7 ft. 





Methods of Improving Lake Levels.—The dele- 
terious effects of these diversions, as far as they 
affect navigation interests on the Great Lakes, could 
be removed by the construction of control works in 
the rivers between the lakes. These works could be 
in the form o fixed dams or submerged weirs in the 
outlet channels, or of movable dams or gates with 
which the flow of the streams could be regulated. 
For convenience, the former are referred to as 
~ compensation works,” and the latter as “ regula- 
tion works.” 

When compensation works are installed, they 
cause an obstruction, the water held back raises the 
levels of the lakes above sufficiently to force the 
Same quantity of water past the obstructions as 
would have been discharged if no works were built. 
The final effect of compensation works is therefore 
to raise both high and low stages in the lakes by the 
Same amount without causing a change of discharge 
in the streams. Regulation works, on the other 


a control water levels by increasing or reducing 
: © outflow from the lakes and thus raising or 
Owering the levels in the lakes. 








127 





ENGINEERING. 








Possibilities of Regulation Works.—The possibili- 
ties of regulation, as applied to the Great Lakes, are 
severely limited by the necessity of providing 
sufficient flow in the outlet channels to take care of 
the navigation interests in these streams, and by 
the small range through which it is possible to vary 
the lake levels without serious damage to riparian 
interests. 

The interests to be benefitted by lake regulation 
are navigation and power development. At the 
present time, navigation is considerably the more 
important, but the value of power is likely to 
increase rapidly. A scheme of regulation was 
worked out to give the maximum safe lake levels 
with a slight increase in the minimum flow at 
Niagara Falls and in the St. Lawrence River. This 
programme would have decreased the range of 
fluctuation of lake levels by the amounts shown 
in Table II. 

This decrease in stage range represents the 
increase in depth available to navigation, since the 
maximum stages reached with regulation could be 
held up to the maximum levels reached in the 
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unregulated condition, and the increased depth 
available to navigation in low-water periods would 
then be the difference between the regulated and 
unregulated conditions. The cost of the regulation 
works necessary to secure this gain in navigable 
depth is 7,500,000/., but the same increase could 
TaBLe Il.—Range of Stages of the Great Lakes, with and 
without Regulation. 











Range of arene 
Stage of Pe non pond Gain by 
Lakes Lakes as "Reantated Regulation. 
Regulated. ” 
| 5 
Feet. 

Superior .. | 2-4 2°8 0-4 
Michigan—Huron. . |} 2-4 3°5 1-1 
Erie ote - 2-8 3-3 0-5 
Ontario . | 2°8 4-2 1:4 











be secured by the excavation of deeper channels 
at a cost of 2,700,000/. Regulation for the benefit 
of navigation is therefore not economical. 

A study was made also to determine what benefits 
could be secured for power development by regula- 
tion works. A small increase in the amount of 
primary power (power available 100 per cent. of 
the time) could be made, but no system was found 
which would increase the total available power of 
plants with generating capacity equal to the mean 
flow of the stream. In other words, the increase in 
primary power was at the expense of an equal 
or greater amount of secondary power. The value 
of the regulation to power would therefore depend 
on the relative values of primary and secondary 


values becoming nearly the same. A large part 
of the benefit to power obtainable by the regulation 
of all the lakes can be obtained by the regulation of 
Lake Ontario only, and the control of this lake is a 
necessary part of the scheme proposed for improve- 
ment of the St. Lawrence River. In any case, no 
benefit to power would result until the demand 
equals the output possible with the minimum flow 
of the unregulated river. Since this condition will 
not be reached for a considerable period, no imme- 
diate benefit of regulation to power is possible. 
Still another reason making it inadvisable to control 
the lake levels is that to a large extent the interests 
of power and navigation conflict, since the optimum 
condition for power is a steady flow, necessitating, 
with varying supply, a fluctuation of lake levels, 
while navigation is best served by steady lake 
levels, which can be accomplished only by varying 
the flow. Since the interests in navigation are 
greater in the United States and those in power are 
greater in Canada, the administration of the regula- 
tion works equitably to divide the advantages 
between the two countries would be exceedingly 
difficult. 

Improvement by Compensation Works.—The lower- 
ing of the lake levels due to diversion can be remedied 
at small cost by building compensation works in 
the Niagara and St. Clair Rivers. Fig. 7 shows that 
proposed in the Niagara River. It consists of four 
submerged dams of loose rock and a longitudinal 
cribwork contraction dyke connected to the bank 
by a rock fill weir. These works will raise the 
levels of Lake Erie 0-7 ft. and of Lakes Michigan 
and Huron 0-15 ft. In the upper end of the 
St. Clair River it is proposed to install 31 submerged 
sills of loose rock with crests 30 ft. below the water 
level. These sills would raise the levels of Lakes 
Michigan and Huron 0-85 ft., which with the effect 
of the Niagara River controls will give a total 
raising of 1 ft. The Niagara River control will 
cost 140,000/., and that in the St. Clair River 
550,000. These figures are materially below the 
cost of obtaining equivalent increase in depths by 
dredging. 

TasiLe III.—Summary of Cost. 





























Shin ® whee. With Two- Single-Stage 
Initial Cost. Stage Project. Project. 
£ £ 
St. Lawrence River— 
Thousand Island Section 230,000 230,000 
International Rapids 49,000,000 41,500,000 
Lake St. Francis 200,000 200,000 
Soulanges Section 19,000,000 19,000,000 
Lachine Section 11,000,000 11,000,000 
Total .. oe oa 79,430,000 71,930,000 
Great Lakes Improvement : 
Compensation works 690,000 690,000 
Interlake channels, 25 
er xe ee 8,500,000 8,500,000 
Total 9,190,000 9,190,000 
Total initial im- 
provement 88,620,000 81,120,000 
Final Cost, Completed 
Project. 
Additional cost of complete 
power development 55,000,000 55,000,000 
Additional cost of excava- 
ting to 30 ft. - 16,000,000 16,000,000 
Total cost .. 159,620,000 | 152,120,000 








Channel Deepening.—Because of the relatively 
low cost of compensation works it was found 
advisable to raise the levels as far as possible by 
these works and obtain the remainder of the 
increased depth necessary for ocean traffic by 
dredging. The great damage which would result 
from raising the water levels limited the practical 
increase by compensation works to the values for 
which the works were designed. The additional 
cost necessary to give 25-ft. channels is 8,500,000/., 
or a total with compensation works of 9,190,000/. 
For 27-ft. and 30-ft. channels the total estimated 
costs are 13,500,000/. and 20,500,000/. respectively. 
Improvements in Montreal Harbour and the 
Lower St. Lawrence.—Water levels in Montreal 
Harbour and in the river below there have been 
lowered by the diversion of water at Chicago and 
by the dredging of the river channel to provide for 
ocean navigation. This lowering has exposed the 





power, and the recent tendency is toward these 


wooden foundations of the wharves in Montreal 
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harbour to decay and will in time necessitate their 
reconstruction. To compensate for the diversion 
at Chicago, excavation costing 570,000/. is necessary 
in’ Montreal harbour and the river below, and that 
part of the cost of reconstruction of the docks which 
is chargeable to that diversion is estimated at 
370,000/. 

Summary of Cost.—Table III on page 127 gives 
an idea of the magnitude of the cost of the initial 
instalment proposed by the Joint Board of Engineers 
and the cost of the project when channels are 
excavated to full depth and all the water power is 
developed. 





THE MACLAURIN SMOKELESS-FUEL 
PLANT AT GLASGOW. 


Ir has frequently been pointed out, both by scientists 
and by commercial men, that there is a great gulf fixed 
between the successful operation in the laboratory of 
many of the processes suggested for treating coal and 
their economic employment on a large scale in industry. 
This difference is easily explicable. It arises not only 
from the greater size of the plant and the more onerous 
operating conditions which are thereby introduced, 
but also from the necessities of securing a reasonable 
continuity of service and of disposing of the pro- 
ducts on a paying basis. The number of processes 
which up to now have fulfilled all these conditions is 
extremely small, and this paucity will therefore make 
our description of the Maclaurin smokeless-fuel plant, 
which has been in operation at the Dalmarnock Gas 
Works of the Glasgow Corporation since October, 
1925, the more interesting. This plant was erected 
by Messrs. Blair, Campbell and McLean, Limited, of 
Govan, who are the licensees for the Maclaurin patents 





in this country, under supervision of Mr. J. W. McLusky, 
the general manager of the Gas Department. The 
general lay-out of the plant is given in Fig. 2, on the | 
opposite page, while Fig. 1 is an illustration of one of the | 
producers, which is shown in section in Fig. 3. The plant | 
has an output of about 50 tons of smokeless fuel a day. | 

The coal used is drawn from the Lanarkshire coal | 
fields, the type preferred being that of which the | 
coking powers and ash percentage are low; the volatile 
matter may vary from 25 to 40 per cent. The 
coal is delivered by rail, and the wagons are emptied | 
by a rotary tippler on to a grid, where any very large 
pieces are broken by hand. The coal then passes to 
the boot of an elevator, whence it is conveyed to 200-ton 
coal bunkers above the smokeless-fuel plant. It next 
passes through measuring hoppers, holding about 1 ton 
each, and is then lowered into the plant via the usual 
type of producer bell, shown in Fig. 3. The relative 
position of this equipment is shown at the top of Fig. 2. 
As will be seen, there is a battery of five units, each of 
which is capable of carbonising 20 tons of coal a day. 

As indicated in Fig. 3, the producer unit bears some 
resemblance to a blast furnace, though it is square and 
is raised above the ground on piers. The height from 
the charging hopper to the discharging chutes is 36 ft., 
and the internal width, at the widest point, is 8 ft. A 
centre wall, near where the air ports enter, divides the 
producer into two equal-sized chambers, while higher 
up are an oil trap and a gas and oil outlet, the purpose 
of which will be explained later. The coke, after cooling, 
is discharged through chutes at the bottom of the 
producer. 

When starting for the first time, the producer is 
filled up to a little above the air ports with ashes, and 
wood is inserted through the inspection doors, which are 
provided at this point. When the wood is properly 
ignited, the producer is filled with coke, the air blast 
being kept on continuously. As soon as the heat 
has travelled well up the producer, sufficient ash is 
discharged to permit a ton of coal to be dropped in 
through the bell. These operations are repeated 
every hour. After 20 hours, the first charge of coal is 
approaching the combustion zone, and at from 25 to 
30 hours from the start, the first coke made from the 
coal can be withdrawn. This procedure is important 
in determining the character of the product, as it 
takes about 20 hours to. raise the coal from its initial 
temperature of, say, 15 deg. C., to the coking tempera- 
ture of 715 deg. C., the rate of increase of temperature 
being 35 deg. per hour. The result is that the coke 
formed is of a very different nature from that obtained 
in gas-works practice. It is usually much more open 
and cellular in structure than the original coal, but, 
as Mr. Maclaurin has pointed out, it is hardly correct 
to term it a low-temperature coke, since it has been 
heated well above 600 deg. C. and has lost all its 
volatile matter, with the exception of from 3 to 4 per 
cent. If the making temperature has not been too 
high, however, the coke ignites quite readily, apparently 
owing to its porosity. The quantity of gas made per 
ton of coal is the principal factor in determining the 
type of coke produced. For a make of between 25,000 
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and 30,000 cub. ft. per ton, the coke is of the kind 
just described, while when more than that quantity is 
produced the coke is grey. During certain tests with 
Scotch coals, which contained from 6 to 10 per cent. of 
moisture and from 30 to 35 per cent. of volatile matter, 
about 55 per cent. of smokeless fuel was obtained. 

Referring again to Fig. 2, steam is blown in at the 
discharging chutes to cool the coke before it is with- 
drawn. As it passes upwards into the combustion 
zone, this steam is converted into water-gas with a 
calorific value of about 300 B.Th.U. per cub. ft. The tem- 
perature in the combustion zone is maintained by air 
saturated with water vapour, which burns out a portion 
of the carbon and generates producer gas. The heat 
from this producer gas, which has a thermal value of 
150 B.Th.U., is sufficient for carbonisation purposes. 
Above the combustion zone is a second zone, where 
the fuel is at a temperature between 750 deg. and 800 
deg. C., and where ammonia is generated. Above this 
again the coal gives off oil and gas with a calorific value 
of 700 B.Th.U. to 800 B.Th.U., though the volume of 
these is relatively small. This gas mingles with the 
producer and water-gas, and after passing through 
the coal in the upper part of the producer, where 
most of the oils condense, passes down the annular 
space between the two cylinders and then through 
the seal to the coolers. The calorific value of the 
combined gases is about 240 B.Th.U., and the volume 
produced is not less than 25,000 cub. ft. per ton of 
coal. This figure is, we understand, often considerably 
exceeded in practice. 

Oil is also given off in the upper portion of the 
producer and passes upward through the fuel at a 
gradually decreasing temperature. Little decomposi- 
tion takes place, and a highly-phenolic crude oil, instead 
of a benzenoid coal tar, is therefore obtained. This oil 
contains neither benzene, naphthalene, nor anthracene. 
There is not much petrol in it, but it includes paraffin 
and paraffin wax, olefines, aromatic compounds and 
basic bodies, together with phenols of known and un- 
known constitution. The boiling point of this crude oil is 
rather high, and a great deal of it is therefore condensed 
on the cold fuel in the upper part of the producer. It 
is claimed that one of the reasons for the successful 
working of this plant is that provision has been made 
for trapping this oil, see Fig. 3, and thus preventing it 
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from running down into the hotter regions, where it 
would decompose and bind the whole mass of 
coal together. It should be mentioned that both oil 
and water collect in the trap. The oil passes under 
the inner cylinder and overflows through the gas main. 
In this way, a sealis formed. The gas is therefore pre- 
vented from taking the shorter passage, and has to pass 
through the cold fuel before leaving the plant. This 
reduces its temperature to about 70 deg. C. Little heat 
is therefore lost, as both the gas and coke leave the plant 
at comparatively low temperatures. To avoid radiation 
losses, the brickwork is made 18 in. thick, with a non- 
conducting brick on the outside, and the whole is en- 
closed in a metal casing. The guaranteed yield of oil 
is from 14 gallons to 20 gallons per ton, according to 
the coal used. 

Some ammonia is given off in the direct distillation 
of the fuel, and more is made by the steam passing 
through the high-temperature zone. This ammonia is 
carried forward by the gas, and is partly condensed in 
the coolers, Fig. 2, the remainder passing to the 
scrubbers. The quantity of sulphate of ammonia 
obtained varies from 17 Ib. to 30 Ib. per ton of coal, 
depending on the quality used, but it is important to 
note that the crude ammonia formed differs materially 
from the ordinary gasworks liquor. It contains neither 
ferro-cyanides nor sulpho-cyanides ; on the other hand, 
a considerable proportion of polyhydric phenols 18 
present. Three different pigments can be obtained 
from this liquor, one black, the second brown, and the 
third green. The last gives good shades for distempers 
when mixed with zinc oxide or lithophone. It can 
also be used as a dye, and is very similar to resorcinal 
green. 

Returning to the coke, this, on discharge from the 
producer, drop into a trolley, and is delivered into the 
110-ton coke bunkers. On its way, however, it 18 
passed through screens, so that it is graded into three 
different sizes. The bunkers are immediately above the 
railway, so that wagons can be filled direct. The 
quantity of ash in the coke naturally depends upon 
the amount of ash in the original coal, but it 1s not 
distributed equally over the different sizes of coke. 
With large coal of a low coking index, the large coke 1 
found to be much freer from ash than the other 
portions. This separation is not so marked in the 
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ENGINEERING. 





TRANSPORT AND NORTH AFRICAN 
TRADE DEVELOPMENT. 


On the southern border of the Mediterranean Sea 
and at its junction with the Atlantic Ocean, there is 
a series of protectorates and colonies which have 
somewhat ill-defined boundaries, especially where they 
run into the great desert lands of Africa to their 
south. Being possessed of mineral resources and some 
agricultural potentialities, they may become of great 
significance in the future, but their development has 
long been retarded by international jealousies and fre- 
quent risings amongst the native populations. It is 
not necessary to go far back into the history of the 
region to understand the present position. Indeed, 
it is only intended to date the modern development 
from the year 1911, when the differences existing be- 
tween Germany, France and Italy led to a definition 
of rights. In July of that year, the German gunboat 
Panther was sent to Agadir, an Atlantic coast town in 
Morocco, as a protest against the supposed endeavours 
of the French to extend their influence. Great Britain 
intervened on the side of France, and an amicable 
settlement was effected by the recognition of Morocco 
as a French Protectorate, after concessions were agreed 
to, giving Germany territorial rights in Central Africa. 
While these negotiations were in progress, Italy declared 
war on Turkey and occupied Cyrenaica and Tripolitania. 
In 1913, Spain obtained a zone in Morocco. Adjust- 
ment of boundaries was always a difficulty, but efforts 
made in 1921 seemed likely to prove successful, and it 
appeared that pacific development might follow. That, 
however, is proving to be a long process, because of 
the economic conditions of the region and the disturb- 
ing effects of almost unending risings. Actual warfare 
started in Morocco with the Riff outbreaks, this being 
only ended by the surrender of Abdel Krim in May, 
1926, and the subjection, in the summer of the same 
year, of the area of greatest disaffection, the Tache de 
Taza. Now that the French control has been extended 
to the political frontier of the Spanish Zone, and the 
rebellion has been brought to an end, it is of interest 
to consider what is being done for the economic 
development of the entire territory. 

Much information is now available through the 
publication, by H.M. Stationery Office at a cost of 
4s. 6d. net, of a Department of Overseas Trade report 
entitled ‘‘ Survey of Economic and Commercial Con- 
ditions in Morocco, Algeria, Tunisia, Tripolitania and 
Cyrenaica, 1926-1927.” Naturally, each section is 
dealt with by a resident consular official, and thus no 
general author can be named. Morocco comprises three 
zones, viz., the French, the Tangier and the Spanish ; 
the information on the first of these was provided 
by Sir Andrew Ryan, H.M. Consul General at Rabat, 
and that relating to the other two was collected 
by Mr. W. L. Bond, the Acting-Consul General at 
Tangier. 

Transport is essential as a means of ensuring peaceful 
progress in any part of the world, and thus the report 
deals very largely with what has been done to extend 
and connect up the various railway systems, to improve 
roads, and to make suitable arrangements for the 
handling of cargoes at the various ports. Financial 
stringency has limited the activities, but undoubtedly 
what has been done is making for the gradual improve- 
ment and extension of trading. In the French Zone, 
transport has been improved by the opening of the 
normal-gauge line between Souk-el-Arba and Arbaoua ; 
some electrification is also in progress, and a project 
is on foot for the completion of the North African 
system between Fez and Oudjda. The general scheme 
of road development was greatly upset by the war 
of 1925 to 1926, and the trunk road from Fez to 
Marrakesh has not yet been finished. Much other 
road-making, however, has been carried out, and 
motor transport continues to develop. Combined 
railway and car facilities between Casablanca and 
Oudjda have greatly improved communication with 
Algeria. It may be interposed that British cars are 
hardly represented on the roads, though this growing 
market, attractive to the French, Italians and Ameri- 
cans, deserves attention, as impressions created in the 
early days of road transport may prove lasting. The 
most important event ‘hat has occurred in the Tangier 
Zone in the period covered by the report, was the 
opening of the railway linking Tangier with the 
standard-gauge system of the French Protectorate, 
via the Spanish Zone. A permanent bridge is being 
built over the river Luccus, the port of Cala del 
Quemado in the bay of Alhucemas has been opened, 
and the river at Larraiche is being dredged, although 
a permanent port is not yet in contemplation. These 
are some of the features of the work in the Spanish 
Zone of Morocco. Mention has already’ been made 
of the Tangier-Fez Railway and its connections, but 
the funds budgeted for the link between Ceuta and 
Tetuan have been allocated to the construction of 
the port at Cala del Quemado, where port works, to 
cost about four million pesetas, are in contemplation 
to afford protection in bad weather. Road construc- 





tion in the Spanish Zone is also being carried out on 
a comprehensive plan. 

In the section of the report dealing with Algeria, 
Mr. G. F. Churchill, H.M. Consul-General at Algiers, 
shows that there are now 2,700 miles of railways in 
that integral part of the French Republic. Here again, 
inter-connection of systems is being arranged, and 
it has been decided to link up two termini in Algeria 
and Tunisia by a line 36 miles in length. It may be 
added, that a scheme propounded in May, 1927, for 
a Trans-Saharan railway is under consideration, 
funds having been granted by the French senate 
for the thorough investigation of the possibilities 
of the project. The line suggested would extend 
from the present railhead at Colomb Bechar to the 
river Niger. Shipping, especially from Algiers and 
Oran, is making progress and the customary concen- 
tration at the better equipped ports is evident. Air 
routes, arranged by the Latécoere Company, connect 
Oran with Casablanca and Alicante. Motor transport 
is growing, but the cars are almost entirely French. 

In Tunisia, it is reported by Mr. H. de C. Harston, 
Acting Vice-Consul, the freight handled by British 
ships is decreasing, while that carried by Spanish ves- 
sels is increasing. The port of La Goulette has been 
improved and can now take vessels drawing 26 ft. of 
water. Oil reservoirs have been installed at Sfax, 
where also a further 50 acres of land has been reclaimed 
to increase the area available for the loading of phos- 
phates. The air line to France is to be improved 
and the route changed to Tunis-Ajaccio-Marseilles. 
Roads rather than railways are favoured by the 
Italian authorities in Tripolitania, and during the last 
four years some excellent main roads have been made. 
The railway system is confined to a narrow-gauge line. 
Transport in Cyrenaica is difficult. It is conducted at 
present under convoy and only on specific days, when 
the roads can be patrolled. The railway system is in 
process of extension. 

The coal stoppage in 1926 caused a great dimi- 
nution in British trade in the North African protec- 
torates and colonies. Efforts are now being made to 
make up the lee-way, but this is only being done with 
great difficulty. The main supplies of bar and angle 
iron come from Belgium and France, though Great 
Britain supplies most of the tin plate. In agricultural 
machinery, the French and the Americans lead, and 
the British position in the market is not very creditable. 
Motor cars and vehicles are needed everywhere, but 
Great Britain has practically nothing to show. There 
must be a good opening for our heavy commercial 
vehicles, in some parts for light vans, and almost 
everywhere for cars of about 15 h.p., with enclosed 
drive, which can be purchased at or about 3001. Great 
developments are being made in the phosphate industry, 
and it is having a marked effect on transport develop- 
ments and on national finance. Algeria has valuable 
iron, lead and zine deposits which are being worked. 
One industry in which British enterprise and capital 
is conspicuous, is that of growing esparto grass in 
Algeria and Tunisia, and 90 per cent. of the production 
is utilised in the textile industries at home. 





SIX-ROLLER HIGH-SPEED PLANING 
AND MOULDING MACHINE FOR 
HARDWOODS. 


Tue hardwoods of the British Empire are second 
to none, but their remoteness from most of its markets 
places them under a heavy economic handicap unless 
they can be converted into more manageable form 
close to their place of origin. In Figs. 1 to 4, which 
form the subject of Plate XI, we reproduce drawings 
and photographs of a powerful machine recently de- 
veloped by Messrs. Thomas Robinson and Son, Limited, 
Rochdale, to meet the demand for a means of so hand- 
ling the hardwood timbers. It is, however, by no 
means confined to this application alone, as it can be 
used for soft woods equally well, and, for either or 
both materials, is likely to prove a useful tool in 
large planing mills, shipbuilding yards, or railway 
carriage and wagon works. It may be used for 
planing flooring, matching, skirting, sheeting, and 
heavy mouldings, and will take timber up to 15 in. 
wide and 6 in. thick. When used with circular cutter- 
blocks carrying eight high-speed steel knives, kept in 
order by the firm’s truing device, it will turn out work 
at rates up to 150 ft. or 200 ft. per minute in hard 
wood, or up to 300 ft. per minute in soft wood. 

As will be seen from Fig. 1, the machine is a six- 
roller one, with four horizontal and two vertical 
cutter-blocks. The first bottom cutter-block follows 
the first four feed rollers, and is in turn followed by 
the first top cutter-block. Then come the side cutter- 
blocks, the second two feed rollers, and the second 
top and second bottom cutter-heads in the order 
named. One of the cutter-heads can be omitted if 
only one is desired for working the top surface of 
the timber, but, as the second one is provided with 
a removable spindle arranged to take self-centring 





moulding or profile cutter-blocks, either of the square 
or circular type, it is normally fitted. The second 
bottom cutter-block is also, to some extent, an extra 
fitting, as it has a removable bearing permitting it to 
be changed for profile heads to carry milled bits should 
moulded work be required. All the cutter spindles are 
carried on very ample ball bearings enclosed in dust- 
proof housings, and each is carefully balanced at its 
working speed. The frame is very substantial, and of 
particularly simple design. It is well stiffened by ribs 
and cross ties, and has a flush bottom surface so that 
a level floor, without any pits or recesses, is all that 
is required at the top of the foundation. 

The feed is effected by rollers 12 in. in diameter, 
and is controlled by a nine-speed gear box providing 
rates varying from 40 ft. per minute to 250 ft. per 
minute. This gear box is best shown in Fig. 3, but 
reference to Figs. 1 and 2 is necessary to make clear 
the nature of the drive. The main chain drives a 
secondary shaft on which is mounted, at the back 
of the machine, a belt pulley for driving the fast-feed 
table, and, inside the frame, sprocket wheels which, 
by secondary chains, drive the centre or swing shaft 
of each pair of rollers. The chains are of steel and 
run in oil-bath gear-cases, the correct tension being 
maintained by adjustable sprockets. The lead of the 
chains is clearly seen in Fig. 2. The top rollers are 
driven from the swing shaft, in both the first and second 
sets of rollers, by spur gear. This permits their rise 
and fall, and the combination of chain and spur gear 
not only conduces to silent running, but reduces the 
number of wheels over that required in a purely 
geared drive. The bottom rollers are driven from the 
swing shaft by chains. 

Pressures are applied to the top rollers as follows :— 
The first two have an ingenious system by which the 
maximum leverage is afforded to the weights, while 
any excessive movement is prevented. In this, the 
weight lever, seen near the feed gear-box in Fig. 3, 
is suspended from the cradle attached to the weight 
rods, by chain and screw gear. The rollers have a 
considerable range of vertical movement to provide 
for widely differing timber thicknesses, but by suitable 
adjustment of the quadrant, seen near the weights, 
the length of the chain can be varied so as to keep the 
lever always approximately horizontal. The pressure 
on the top roller of the second set is effected by the 
handwheel-regulated spring arrangement, most promi- 
nent in Fig. 4. 

The rise and fall of the first two bottom feed rollers 
is synchronised with that of the table before the 
first bottom cutter-head, and the adjustment for 
varying the depth of cut can be made whilst the 
machine is running to suit different qualities of timber, 
&c. The horizontal slide or cradle on which the rolls 
are carried is linked with the table and has a screw 
adjustment enabling it to be raised or lowered bodily. 
At the same time, an independent wedge device under 
the bearings of each roller, also cgptrolled by screw 
adjustment, permits a relative alteration be be made 
between the levels of the rollers and the table. The 
rear table, behind the second bottom cutter-head, is also 
capable of independent vertical adjustment relative 
to the cutter-block, while, as may be gathered from 
Fig. 4, it can be swung out of the way for access to 
the cutters. It is provided with detachable steel 
plates capable of horizontal adjustment to suit the 
actual projection of the cutters, which plates can be 
renewed when worn. 

The position and mounting of the bottom cutter- 
head is well shown in Fig. 3. It carries a circular-type 
block with eight thin high-speed steel knives secured 
by wedges. The cutter-head can be readily set up by 
means of a special gauge. The spindle is mounted in 
a hopper-shaped frame carried on a pair of slides 
running transversely across the bed. The cutter-head 
may thus be drawn out for access to the knives; 
normally it is held in place by a quick-acting screw 
cramp. A loose pulley, mounted independently on 
ball bearings, permits withdrawal of the spindle with- 
out disturbing the belting. One of the slides 38 
rounded and acts as a hinge, or pivot, relative to the 
other, which is flat and is capable of being raised or 
lowered by an eccentric. This motion provides 4 
sensitive vertical adjustment for the cutter-block 
while provision is also made for levelling the slides 
transversely. A truing device, protected against dust 
when not in use, is built into the head. The construc- 
tion of the pressures over the bottom head can 
seen in both Figs. 3 and 4. They are of the double- 
roller type with weighted lever, and allow for con- 
siderable variation in timber thickness. 

The first top cutter-head has a circular cutter-block 
and, like the bottom cutter-block, carries eight thin 
high-speed steel knives. The construction, as will be 
seen from the figures, is both rigid and accessible. The 
second top cutter-head may be used for moulding oF 
profiling cutter-blocks. Both cutter-heads are raised or 
lowered bya screw at each side, which are operate 
through bevel gearing by crank handles at the front 
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EXTENSOMETER FOR CONCRETE TESTS. 


























Fig. 1. 

i 
“ ~ 
s 
Fig.5. 5 
ASS 3 

L 
Da 
“ENGINEERING (494.0) 





of the machine. Scales are fitted to give the setting 
for the thickness of timber required. That for the 
second cutter-head is seen in Fig. 4, from which also 
the action of the raising and lowering device can be 
understood. In the case of the second top cutter-head, 
this consists of a plain slide having a direct vertical 
motion, but in that for the first cutter-head the cutter- 
block describes an arc, the spindle being carried at 
each end on what are virtually levers. The pressures 
behind the top cutter-heads are also well shown in this 
figure. They are of the weighted-slipper type with 
wooden pads, which can be shaped to suit the outline 
of the finished work and can be adjusted across the 
timber. The pads are held by clips to facilitate quick 
changing. The pressures in front of these crossheads 
are, on the other hand, best seen in Fig. 3. They 
are of the weighted chip-breaker type with sectional 
steel shoes, readily lifted for access to the cutter-blocks. 
Fig. 3 also shows very clearly the truing device for 
the first top cutter-block. This carries an emery stick, 
by which the knives can be lightly touched, whilst 
running, to ensure evenness of cut. It can be traversed 
along the cutter. The truing devices for the side and 
profile heads are not of the straight variety, as for the 
first top cutter-head, but are specially adapted for 
profile work. 

The side spindles, shown in the centre of Fig. 4, have 
plain ends 1 in. in diameter, suitable for taking self- 
centring cutter-blocks. They are mounted in large ball 
bearings enclosed in circular housings which are carried 
on wide saddles for traverse on horizontal slides. A 
locking device secures the housing rigidly while working. 
The housings are adjusted for rise and fall by means of 
vertical screws and spiral gearing, operated from the 
front of the machine. The transverse movement is 
also operated from the front, the gear being the usual 
slide screw. The left-hand cutter-head can be adjusted 
across the full width of the timber. This cutter-head has 
a radial type chip-breaker with a renewable steel shoe. 
The press ure is applied by a chain and spring. The two 
large spring-loaded rollers, seen immediately behind 
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the left-hand cutter-block, hold the timber firmly down 
between the side cutter-heads. Side fences are fitted 
after the first bottom cutter-heads and the side heads. 

The driving gear is shown in Figs. 1 and 2. All the 
countershafts and loose pulleys are mounted on ball 
bearings enclosed in dust-proof housings. The cutter- 
spindles have pulleys of the maximum diameter and 
self-acting belt tighteners to ensure efficient drives on 
heavy cuts. In view of the capacity of this machine, 
an automatic fast-feed table is essential if a high rate 
of output is to be obtained with a minimum amount 
of labour. The type of feeder generally supplied 
with this class of planer, consists of a table fitted with 
rollers having spiral corrugations. The timber is fed 
on to these by being placed on an_inclined-slide 
delivery table, and the boards are automatically run 
across the table up to a fence by the motion of the 
spiral rollers, and forward to two upper rollers at the 
feeding-out end. These are carried in swings and 
weighted by lever. One is conical and the other 
cylindrical, and both are driven by roller chains. 
They are adjustable to suit different thicknesses of 
timber and, together with a stop and a butting fence, 
ensure correct feed to the table of the planer. The 
spiral rolls are driven by belts, the whole drive being 
taken from the planing machine shaft, so that the feed 
speed of the table is varied with the feed speed of the 
planer. The former is, however, generally run 50 per 
cent. faster than the latter to give time for the boards 
to butt one after the other. 





TRIAL Trip oF THE §.8. “Sea BEE IT.”—Successful 
sea trials were carried out on January 3 last, of 
the twin-screw steam yacht Sea Belle II, when a mean 
speed of 13 knots was attained. The vessel has been 
built by Messrs. J. Samuel White and Company, Limited, 
of Cowes, to the order of the Crown Agents for the 
Colonies, for special service in the neighbourhood of the 
Federated Malay States. A brief description of the 


vessel will be found on page 693 of the last volume of 
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EXTENSOMETER FOR THE DETER- 
MINATION OF YOUNG’S MODULUS 
FOR CONCRETE. 


By V. C. Davres, B.Sc., A.M.I.MrEcu.E. 


In the course of a certain research on the properties 
of concrete, the writer found it necessary to measure, as 
accurately as possible, the value of Young’s modulus 
in tension for the concrete employed. Although the 
matter has been previously investigated, there seems 
singularly little detail as to the exact methods em- 
ployed, so that the problem was tackled from first 
principles. Preliminary tests showed that the ulti- 
mate strength of the concrete in tension was about 
300 lb. per square inch or under, while in order to allow 
sufficient room for the special grips used in the tests the 
gauge length was restricted to about 6in. If we assume 
that the value of E is of the order 4-5 million lb. per 
square inch, it follows that the maximum extension at 
failure is of the order of three to six ten-thousandths 
of an inch. It will be seen then that, for a reasonably 
accurate determination of the load-extension curve 
for concrete in tension on a 6-in. gauge length, it was 
necessary to construct an instrument able to read 
0-00001-in. extension with fair accuracy, and at the 
same time sufficiently robust to stand the violent jar 
and sudden extension of at least }-in. bound to occur 
when the specimen fractured. 

The following points were also settled as being 
necessary in the design. The instrument should be 
capable of being placed on the specimen when the 
latter was in position in the testing machine and 
be able to take specimens up to 44 in. square. 
Previous experience on other delicate extensometers 
had shown the necessity of being able to calibrate the 
instrument when fixed in position on the specimen. 

The method of calibration employed is identical 
with that used in the well-known Ewing extensometer. 
There are, however, several important modifications 
in detail. Thus, in order to save head room and also 
to make it possible to use a standard form of micro- 
meter head, the micrometer is embodied inside the 
vertical leg at the back of the instrument as shown in 
Fig. 1. Also, in order to get certain other clear- 
ances and to increase the magnification somewhat, the 
calibrating micrometer and the actual measuring device 
are not at equal distances from the axis of the instru- 
ment as in the Ewing extensometer, but are so placed 
that instead of dividing the micrometer readings by 
two when calculating the equivalent extension of the 
specimen, in this instrument the readings are divided 
by 1-7. 

The top and bottom frames attached to the specimen 
are made of gunmetal, of approximately T-section, and 
completely surround the specimen as shown in Figs. 1, 
2 and 3. In order to make it possible to place the 
instrument on the specimen when the latter is fixed in 
place on the testing machine, the portion A and the 
corresponding piece in the lower frame can be removed. 
The movable pieces are accurately located in position 
by long tongues, and are fixed tightly in place by means 
of studs and flynuts which can be seen at the ends. 

The actual measuring device is arranged to measure 
the relative movement of a hardened steel screw fixed 
in the bottom frame and the flat face of a cylindrical 
rod, M, fixed in the top frame. The end of the 
calibrating micrometer is made hemispherical, and this 
makes contact with a hardened steel cone fixed in the 
top frame at the point B. The contact of the end of 
the micrometer in the cone, the points C and D of the 
clamping screws, and the flat face of the rod M all lie in 
one plane. The vertical leg containing the calibrating 
micrometer is carried on cones at its lower end where 
it is attached to the bottom frame, in such a way that 
it is free to swing in a plane parallel with the plane 
containing the points of the four clamping screws and 
contact between the end of the micrometer, and the 
contact at B is maintained by means of two small 
helical springs. It will be seen from the foregoing 
description that, exactly as is the case in the Ewing 
instrument, the frames are attached to the speci- 
men and to one another by purely geometrical con- 
straints. 

The principle of the actual measuring device is shown 
in Fig. 4. The bell-crank lever E is pivoted to the 
framework, so that the end F magnifies the movement 
of the contact point G by about 5tol. The end F is 
provided with a jewel end-stone, and this makes 
contact with a hardened steel point projecting from the 
frame of the swinging mirror H. The movement of 
the bell-crank lever is resisted by a long light canti- 
lever spring I, while contact between the point on the 
mirror frame and the end of the lever is maintained by 
means of a hair-spring placed on the pivot arbor of 
the mirror. Both bell-crank lever and mirror frame 
are carried on cone pivots fitting into conical holes in 
the ends of smal! hardened-steel screws. 

There are, of course, inherent theoretical objections 





to such an arrangement of cone pivots, but the attempt 
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Fia. 1. MACHINE WITH LADDER IN TRAVELLING POsITION. 


was made to reduce the errors due to friction and back- | both to errors in the micrometer screw and in the 
lash to negligible proportions by extreme care in the | setting of the graduation marks to the zero line. It 
making of these parts. Details of the methods used | has been somewhat of a surprise to find that with a 
need not be explained here, it being sufficient to say | series of rising and falling readings, the mirror move- 
that tests on the complete instrument show that errors | ments are sufficiently consistent to show that the 
due to friction and backlash in the complete instru-| errors introduced by the micrometer and its setting 
ment correspond to extensions of the specimen much | are actually less than the gradual temperature effects 
less than half of 0-00001-in. brought about by handling the instrument during 
The main body of the measuring device itself is | calibration. Of course, during an actual test on a 
provided with a rod which rests on the screw previously | specimen, no handling of the instrument is necessary, 
mentioned as fixed in the lower framework. A Vee | and by suitable precautions, temperature effects during 
sliding on the cylinder M and a controlling spring which | calibration can be eliminated. 
can be seen in the illustration of the complete instru-| It was intended that the magnification of the instru- 
ment, Fig. 1, locates the contact point G, Fig. 4, in the | ment, when using a scale one metre from the mirror, 
‘centre of the cylinder M by purely geometrical constraint. | should be such that 100 mm. movement of the spot of 
An arrangement is provided so that when the speci- | light should correspond to an extension of 0-001 in. 
men breaks and the cylinder M moves completely out | The effective magnification can, of course, be varied 
of contact with the point G the delicate measuring | by adjusting the scale distance, and tests show that the 
device cannot fall. It should be noted that the | intended magnification is obtained by placing the scale 
pressure on the pivots of the bell-crank lever is limited | at a distance of 103 mm. Repeated calibrations, when 
to that produced by the spring I, while the pressure | set up for different specimens, have shown that the 
on the still more delicate pivots carrying the mirror | magnification remains within less than 1 per cent. of 
frame is limited to that produced by the hair-spring. | the figure stated. The very small variations which 
The mirror and its framework are accurately balanced | appear to take place include, of course, errors in the 
on the pivots by adjustable balance weights, and the | calibrating micrometer and its setting. 
strength of the hair spring is about equal to that used! The attachment of the instrument to the specimen 
in a small watch. | of concrete is a problem in itself, but after several 
The movement of the mirror causes the reflection of | methods had been tried, the following was found to be 
a spot of light and cross hair, thrown by a suitable pro- | both simple and effective :—Two pairs of bars, having the 
jector, to move over a graduated transluscent scale, such | section shown in Fig. 5, were made and clamped to the 
as is commonly employed with a galvanometer. A zero | specimen, as indicated in Fig. 3. The face K was made 
mirror attached to the frame close to the moving mirror | parallel to the very obtuse knife-edge L and at a known 
indicates any movement of the instrument as a whole, | distance from it. The faces corresponding to K in the 
but in practice this movement is very small. | top and bottom clamps can be quickly set on the speci- 
The calibrating micrometer is a standard 1-in. | men at the required distance by checking with a sliding 
micrometer head made by Messrs. Starratt, except vernier gauge. A piece of very thin rubber fabric is 
that, in order to reduce temperature effects when | placed between the steel clamp and the concrete. The 
adjusting to any required reading, a special non-con- | clamping screws of the instrument proper penetrate 
ducting finger contact piece is provided, while a lens is | slightly into the bars, just as they would into a metal 
suitably held to enable the graduation lines to be seen| specimen. It will be understood that the diagrams 
magnified. The working range of the instrument is/are not to scale, and that many small details are 
such that 0-006 in. on the micrometer covers the entire | omitted. 








scale, but, having reached this limit, it is possible to; For holding the frames at the correct gauge length 
return the mirror to its original position by means of | while fitting the instrument in place on the specimen, 
the screw in the lower frame. It might be reasonably | two side bars are ‘provided which fit on to suitable 
argued that, owing to the limited range of working the | cone seatings turned concentric with the clamping 
micrometer, serious errors might be introduced, due | screws on the frame. 





The appearance of the complete instrument in position 
on a concrete specimen for a tensile test is illustrated 
by the photograph reproduced in Fig. 1, and Fig. 6 
is a set of load-extension curves for a certain concrete. 
The composition was 90-lb. cement, 2 cub. ft. sand, 
and 4 cub. ft. gravel (Greenhithe) ; the water used was 
7-86 per cent. by weight of dried aggregate, except in 
the case of specimen III, in which the water was only 
7 per cent. Specimens IV and V were six weeks old, 
and specimen VI 13 weeks. For the straight-line 
part of the graph, the value of E works out between 
4,200,000 Ib. and 4,400,000 lb. per square inch. 








MOTOR LADDER AND PUMP FOR 
FIRE SERVICE. 


A NEW departure in fire ladders is embodied in the 
machine which we illustrate on this and the opposite 
pages, in that the ladder is equipped with a pump 
mounted on the same chassis. The ladder has been 
manufactured by Messrs. Merryweather & Sons, Green- 
wich, for the City of Leicester Fire Brigade, and the 
suggestion to incorporate a pump, and also a telephone 
for the use of the ladder man, was made by Mr. H. Neal, 
M.I.FireE., Chief of the Brigade of that city. 

The chassis follows the latest practice, the engine being 
a six-cylinder model with detachable cylinder heads 
of the Ricardo type. The cylinder bore is 100 mm. 
(34% in.), and the piston stroke 140 mm. (5} ins.). The 
engine develops 60 brake horse-power, full advantage 
being taken of the efficiency obtainable with the 
Ricardo head by the employment of large valve areas, 
and by careful stream-lining of the exhaust and induc- 
tion passages. The cylinders form a monobloc casting, 
and an aluminium-alloy crankcase is employed, the 
main bearings being mounted in the upper half. As 
freedom from breakdown is of primary importance In 
fire-fighting appliances, dual ignition is fitted. Two 
sets of plugs are provided, so that the two ignition 
systems are quite independent, except in so far as they 
are connected to a common control. Twin carburettors 
are employed, the throttle control being either hand or 
foot operated. The transmission hardly calls for 
particular comment, as it follows the maker's usual 
practice, particularly powerful brakes being fitted to 


;enable the vehicle to be pulled up quickly when 
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Fia. 2. MacuINE witH LADDER PARTLY RAISED. 


travelling at high speed. The wheels are of the 
detachable-disc type, and are fitted with cushion tyres. 

The escape ladder, in four sections, is capable of 
reaching a height of 85 ft. when fully extended. 
The ladder sides are of specially selected Oregon 
pine, the detachable rungs being of oak. Each section 
is trussed with steel tension rods, the top portion being 
fixed with a tubular truss of solid-drawn weldless steel. 
The type of trussing is similar to that successfully em- 
ployed on the Merryweather airship ladders constructed 
for H.M. Admiralty, and used in connection with the 
building of the airships R.33 and R.100. The frame- 
work supporting the ladders is entirely of steel, and the 
turntable, visible in Figs. 1 and 2, is arranged to rotate 
on two heavy forged rings, one revolving on the other. 
The ladder mechanism is operated from the main motor 
engine, the power being applied through friction 
clutches, enabling the mechanism to work smoothly and 
effectively. The gears for raising, extending, revolving 
and lowering the ladder are controlled by three hand 
operating levers, and a throttle control lever for the 
engine is fitted at the rear of the frame, adjacent to the 
operating levers. A special speed-reducing gear is 
incorporated for effecting fine adjustments, if neces- 
sary, after the ladder has been located in approximately 
the most convenient position required. By this means 
the ladder can be safely adjusted either for elevation 
or extension, when a fireman is at the top. 

Auxiliary gearing is provided for effecting the various 
movements of the ladder by hand, and an indicator 
shows automatically the amount of extension of the 
ladder. A graduated quadrant with a swinging 
pointer, clearly visible in Fig. 2, shows the angle of 
elevation and the safe extension at any angle, a bell 
being provided to indicate when the rungs are in 
position for the sections to be raised or lowered. Auto- 
matic safety pawls are fitted to each section, and 
among the other safety devices provided may be men- 
tioned automatic cut-outs which make it impossible 
either to over-extend or over-elevate the escape, and 
& safety stop to prevent the ladders being over- 
extended when worked by hand. 





and, by this means, the weight is taken off the springs 
and tyres, thus putting the dead load of the ladder 
when in use on a solid and wider foundation. Plumb- 
ing gear is provided, to enable the escape to be adjusted 
to a considerable angle on either side, by means of a 
screw and hand wheel at the base of the main ladder. 
Suitable telephone arrangements are provided for 
communicating with a fireman at the top of the ladder 
from the ground level, and at the head of the top section 
is fixed a double-swivelling monitor nozzle, visible in 
Fig. 1, for use as a water tower. In the centre of the 
chassis is fitted a Merryweather-Hatfield reciprocating 
fire pump, capable of delivering 250 gallons per minute. 
This pump is shown in Fig. 3, and it will be seen that 
it is provided with a gunmetal double-swivelling monitor 
nozzle at the top. A capacious box for carrying fire- 
brigade gear, shown in Figs. 1 and 2, is fitted to each 
side of the chassis, and affords standing accommodation 
for the firemen. 








DIELECTRICS FOR ELECTRICAL 
CONDENSERS. 


REVIEWING, in two lectures delivered at the Royal 
Institution on January 17 and 24, the development of 
dielectrics for electrical condensers, as dependent upon 
research and experiment, Mr. Philip R. Coursey stated 
that real progress in the utilisation of condensers had 
only been made in the last two or three decades. The 
name condenser, first used by Volta in 1782, had origi- 
nated in a mistaken idea as to the condensation of 
an electric charge. Volta’s condenser had really been 
what was later known as an electrophorus. A con- 
denser was an apparatus to store an electric charge 








by virtue of the strains set up in the dielectric sepa- 
rating the condenser plates. The relation between 
the electric charge Q on a conductor of capacity C | 
at a pressure V, was Q=CV. When, therefore, a | 
condenser was charged at a low voltage, and C was | 
diminished while Q was kept constant, the voltage 
should rise to a higher value. The jars of Kleist 
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the many apparatus for storing an electric charge 
in the form of electrons were all condensers, but they 
varied enormously in shape and size for different 
purposes. The smoothing condensers used with rectify- 
ing valves, for instance, were intended to store up the 
rectified impulses and deliver their energy in the form 
of a steady discharge current. 

Faraday, who introduced the name dielectric, 
observed that the specific-inductive capacity, or 
dielectric constant, of the insulator separating the 
plates or spheres of a condenser varied greatly with 
the material. Three other properties of dielectrics 
had to be considered in the selection of a condenser 
material, viz., dielectric strength, resistivity and 
phase angle. A high dielectric constant was generally 
the first requirement, as it determined the capacity 
of a condenser of fixed dimensions. Using a Weston 
microfarad meter and an air condenser with parallel 
plates, which could be immersed into various liquids 
to the same depth, Mr. Coursey determined the following 
dielectric constants (air = 1) :—transformer oil 2-2, 
toluene 2-36, castor oil 4-78, chloroform 5-2, and 
aniline 7-3. Other constants were: paraffin wax 2-3, 
mica 2-5 to 6, paper 2, and oiled paper 4. Exact 
determinations required elaborate apparatus, such as 
that developed in the National Physical Laboratory 
(see ENGINEERING, August 19, 1927, page 243). 

With high voltages, the dielectric strength became of 
prime importance, together with other factors at high 
frequencies. The breakdown of a dielectric under in- 
creasing electric stress was analogous to mechanical 
breakdown. No harm was done until a certain stress 
limit was exceeded; there was also electric fatigue, 
the strength limit being lower for alternating than 
for continuous stress. The electric fatigue depended 
mainly upon stress, frequency and duration of appli- 
cation, between which an empirical relation could 


be established by prolonged experimenting. The 
dielectric strength was expressed in kilovolts per 
centimetre, but it was not independent of the 


thickness of the specimen and other factors, so 
that standard testing methods were applied. The 
dielectric fatigue did not affect air. Glass condensers 
had failed near the edges of the metal conductors 
where the stresses and the temperature rise (owing to 
leakage currents) were greatest. Moscicki had avoided 
this by thickening the glass near the edges, but it 
was better to sub-divide large condensers into many 
small units. Liquid dielectrics were also subject to 
fatigue, and convection currents complicated the 
phenomena, especially in the presence of traces of 
water. Thus oil was almost the only liquid dielectric 
used, but large oil condensers were more bulky than 
mica condensers. 

The resistivity, or insulation resistance, of a condenser 


Four jacking-up screws are fixed to the chassis framing, | (Kammin, 1745) and Cuneus (Leiden, 1746), and| was determined as an indication of the quality or 











condition of a dielectric. If the many small elements, 
coupled in series, of a condenser for smoothing purposes 
were not all equal, the elements which had the highest 
insulation would receive the maximum voltage and 
would break down, thus putting too heavy a load on 
the other elements, which would then also fail. Mr. 
Coursey demonstrated this by putting artificial shunts 
across all the sections, except one, of a series-connected 
condenser; that section broke down in the test. In 
order to avoid this risk, and to ensure equal partition 
of the total voltage, the resistance of each element 
was sometimes lowered to a common value. The 
leakage current was best measured, especially in 
dryness tests, by applying a steady, continuous 
voltage to the condenser, because the complications 
arising from charge and discharge were then absent. 
Experimenting with many dielectrics, including the 
highly-dried bromine of H. B. Baker, Mr. Adden- 
brooke had come to the conclusion that non-metallic 
elements were high-class dielectrics in the pure dry state. 
Mr. Coursey demonstrated that a small amount of 
moisture lowered the insulation resistance of an oil 
long before it lowered its dielectric constant. When 
he introduced moist steam into an air condenser, 
the capacity actually rose, owing to the high dielectric 
constant of water; one per cent. of water might still 
raise the capacity, but a few parts in 100,000 sufficed 
to lower the insulation resistance. The insulation 
resistance of paper fell to 0-1 of its value in four 
days, owing to the absorption of moisture, and paper 
insulators should therefore be very carefully sealed. 
Cellon, a cellulose compound, was still more sensitive ; 
a silver-plated cellon film lost some capacity immediately 
it was breathed upon. Heating also decreased the 
insulation resistance of dielectrics; condenser papers 
impregnated with oil showed a large decrease when 
heated from 20 deg. up to 30 deg. C., as also did wax- 
impregnated paper. 

Absorption in condensers and the creeping absorp- 
tion currents, which might be observable for days, 
were due to the fact that the charge and discharge did 
not instantaneously reach their full values, but took 
place as if the charge could only soak into and flow out 
of the dielectric through a high resistance. Evershed’s 
model of a dielectric consisted of two cells containing a 
liquid and connected by capillary tubes which repre- 
sented leakage paths. In dielectric testing. the absorp- 
tion was defined as the decrease of leakage current at 
the end of two minutes, expressed as a percentage 
of the leakage current measured at the end of one 
minute after applying the test voltage. Absorp- 
tion was practically absent from very moist materials 
and rose to about 30 per cent. in materials considered 
dry. Absorption should again be absent, according 
to Maxwell, when the dielectric was perfectly dry, and 
this was supported by Addenbrooke’s observations. 
Giintherschulze had recently suggested that the dielectric 
properties of an element in any series of the periodic 
table were the better the more tightly the valency 
electrons were bound to the nucleus. 

Coming to the fourth property, the phase angle, Mr. 
Coursey explained that in a perfect dielectric the 
current should lead the voltage by 90 deg. Owing to 
absorption, the phase lead was slightly less than 90 deg., 
the difference being called the phase angle. The cosine 
of this angle was the power factor, which varied over 
wide limits with frequency and other conditions. These 
conditions and the utilisation of other dielectrics were 
problems for further research. The dielectric losses 
increased generally, but not always, with frequency, 
and high efficiency at high frequency might be combined 
with undesirable features. Mica was the best solid 
dielectric for high frequencies, and might reach an 
efficiency of 99-98 per cent. Paper was best for low 
frequencies, not exceeding a few hundred periods per 
second. 
variable condensers and oil in some wireless installa- 
tions, were still practically the only dielectrics in use. 

Mr. Coursey concluded by exemplifying, with the 
aid of many slides, the important applications of con- 
densers of manifold shapes and sizes, in the ringing 
circuits of telephones, in wireless receivers and trans- 
mitters, and for other purvoses. In raising the power 
factor of alternating-currer.t systems, paper condensers 
were employed and oil-immersed mica condensers, of 
very large size, had been installed for the transatlantic 
telephone transmitters at Rugby. 





TENDER.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of the following tender. Further details 
and information regarding this may be obtained on 
application to the Department, at the above address, 
the reference number given below being quoted in the 
communication. The Egyptian Ministry of the Interior, 
Cairo, is inviting tenders for the supply and installation 
of water piping and fittings required for the town of 
Keneh, near Luxor. Tenders must reach Cairo by 
noon on February 20 next. Local representation is 
essential. (Ref, No, A.X. 5858.) 


These two materials, in addition to air in’ 
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THE LATE MR. CHARLES VERNIER. 

WE regret to record the death of Mr. Charles Vernier, 
which occurred on January 17, at the early age of 51. 
Though lately chief engineer of the Macintosh Cable 
Company, Limited, Mr. Vernier was for many years in 
charge of the mains construction, repair and mainte- 
nance work of the Newcastle-upon-Tyne Electric 
Supply Company, Limited, and its associated concerns. 
When he joined that undertaking in 1900, it possessed 
only five miles of cable route, and he was responsible 
for erecting the major part of their extensive system, 
both overhead and underground, the length of which 
now reaches 1,550 miles, of which 60 miles operate at 
66,000 volts. This work included the laying down in 
the County of Durham, in 1906, of the first large 
20,000-volt cable system in the world, initially com- 
prising 40 miles of three-core cable, laid as well as 
installing the first 66,000-volt cables and 66,000-volt 
transmission lines in thiscountry. He was the inventor 
of many improvements in cables and cable joints, which 
these developments rendered necessary. 

Mr. Vernier received his early training at the Regent 
Street Polytechnic and at Finsbury Technical College, 
and served his apprenticeship with Messrs. Reyrolle 
and Company, Limited, of Hebburn-on-Tyne. He was 
afterwards in charge of testing work with the Brockie- 
Pell Arc Lamp Company, Limited, and assistant mains 
engineer of the Cork Electric Tramways and Lighting 
Company, Limited. 

Mr. Vernier had been a member of the Institution of 
Electrical Engineers since 1911, and served as chairman 
of the North-East Local Section in 1913. He was a 
member of the Council from 1923 to 1926. A great 
deal of the pioneer work that he did will undoubtedly 
be turned to still greater use in the near future. 





NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—There is no improvement in the 
general condition of the Welsh coal trade. Demand for 
large coal continues on quiet lines, and though shipments 
on account of old contracts are fairly brisk, supplies 
are more than sufficient to meet requirements, and most 
collieries are in need of orders which will give them 
quick clearance. Despite this, salesmen are not disposed 
to make any discounts in prices, preferring to run the 
risk of stopping collieries rather than make further reduc- 
tions. Best Admiralty large rules from 19s. to 19s. 6d., 
with other qualities at relative levels. On the other 
hand, smalls and sized coals are scarce owing to limited 
production, due to the loss in the output of large caused 
by irregular working at the pits. The best bunker smalls 
are strong at 12s, 6d, to 13s., the former figure applying 
only when bought in conjunction with large, while cargo 
smalls rule from 10s, 6d. up. Sized coals are also strong 
on the basis of 23s. for large dry nuts and 16s, 6d. for 
bituminous peas, while duffs too are in better demand, 
and steady at 10s. 6d. to 11s. for unwashed, and Ils. to 
12s. for washed dry duff. Shipments of coal foreign 
in the past week suffered a setback of 18,000 tons, as the 
result of bad weather delaying the arrival of expected 
shipping and consequently holding up loading. Exports 
totalled 410,130 tons, shipments at Cardiff being reduced 
from 291,520 tons to 268,540 tons, at Port Talbot from 
25,360 tons to 21,310 tons, and at Llanelly from 6,160 
tons to 4,800 tone, but at Newport raised from 62,860 
tons to 65,910 tons, and at Swansea from 42,630 tons to 
49,560 tons. Clearances to Brazil were raised from 
48,850 tons to 90,820 tons, to Egypt from 7,500 tons to 
30,100 tons and to Portugal from 6,130 tons to 16,260 tons, 
but these improvements were more than balanced by 
reductions from 55,100 tons to 27,550 tons for Argentina, 
117,210 tons to 86,410 tons for France, 62,430 tons to 
39,900 tons for Italy, and 31,890 tons to 22,070 tons for 
Spain. 


Night Work by Coal Trimmers.—The sub-committee 
appointed by the National Trimming Board to go into 
the question of the abolition of night work by the trim- 
mers and tippers at the South Wales docks, met yester- 
day, but after a long discussion came to no agreement, 
and broke up without making arrangements for a further 
meeting. The employers’ representatives were adamant 
in their opposition to any change in the present system 
of definite day and night shifts, or the alternative of 
paying the trimmers extra for night work. The men’s 
representatives will report to the men, who will decide 
what action, if any, is to be taken to secure their wishes. 


Iron and Steel.—Exports of iron and steel in the past 
week totalled 12,924 tons, compared with 14,109 tons in 
the preceding week. Shipments of tinplates and terne- 
plates were increased from 4,808 tons to 7,819 tons, and 
of galvanised sheets from 1,644 tons to 2,893 tons, but 
those of blackplates and sheets were reduced from 1,620 
tons to 1,107 tons, and of other iron and steel goods from 
6,037 tons to 1,106 tons, 





ContTracts,—Messrs. Cammell Laird and Company, 
Limited, Nottingham, have received, from the Central 
Argentine Railway, an order for 1,500 all-steel bogie 
wagons. Of these, 750 will be covered wagons, and 
750, high-sided open wagons.—Messrs. Loudon Brothers, 
Limited, Johnstone, Scotland, have recently secured 
contracts for new workshop machinery from Messrs. 
The North British Locomotive Company, and from the 
| London, Midland and Scottish Railway Company. 











NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—Although there has been little 
or no expansion in business in the Scottish steel trade 
over the week, contracts of one kind and another, which 
have lately been reported, will mean some improvement 
in the demand for steel material. The sum total may not 
be very heavy overall, but it is very acceptable at the 
present time. The market tone, however, is still poor, 
and the much-desired recovery in the trade has hardly 
made any definite signs of its approach. Buyers gener- 
ally are holding back, and, of the material being con- 
sumed, a fair amount is of Continental manufacture. 
Producers in this district complain of a scarcity of speci- 
fications for plates and sections. In the black-sheet trade, 
quietness is general. Heavy gauges are in very poor 
demand, and while the lighter gauges are also moving 
slowly, galvanised descriptions are a shade better sought 
after. Prices are nominally as last week :—Boiler plates 
10/. 10s. per ton ; ship plates, 8/. 2s. 6d. per ton ; sections, 
71. 12s. 6d. per ton ; and sheets, } in., 8/. 12s. 6d. per ton, 
all delivered Glasgow stations. 

Malleable-Iron Trade-—No change of any kind falls 
to be noted in connection with the West of Scotland 
malleable-iron trade. Buying at the moment is almost 
at a minimum, and inquiries in the market do not 
represent much tonnage. Not only is bar iron quiet, 
but re-rolled steel bars are also in poor request. Prices 
are unchanged, with Crown bars at 10/. 5s. per ton and 
re-rolled steel bars at 7/. 15s. per ton, both delivered 
Glasgow. The export prices are respectively 91. 17s. 6d. 
per ton to 10/1. per ton, and 7. per ton. 


Scottish Pig-Iron Trade.—The output of Scottish pig- 
iron at present is well above that which can be disposed of, 
and stocks in some yards are increasing. 'The demand is 
disappointing, as neither hematite nor foundry iron are 
moving at all freely. Inquiries from overseas are not up 
to standard, and shipments continue on a small scale. 
The following are the current market quotations :— 
Hematite, 74s. per ton, delivered at the steel works : 
foundry iron, No. 1, 75s. per ton, and No. 3, 70s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour, for the week 
ending last Saturday, January 28, amounted to 406 tons. 
Of the total 364 tons went overseas and 42 tons coast- 
wise. For the corresponding week of last year, the 
figures were 372 tons overseas and 54 tons coastwise, 
making a total shipment of 426 tons. 


Shipbuilding.—January is usually a quiet month with 
regard to the launching of new tonnage, but the past 
month was an exception, as the following figures show :— 
During the month, the new vessels put into the water 
in the different districts in Scotland, numbered 15, 
a total of 61,385 tons. The details are :— 





The Clyde ... 12 vessels. 56,008 tons. 

The Forth ... See 2 a 5,017 ,, 

The Dee 1 vessel. 360 ,, 
Total ... ... 15 vessels. 61,385 ,, 


Only on one previous occasion has the Clyde output for 
the month of January been better, and that was in the 
year 1922, when the figures were 10 vessels of 58,614 tons, 
or 2,606 tons more than last month. There is still a fair 
amount of work on hand at the shipyards, but the 
tonnage of new contracts booked this year falls far short 
of the recent output. During the past month, only 
some seven fresh orders were reported, but there are 
prospects of one or two good contracts being placed on 
the Clyde in the near future. 


Wages in the Iron Trade Decreased.—In terms of the 
remit, Sir John M. MacLeod, C.A., Glasgow, has inti- 
mated to the Scottish Manufactured Iron Trade Con- 
ciliation and Arbitration Board that the average net 
selling price for November and December, 1927, was 
101. 16s, 2-49d., which means that there will be a reduc- 
tion in the wages of the workmen. 


Contracts.—In connection with the Central Scotland 
electricity scheme, it is stated that about 500 tons of 
steel will be required for the towers. The material will 
be rolled by Messrs. Wm. Beardmore and Company, 
Limited, while the constructional work will be conducted 
by Messrs. William Bain and Company, Coatbridge. The 
galvanising will be done by Messrs. Frederick Braby and 
Company, Limited, Glasgow.—The North British 
Locomotive Company, Glasgow, are reported to have 
secured a contract for 29 out of 39 locomotives ordered 
for South Africa. The promise of quick delivery was & 
factor in the placing of the contract in Glasgow. —In the 
constructional programme, for 1928, of the L. and N.E. 
Railway, several Lanarkshire firms have been successful 
in securing orders for open spoke and disc wagon wheels 
and axles, and sets of wagon ironwork for the construction 
of various types of new wagons.—Messrs. Duncan 
Stewart and Company, the well-known Glasgow firm of 
engineers, have been favoured with the contract from 
the Portuguese Government for the installation of a 
sugar refinery at Umbelugi, in Portuguese East Africa. 
This contract is estimated to amount to close upon 
300,000/., and will provide employment for most of this 
year. The same firm have been interested in the erection 
of several of the sugar beet factories installed in Britain 
recently. 





INTERNATIONAL TRACTOR TRIAL.—The Department of 
Overseas Trade, 35, Old Queen-street, London, S8.W.1, 
informs us that an international mechanical tractor trial 
is to take place, in May next, at Beverloo and Elsenborn 
camps, near Brussels. Full details may be obtained on 
application to the Department. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MippLEesBrovucH, Wednesday. 

The Cleveland Iron Trade.—A steady and increasing 
business in Cleveland pig iron is reported. Substantial 
further withdrawals from stocks have reduced quantities 
stored at makers’ yards to very small proportions, and, 
unless output is enlarged in the near future, shortage of 
supply is threatened. Makers contemplate re-kindling 
one or two more furnaces shortly. ‘The total number 
of furnaces in operation on the North-East Coast is 
now 40, Messrs. Bolekow, Vaughan having blown one 
in on ferro-manganese. Only ten fu®naces are pro- 
ducing Cleveland pig. Most of the output of Cleveland 
iron is taken up for home consumption and for Scotland. 
Further substantial sales to customers beyond the 
Tweed are reported. Gratifying increase of export 
inquiries encourage the hope of early expansion of trade 
with Continental firms. Makers’ fixed quotations are 
very strong, and are expected to be slightly advanced 
in the near future. No. 1 Cleveland is 67s. 6d.; No. 3 
g.m.b., 65s.; No. 4 foundry, 64s.; and No. 4 forge, 
63s. 6d. 

Hematite.—Rather better accounts are given of the 
East Coast hematite branch of trade. Home and Conti- 
nental inquiries are increasing, and values are inclined 
to stiffen, though supply is very ample. To keep 
furnaces in operation makers are still accepting orders 
at well below cost of production. Mixed Nos. are put 
at 70s., and this quotation rules the values of iron sold to 
special analysis, which constitutes the chief demand. 

Foreign Ore.—Prices of foreign ore are well maintained, 
but business is on a very limited scale. The strike of 
ore miners in Sweden is being followed closely by con- 
sumers here likely to be effected by lengthy continuation 
of the stoppage. There are, however, heavy deposits 
in Sweden available for shipments, and the stocks of users 
here are fairly large. 

Blast-Furnace Coke.—-Makers of Durham _blast- 
furnace coke are asking rather higher prices for that 
commodity, but are still selling at unprofitable figures. 
Good medium descriptions are in the neighbourhood of 
17s. 9d. delivered here. 

Manufactured Iron and Steel.—Outputs of finished iron 
and steel are heavy, and producers of some commodities 
are sold well ahead. Messrs. Dorman, Long and Company, 
Limited, have booked a further 20,000 tons constructional 
steel order for works extensions at the Synthetic Ammonia 
and Nitrates Factory at Billingham-on-Tees. Messrs. 
Dorman are adding another bay to their Britannia 
Works at Middlesbrough, which will enable them to 
increase outputs there to nearly 70,000 tons per annum. 
Quotations are steady. Common iron bars are 101. 5s, ; 
best bars, 101. 15s.; best best bars, 11l. 5s.; packing 
(parallel), 87.; packing (tapered), 11/.; steel billets 
(soft), 71. 2s. 6d.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 87. 2s, 6d. ; steel ship plates, 81, 2s, 6d. 
steel rivets, 111. 10s.; steel angles, 71. 12s. 6d.; steel 
joists, 77. 12s. 6d. ; heavy sections of steel rails, 8/. 10s., 
and galvanised corrugated sheets (No. 24 gauge), 131. 








New ZEALAND Rattways.—In addition to the orders 
for railway-workshop material which the New Zealand 
Government is placing in this country, the High Com 
missioner, Sir James Parr, has just received intimation, 
that further wood-working machines and various types 
of machine tools, to the value of 50,000/., are required. 
Tender forms for this material are now being circulated 
amongst British manufacturers, the closing date at 
Wellington being May 25 next. The High Commissioner 
for New Zealand, 415, Strand, London, W.C.2, can supply 
full particulars, specifications and drawings to all British 
manufacturers in a position to tender. 


British PropucTION oF Pic IRON AND STEEL.—The 
monthly report of the National Federation of Iron and 
Steel Manufacturers, Caxton House (East), Tothill- 
street, London, S.W.1, states that the number of blast 
furnaces in operation at the end of December was 149, 
a net decrease of six since the beginning of the month. 
The production of pig iron during December amounted 
to 559,100 tons, as against 575,900 tons during November, 
and 596,300 tons during October. The December pig- 
iron production brings the total for the year up to 
7,293,600 tons, compared with 2,458,200 tons in 1926 
and 6,261,700 tons in 1925. On account of the Christmas 
holidays, the output of steel ingots and castings declined 
from 698,700 tons during November to 604,900 tons 
during December. 'The December output brings the 
total steel production for the year to 9,097,900 tons, 
which figure is the highest attained since the war. 





_PERSONAL.—Messrs. The Damard Lacquer Company, 
Limited, Messrs. Mouldensite, Limited, and Messrs. 
Redmanol, Limited, have joined forces as the result of a 
scheme of amalgamation, and will henceforth trade 
under the name of Messrs. Bakelite, Limited. The 
offices of the new firm are at 68, Victoria-street, London, 
S.W.1. Messrs. Laurence, Scott and Company, Limited, 
Gothic Works, Norwich, have opened a London office 
at Premier House, 150, Southampton-row, W.C.1, under 
phe supervision of Mr. J. A. Hunn, O.B.E.—Messrs. 
_ wenz,_ and | Wilkinson, Limited, 25, Victoria-street, 
yeaa S.W.1, have been appointed sole agents for 
‘Teat Britain and Northern Ireland for the sale of pyro- 
eters and resistance thermometers of all descriptions 
panufactured by Messrs. Keiser and Schmidt, Charlot- 
of Thee oany.—Mr. C. B. Kay, the general manager 
: 'e Sunbeam Motor Car Company, Limited, Wolver- 
‘ampton, has been given a seat on the Board. 














NOTICES OF MEETINGS. 





Junior InstTiTuTION oF ENGINEERS.—To-night 7.30. 
p-m., 39, Victoria-street, S.W.1. ‘“ Automatic Sub- 
Stations,’ by Mr. D. Kingsbury. Friday, February 10, 
7.30 p.m., Honorary Members’ Lecture: ‘‘ Some Prin- 
ciples of Investigation in Engineering Work,” by Prof. 
H. P. Philpot. 

Royat Instrtution.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘* Photosynthesis,” by Prof. E. C. C. 
Baly. Thursday, February 9, 5.15 p.m., “ From Fara- 
day’s Note Books—‘Crispations’; The Forms of 
Fluids on Vibrating Surfaces,” (Lecture II) by Sir 
W. Bragg. Friday, February 10, 9 p.m. ‘ Research 
on the Control of Aeroplanes,” by Prof. B. Melvill Jones, 


INsTITUTE OF 'TRANSPORT.—Monday, February 6, 
5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. ‘“‘ Safety and Speed on Railways,” 
by Mr. R. Carpmael. North-Western Local Section: 
Friday, February 10, 6.30 p.m., Lime-street Station 
Hotel, Liverpool. “The Law Relating to Bridge 
Maintenance by Railways,” by Mr. D. Taylor. 


Soctety or ENcInEERS.—Monday, February 6, 6 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
Presidential Address, ‘‘ The National Rivers and Their 
Functions,” by Mr. C. H. J. Clayton. 


INSTITUTION OF AUTOMOBILE ENGINEERS : Western 
Centre.—Monday, February 6, 6.45 p.m., Merchant 
Venturers’ Technical College, Bristol. Lectures : ‘‘ Foun- 
dry Work,” by Mr. W. West, and “* Machining —— 
on a Six-Cylinder Block,” by Mr. C. T. Skipper. London.— 
Tuesday, February 7, 7.45 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. Joint Meeting with the 
Royal Aeronautical Society. ‘‘The Repair and Main- 
tenance of Aero Engines,” by Wing-Commander Fowler. 


BRADFORD ENGINEERING SocrETy.—Monday, February 
6, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. , ‘‘ Flue Dust and Grit Collectors,” by Mr. 
W. A. Davidson. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
February 6, 8 p.m., Engineers’ Club, Coventry-street, 
W.1. ‘‘ Automatic Controls in Rubber Manufacturing 
Plant,’’ by Mr. H. C. Young. 

INSTITUTION OF CrIviL ENGINEERS.—Tuesday, Feb- 
ruary 7, 6 p.m., Great George-street, S.W.1. ‘* Power- 
Gas from Sewage-Sludge at the Works of the Birmingham 
Tame and Rea District Drainage Board,” by Mr. F. C. 
Vokes and Mr. C. B. Townend. Wednesday, February 8, 
6 p.m. Informal Meeting. ‘‘ The Utilisation of Towns 
Refuse for the Production of Power,” by Sir A. Duckham. 
Birmingham and District Association.—Thursday, Feb- 
ruary 9, 6 p.m., Chamber of Commerce, New-street, 
Birmingham. “ Civil Engineering from the Contractor’s 
Standpoint,”’ by Mr. E. E. Jeavons. 


InsTITUTE OF METALS : Birmingham Local Section.— 
Tuesday, February 7,7 p.m. Engineers’ Club, Waterloo- 
street, Birmingham. Joint Meeting with the Birmingham 
Metallurgical Society and the Staffordshire Iron and 
Steel Institute. ‘‘ Testing of Metals,” by Professor F. C. 
Lea. North-East Coast Local Section.—Tuesday, Feb- 
ruary 7, 7.30 p.m. Armstrong College, Newcastle-on- 
Tyne. Demonstration of Mechanical Testing of Metals, 
by Dr. J. A. Smythe and Mr. C. E. Pearson. Swansea 
Local Section : Wednesday, February 8, 7 p.m. The 
Thomas Café, High-street, Swansea, “ Gases in Metals, 
with Special Reference to Copper,” by Mr. N. Alan. 
London Local Section.—Thursday, February 9, 7.30 p.m. 
Society of Motor Manufacturers and Traders, Ltd., 83, Pall 
Mall, S.W.1. ‘Properties of Metals and Alloys at 
High Temperatures,” by Mr. R. G. Batson. Sheffield 
Local Section—Friday, February 10, 7.30 p.m., The 
University, St. George’s-square, Sheffield. ‘* Casting,” 
by Mr. J. B. Forster. 

INsTITUTION OF ELecTRICAL ENGINEERS: North 
Midland Centre.-—Tuesday, February 7, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ Stability of Large Power Systems,” 
by Mr. F. H. Clough. London.—Thursday, February 9, 
7.30 p.m., Annual Dinner, Hotel Cecil, Strand, W.C.2. 


SHEFFIELD METALLURGICAL SocteTY.—Tuesday, Feb- 
ruary 7, 7.30 p.m., 198, West-street, Sheffield. ‘‘ The 
Diffusion of Carbon and Nitrogen in Iron and Steel,” 
by Dr. A. Bramley. 

OVERHEAD LINES AssociaTION.—Wednesday, Feb- 
ruary 8, 5.30 p.m., Institution of Electrical Engineers, 
Victoria-embankment, W.C.2. “Joint Use of Wood 
Poles for Electricity Distribution and for Communication 
Systems,” by Mr. E. S. Byng. 

InstiItuTE oF FvurEL.—Wednesday, February 8, 
6 p.m., Chemical Society, Burlington House, Piccadilly, 
W.1. ‘‘ The Use of Thermal Storage in Industry,” by 
Mr. 8. Hopkins. 

BetFast ASSOCIATION OF ENGINEERS.—Wednesday, 
February 8, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Economic Aspect of Powdered Fuel Firing,” 
by Dr. E. G. Ritchie. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
February 8, 7.30 p.m. St. Bride Institute, Bride-lane, 
E.C.4. ‘‘Some Notes on Engine and Boiler House 
Accessories,” by Mr. J. Sopwith. 

Roya Society or Arts.—Wednesday, February 8, 
8 p.m., John-street, Adelphi, W.C.2. “‘ Theatre Lighting,” 
by Mr. H. D. Wilkinson. 

INSTITUTE OF BRITISH FOUNDRYMEN : Birmingham, 
Coventry and West Midlands Branch.—Thursday, 
February 9, 7.30 p.m., Engineer’s Club, Waterloo-street, 
Birmingham. ‘‘The Engineering Aspect of Foundry 





Saturday, February 11, 3.45 p.m., Royal Technical 
College, Glasgow. ‘‘ The Moulding and Casting of Small 
Pulleys and Gear Blanks,” by Mr. J. Longden. Cine- 
matograph Film. ‘‘'The Metropolitan- Vickers Electrical 
Company, Limited, Manchester.” East Midlands 
Branch.—Saturday, February 11, 6 p.m., Technical 
College, Derby. “ Practical Jobbing Work: Moulding 
in Loam, Green and Dry Sand,” by Mr. A. Sutcliffe. 
West Riding of Yorkshire Branch.—Saturday, February 
11, 6 p.m., Technical College, Bradford. “ High Silicon 
(Acid Resisting) Irons,’’ by Mr. E. Whittaker. 


Nortu-East Coast INstitutTIoN oF ENGINEERS AND 
SHIPBUILDERS.—Friday, February 10, 6 p.m., Mining 
Institute, Newcastle-on-Tyne. ‘‘Some Contributions 
to the Theory and Practice of Lubrication,” by Mr. J. E. 
Southcombe. 


MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
February 10, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘Inspection Methods,” by Mr. E. J. 
Parish. 


Socrety oF CHEMICAL INDUSTRY : CHEMICAL ENGI- 
NEERING Group.—Friday, February 10, 8 p.m., Chemical 
Society, Burlington House, Piccadilly, W.1. Discussion 
on ‘‘ Dry Cleaning and Finishing Machinery,” by Mr. E. A. 
Alliott. 

Hutt Association OF ENGINEERS.—Saturday, Feb- 
ruary ll, 7.15 p.m. Technical College, Park-street, 
Hull. ‘‘The Lubrication of Prime Movers,’’ by Mr. 
W. A. E. Woodman. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Enquiries at engineering and special 
steel works reveal a spirit of quiet optimism which is 
not altogether unsupported by the actual volume of 
business in circulation. Production is assisted by the 
comparatively low cost of basic materials and the 
tendency of foreign quotations to rise. Much less work 
is being taken at barely remunerative rates than was the 
case six or eight months ago. Manufacturers frankly 
declare they must increase their ratio of profit if they 
are to give a fair return on invested capital, maintain 
departments in mechanical efficiency, and continue to 
finance metallurgical research. Some of the specialised 
lines are doing well. Sheffield industries have derived 
great benefit from a closer association with transport 
undertakings, and there is still a large influx of business 
in connection with motor car, motor lorry, tramcar and 
omnibus construction. Makers of constructional parts and 
fittings are sending regular supplies to engineers operating 
in other districts. Railway work is improving, especially 
in connection with carriage building. Disc wagon wheels 
and wagon ironwork have been ordered from local works 
by British railways. Saloon coaches have been ordered 
by the Spanish and Rhodesian Railways. Steel is more 
and more replacing wood in railway, tramway and mining 
engineering—a tendency which is expected steadily 
to develop in kindred branches of industry. Steel 
foundries are receiving more work on _ shipbuilding 
account, but rolling mills are engaged only intermittently. 
The position respecting basic-steel manufacture leaves 
much to be desired. There is a good deal of uncertainty 
felt as regards the future of mass production plants, which 
continue to operate much below capacity while foreign 
material at lower rate is available. The tool trades lack 
uniformity. Cutting, boring and drilling tools find a 
fairly wide market despite the tendency to develop 
special-steel production in markets that formerly were 
good customers of Sheffield manufacturers. There are 
some weak patches in the edge-tool section of the industry, 
but the more active of the engineering lines are taking 
substantial supplies. 


The South Yorkshire Coal Trade.—Developments are 
expected to follow more quickly when the Three-Counties 
Regulation Scheme is put into operation. This is likely 
to be soon, now that drafts have been finally approved 
and only await signature by individual coal-owners. 
Meanwhile a good deal of uncertainty prevails, and 
forward buying is largely suspended. Industrial users, 
who are taking moderate supplies under inland contracts, 
are anxious to know how their interests are to be safe- 
guarded in the event of special consideration being given 
to the resuscitation of export trade. Secondary grades 
of manufacturing fuel are in ample supply, though washed 
fuel is a fairly active market. A decided improvement 
in house coal is still awaited. Prices generally are sluggish 
at the low levels previously prevailing. Quotations :— 
Best hand-picked branch, 27s. 6d. to 29s, 6d.; Derby- 
shire best brights, 20s. 6d. to 21s, 6d. ; best house coal, 
19s, 6d. to 20s. 6d. ; screened house coal, 16s, to 17s. 6d. ; 
screened house nuts, 15s. to 16s.; Yorkshire hards, 
14s. 6d. to 15s. 6d. ; Derbyshire hards, 14s. to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s, 6d.; nutty slacks, 6s. to 7s. ; 
smalls, 3s. to 48. 6d. 





A New TECHNICAL SCHOOL IN WESTERN CANADA.— 
It is reported that plans are being prepared for the 
erection of a new technical school in Western Canada, 
involving an expenditure of 450,000 dols. The main 
building is to be a four-storey structure of reinforced 
concrete, measuring 450 ft. in length and 65 ft. in 
width. Sixty class rooms will be provided, in addition 
to physical, electrical, and general laboratories, and 
an auditorium will be included capable of seating 
1,000 persons. It is expected that the construction 
will be commenced shortly. United Kingdom firms 
in any way interested may obtain further particulars 





Operations,”’ by Mr. W. Rawlinson. Scottish Branch.— 


on oo to the Department of Overseas Trade, 
35, Old Queen-street, London, S.W.1. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRKSS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIO | * ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 





SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 











For the United Kingdom ................:000 £3 5 0 
For Canada— 
Thin paper copies .............ccc000 £2 18 6 
Thick paper COpieS..............:00000+ £3 3 0 
For all other places abroad— 
Thin paper Copies .............:ccscee0 £3 3 0 
Thick paper copies........ 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained, 
on application. The pages are 12 in. deep and 9 in., 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 























AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. - 

CanaDA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen-street, East. 

EDINBURGH : John Menzies-and Company, Limited, Rose-street. 

F RANCE, Paris: Ricour, Chevillet et Cie, 22, Rue de la Banque 
For advertisements, Office de Publications Commerciales, 

167, Rue Montmartre, Paris (2e). 

Cone Hermann H. Fromm, Liitzowstrasse 84, Berlin, 


GLASGOW : William Love, 221, Argyle-street. Johu Menzies and 
Company, Limited, West Nile-street. 

INpIA, Calcutta: Thaeker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

ItaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

M \NCHESTER: John Heywood, Limited, 143, Deansgate. 

New ZEALAND: Gordon and Gotch, Limited, Wellington, 
Auckland and Christchurch. 

Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade, 
41 and 43. 
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THE ST. LAWRENCE WATERWAY. 


WE have concluded in this issue of ENGINEERING 
a summary of the report of the Joint Board of 
Engineers, appointed some time ago by the Govern- 
ments of Canada and the United States, to consider 
the question of the development of the St. Lawrence 
as a navigable waterway, in conjunction with its 
use for power purposes. The whole question is 
one of intense interest to engineers, but is also, not 
unnaturally, involved in -politics, and further, in 
this particular case with international politics, 
making progress proportionately slow. The interests 
touched are so varied, and the claims so conflicting, 
that only the most careful consideration can 
arrive at the most suitable solution of all the 
problems presented. Innumerable schemes and 
suggestions have been put forward in connection 
with the project, and it would be impossible to 
review briefly all the data which have been set out— 
nor in some directions is this necessary, since the 
more recent reports are exhaustive on matters, 
which, unavoidably, had to be left somewhat in 
doubt in some of the earlier. 

The scheme was, we believe, first brought into 
the range of possibility when it was, in 1919, referred 
for consideration to the International Joint Com- 
mission, representative of both Canada and the 
United States. In connection with this, each 
country appointed an engineer to go into the 
question, jointly, of preparing plans and estimates. 
The United States nominated for this purpose 
Colonel W. P. Wooten of the U.S. Corps of Engineers. 
Canada appointed the late Mr. W. A. Bowden, chief 
engineer of the Department of Railways and Canals. 
The findings of Messrs. Wooten and Bowden, 





presented in 1921, were favourable, but agreement 
was not secured on all points. They enabled the 
International Commission, however, to draw up a 
report, published, in 1922, with a view to airing the 
subject generally and giving an opportunity for 
criticism, discussion, and the suggestion of alter- 
native schemes. This report suggested further 
expert consideration of the question, and in due 
course action was taken by both countries. A 
Commission, known as the United States St. 
Lawrence Commission upon the Development of 
Shipway from the Great Lakes to the Sea, was 
called into being on the one hand, and a National 
Advisory Council, on the part of Canada. This 
was in 1924. Each side at once proceeded to 
appoint members of a new Joint Board of Engineers, 
three sitting to represent each country. The 
representatives of Canada were Mr. D. W. McLachlan 
of the Department of Railways and Canals, Mr. O. O. 
Lefebvre of the Quebec Streams Commission, and 
Brig.-Gen. C. H. Mitchell, C.B., C.M.G., of Toronto. 
As usual, the representatives for the United States 
were military officers, the U.S. Corps of Engineers 
having under their supervision all matters connected 
with ports and navigable waters. The United 
States side of the Board was composed of Major- 
General E. Jadwin, now Chief of Engineers (then 
Colonel), Colonel W. Kelly, and Lieut.-Colonel G. B. 
Pillsbury. These appointments having been mutu- 
ally accepted by the two Governments, the Board 
embarked upon a very painstaking investigation, 
publishing the consequent report at the ‘close of 
1926. This brief document has in the past few 
weeks been supplemented by appendices, which, with 
numerous folded plans, in complete form now 
constitute a very bulky record. 

The recommendations of the Joint Board of Engi- 
neers may be reviewed in the articles already referred 
to. The Board was in practical agreement on the 
work to be done, but the two groups differed about 
the best course to adopt for construction.. Here, there 
are not unnaturally somewhat opposing interests. 
The great interests in the United States favourable 
to the St. Lawrence Waterway project are anxious 
to push ahead with the development works, so as 
to bring the whole to fruition as early as possible. 
No less than 22 of the United States are officially 
members of an Association formed to advance the 
project, others being affiliated to the body. The 
Association comprises, in fact, in its membership, 
all States north of the 37th latitude, with the ex- 
ception of two in the far west, and six on the Atlantic 
Coast. It is quite obvious that these might well 
have other interests—some of them undoubtedly 
have, yet it is notable that even Oregon and Wash- 
ington, on the Pacific slopes, view the project favour- 
ably. 

When transmitting the Board’s report to the 
President of the United States, Mr. Hoover, Secretary 
of the Department of Commerce, referred to the 
great interior of the North American Continent, 
which was handicapped in the matter of transport. 
The area he cited, though not coinciding with 
that covered by the Association referred to, cover- 
ing in fact Canadian territory as well, embraced, 
he said, a tract of country supporting 40 million 
inhabitants, whose claims to an equalisation of 
transport advantages as far as possible were too 
weighty to be ignored. The United States Commis- 
sion, in short, reported to the President, on the 
strength of the engineers’ investigation, that the 
general St. Lawrence scheme should be adopted in 
preference to one including a link from Lake Ontario 
to New York, and that negotiations should be 
opened up with Canada with a view to arrive, if 
possible, at agreement on the various questions to 
be mutually settled. 

More recently, telegraphic advices from Canada 
have stated that the National Advisory Council has 
now reported to the Government at Ottawa. The 
gist of these is that the Council also recommends 
the scheme on economic grounds, with a 27-ft. 
channel, instead of one of 25-ft. depth, suggested by 
the Joint Board, the work to be spread over a 12-year 
construction period. Details at present are lacking, 
but this rather suggests that what is known as the 
two-stage development of the International Section 
has been supported by the Council. The main dis- 
cussion has in recent years centred round this section, 
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which has a length of 115 miles, and in which the 
heaviest work will be required. For this section, two 
schemes have been put forward, the so-called single 
stage scheme, judged best by the United States 
engineers, having one pool, with dam and power 
development at Barnhart Island ; and the two-stage 
scheme selected by the Canadian engineers, with 
dam and power-house at Ogden Island, and a second 
dam and power-house at Barnhart Island. It may 
be stated that this scheme is virtually identical 
with one put forward, mainly from the power 
development point of view, by the Hydro-Electric 
Power Commission of Ontario, as its “‘B’’ scheme, 
when it gave evidence before the International 
Commission in 1921, details of which may be found 
in a statement issued by the Hydro-Electric Com- 
mission last year. So far as navigation is concerned 
it would seem logical that Canada should follow up 
the Welland Canal reconstruction by the further 
improvement which would go to enhance the service 
that channel might render to shipping. 

As already stated the desire of the United States, 
generally speaking, is to push ahead with the whole 
project. With ample funds, and a_ population 
ready to take advantage of benefits immediately 
they begin to accrue, that country is in a very 
different position from Canada. The latter, if 
she embarks upon the scheme will be doing so as 
constructive work for the future. She is neither 
able now to make use of all the power which would 
be developed if the project were carried through, 
nor probably is she anxious to spend large funds 
before this becomes actually essential. A two- 
stage scheme, on the International Section, would 
thus most likely suit her better, and though 
it appears that this might be somewhat the 
more costly in net capital expended, it would seem 
that this expenditure would be capable of being 
carried better by the country, and a partial return 
secured on lower early costs, than with the project 
backed by the United States. The enterprise 
would, in fact, become productive after a smaller 
expenditure had been met. It may be held that 
if the whole were proceeded with, and Canada 
could not use all its power at once, sale for this 
could be found, as is done now at Niagara, in the 
United States. But, whatever the relations of the 
two countries are likely to be, we do not think this 
can be claimed as altogether sound. If the power were 
exported, this fact would tend to delay the develop- 
ment of industries in Canada, while it would build 
up others in the United States, which would certainly 
not view the ultimate withdrawal of the supply 
with equanimity. It is possible, of course, that 
negotiations might even prove some financial 
scheme of co-operation between the two countries 
to be possible, whereby the United States might 
secure the advantages of the single stage develop- 
ment, while Canada might be relieved of some of 
the burden this would normally impose upon her. 

The international question is always to the fore, 
and the manner in which settlement will be arrived 
at of the many points to be thrashed out, has given 
rise to much discussion—some of it perhaps a little 
tactless. The fact that the lower reaches of the 
St. Lawrence are in Canadian territory, has raised 
what we believe to be quite unnecessary prejudice in 
the United States, but it is a question whether some 
of this may not unconsciously be due to the proposal 
for an alternative route, via Lake Ontario and New 
York. Naturally, the latter scheme would bring 
to New York additional ocean-going traffic, and 
make her a still more important port for the export 
of grain from the middle west, than she is now. 
If we consider the international aspect apart from 
such influences, the prospects of the future, based on 
experience of the past, appear to be favourable in- 
stead of otherwise. For instance, the Welland Canal, 
built by Canada and enlarged by her, is in use 
regularly, indifferently by United States and 
Canadian shipping, without distinction of any sort. 
The same holds of other waterways. Similarly, 
at Sault Ste Marie, on one side of the river are the 
four United States locks, and on the other a single 
Canadian lock, and shipping can be, and is, used by 
either as convenient. The larger vessels, perforce, 
now use the largest of the United States locks. In 
none of these cases, under the control of the United 
States or Canadian authorities, are tolls charged 
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either to their own or to other nationals, and we 
cannot believe that as the years go on and the 
nations come to know each other better, such 
friendly co-operation could not be safeguarded. 

The feeling which seems to exist in New York 
finds something of a counterpart in Quebec and 
Montreal, though we do not know how far it is 
the true feeling of these parts of the Dominion. 
Quebec is naturally averse from internationalising 
the lower reaches of the river, lying wholly within 
her province, and, as we have suggested, we hope it 
will not prove necessary to the scheme for this to be 
definitely made the subject of formal discussion. 
Montreal possibly has a fear that the project may 
result in loss of trade, built up by great enterprise 
and with much expenditure. On the other hand, 
opinion in Montreal itself seems to show that much 
of this fear is thought to be groundless, while the less 
kindly-disposed ask what regard Montreal herself 
paid to the claims of the port of Quebec, when she 
set out so determinedly on her career. Actually, we 
think the risk is not so serious as it might seem. 
Liverpool did not cease to exist when Manchester 
became an inland port, while if there are good reasons 
for the shifting of the economic centre, in view of 
the more intensive development of the west, no effort 
on the part of even a prosperous city will stop it. 

We have stated that the desire of the United 
States is to push ahead with the work. This is no 
less so with regard to power development than with 
navigation facilities. On the other hand, although 
power schemes have been planned and applications 
filed in connection with them, the inability of the 
Water Power Commission of the State of New York 
to carry its proposals in the face of political opposi- 
tion, has caused delays. In Canada, it is well known 
that certain parties are anxious to embark on 
further power schemes on the St. Lawrence. 
Report is also just to hand of plans for a large 
project on the Lake St. Francis—Lake St. Louis 
section. This, contrary to the Joint Board’s 
proposal, is, as we understand it, a totally new 
scheme on the south shore, but one which is said to 
embody the construction by private enterprise, of 
a power canal large enough for use by ocean ship- 
ping. Although these plans are said to be viewed 
with favour at Ottawa, and it is bordering on 
rashness to venture an opinion with the few data 
yet available, it would seem to us impracticable 
to combine an economic power canal for a 2 million 
horse-power plant, with a toll-free navigation 
channel. Anyone who has made the trip from the 
Queenston plant up the Ontario Hydro-Electric 
Commission’s Canal to Chippawa, will certainly feel 
that a canal, sufficiently large to make the current of 
small effect on large vessels, would have to be of such 
dimensions that it could only be constructed at 
immoderate expense. 








SEVENOAKS RAILWAY ACCIDENT. 


COLONEL Sir JOHN PRINGLE’s official report to the 
Ministry of Transport on the accident at Dunton 
Green, near Sevenoaks, last August, has now been 
issued. This accident resulted in 13 deaths, and more 
or less serious injury to 129 passengers and railway- 
men. The report attributes the accident mainly 
to the condition of the roadbed. The track was laid 
in 1907 with 95-lb. rails, which were still in excellent 
condition, but the bottom ballast is said to have 
been of somewhat indifferent quality, and the 
drainage defective. Matters were aggravated by 
the exceptionally wet summer, and heavy rain on 
the very day of the derailment may have caused 
the track to go down under traffic. The result was 
that there were irregularities in the super-elevation 
and gauge of the rails, which caused the engine to 
roll. The amplitude of this roll gradually increased 
until one of the wheels of the leading driving axle 
mounted the rail and dropped on the far side of it. 
This derailment might have had no specially serious 
consequences had it not been that there were catch 
points at the bottom of a gradient, some 560 yards 
from the point where the wheel first mounted the 
rail, ‘The derailed wheel, meeting these points, 
burst open the stock rail, and this led to a complete 
derailment of the engine, which collided with the 
pier of an over-bridge, being finally brought up 
against the bank of the cutting, 120 yards further on. 
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Two of the coaches also collided with the bridge, 
The locomotive was a side tank engine, mounted 
on a two-wheel truck in front and on a four-wheeled 
bogie behind. There were three coupled driving 
wheels on each side, the wheel diameter being 6 ft. 
The Southern Railway adopted this type of engine 
in 1917, and subjected it to a very complete series 
of tests, in order to discover any weak points in the 
design. As the result of the experience thus acquired, 
certain modifications were made and tested in their 
turn. In this way a marked improvement was 
effected in. the running of the class. Engine 
No. 800, which was that concerned in the accident, 
was designed in accordance with these results, 
The drivers reported that this type of engine rode 
somewhat more easily than tender engines, but was 
more liable to develop an uncomfortable degree of 
rolling when passing over indifferent track. The 
derailment started on a curve of 54 chains radius, 
the track at that point being on an embankment, 
but this changed into a cutting before the over-bridge, 
which wrecked the train, was reached. Throughout 
almost the whole distance traversed after the first 
sign of derailment, the super-elevation was some- 
what less than the company’s standard, and it was, 
moreover, irregular. 

In view of certain evidence given at the inquest, 
the Ministry of Transport decided to try one of the 
tank engines and a tender engine over a portion 
of the London and North Eastern Railway, about 
seven miles long, between Huntingdon and St. 
Neot’s. The track consisted of 95-lb. and 100-Ib. 
rails, and was overhauled prior to the tests. The 
sharpest curve was of 56 chains radius, and there 
were three reverse curves in the total length. The 
ballast throughout was of first-class quality, and 
drainage was well provided for. In the tests, the 
speed ranged from 60 miles up to 83? miles per hour. 
Mr. H. N. Gresley, provided the facilities for these 
trials. The report states that the tank engines rode 
particularly steadily, and nothing in the nature of a 
continuous roll was set up. Moreover, there was 
jess vibration than with the tender engine. The 
tank engine was obviously safe at the very highest 
speeds attained. Additional trials were next made 
on a section of the Southern Railway between Woking 
and Walton, a distance of 7} miles. On this section 
there was only one reverse curve, and the length 
of tangent was greater than in the case of the St. 
Neot’s tests. The rails weighed either 90 lb., 95 lb., 
or 100 lb. per yard. The formation was partly 
marl and partly sand. The ballast consisted either 
of Maldon stone or Thames ballast, and the whole 
of the track was overhauled prior to the trials. 
Sir John Pringle states, however, that the drainage 
was defective and the line generally not in first-class 
condition. As a consequence, the tank engine ran 
much less steadily and rolled even at certain points 
of straight track. In fact, Mr. Gresley expressed 
the opinion that on this track the rolling might be 
dangerous at speeds of 70 miles an hour or more. 
It was found that the engine was steadier when 
running bogie first. 

As the result of these trials, Sir John Pringle 
concludes that the tank engines were well designed 
and’ quite suitable for working express passengeT 
trains on well-laid and well-maintained roads. 
This view is certainly supported by the fact that 
prior to the Sevenoaks catastrophe, these engines 
had accomplished an aggregate mileage of 1,181,446. 
However, on indifferent track a limitation of speed 
is recommended. Sir John Pringle thinks that the 
speed at the time of -the derailment must have 
been over 60 miles an hour, but it appears that 
engines of the same type attain, in daily service 
between Three Bridges and Haywards Heath, 4 
speed of 63-5 m.p.h. -without any indication of 
danger, and similar speeds are worked to on other 
main lines. 

On the London and North Eastern and other lines, 
permanent marks are erected at curves, on which 1s 
inscribed the amount of super-elevation required, and 
Sir John Pringle suggests that this example might 
well be followed by the Southern Railway Company. 
Moreover, whilst train speeds have not increased 
sensibly during the past 25 years, weights have 
risen very materially, and he suggests that a corre- 
sponding improvement is required in the type of 





road bed and in standards of maintenance. 
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On August 20, there was another derailment on 
the Southern Railway, on the line between Bearsted 
and Hollingbourne, and this is the subject of a 
report by Colonel A. H. L. Mount. The train was 
drawn by one of the same class of engines as at 
Sevenoaks. Here, again, the wheels of the leading 
coupled axle first left the track, and were followed 
by the remaining wheels of the engine. The track 
was practically straight at the scene of the derail- 
ment. The ballast was almost wholly of ash at the 
site of the accident, and in places, mingled with 
clay. Owing to intrusion of the clay, the drainage 
had become unsatisfactory. Colonel Mount con- 
cludes that it was the condition of the track that 
was mainly responsible for the accident, although 
the particular engine involved was not quite repre- 
sentative of the latest practice of the company. 





RADIANT HEATING. 


Or the two methods available for distributing 
heat from a central source for warming the rooms of 
a building, that depending upon the circulation of 
heated air by convection currents has been mainly 
employed up to the present, but in this it must be 
remembered it is necessary to heat the whole of the 
air in the building, as well as the building itself, 
to produce a comfortable temperature. With the 
other method of heating, viz., that of supplying heat 
in the form of radiant energy, the actual temperature 
of the air is of less importance, since persons are 
comfortably warm in a room with a low air tempera- 
ture provided that sufficient radiant heat reaches 
them. The latter system would therefore appear to 
be the more efficient method of heating of the two. 

The methods by which radiation can be applied 
in heating buildings were considered in a lecture 
delivered to the Royal Society of Arts on Jan- 
uary 18 by Mr. A. H. Barker, who dealt particularly 
with those methods in which heat is radiated from 
large flat surfaces, forming parts of the walls or 
ceilings of the apartment, maintained at a compara- 
tively low temperature by the circulation of hot 
water or by other means referred to later. The 
radiation from such surfaces is, of course, confined 
entirely to the infra-red region of the spectrum, 
and with radiant heat of that character, Mr. Barker 
stated, it is possible to produce comfortable con- 
ditions in a room with a much lower expenditure 
of energy than when the radiation is of a luminous 
or semi-luminous character, such as is produced by 
an incandescent body. As a possible explanation of 
this, he suggested that the glass of windows is 
less diathermanous to rays of the long wave-lengths 
produced by low-temperature radiators than to 
the shorter waves from bodies at high temperatures, 
and also that a smaller proportion of the former 
isabsorbed by the walls. Usually the temperature 
of the large flat radiating surfaces does not exceed 
120 deg. F., and in such cases, Mr. Barker stated, 
about 60 per cent. of the heat supplied is given off 
in the form of radiation. 
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ture of the water is kept very low. With the 
development of concrete floors and buildings, steel 
coils have been cast into the concrete itself, with 
satisfactory results, but it is obviously difficult, 
when the pipes are completely concealed in the 
structure of the building, to keep track of them 
for the purpose of making any necessary repairs, 
alterations, or extensions. 

, Amore convenient system, of recent introduction, 
is to make the heating panels in the form of large 
flat surfaces of cast or wrought iron, with conduits 
for the passage of the hot water, this having the 
advantage over the embedded coils that the panels 
can easily be removed and replaced, and also that 
they can be heated by hot water or steam at any 
desired temperature. The disadvantages are that 
the panels are of considerable weight and that it is 
not always easy to conceal the necessary piping, 
although a dummy plate is sometimes provided for 
this purpose. An interesting development of the 
system is to form the panels as a dado round the 
walls, the plates being cast from patterns resembling 
an ordinary oak dado and showing the natural 
grain of the wood on the surfaces. For the latter 
purpose, the master patterns are made in genuine 
oak, which is then subjected to the action of a sand 
blast to cut away the softer parts of the wood 
between the hard veins and thus emphasise the 
grain. Iron patterns are cast from the oak pattern 
after this treatment, and the former are used for 
moulding the actual panels. These, when suitably 
coloured, are said to be indistinguishable from real 
oak, although they are considerably cheaper. 

An important point in favour of metal panels is 
that they can be heated electrically or by gas 
burners, as well as by steam or hot water. When gas 
is used, the products of combustion are drawn 
through conduits in the panels by a small exhaust 
fan and discharged to the atmosphere outside the 
building. Practically the whole of the heat derived 
from the combustion of the gas is utilised in this 
way, the products of combustion arriving at the 
fan being almost cold. An automatic device is, 
of course, provided to turn off the gas in the event 
of a stoppage of the fan, in order to avoid the risk of 
fumes escaping into the building. ‘The utilisation 
of gas for heating in this way has the obvious advan- 
tage of rendering a boiler house, involving the carting 
of fuel and ashes, unnecessary, while the cost, 
according to the lecturer, does not greatly, if at all, 
exceed that of heating by hot-water radiators. 
It was certainly, he stated, very much lower than 
that of heating by open coal or gas fires. 








THE ENGINEERING OUTLOOK. 


IV.—Mortor CycLE anp CycLe INDUSTRY. 


HITHERTO, our analysis of the motor industry has 
incorporated details relating to the motor-cycle and 
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do not necessarily correspond to those in the latter, 
and as the motor-cycle and cycle trade is, in fact, 
a self-contained unit of no small importance in our 
national production and intercourse with overseas 
traders, it has been thought an advantage, from all 
points of view, to deal with it in a separate article. 

Unfortunately, the Ministry of Labour Employ- 
ment Statistics deal with the motor, motor-cycle and 
cycle and aircraft industries as a whole, but if these 
figures are utilised together with a sample of employ- 
ment in four main districts, the tendency of this 
grouping to cause misleading deductions is demon- 
strated, and the separation of the motor-cycle and 
cycle industry from the motor industry is imme- 
diately justified. (See Table I.) 

The decline in the number of employed, according 
to the sample, undoubtedly reflects the present state 
of this branch of industry more accurately than the 
slumped figures of the Ministry of Labour, the 
increase there indicated belonging to the motor and 
aircraft branches. Data relating to the pre-war 
position of employment are not available. 

In considering the trade position and the pros- 
pects of this industry, it may be desirable and 
conducive to a better understanding if motor cycles 
and pedal cycles are dealt with separately, because 
the trend in each case differs. 

Dealing with motor cycles first, it is found, from 
a study of the Preliminary Report of the Third 
Census of Production (1924), published last year, 
that a very considerable expansion has occurred in 
the industry during the past two decades.  Parti- 
culars are furnished in Table II. 

Of this 1924 production of 120,400 motor cycles 
and tricars, at a factory value of 5,877,0001., 
37,600 vehicles, valued at 1,626,000/. were exported. 
During the same period, 400 motor cycles and tricars 
were imported at a cost (c.i.f.) of 16,0007. Trade 
in “ parts” is not being dealt with. It may be 
deduced, therefore, that in 1924, manufacturers 
exported 31-2 per cent. of their production ; 
that 68-6 per cent. of the total production was 
consumed at home, and that the home manu- 
facturers supplied the home markets require- 
ments to the extent of 99-5 per cent. The home 
market then, was virtually free of competition, and 
this state of affairs reflects high credit on the 
excellence of the British production, and the 
organisation responsible for it. As will be shown 
later, imports of motor cycles and tricars have 
declined even further during 1927. 

Production figures are not available for 1927, but 
Table III on the following page gives details of the 
exports of motor cycles and tricars over a period of 
years. 

It will be seen that in the first half-year, a new 
high record of exports was established, and although 
the second half reveals a decided downward trend, 
the year’s exports, in the aggregate, are the highest 
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The principal advantages claimed for the method | Motors, Cycles , and Aircraft.* 
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This steady expansion may be expected to| It is probably not correct to regard the ever-| Certainly the larger proportion of this population di 
continue, for the export market capable of develop- | cheapening motor car as a rival of the motor cycle. | has a greater prospect of commanding a motor cycle m 
ment remains considerable. The European market | After all, the considerations relating to the riding | than a motor car. qu 
is very largely served by British products, and|of a motor cycle are as much psychological as} Turning now to pedal cycle and tricycle manu. cy 
although continental makers appear to be taking | financial, but even if financial considerations alone | facture the position at first glance might occasion be 
steps to stimulate their home production, we have|are taken into account there must always be a| surprise. The demand might have been expected fu 
the advantage of already established markets and | p.5.6 1v.—Net Imports of Motor Cycles and Tricare, | *° decline in these days of mechanical power, but tic 
unquestionably the best models. Recently suc- | — — the reverse is the case. wi 
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It has been argued that the motor car is not 
displacing, and is not likely to displace to any 
marked degree, the motor cycle. With some 
qualifications the same may be said of the motor- 
cycle vis-d-vis the pedal cycle. It is true that the 
boy who now pedals a cycle will probably in the 
future ride a motor cycle, but there are new genera- 
tions following who will require to begin at least 
with the pedal cycle. A pedal cycle may be regarded 
as a family institution—barely a house is without 
one—and it is difficult to conceive of its complete 
displacement. 

Abroad—in the towns of foreign countries and 
the Dominions—the demand is likely to increase 
rather than decline, and the maintenance of our 
export level can be looked for with assurance. 

Reviewing the whole motor cycle and cycle trade, 
then, a strong position is disclosed. There is no 
reasons to regard the recent export records as the 
highest attainable peak—on the contrary every 
index points to greater demands and new high 
records ahead. At home the prospect seems brighter 
than it has been during the past two years for motor- 
cycles on the grounds of choice, convenience and 
cheapness, and for pedal cycles on the grounds of 
sheer necessity of existing and coming generations. 
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Principles Underlying the Design of Electrical Machinery. 

By W. I. SuicnTER, Professor of Electrical Engineer- 

ing, Columbia University, New York. New York: 

John Wiley and Sons, Inc. London: Chapman and 

Hall, Limited. [Price 18s, 6d. net.] 

In recent years, a number of books on design of 
electrical machinery have been published, in which 
the authors endeavour to cover the whole range of 
direct-current and alternating-current machines in 
one volume. This is obviously only possible if the 
subject is dealt with in skeleton form, and only 
indispensable informationincluded. Professor W. I. 
Slichter’s book is developed from a course of 
lectures given at Columbia University, in New York, 
and describes the procedure of the design of con- 
tinuous and alternating-current machines, includ- 
ing turbo-alternators, transformers, and induction 
motors. The book is an amplification of the chap- 
ters on Design of Electrical Machinery, written 
by the same author for Penders’ Handbook for 
Electrical Engineers, and the connection is quite 
apparent in the volume itself, as the subject is dealt 
with in the succinct fashion of a reference book. 
The book is therefore specially suitable for students 
and engineers who wish to obtain a general insight 
into the procedure usually followed in designing the 
various classes of electrical machines without going 
too closely into details, or following up the more 
intricate questions which are met by engineers who 
specialise in design work. From this point of view, 
the book is very well written, and the author has 
succeeded in giving readers, in a minimum of space, 
just what is required for such a purpose. 

We cannot, however, quite agree with the author’s 
claim that a special feature of the work is “ the 
derivation of formule from fundamental principles. 
an explanation of each formula and the reasons for 
the various standards of practice,” all of which are 
Supposed to be explained in such a manner as to 
convey a mental picture of the fundamental physical 
phenomena leading to them. On the contrary, the 
reader will find that the formule and the standard 
design data used are frequently enumerated with- 
out complete derivations and explanations showing 
how the values recommended have been arrived at. 
Even the fundamental formula for the design of 
electrical machines which gives the relation of 
diameter and length of the armature to the output, 
speed and fundamental design constants, is intro- 
duced on page 55 without any derivation. The 
reader is referred to the first chapter, where, on 
pages 24 and 25, some reference to the subject is 
given, leaving it to the students to connect the 
various equations. 

The design data given in the book are based on 
the ex perience of the author during his service in the 
design departments of one of the large manufac- 
ae companies and collected in connection with 

18 teaching. They represent, presumably, present- 





day American practice. From this point of view, 
the book is of considerable interest to designers 
in this country, as it enables them to compare 
their own figures with the values recommended 
by the author. Generally speaking, there appears 
to be little difference in the practice of the two 
countries. One notes particularly that, in some 
respects, the designers in the United States have 
come more into line with European methods than 
used to be the case. For example, the insulation 
proposed by the author for high-tension machines 
consists mainly of mica, which was not standard 
practice in the United States until within recent 
years. 

The book contains complete design examples for 
the various classes of electrical machinery, and full 
particulars of the arrangements of the windings in 
the slots and of the insulation are given. In addition, 
a number of tables with lists of dimensions of 
machines of various sizes and type are included, 
which are taken from actual practice. From all 
this, it is evident that the book gives much 
valuable information on actual design practice, 
though the principles underlying this practice are 
not so fully explained as the title of the book appears 
to indicate. 





By P. M. DEKKER. 


Dredging and Dredging Appliances. 
[Price 36s. 


London: Crosby Lockwood and Son. 

net. } 

THE title of this book is a little misleading, since 
one might imagine from it that dredging and 
dredging machinery in all countries are dealt with, 
whereas, with few exceptions, only Dutch plant is 
described. This, no doubt, is due to the fact that 
the present volume is a translation from the Dutch, 
and indeed the author states in his preface that his 
sole aim has been to give an account of the develop- 
ment of dredging appliances in Holland. Some 
British-built plant is, however, illustrated, including 
the bucket dredgers Barbus at Bombay, and the 
Corozal on the Suez Canal, but descriptions of these 
are lacking. These may be found, as regards the 
former vessel, in Mr. Everatt’s paper in the Proceed- 
ings of the Institution of Civil Engineers last year, 
and as regards the latter in Mr. W. Brown’s 
paper read before the same Institution in 1916. 
Such additional matter as there is, however, 
does not lift the scope of the book to that of its 
title, and it is needless to remark that no book 
purporting to describe dredging appliances generally 
would be complete without, for instance, a descrip- 
tion of the fine suction dredging plant on the Mersey, 
which includes the 10,000-ton suction dredger 
Leviathan. 

As a description of Dutch dredging plant, ancient 
and modern, this book is very complete, and con- 
tains a mass of interesting information. Its value 
would have been enhanced by the inclusion of more 
scale drawings and the omission of a good many 
of the photographs. It would also have been 
convenient if, when the book was translated, the 
metric dimensions, weights, &c., had been 
converted into British units; this always saves 
the reader’s time. Belt drives are advocated for 
bucket dredgers, and these are universal in Holland. 
On the other hand, in England and abroad gear 
drive is used, with friction-slipping devices incor- 
porated in the main driving wheel of the top 
tumbler. The disadvantage of the belt drive is 
that the engine has to be set across the ship, and 
if, as is usually the case with a self-propelling 
dredger, the same engine works both the propeller 
and the ladder, a belt drive can only be provided 
by the use of bevel gearing inthe engine room. We 
are pleased to see that the benefits of British steel 
are generously acknowledged. The author had 
long experience of dredging in Holland and has 
industriously collected a mass of facts and arranged 
them in a convenient form. The chapters on gold 
and tin dredging are particularly interesting. 


Flying for Air Survey Photography. By F. Tymns, M.C., 
A.F.R.Aé.S., and Flight-Lt. C. Porri, R.A.F. Air 
Ministry Publication. London: His Majesty’s Station- 
ery Office. 1927. [Price 2s. net.] 

Arr survey is notable for four characteristics which 

differentiate it from other branches of civil aviation. 

Alone of these branches, air survey is self-supporting 





on the merits of its services to the community 
and independent of State subsidies; the essential 
quality of the aeroplane which it utilises is not its 
speed but its power of movement in a plane above 
the earth, unobstructed by the physical difficulties 
which confront the ordinary surveying expedition. 
Although so promising a field for commercial 
development, its military value is very considerable ; 
and lastly, it is as yet only on the threshold of its 
opportunity for service, and its technical develop- 
ment has hardly begun. 

The pamphlet under review reveals both the 
potentialities and the limitations of photographic air 
survey. The authors point out that economic 
success depends “on the precision with which the 
aeroplane can be flown,” and the mean deviations of 
course, height and tilt, quoted from actual operation, 
indicate that air survey must proceed farther along 
the road of technical specialisation before its full 
value is realised. Nevertheless, the accuracy obtain- 
able with the cameras and navigational instruments 
now available is of so high an order that the require- 
ments of surveying in comparatively undeveloped 
countries, and, for special purposes, in highly 
developed areas, may be said to be already 
adequately met. 

It is unnecessary to emphasise the value of air 
photography for the surveying of mountainous, 
thickly-timbered, swampy or otherwise inaccessible 
regions, wherein the slow, toilsome and elaborately 
organised ground surveys are prohibited by their 
costliness, and where surveys much less accurate 
than that obtainable by air photography would often 
suffice to enable the natural resources of the country 
to be exploited. The British Empire is rich in 
such regions and offers “ glittering prizes’ for the 
enterprise of air survey companies. 

The present work makes no pretence to be 
more than an_ introduction to its theme. 
Based on a report prepared for the Air Survey 
Committee. it embodies information collected, 
through the medium of a questionnaire, from 
pilots and navigators engaged in air survey in all 
parts of the world. Its facts and conclusions have, 
therefore, a high practical value. 

In a future which may not be very remote, the 
demand for the services of the air surveyor may 
justify manufacturers of aircraft and instruments 
in specialising in the production of this class of 
machine to such good purpose that air surveys may 
approach the precision of the slow and costly 
orthodox method. But, as Col. Winterbotham 
comments in his preface to the pamphlet, ‘‘ Elabo- 
rate machinery is not likely to be available for 
some time,” and since the conditions of military 
service demand an efficient compromise between 
precision and an ability to operate at high altitudes 
and great speeds and to repel or elude attack— 
qualities extraneous to civil operation—the develop- 
ment of a machine and its equipment for normal 
peace-time surveying is likely to be delayed until 
the divorce between military and commercial 
aviation is ‘‘ made absolute.” 

The immediate utility and economy of time and 
money of air survey in the Colonies and Dominions 
have been demonstrated by several surveys carried 
out in India, Burma, Malaya, Africa, and North 
America. Besides its intrinsic value, the aerial 
survey of such regions may well be the preliminary 
to the establishment of regular commercial airways. 
An interesting example of this is the service 
it is hoped shortly to establish in British Malaya, 
the outcome of the long experience gained by 
British air survey company during several years 
of operation over the region. 


Collected Physical Papers of Sir Jagadis Chunder Bose, 
M.A., D.Sce., F.R.S., C.S.L. London : Longmans, Green 
and Company, Limited. [Price 10s. net.] 

Sir J. C. Bosz was born in 1858, educated in 

Calcutta and at Christ College, Cambridge, and was 

for some years professor at the Presidency College, 

Calcutta, before he became director of the Bose 

Research Institute, which he had himself founded. 

The collected papers in this volume belong to two 

periods. The first group of papers, dated 1895 to 

1902 and communicated to The Electrician and the 

Royal Society, deals with the study of electric 








waves, which Sir Jagadis took up, like many others, 
after Heinrich Hertz had demonstrated the existence 
of these waves. Interested, in the first instance, in 
studying them optically, he found that metals 
and other non-living matter responded to electric, 
mechanical, and chemical excitation in ways analo- 
gous to the response of living matter to stimulations. 
The physiological side of these researches entirely 
predominates in the second group of papers, pub- 
lished since 1923. There is, however, little indica- 
tion of the biological character in the titles of the 
papers, which mainly appear to concern physical 
investigations and instruments, even in the alpha- 
betical index, which might be more complete. The 
table of contents, however, contains references to 
books on life movements of plants, instability of 
plants, and physiology of photosynthesis, some of 
which date from the intermediate period. The 
response of plants to stimulation, Sir Jagadis 
considers, may be positive or negative. A positive 
response occurs under a stimulus below a critical 
intensity, and a negative under a stronger excitation, 
but the sense of the response may change with the 
vitality and age of a leaf. When light is shut off, 
for example, the response reverses, and the reversed 
galvanometer deflection may exceed the previous 
zero value, and be followed by a slight recovery in 
the opposite sense. Some of the apparatus used 
appears, from the sketches reproduced in the 
volume, to be a little crude for the delicate measure- 
ments involved, though wonderful work has, of 
course, been done with crude apparatus by men like 
Quincke, Hughes and Rayleigh. The arguments in 
the—apparently abridged—articles, moreover, are 
not always very convincing. The brief foreword to 
the volume, written by Sir J. J. Thomson, includes 
the words, “In addition to the purely physical 
papers, there are others which describe the begin- 
nings of Sir Jagadis’ application of physical 
methods to the study of living matter, a subject 
to which most of his work in recent years has been 
devoted. The papers make very agreeable reading, 
for the author is never dull.” 








THE AUCTIONEERS’ PREss GuIDE, 1928,—The fourth 
edition of the Auctioneers’ Press Guide was recently 
published at 5, Clement’s Inn, London, W.C.2. It 
comprises a list of over 1,000 newspapers and periodicals 
issued in Great Britain, together with particulars of 
charges for the insertion of property advertisements, 
and other details necessary to the auctioneer. The trade 
publications included will be found useful by auctioneers 
desirous of disposing of factories, machinery, shops, and 
other property likely to be of interest to special trades 
only. A list of billposters, in every county and railway 
station in Great Britain is included, The price of the 
Guide is 2s. net, or 2s. 3d. post free. 


THe Late Mr. Atrrep W. Bairpv.—Many of our 
readers will learn with regret of the death of Mr. Alfred 
William Baird, of Messrs. Kelvin, Bottomley and Baird, 
Limited, Glasgow, which occurred in tragic circum- 


stances on the 10th ultimo. Mr. Baird, who had attended. 


the trial trip of the motor tanker British Faith, to 
supervise the adjustment of the Kelvin compasses 
supplied by his firm, was disembarking from the vessel 
on her return to Dundee, and in doing so slipped from 
the accoinmodation ladder into the River Tay and was 
drowned. Mr. Baird, who was 65 years of age, was 
a native of Glasgow, and was educated at Glasgow 
Academy. As a young man, he acted as_ personal 
assistant to the late Lord Kelvin, taking a considerable 
part in the development of the navigational instruments 
invented by the great scientist. In 1901 he was made 
a partner in the firm, then bearing the name of Messrs, 
Kelvin and James White, and subsequently became, 
a director of Messrs. Kelvin, Bottomley and Baird, 
Limited. To Mr. Baird’s relations and to his co-directors, 
the sympathy of all who knew him will be extended. 


BREATHING APPARATUS FOR UsE oN Suips,—Every 
passenger ship carryirg a Board of Trade certificate 
is required to have, ready for immediate use, auxiliary 
breathing apparatus to enable an officer to explore 
with safety any compartment in which a poisonous 
atmosphere is suspected. 'To meet these requirements, 
Messrs. Merryweather and Sons, Limited, Greenwich- 
road, London, 8.E.10, have designed an apparatus 
which has been named the Kaskor set. It consists 
of a smoke helmet having head and _ face pieces 
blocked from hard leather, and a soft-leather portion 
cut and seamed to fit round the neck and shoulders. 
The three portions are secured together by means of 
lightning fasteners and metal clips, so that the face 
can be uncovered instantly when necessary. The face 
piece is fitted with mica panes in front of the eyes, and 
has a gunmetal screw fixed by a brass clip for the attach- 
ment of the air hose, Air is supplied to the helmet 
from an external source by means of hand-worked 
bellows and a length of flexible hose pipe. 
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LETTER TO THE EDITOR. 


THE FATIGUE OF CAST IRON. 
To THE EpiTorR oF ENGINEERING. 

Str,—In your issue of January 6, you published 
some remarks by the Director of the Cast Iron Research 
Association on my paper on the fatigue of cast-iron, 
published in your issue of December 23. 

As regards the irons not being typical for cylinders 
and light castings, respectively, I can only say that 
they were supplied, in confidence, by two very well- 
known firms, that there are many hundreds of cylinders 
of about that composition giving satisfactory service, 
and that hundreds of tons a week of the light castings 
are turned out and satisfactorily pass hydraulic tests. 

With reference to the conditions of casting, my machine 
takes specimens }-in. diameter, reduced with an easy 
radius to 3 in. where the fracture occurs, and the light- 
casting iron was cast in §-in. bars soas to machine down 
to this size. As regards the cylinder iron, I had either 
to cast it in 2-in. bars, which would have cooled much 
more quickly than when cast into cylinders, or else to 
cast a slab of representative thickness and machine it 
down. After discussing the matter with the metal- 
lurgist of the firm concerned, the latter policy was 
decided upon, and a slab 27 in. by 9 in. by 1 in. was cast 
and cut up. I quite agree that the centre of such a 
slab will be weaker than the outside, but even then it 
seems more typical of the actual iron in the cylinder 
(where the thicknesses are about 1 in.), then it would 
have been if cast in 3-in. diameter bars. 

Owing to the enormous variations in the properties 
of cast iron, tests need very carefully interpreting, and 
the figures given only refer to iron of the composition 
and microstructure given, cast under the stated condi- 
tions. Only a much larger collection of data than has 
actually been published will allow us to generalise, and 
the whole object of my two papers on this subject has 
been to add a little to the small amount of information 
available. 

Yours faithfully, 
C. H. Buyer. 
University College, Nottingham. 
January, 1928. 








ARTIFICIAL DAYLIGHT. 


In a lecture on artificial daylight, delivered at the 
recent Physical and Optical Societies’ Exhibition, Dr. 
J. W. T. Walsh, M.A., stated that the subject had only 
recently received any considerable attention, largely be- 
cause the production of artificial daylight at a reason- 
able cost had been out of the question until the advent 
of the modern gas-filled lamp, which gave a whiter 
light, more nearly resembling daylight, than the vacuum 
lamp. The colour of daylight was far from being as 
constant as was frequently assumed. If the proportions 
of red, green and blue were each taken as 100 in noon 
sun light, they were 89, 92, and 119 in overcast north 
sky light, which was frequently adopted as standard, 
and 78, 84, and 138 in blue-sky light. The only satis- 
factory definition of the hue of a light was its spectral 
distribution curve. Lights of identical curves would be 
of the same colour, but lights might appear identical 
to the eye, though quite different in composition. 
For instance, red rays of 0-61 uw and blue rays of 
0-49 uw, which could be roughly produced by filtering 
the are beam through coloured glasses, would give a 
white spot when mixed; but a greenish-yellow paper 
would appear black when placed on that spot. For 
that reason, it was necessary to distinguish between 
spectral daylight and sensation daylight. Uncoloured 
white and grey would appear of the same hue in both 
these lights, but coloured objects would not. 

Sensation daylight could be produced by the additive 
method, by mixing light rich in red and yellow, as 
from ordinary electric lamps, with light rich in green 
and violet from quartz mercury-vapour lamps; 
but the method was not satisfactory in practice. 
The almost universally adopted subtractive method 
removed the excess radiations in the red and yellow, 
either by filtration of the light through screens of 
glass or gelatin or by reflection of the light from 
coloured surfaces. In either case, a waste of light 
and a loss of efficiency were unavoidable, and noon- 
day light could not be imitated with an efficiency of 
more than 25 per cent., though impossible efficiencies 
were sometimes claimed. No glass was, moreover, 
uniformly absorptive throughout the spectrum, so that 
only an approximate daylight could be obtained by the 
combination of two glasses. The difficulty was similar 
with coloured reflectors and mosaics of various colours. 
The efficiency, however, could be improved by not in- 
sisting upon perfect imitation throughout the spectrum. 
If, for instance, coincidence between the spectral 
distribution curve and the artificial daylight curve 
were not demanded for the whole visible spectrum, 
i.e., down to 0-42u, but only down to 0-45y, an efficiency 





gain of 25 per cent. could we realised. Such limited 
coincidences were quite sufficient in many cases. Exact 
colour matching, particularly of purple hues, could 
not be effected in artificial daylight, but for work 
and reading in the home, and even in the drawing office, 
artificial daylight was actually preferred by some critical 
observers. The subject was being studied in the 
National Physical Laboratory, by experimenting in a 
room fitted for semi-indirect lighting by vacuum lamps 
and by artificial daylight lamps, and for window lighting 
by the same two types of lamps. Very fair approxima. 
tions to daylight were obtained with some of the gas. 
filled lamps fitted with bluish glass bulbs or other devices, 
and also with one lamp of the reflector pattern. The 
subtractive method was also used in the new type of 
gas mantles made by Mr. Gair and the South Metropoli- 
tan Gas Company. These mantles contained (0-25 
per cent. of ceria instead of the usual 1 per cent. The 
light output of this lamp was 80 per cent. of that 
of the ordinary mantle, and, in combination with 
a bluish medium, the efficiency was 55 per cent. 





YEAR BOOKS AND ANNUALS. 

Ryland’s Directory, 1928.—First published in 1888, 
Ryland’s Directory of the Coal, Iron, Steel, Tinplate, 
Metal, Engineering, Hardware and Allied Tades now 
occupies a prominent place among commercial books of 
reference. The nineteenth edition, which was published 
recently by Messrs. Industrial Newspapers, Limited, 
49, Wellington-street, London, W.C.2, is of the same 
high standard, as regards completeness and accuracy, 
as previous editions have been. Like its predecessors, 
the present volume is divided up into alphabetical, 
geographical, trade classification, and iron, steel, and 
tinplate sections. The information is completed by 
lists of merchant exporters, and foreign iron and steel 
plants and collieries. The alphabetical section contains 
not only the names and addresses of manufacturers and 
merchants in the trades represented, but also gives the 
subscribed capital, the names of the directors, the class 
of manufactures, and other useful information. The 
classified trades, and iron, steel and tinplate sections 
are very complete; one of the most important sub- 
sections contained in this portion of the work is that 
headed ‘‘ Engineer’s Specialities.” In these lists, the 
aim has been to distinguish the actual manufacturers 
from those firms who are either merchants or agents 
for foreign makers. To this end, the actual makers are 
given first, under each heading, and merchant firms 
are then enumerated below a line. The French, 
German, and Spanish names of each particular article 
are also included under each heading. The book 
is thoroughly well indexed, and a specially useful 
feature is the alphabetical list of brands, trade marks 
and trade names. A large folding railway map of 
Great Britain, and sectional maps of British and the 
leading Continental coal fields and iron-producing 
districts are included. The directory, which contains 
well over 2,000 pages, is clearly printed, and is priced 
at 2 guineas net, bound in cloth. 

Clubs, 1928.—The thirty-sixth annual edition of this 
well-known little year book has just made its appear- 
ance. Edited by Mr. E. C. Austen-Leigh, the book 
contains information relating to 3,950 clubs spread 
over London, the Provinces, the British Empire, 
and all countries frequented by British people. The 
particulars given include full name and address of 
the club, date of establishment, number of members, 
entrance fee and subscription, name of secretary, 
and brief information regarding the objects of the club. 
The book is arranged in such a way that any particular 
club may be turned up easily and quickly. It is 
published by Messrs. Spottiswoode, Ballantyne and 
Company, Limited, New Street-square, London, E.C.4, 
and, bound in red cloth, is priced at 7s. 6d., or 78. 10d. 
post free. 








Diary.—We have received a handsome leather- 
bound diary from Messrs. The Portland Cement Selling 
and Distributing Company, Limited, 27, Buckingham- 
gate, London, S.W.1. This, the Red Triangle Diary for 
1928, contains much information relating to cement, 
concrete, and reinforced concrete, compiled for the use of 
structural engineers, architects, surveyors, and builders. 





Almanacs and Calendars.—We have received a wall 
calendar from Messrs. C. Isler and Company, Limited, 
Artesian Works, Bear Lane, Southwark, London, 
8.E.1. A bi-monthly card calendar has reached us 
from Messrs. The Hunslet Engine Company, Limited, 
Hunslet Engine Works, Leeds. Monthly tear-off 
calendars have come to us from Messrs. Rayw 
Brothers, 91 and 93, Southwark-street, London, S.E.1, 
and from Messrs. The International Construction Com- 
pany, Limited, 56, Kingsway, London, W.C.2, the latter 
being fitted with a day indicator. Mr. A. L. Curtis, 
Westmoor Laboratory, Chatteris, Cambridgeshire, has 
sent us a monthly card calendar enclosed in a case. 


tio 
iti 
To 
is 
5,0 
way 
to 
to 
sur 
! 
Boi 
con 
The 
ben 





ited 
xact 
ould 
york 
fice, 
‘ical 
the 
in a 
mips 
ting 
ma- 
gas- 
ces, 
The 
2 of 
v0li- 
)- 25 
The 
hat 
vith 


388, 
ate, 
now 
s of 
hed 
ted, 
ime 
cy, 
ors, 
cal, 
and 
teel 
uins 
and 
the 


Che 
ons 


hat 
the 
rers 
nts 


rms 
ich, 
icle 
ook 
ful 
rks 
of 
the 
ing 
ins 
ced 


ar- 


ed, 
on, 


red, 
-off 


ae 
om- 
tter 
rtis, 
has 





FEB. 3, 1928.] 


LABOUR NOTES. 
REPRESENTATIVES of the executives of the engineer- 
ing trade unions met in London, on Thursday last week, 
for the purpose of considering the question of applying 
for an advance of wages. The conference lasted for two 
hours, and at its close, it was officially stated that 
Mr. J. T. Brownlie, who presided, had explained that 
the object of the gathering was to determine the future 
policy of the unions. ‘‘ There were,” the statement 
proceeded, “‘ two aspects that demanded consideration 
and a decision—namely, whether the unions should go 
forward on a national basis or support the local applica- 
tions which have been manifested in certain areas. A 
general discussion ensued on the question of policy, 
and it was unanimously decided that the conference 
should make application to the engineering employers 
for an advance of wages on a national basis. The 
conference then applied its mind to considering whether 
it should approach the employers for a joint conference 
to make application for an advance in wages without 
stating any specific figure. It was decided unanimously 
to make application for an advance in wages of eight 
shillings a week, with a corresponding increase on piece- 
work prices. The Chairman and the secretary (Mr. F. 
Smith) were requested to forward the application to 
the Engineering Employers’ Federation with a request 
that a joint conference be held to consider the demand.” 





On the following day, representatives of the Ship- 
building Employers’ Federation and representatives of 
the shipyard trade unions, also considered the wages 
question. This joint meeting was brought about by 
the Ministry of Labour, and its specific purpose was to 
deal with the application of the unions for a. wages 
advance of 10s. per week. According to an official 
report issued at the close of the proceedings, Mr. J. T. 
Batey, the president of the Shipbuilding Employers’ 
Federation, presided over the employers’ side and 
Mr. W. Sherwood, president of the Federation of 
Engineering and Shipbuilding Trades, over the work- 
men’s side. Mr. Sherwood presented the case for the 
unions, and was followed by Messrs. Hill, Ellis, Barrow, 
and Nicholls. ‘‘ The workman’s contention was,” the 
official report went on to say, “that the published 
returns of production in the shipyards for 1927, fully 
justified their demand. A considerable amount of 
statistical information was placed before the con- 
ference, followed by comparisons of rates of wages. 
Mr. Batey stated, on behalf of the employers, that the 
whole of the case, as presented by the unions, would 
be placed before the full Central Board of the Ship- 
building Employers’ Federation at the earliest possible 
date, and it was arranged that the joint conference, for 
further consideration of the application, should be 
resumed on February 16 or 17.” 





Addressing a Labour meeting at Hounslow last week, 
Mr. A. J. Cook again declared himself an uncompromis- 
ing opponent of the Mond movement for industrial 
peace. ‘‘ These employers,” he said, “ hope to find 
ways and means of eliminating strikes in industry, 
which really means compulsory arbitration in dealing 
with disputes, co-operation and co-partnership to 
rebuild industry on financial capitalist lines. The aim 
is to cheapen production, intensify competition, and to 
drop nationalisation, and the establishment of a new 
social order. If that policy is the correct one, there is 
no need for a Labour party or a trade union movement. 
We cannot honestly tell the workers to organise 100 
per cent. strong, and to return a Labour Government 
to overthrow capitalism, and at the same time co- 
operate with the Mond group of employers to resurrect 
and stabilise capitalism.” There could be no peace, 
Mr. Cook declared, while the present poverty and 
unemployment continued. ‘“‘The minimum terms,” 
he said, “‘ even for a temporary peace—as there cannot 
be permanent stabilisation of the workers’ conditions— 
are (1) work or adequate maintenance for all ; (2) repeal 
of the Miners’ Eight Hours Act ; (3) a real living wage ; 
(4) recognition of the trade unions; (5) no victimisa- 
tion ; (6) pensions at 60 for all workers ; and (7) repeal 
of the Baldwin ‘ Blacklegs’ Charter.’ ” 





_A conference of executives of Civil Service organisa- 
tions has endorsed a programme of “ reforms ’’ which 
it is proposed to submit to the National Whitley Council. 
To give effect to the desired changes would involve, it 
1s estimated, an annual expenditure of, at least, 
2,000,0001. The programme is as follows :—Minimum 
wage of 31. 10s. a week, inclusive of bonus. All service 
to be pensionable. Equal pay for equal work (women 
to receive similar pay to men). Abolition of bonus 
super-cut. 





At the end of December, 11,667 members of the 
Boilermakers’ Society were signing the books as 
compared with 11,345 at the end of November. 
ia number of members in receipt of superannuation 
benefit was 4,141, as compared with 4,150, and the 
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number in receipt of sick benefit 3,144, as compared 
with 2,809. In November, the expenses amounted to 
9,9667. 9s.; the December total—which included 
five weeks’ outlay—was 12,2311. 2s. 9d. 





In the course of a reference, in the official organ of 
the Boilermakers’ Society, to the settlement of the 
difference that had arisen over the Clyde riveting 
price list, the West of Scotland District Committee 
say :—‘‘ It is futile to imagine for a moment that a 
piecework list could be drafted to place all individuals 
who have to pay or work under its terms. But if the 
list removes the discontent that was said to have 
prevailed among Clyde riveters of late, then more than 
the percentage question will be settled, because settle- 
ment and contentment, where it exists, adds to the 
pleasure and dignity of service and work. We, there- 
fore, trust the men will make the best use of the revised 
book, and, if possible, improve on it. We want peace 
in our industry, and now when this talk is in the air 
and the minds of men are disposed towards this attain- 
ment, let us by all means work for peaceful methods to 
settle our differences rather than resort to the adoption 
of stoppages or strikes which are hurtful to both sides 
and more so to the men and those depending on them. 
Those who call for disarmament to prevent war among 
nations should apply a similar frame of mind to pre- 
vent industrial wars and to secure settlements by 
negotiation.” 





Under the national agreements governing wages in 
the electrical contracting industry, the joint sub- 
committee of the National Federated Electrical 
Association and the Electrical Trades Union have 
determined the net rates of wages payable to the 
various grades during the ensuing four months. They 
formally declare that the variation in the cost of living 
justifies a 27} per cent. reduction on the basic rates 
fixed in April 1921. The effect of the finding is, 
however, an increase, as the present rates of all the 
grades are below the basic rates. In the cases of 
Grades A, C and D, the increase is }d. per hour, and in 
the case of Grade B, 4d. per hour. The new rates 
came into effect on the second pay day this month, 
for the period covered by that pay, and are to remain 
in force up to and including the period covered by the 
first pay in June. P 





In the course of a note in The Industrial Review, 
a publication issued by the General Council of the Trades 
Union Congress, Mr. Citrine effectively disposes of the 
objection that the General Council had no authority 
to enter upon the discussions which have taken place 
with the Mond group of employers. The argument 
“that the unions affiliated to the Trades Union Con- 
gress had no authority to participate in such discus- 
sions comes,” he says, “ with peculiar ill-grace from 
those who have voiced the slogan, ‘More power to 
the General Council.’ As a fact, however, Congress 
has invested its General Council with the requisite 
authority. At the last assembly, in Edinburgh, the 
General Council recommended, as one of the conclusions 
of its report on organisation by industry, that the 
necessity for centralised negotiations to deal with 
general questions, affecting the whole trade union 
movement, required that such necessary co-ordination 
should be in the hands of the Trades Union Congress, 
through the medium of the General Council. Congress 
accepted this view in giving its endorsement to the 
report. And the General Council has simply put into 
operation the principle of centralised negotiations on 
general questions.” 





According to Mr. Citrine, no question can possibly 
arise of the General Council exceeding its mandate in 
these matters. ‘‘It was made perfectly clear,” he 
says, “‘at the conference with the employers’ group 
that neither side could positively guarantee acceptance 
by the various industries of generally agreed prin- 
ciples that may be formulated. But it is the essence 
of the discussion to ascertain whether there are generally 
agreed principles, and such common ground that both 
employers’ association and the trade unions concerned 
with particular industries or groups of industries, can 
reasonably be invited to consider their detailed 
application to their own concrete problems. The 
effort to find a basis of agreement in regard to the 
mutual obligations and responsibilities of the organised 
workers and organised employers is entirely consistent 
with the historical development of trade unionism.” 





In a circular recently addressed to the trade union 
organisations in Italy the decision of the Government 
to forbid the holding of trade union congresses is 
explained in some detail. While not absolutely pro- 
hibiting such congresses, it is laid down that the number 
of delegates must be strictly limited, and that Press 
representatives may not be present. The debates can 
only be brought to the notice of the public by succinct 
reports published by the associations concerned. It 
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will be seen (says The Industrial Review, from which 
this paragraph is taken), that the measure continues 
the repressive anti-trade union policy of Signor 
Mussolini and his Government. 





The Motor Drivers’ Advisory Committee of the 
International Transport Workers’ Federation has 
adopted an extensive international programme of 
demands. The programme calls for an eight-hour day 
or 48-hour week, fixed maximum overtime by the day 
and by the week, payment for overtime, annual 
holidays with pay, adequate rest periods between 
duties, a weekly rest period, fixed conditions of engage- 
ment and dismissal, continuation of wages in case of 
sickness, and application of all social legislation to 
motor drivers. It also calls for the establishment of 
adequate legal insurance institutions for insurance 
against incapacitation for the trade, old age and death, 
compulsory liability insurance, covering both vehicle 
and driver, for all owners, and protection of the life 
and health of motor drivers. Other items relate to 
the training and tests to be required of applicants for 
a licence to drive a motor vehicle, and to the issue of 
international driving licences. 





The Ministry of Labour states that on January 23, 
1928, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,178,700, of whom 839,600 were wholly unem- 
ployed, 275,900 temporarily stopped, and 63,200 
persons normally in casual employment. Of the total 
number, 932,600 were men, 41,100 boys, 167,200 
women, and 37,800 girls. The number of unemployed 
persons on January 16, 1928, was 1,193,813. Of these, 
857,115 were wholly unemployed, 272,391 temporarily 
stopped, and 64,307 persons normally in casual employ- 
ment ; 945,163 were men, 41,319 boys, 169,266 women, 
and 38,065 girls. On January 24, 1927, the number 
of unemployed persons was 1,348,719, of whom 
1,059,574 were men, 40,001 boys, 208,567 women, and 
40,577 girls. 





At a meeting last week-end of the Sowerby Bridge 
Co-operative Society a resolution to the effect that 
all employees of the society must be members of a 
trade union eligible for affiliation to the Trades Union 
Congress was defeated by 210 votes to 82. 





In the course of an address at the Working Men’s 
College, Crowndale-road, St. Pancras, on Saturday 
evening last, Sir Lynden Macassey said that one of 
the most unfortunate occurrences during the war 
period, was the intervention of government depart- 
ments in the settlement of conditions of employment. 
The result was that both sides gave up negotiating 
altogether, and merely devoted their time to pressure 
on the Government. He hoped that it would be made 
quite clear in the conferences, which were to take 
place between Sir Alfred Mond and his associates on 
the one hand, and the General Council of the Trade 
Unions Congress on the other, that they were not 
attempting in any way to usurp the functions of either 
employers’ organisations or trade unions, but that 
they were simply engaged in exploring avenues to 
industrial peace. A great psychological obstacle to 
the attainment of industrial peace had been the appal- 
ling ignorance—not restricted to Labour—of the 
economic conditions of industry. On the part of 
the workers, wrong beliefs were entertained as to the 
effects of restriction of output, and, on the part of 
many employers, there was an ingrained view that 
low wages paid, and that by reducing wages they 
reduced costs of production. That was quite wrong. 
High wages paid, if they got high output. 





A recent circular issued by the Russian Central Council 
of Trade Unions suggests that the unions should continue 
to arouse the interest of the masses in economic policy 
by means of the periodical conferences on production, 
the programmes of which are drawn up by the “ Super- 
visory Committees” set up a year ago. The con- 
ferences on production developed considerably during 
1926 and 1927. In 451 undertakings, employing 
855,000 workers belonging to nine trade unions, there 
were, in six months, 837 general works conferences 
and 4,619 special departmental conferences, attended 
by 300,000 workers. The statistics for railwaymen 
are not quite so high (238,500 attendances out of 
970,000 workers). The conferences submitted to the 
competent authorities 32,000 proposals, of which 
80 per cent. were favourably received and 7 per cent. 
rejected. The problem is now to improve the working 
of the conferences. For this purpose the trade unions 
are to form an organisation of specially trained militant 
workers, and provide courses of education. They 
should take great care, it is pointed out, that the 
discussion by the competent authorities of the proposals 
made by the conferences is attended by a minimum of 
formalities. 
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5,000-KW. FREQUENCY CHANGER. 

TuHosE who contend that frequency standardisation 
is an unnecessary part of the national scheme upon 
which the Central Electricity Board is now at work, 
use as one of their principal arguments the fact that 
frequency changers can be installed to act as a link 
between two differently designed systems. Such 
machines are, of course, being largely used in the 
United States and elsewhere and, whatever may be 
said about the technical and economic soundness of 
their continued employment, it seems likely that they 
will in the near future play some part in this country, 
at least during the period of transition. 

For instance, a 5,000-kw. frequency-changer set is 
now being installed in the Stourport power station of 
the Shropshire, Worcestershire and Staffordshire 
Power Company, Limited, as a preliminary to supplying 
the network at 50 cycles from 25-cycle generating plant. 
The set, which was manufactured at the Rugby works 
of the British Thomson-Houston Company, Limited, 
consists of a 6,050-kv.-a., six-pole, three-phase syn- 
chronous motor, running at a speed of 500 r.p.m., 
which will be supplied with 25-cycle current at 11,000 
volts and a leading power factor of 0-9. This motor is 
direct-coupled to a 7,500 kv.-a., 12-pole, three-phase 
alternator, which will supply 50-cycle current at 11,500 
volts and a lagging power factor of 0-66. The stator 
frame of the alternator is built of steel plate and is 
carried in a cradle, which is provided with motor- 
operated gear, so that it can be rocked 12 deg. on 
either side of the mean position for the purposes of 
synchronising and load sharing. This rocking gear is 
driven by a squirrel-cage induction motor with two 
windings, so that it can be run from either the 25- 
cycle or the 50-cycle supply. Each of the main machines 
has its own exciter, the armatures of which are | 
overhung on extensions of the main shaft. Starting is 
effected by means of an oil-immersed, self-cooled auto- 
transformer of the outdoor type. 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


DECEMBER. 1927. JANUARY. 1928. 


NOVEMBER. 1927. 








THE PRESTALL VACUUM-BRAKE 
CYLINDER. 


AN interesting example of the economy in upkeep 
which can be effected by improvement in design is 
afforded by the Prestall vacuum-brake cylinder, recently 
introduced by Messrs. The Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, King’s 
Cross, N.J. The cylinder, which is made of wrought 
steel, is interchangeable with the standard cast- | 
iron vacuum-brake cylinder so widely used on British | 
rolling stock, and, at a recent demonstration at the | 
maker’s depot, one of the new cylinders was opened | 
up, the rolling ring replaced, and the whole unit re- | 
assembled and tested in the space of 2? minutes. | 
The necessary operations were easily performed by 
two men, but for a corresponding demonstration on 
one of the standard cast-iron cylinders, three men were 
required, the time occupied to perform the same set 
of operations being 18} minutes. The two cylinders 
were mounted in the position they would occupy on 
an ordinary wagon, but the conditions were -. 24 8 #0 % 8 
ally more favourable than those that would be likely 
yon in actual practice, as evidenced by the fact ald MOVEMBER. 1987. 
pve = sys cin oa —— * =— Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 

4 "1g Of eR lg Ste RN the London Metal Exchange for “fine foreign” and ‘“‘ standard” metal, respectively. The prices shown for 
merry - eran + ekiiea dtikad. Mikes oo alla lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
Se A CR Ee RE TM seniaitions “ages for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel 
near vangent ; 5 ‘I 5 ahem elt “es _ Denar f : at plates, are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
ig ited — mons vl wanes yet v pe on cy"mncer. | prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
= : ade — =* reat ' < % nae ae f es hottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
wre Her ag Pa ey yr na ar “ — ahs a other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
can easily be taken by the two operatives, while with lines represent I/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 
the old design it was necessary to take the weight on a} = 
rough lever support controlled by the labourer, the 
cylinder being meanwhile guided out of its casing by 
the two workmen. The makers state that, under 
service conditions, the operation of replacing a rolling 
ring occupies about one-twelfth the scheduled time, 
and a study of the design in conjunction with the 
demonstration referred to leaves little doubt that this 
claim is a conservative one. 

In the old design, the cylinder and casing extend 
below the trunnicns. In the new, they terminate just 
below the trunnion line, the piston falling into a pressed- 
steel pocket attached to the main body, while the 
cylinder does not require to be removed from the 
easing. The older type of cylinder is too well known 





4BH 2 6 8 RHKMUWSEBHS FS INBUHADBAWAH 
DECEMBER. 1927. UANUARY. 1928, *©INEERING 











it is not disturbed when renewing a ring. Again, CycLe AND Motor-CycLte SHow at Minan.—A short 
in the old design, the studs holding the detachable | report on the cycle and motor-cycle show, held in 
portion in position, and also the piston rod, extended Milan from January 5 to January 15 last, has heen 
through into the vacuum chamber, so that a possibility prepared by the Department of Overseas Trade from 
sh tealenan eoietal ak nies aidad In th ar ddael information furnished by the Acting British Consul- 
ge CXIsU ) points. 4n the new design, | General at that city. United Kingdom firms desirous 
both studs and rod are screwed into blind holes. of receiving a copy of this report should communicate 
As a final point, it may be mentioned that, in the | with the Department at 35, Old Queen-street, London, 
Prestall design, the joint between the lower part of the | S.W.1. 
cylinder and the casing is on the atmospheric side of 
the piston, so that a leaky joint is at once indicated by MERCHANDISE Marks Act, 1926,—The Board of Trade 
a tendency to apply the brakes. The difference in | jas referred to the Standing Committee (General Mer- 
weight, in the case of a standard 18-in. cylinder, is | chandise), applications for Orders in Council to he made 
some 82 lb., the cast-iron type weighing 268 lb., and | requiring indications of origin in the case of imported 
the wrought-steel type 186 lb. Of these weights, the | cutlery, miners’ and other safety flame lamps, = 
1e 





to require description, but it may be recalled that the 
operation of inserting the ring is a blind one. In the 
Prestall design, on the other hand, the ring can be 
inserted directly into its groove, as the detachable 
portion of the unit consists only of the lower part of 
the cylinder below the rolling surface. Apart from its 
increased strength, the new design has a number of 


detachable parts amount to 184 Ib. in the old design 
and 66 Ib. in the new. 


THE LNSTITUTE OF TRANSPORT.—A meeting will be held 
at Dowell’s Rooms, 18, George-street, Edinburgh, at 
7.30 p.m., on February 14 next, to inaugurate a Scottish 





rotary wing pumps, cycle parts, and other articles. 

Committee will consider whether these articles should 
be marked on sale or exposure for sale, and they may, at 
their discretion, also consider whether the articles should 
be marked on importation. The dates of the Committees 
public inquiries into these applications will be announced 
later. Meanwhile, any communications regarding them 
should be addressed to the secretary, Mr. E. W. Reardon, 


; : Section of the Institute of Transport. Full particulars 
y: “J A . . 0) 
ago advantages, in which may be mentioned may be obtained from Mr. R. Stuart Pilcher, manager, | at the New Public Offices, Great George-street, London, pera’ 
the fact that the relief valve is flanged to the fixed, Edinburgh Corporation Tramways and Motors, 2, | S.W.1, as early as possible, and, in any case, not later boiler 


instead of to the detachable, part of the unit, so that 








St. James’s-square, Edinburgh. 


than February 10 next. 
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ELECTRIC CONTROL IN THE 
BOILER HOUSE. 
(Concluded from page 87.) 

WueN mechanical stokers are used, the motors for 


push buttons on the principles described in the first 





part of this article. When pulverised fuel is em- 
ployed, either, as is often done, all the motors driving 
the numerous auxiliaries can be controlled by push 
buttons from one central position, thus employing 








Fig. 4. 





Bi 


EXTRACTION PUMPS 
M4 TURBINE HOUSE 


“STRAIGHT 
SWITCH 








q 








13 20HPAOTO 
5 OE 


OO 
ASH PUMPISH.R. 
SH HANDLINGCRANE7¥2 & 202 HP 
HANDLING PLANT 





"PRIMARY AIR FANS 20 H.P. 
“AERATING PUMPSHHP. 
iti BOILER HOUSE 




















TW ie 


POWDERED COAL CONYEVORS IS HP. 


EXHAUSTER FANS 95 H.P. RAYMOND MILLS 80 H.P. 


IM PULVERISER HOUSE 










“STRAIGHT ON", 
STARTERS 


CONVEYORS 
COAL HANDLING 
PLANT 








Fig. 15. 








DRYER FANS 


ELEVATORSSCONVEVORS 
IN PULVERISERHOUSE  COALHANDLING 


PLANT 


“STRAIGHT ON” 
AIR BREAK —*>" 


STAR FEEDER MOTORS 
(MW PULVERISER HOUSE 


O 
LUFFING CRANE 





Le afalatal. 
INDUCED DRAFT FANS & 


IN BOILER HOUSE 
(461.0) 








FEEDER. 
MOTOR N°2I 


SH.P 240 Vol. Auto Starter; 

















42I4ja 
MAGNETIC SEPARATOR 


DRYER ORIVES SHP. 
NAGNETIC SEPARATOR 
IN PULVERISER HOUSE 


PRIMARY AIR. 

MOTOR N°I7 
20HP. 550 Volt 3Phase 
50 Gycle 
Auto-Straight-on Starter 















































own 
8 
! q q | M Q 
l- SA. y A. te i, 
Fig. 6. 
aes ae 
oa oa 
1¥Condnitsss visual 
OT — 2 
MOTOR N°6 a 
65HP 240 Vott Auto Starter 
7 w 19 
Start, 
(46 ‘ae 
t6LG — 
3 hl = 
gard) | Primary Air h a 
bs | as 
| Feeder Induced Draft 
t [ 
“ENGINEERING” 


Operating that equipment and for driving the draught | 
fans comprise the majority of the auxiliary plant in the 
boiler-house which can be controlled electrically by | 













































































a human link in the chain, or a further step’can be 
taken, and the steam output can be interconnected with 


such as the Bailey meter. In the latter case the speed 
of the appropriate motors is altered automatically in 
accordance with the load conditions. An example of 
the first class of pulverised fuel installation is to be 
found in the new power station at Poplar, a description 
of which has already been given in these columns.* 

It will be recalled that, in +his case, all the auxiliary 
plant, including that used for producing the pulverised 
fuel, is electrically driven, and that it is controlled by 
push-button-operated equipment, similar in design to 
that described in connection with the stoker equip- 
ment. From the narrow point of view the difference 
between such a push-button-controlled installation and 
one in which the Bailey meter control is used is simply 
that in the latter case the human element is entirely 
displaced. As has been said, the Bailey meter control 
changes the rate of supply of fuel and air simultaneously, 
in accordance with the demand for steam, as indicated 
by changes in the steam pressure at a suitable point 
in the main range. This control is effected through a 
master contactor, by which appropriate impulses are 
transmitted to the speed-control equipment. 

Other electrical impulses are given by contactors 
operating inside the Bailey meters on each boiler, so as 
to regulate the air only and thus to ensure optimum 
combustion conditions. These impulses energise solen- 
oids in the Bailey control drives, and these, in turn, 
engage clutches, which transmit the power of a constant 
speed motor to the damper or motor-controller in ques- 
tion. Thus, fueland air are supplied in quantities suffi- 
cient to maintain the pressure, the relation between the 
two being continuously and automatically modified. As 
far as the fuel supply is concerned a usual arrange- 
ment is for the Bailey control drive to actuate, gener- 
ally through a chain drive, a regulator of the pattern 
shown in Figs. 17 and 18. This particular regulator is 
connected in the circuit of a 3-h.p. direct-current motor, 
which drives the screw feeder supplying pulverised fuel 
to the furnace. The draught may be controlled from 
another spindle of the above drive or by a separate 
drive via alternating-current control gear. 

We may now deal with the equipment which is 
common to all pulverised fuel installations, whether 
manually or automatically controlled. A typical ex- 
ample of this is a large steam-raising plant for process 
purposes, the essential portions of whose electrically- 
operated auxiliaries are shown diagrammatically in 
Figs. 14 and 15. The connections on the left of 
these diagrams lead to the auxiliary supply board. 
The first group of motors is supplied from Board 
B, and, as will be seen, consists of a 10-h.p. con- 
veyor motor and two 5-h.p. motors for driving the 
elevators, which handle the raw coal. Other conveyor 
and crane motors are supplied from Board C. Three 
3-h.p. motors for operating the dryer fans in the 
pulveriser houses are also connected to Board B, all 
these motors being fitted with straight-on switches 
for starting purposes, the switches themselves being 
operated by push buttons. It may be mentioned that 
throughout this installation one set of push buttons is 
provided near the motor control gear and a second on 
the boiler-house instrument board, so that when the 
plant is in operation control can be effected from a 
central position, while starting and supervision can 
equally conveniently be performed locally. The 
starters are fitted with eddy current retarders, which 
cause the rotor currents to exercise a drag on an eddy 
current disc, with the result that the solenoid rises 
slowly against the carbon fingers. Three 1-h.p. motors 
for controlling the star feeders in the pulveriser house 
are also supplied from Board B through Board F and 
are equipped with straight-on starters. 

The three driers, which form part of the pulverised 
fuel equipment, are driven by 3-h.p. direct-current 
motors, which are supplied from Board E. This 
system of drive has been adopted so that the necessary 
speed regulation can easily be obtained. The speed 
actually employed determines the time which it takes 
for the coal to pass through the drier; and this, in 
turn, is determined by the character of the coal and the 
load on the boiler. As before, push-button control is 
used for starting and varying the speed of the motors, 
on the principle already described, while in addition 
“inching ”’ buttons are provided, so that the equip- 
ment can be turned round slowly to show that every- 
thing is clear. The control panels are equipped with 
interlocked isolators and starter and shunt regulators. 

The equipment, which comprises the three boards we 
have just described, is mounted on a common panel, 
as shown in Fig. 20, the division between the 
diagrams (Figs. 14 and 15) being only made for 
convenience. The motors, which drive the equip- 
ment, which forms the next stage in the process, 
are supplied from Board A (Fig. 14), and consist 
of three 80-h.p. motors for operating the Raymond 
pulveriser mills. As will be seen, these motors are 
connected direct to the ’bus-bars and are equipped 
with separate rotor starters. As before, the board is 
fitted with continuous ’bus-bars and interlocked isolating 








the fuel and air input through an automatic system 


* See ENGINEERING, vol. cxxiii, page 513 (1927). 
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switches. Three 45-h.p. exhauster fan motors, which 
are used in connection with the Raymond mills, are 
also supplied from this board, and these are fitted 
with auto-transformer starters. The same board con- 
trols the operation of two 15-h.p. motors, which 
drive the pulverised fuel conveyors, for carrying the 
pulverised fuel from the mills to the pulverised fuel 
bunkers. All these motors are operated at constant 


speed and are started and stopped by push-button | 


control, either from alongside the motor or from the 
central control position as already explained. 

The same board (Board A) also supplies current to 
three 20-h.p. motors, which drive the fans for the 


primary air supply, by means of which the pulverised | 


fuel is blown into the boilers. These, too, are constant 
> 
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this board, is thus able to control the amount of pul- 
verised fuel and air, which is fed into the boiler, and 
thereby to comply with the load conditions existing 
at any time. The lamps shown are provided to enable 
the operator to determine whether the appropriate 
| motors are actually running. 


| It is important to note that in this plant all the con- 


| control is not used. One man, operating the devices on 
| 
| 


must be started in a certain order, the last motor in 
a sequence being started first. A typical sequence at 


starting is drier fan, drier drive, Raymond mill and | stoker. 


It will be obvious from the foregoing that the use of 
the Bailey meter control allows complete control to be 
automatically exercised over the supply of fuel and air, 
and thus over the equipment, which is installed to pro- 
vide those supplies. This arrangement is particularly 
applicable when pulverised fuel is used. It is not, 
however, absolutely essential, for great ease and 
certainty of control can be obtained over the auxiliary 





trols are also sequence interlocked, so that the motors | boiler-house equipment by the employment of push- 


| button devices, equally whether the fuel is supplied 
to the boiler via a pulveriser or via a mechanical 
It is, therefore, possible to comply with the 


exhauster. If a breakdown occurs on one motor of | steam demands and other operating conditions both 
the group, all the other motors in that group are 
automatically shut down, so that there is no fear of 
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|easily and quickly and thus to take a long step to- 
wards improved economy. Though, therefore, the best 














Fie. 19. Controt Equipment on Firtna Foor. 


speed motors. The push-button control equipment for | 
these motors is mounted on the same panels as that 
controlling the feeder motors, the two sets of gear 
being provided with secuence interlocking, so that the 
feeder motors cannot be started unless air is being 
supplied. The feeders are driven by three 3-h.p. direct- 
current motors, which are supplied from Board D. These 
are controlled from a panel of the same design as that 
described and illustrated in connection with the driers. 

The induced draught required in this installation 
is generated by fans, which are driven by three 65-h.p. | 
direct-current motors, supplied from Board D. These | 
motors are wholly controlled by push buttons, starting, 
stopping and speed variation, in a ratio of 2:1, being 
all effected by that means. 

As will be seen from Fig. 16, the push-button con- 
trollers for the motors, which drive the feeders and the | 
primary air and induced draught fans, are mounted on | 
the same board, thus providing a degree of central | 
contrel as great as is attainable when the Bailey meter | 


damage. Such arrangements as these are obviously 
necessary to avoid the piling up of material at some 
particular point in the sequence in the event of a 
breakdown. 

Finally, the ash pump and ash-handling crane are 
driven by a 15-h.p. and 74-h.p. and 2}-h.p. motors 
respectively, which are supplied from Board A. These 
are all started by straight-on starters. 

Another installation, also equipped by Messrs. 
Brookhirst Switchgear, Limited, and to which reference 
has already been made, and in which the pulverised 
fuel supply and boiler operation are controlled by 
push-buttons, is that in the new Poplar generating 
station. The control apparatus which, together with 


| the gauges, is installed on the firing floor, is illus- 


trated in Fig. 19, which shows the general arrange- 
ment of the equipment under such conditions. We 
reproduce this here to indicate the neatness of arrange- 
ment it is possible to attain. Actually, the plant is 


operated in a similar manner to that just described. ) 28, Victoria-street, Westminster, S.W. 1. 


Fie. 20. ConrroL EQuIPMENT FOR PULVERISED 
Fue. Firine. 


method of driving boiler-house auxiliariesfis still open 
to doubt, the best way of controlling ,those drives 
would seem to be approaching final form. 








Empire TrmBers.—An exhibition indicating the pos- 
sible utilisation of Overseas Empire timbers in industry 
will be held at the Exhibition Pavilion of the Imperial 
Institute, South Kensington, London, S.W.7, from 
to-day until April 30 next. Samples of selected 
timbers from some of the Dominions and_ Colonies 
will be shown in conjunction with the articles which 
can be made from them. The exhibition will be of 
special interest to architects, builders, railway engineers. 
motor-body builders, and others. An important feature 
of the function will consist of exhibits illustrating the 
work carried out at the Imperial Forestry Institute, 
University of Oxford, at the Forest Products’ Research 
Laboratory of the Department of Scientific and Industrial 
Research, at Princes Risborough, and at the Imperial 
Institute. 





STANDARD ENGINEERING DRAWING OFFICE PRACTICE. 
-—Recommendations for British standard drawing office 
practice, dealing with a standard procedure for sub- 
mitting drawings, tracings and blue prints, to be adopted 
by manufacturers and contractors, have just been 
published by the British Engineering Standards Associa- 
tion, as No. 3808—1927. This publication is of con- 
siderable interest to all those engaged in industries 
where drawings are used. Considerable care has been 
expended by the committee in its preparation, so that 
no hardship should fall on any firms should the recom- 
mendations contained in the report not be in strict 
accordance with their usual practice. The report 
covers the overall sizes of tracing cloth and paper, position 
of drawing number, indication of scale, method of pro- 
jection, dimension figures, and other usual features ; 
many useful abbreviations and conventions, howevely 
have had to be omitted, owing to the fact that they are 
not common to all industries. Copies of the booklet may 


be obtained from the B.E.S.A. Publications Department, 
Price 2s. 2d. 
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FIFTH REPORT OF THE STEAM- 
NOZZLES RESEARCH COMMITTEE.* 


(Concluded from page 119). 


Tests to determine the Effect of Surface Finish.—A 
factor which had not been investigated by the Com- 
mittee in the work covered by their previous reports 
was the effect of surface finish on the efficiency of 
nozzles. The nozzles used in the Committee’s tests 
had different degrees of surface finish. The steel 
partition plates of the curved impulse nozzles were left 
rough, in the state in which they remained after having 
been cast into the nozzle-blocks. The Parsons blading, 
on the other hand, had a smooth surface, caused by 


drawing the standard brass section through dies. | 


SURFACE FINISH TESTS ON 1¥_" STRAIGHT ELEMENTARY NOZZLE. 


ENGINEERING. 


used for this purpose were duplicates of the 1$-in. 
diameter single straight elementary nozzle,* the 
original setting of which, together with its principal 
dimensions, can be seen in Fig. 12, Fourth Report.f 
The same setting was used again in the present series, 
and seventeen check tests on the original smooth-bore 
nozzle were made with the steam discharging against 
atmospheric back pressure, and the initial superheat 
was adjusted to correspond with the superheats used 
in the previous tests of this nozzle. The experimental 
points obtained are shown by means of crosses in 
Curve 27a of Fig. 15. The band of accuracy of the 
original tests of Curve 27 has been indicated by the 
two dotted lines. 

The tests to determine the effect of roughness, which 
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two nozzles are shown in Fig. 16, the right-hand sides 
showing the nozzles as used for the first series of tests, 
namely, with a smooth entry, and the left-hand sides 
the second series when the entry portion had been 
grooved. In all four curves the probable degree 
of accuracy of the results of the tests at the different 
velocities is shown by means of shaded bands. - The 
mean lines through these bands are collected together 
in Fig. 17, the results, in respect of the nozzles with 
smooth entry, being shown below and those of the 
nozzles with a roughened entry, above. The mean 
curve of the experimentally determined points for 
the check tests made on the nozzle with a smooth 
bore (Curve 274), has been added in each case. If 
the results of the previous tests on this nozzle are 





were also carried out against atmospheric pressure, 





Fig. 3B. 
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plotted, the curve will fall approximately 4 per cent. 
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Fig.J8. STRAIGHT NOZZLE. 





Ftg.20. STRAIGHT CONVERGENT NOZZLES. 
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The straight elementary nozzles were machine finished 
and the built-up type of impulse nozzle was also 
machined throughout. A feeling was expressed that 
useful information might be obtained if it were found 
possible to devise standards of roughness which could 
be applied to the inside of a nozzle, and the serrations 
of a standard WRitworth thread seemed suitable for 
this purpose. A single straight elementary nozzle 
was chosen for the first experiments on surface finish, 
because this type lent itself most readily to an accurate 
Teproduction of such threads, and because it had proved 
to be highly stable. Two degrees of roughness were 
adopted. The first corresponded to the comparatively 
fine thread of 24 standard Whitworth threads per inch. 





€ second was a much coarser thread, namely, eight 
standard Whitworth threads per inch. The nozzles | 





* Presented at a meeting of the Institution of Mechani- | 
cal Engineers on January 20, 1928, Abridged. | 


were divided into two series. In the first set of tests 
only the straight portion of the nozzle was threaded, the 
rounded entry being left smooth, and the results are 
shown plotted in Fig. 15. Curve 37 shows graphically 
the results obtained with the 1%-in. diameter nozzle 
with the straight portion screwed 24 threads per inch, 
and Curve 38 the results from a similar nozzle with 
eight threads per inch on the straight portion. The 
dimension of 1? in. represents the diameter across the 
crests of the threads. Concentric grooves corresponding 
to these threads were then turned on the 3-in. radius 
portion of these nozzles to give a roughened entry and 
the tests repeated; the results have been added to 
Fig. 15, in Curves 39 and 40. Full-size sections of the 





* For details of previous tests on this nogzle, see 


Fourth Report, Curve 27, ENGINEERING, vol. cxix, 
| = P 
page 652. 

+ Loe. cit. 
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lower over the range of velocities between 400 and 
800 ft. per second. 

It would appear from these tests that the effects 
of surface finish have a considerable bearing on the 
efficiency of these straight nozzles, in which, it should 
be remembered, the parallel throat portion predomi- 
nates. It is quite possible for nozzles to deteriorate 
to a roughness equivalent to 24 threads per inch, 
though it is, perhaps, doubtful whether they ever 
get as rough a surface as is given by eight threads per 
inch. The former represents a depth of groove 
from crest to root of 26-7 mils, whereas the latter is 
80 mils deep, that is, three times the depth. The 
effect of roughening the entry portion of the nozzle 
is more marked in the case of the fine-threaded nozzles 
than with those having the coarse-threaded surface. 
At a steam velocity of 1,200 ft. per second, for instance, 
the efficiency of the former with a smooth entry drops 
about 2 per cent., whereas if the entry is also roughened 
the drop in efficiency is twice as much. The coarse- 
threaded nozzle, on the other hand, is about 6 per cent. 
less efficient that the smooth-bore nozzle at this 
velocity, and the fact that the entry was subsequently 
roughened has not made any appreciable difference. 
Tests to determine the effect of dimensional similarity 
may now be considered. 

Single Straight Elementary Nozzle, 1% in. diameter, by 
443 in. long.—With the object of checking the effect 
of size on the shape and position of the velocity coefli- 
cient curve, a single nozzle was made, similar in 
dimensions to one of the seven }-in. diameter by 1}-in. 
long nozzles, the results of the tests of which are 
recorded in the Third Report. The diameter was 
increased to 1% in., and the other dimensions, including 
the radius at entry, were increased in proportion, as 
shown in Fig. 18. The same nozzle-pipe was used in 
both instances, the distance-piece (in Fig. 12 of the 
Fourth Report) being adjusted to keep the spacing of 
24 in. between the nozzle exit and the top mesh of 
the cage. The larger nozzle had no flat surface 
surrounding its mouth as was the case with the former 
nozzles, and the degree of machine-finish on the inside 
surface was the same in both nozzles. In other 
respects, the two nozzles were geometrically similar. 





The results of 20 tests, taken against atmospheric back 
pressure and with the initial superheat adjusted to 
correspond with the tests of the smaller nozzle,* are 
shown on Curve 41, Fig. 19, where the dotted band is 
a reproduction of Curve 15 for the seven similar nozzles 
(4 in. diameter by 1? in. long). It will be seen that 
the results nearly all fall within the band and point to 





* Curve 15, Third Report, see ENGINEERING, vol. cxvii, 
page 684, 
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the deduction that the velocity coefficient, and therefore 
the efficiency of such a nozzle shape, is not affected by 
its size over a wide velocity range. 

Tests to Determine the Effect of Shape of Exit.— 
Another group of tests was undertaken to determine, 
if possible, the effect of alteration in the shape of the 
exit. For this purpose, four straight nozzles were 
designed as shown in Fig. 20. The exit-area in each | 
case was approximately 1 square inch, and the exit | 
shapes may be roughly designated as a circle, a square, | 
a rectangle and a wide slot. The length of each nozzle, | 
1? in., and the nozzle-pipe setting in the tester, were | 
similar to those used for all the previous tests on | 
straight nozzles (Fig. 12 of the Fourth Report). The | 
sides of the nozzles, however, were made to conform | 
more to the stream-line form than had previously | 
been the case, with the intention of eliminating, as far | 
as possible, any effects other than those occurring at | 
exit. The tests were made mainly against atmospheric 
back pressure, but a few points were obtained when the | 
back pressure had been raised to 60 lb. per square inch ' 


noo Ftg-21. 
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steam temperatures, owing to the increased steam pres- 
sure. The degree of accuracy of the new tests fell off, 
and a considerable period elapsed before the pressure 
measurements could be considered to be reliable. The 
difficulty was eventually overcome by the provision of 
a mercury differential pressure-gauge, working under 
cool water. This gauge was used in conjunction with 
carefully calibrated test gauges of the Bourdon type. 
The tests showed no appreciable difference between the 
two pressure ranges. A number of subsidiary investi- 
gations were carried out. One concerned the effect of 
surface finish on the efficiency of nozzles ; only a straight 
nozzle has, so far, been tested with this object in view, 
but some instructive results are recorded, and arrange- 
ments are being made to apply the method devised to 
curved forms of nozzles. 

Other investigations of the Committee included 
a test devised to check the effect of alterations in size 
of a straight elementary nozzle, with the result that a 
similar velocity-coefficient curve was obtained, and a 
series of tests on stream-line convergent straight 
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(abs.). Details of the results of the tests are shown 
plotted in the four Curves 42 to 45, Fig. 21. The 
results were somewhat unexpected. Practically no 
difference in performance could be detected between 
the four nozzles, within the degree of accuracy of the 
tests. The average velocity coefficient, for steam 
velocities beyond 800 ft. per second, was 99 per cent., 
with a variation of not more than + } percent. Below 
that velocity, the general tendency of the curves shows 
a rise, but too much stress should not be placed on | 
individual points above 100 per cent., as tests at low 
velocities can only be considered as accurate to within 
2 per cent. This uniform result points to the fact that 
any variation in efficiency to be expected in consequence 
of a difference in shape at the exit is nullified by a good 
convergence of the steam path up to the throat. Further 
tests have been devised, and are in progress, to investi- 
gate this point. 

Summary and Conclusion.—The present Report 
represents the beginning of a new phase in the work of 
the Committee, the scope of the research being much 
broadened by considerable additions to the origina! 
apparatus, and still further additions are in contempla- 
tion. Tests have been made on a nozzle under different | 
conditions as to pressure range from those which had | 
been previously used. Instead of exhausting against | 
the back pressure due to the atmosphere, the pressure | 
in the receiver was maintained at approximately 60 Ib. | 
per square inch abs., and the initial pressure was adjusted | 
to give velocities of the steam jet at exit extending up | 
to the velocity of sound in steam. The nozzles tested 
were convergent impulse nozzles, with a nominal angle 
ofj20 deg. Owing to the larger quantities of steam 
flowing through a nozzle under the higher pressure 
range, the height of these nozzles was reduced from 
2 in. to 1} in. Otherwise they were commercially 
similar to those previously tested against atmospheric 
back pressure. The efflux angles of the new nozzles 
were found to agree with those previously determined, 
and the same settings in the tester were used. The 
addition to the apparatus of a gas-fired superheater 
brought the degree of superheat under control, and, in 
the absence of any other criterion, the initial superheats 
in the new tests were adjusted to correspond with those 





ine ys a _—: 





of the old. This involved the use of higher initial 
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nozzles with different exit-shapes, 7.¢., a circle, a square, 
a rectangle, and a wide slot. The negative result of 
the latter series of tests points to the value of further 
investigation on the effects of entry conditions in 
general. 





TABLES OF STRANDED COPPER ConpucTORS.—We have 
received from Messrs. British Insulated Cables, Limited, 
Prescot, Lancashire, a copy of a folder entitled “‘ The B.I. 
Tables of Stranded Copper Conductors.”’ The folder 
contains two tables, respectively headed, The B.I. Table 
of British Standard Sizes of Stranded Circular Annealed 
Plain Copper Conductors, and, Stranded Hard-Drawn 
Copper Conductors for Overhead Lines. In the first 
table are set out the nominal area of the conductors, which 
range from 0-001 sq. in. to 1-0 sq. in., the pre aagpe. | 
calculated area of the conductors, the number an 
diameter of the wires forming the conductors, the 
diameter of the strands, the calculated weight in lb. per 
1,000 yds. and per mile, and in kilogrammes per kilometre, 
and the standard resistance in ohms per 1,000 yds. per 
mile, and per kilometre. The second table, which is 
based on the British Standard Specification No. 125, 1924, 
gives similar information. Dimensions, &c., in all cases, 
are given in metric as well as in English units. The 
folder measures 12 in. by 10 in., and is priced at 5s. 





FreNcH INDUSTRIAL FUEL ConGRESS.—We have been 


|informed that a second Congress on Industrial Fuel 


and its Utilisation (Congrés du Chauffage Industriel) is 
to be held in Paris, in the Conservatoire National des 
Arts et Métiers, during the first two weeks of June, 
next. The function is being held under the auspices 
of the Commission Interministérielle d’Utilisation du 
Combustible and of the Société de Physique Industrielle, 
As was the case at the first congress, in 1923, the honorary 

resident will be M, Henri le Chatelier, and the president, 
M. Walckenaer, Inspecteur Général des Mines. Among 
the eleven vice-presidents are MM. Charpy, Guillet, 
Mahler and Roszak. The programme of the Congress is 
divided into three main sections, namely, preparation of 
fuels, combustion processes, and developments in fuel- 
utilisation processes. Reporters in the various sections 
will be appointed by the Congress Committee. Individual 
papers, however, are also invited; these should be ad- 
dressed to the Secrétaire Général of the Congress, 5, rue 
Michel-Ange, Paris, 16e, France, from whom full particu- 
lars may be obtained. An active part in the organis- 
ation of the Congress, has been taken by the Paris 
technical journal Chaleur et Industrie. 
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THE WORLD’S SHIPBUILDING. 


THE steady increase in output which has taken place 
in the shipyards of Great Britain and Ireland during 
1927, is one of the outstanding features of the industria! 
year. Shipbuilding is undoubtedly one of our staple 
industries, and the returning prosperity of our ship. 
yards has brought with it a feeling of renewed optimism 
in engineering circles. The present position is set 
forth clearly in the ‘‘ Annual Summary of the Mercan- 
tile Shipbuilding of the World,” which has just been 
issued by Lloyd’s Register of Shipping. The summary 
gives particulars of merchant vessels of 100 tons gross 
and upwards, which were launched during 1927. 

In Table I, on page 149, is given, for the purpose of 
comparison, a statement of the number and the gross 
tonnage of merchant vessels constructed in the most 
important shipbuilding countries of the world during the 
years from 1893 to 1927. Table II shows the number 
and tonnage of merchant vessels launched in the princi- 
pal British and Irish shipbuilding districts during the 
years 1925, 1926 and 1927. It will be seen that the 
British output for 1927 is not only nearly double that 
of the previous twelve months, the year of the great 
coal stoppage, but is also well above the 1925 total. 
Again, while the shipping launched in this country 
shows an increase of 586,305 tons, over the previous 
year’s figure, the tonnage launched in all other coun- 
tries, taken together, has risen by 24,397 only. The 
present British total of 1,225,873 tons represents 53-6 
per cent. of the world’s output for 1927. The corre- 
sponding figure for 1926 was 38-2 per cent., and, for 
1925, 49-5 per cent. Of the shipping launched in 
British and Irish yards during the year under review, 
some 268,000 tons, equivalent to 21-8 per cent. of the 
total output, is intended for owners residing abroad. 
This proportion, it is encouraging to note, is nearly 
as large as that for the five pre-war years, 1909-1913, 
when an average of over 22 per cent. of the yearly out- 
put was purchased by foreign owners. 

The returns for 1927 show that 86 vessels, of between 
5,000 and 10,000 tons each, and seven vessels, of 10,000 
tons and upwards, were launched in this country. The 
largest of these ships were the turbine steamers Duchess 
of Atholl (21,500 tons) and Orford (20,000 tons), the 
Laurentic (18,724 tons), fitted with a combination of 
turbines and reciprocating engines, and the motorship 
Bermuda (16,000 tons). Excluding vessels of less than 
1,000 tons, 62 ships, representing 305,781 tons, for the 
carriage of oil in bulk, were launched during the year 
under consideration. The tonnage of the steamers fitted 
for burning oil fuel launched during 1927, amounted to 
nearly 300,000. It is interesting to note that the 
average tonnage of steamers and motorships launched 
during the year is 3,430. If, however, the vessels of 
less than 500 tons be excluded, this average is increased 
to 4,193 tons, as compared with 4,486 tons in 1926, 
4,439 tons in 1925, and 3,777 tons in 1924. 

Further progress has been made in the use of steam 
turbines ; 13 vessels aggregating 137,628 tons, launched 
during the year, will be furnished with this form of 
propelling machinery. These figures include the 
$.S. Laurentic, which is mentioned above. It will be 
noticed that the average tonnage of these vessels 
reaches the high figure of 10,587 tons. The increasing 
tendency to adopt the internal-combustion engine as 
a system of marine propulsion has repeatedly been 
commented upon in our columns. It is not surprising 
to find, therefore, that, during 1927, no less than 80 
motorships, aggregating 355,779 tons, and representing 
41-1 per cent. of the steam tonnage, were launched. 
For purposes of comparison, it may be pointed out that 
the motorship tonnage launched during 1926, 1925, and 
1919, totalled, 201,913, 267,217, and 32,936, respec- 
tively. The largest motorship included in the total for 
1927 is the Bermuda, a vessel of 16,000 tons. Further- 
more, of the 52 ships of 6,000 tons and upwards launched 
during the year, 29 are to be furnished with oil engines. 

It will be seen from Table II that the Clyde district, 
with an output of 423,723 tons, occupies first place 
among British shipbuilding centres. The Tyne, with 
274,056 tons, takes second place, and the Wear 
(162,770 tons), the Tees (130,371 tons), and Belfast 
(107,181 tons), third, fourth, and fifth places, respec- 
tively. The largest increase, as compared with the 
previous year, has taken place on the Clyde, the figures 
for which are 156,078 tons higher than those for the 
previous year. : 

The total tonnage launched in Germany during 
1927, namely 289,622, shows an increase of no less 
than 109,074 tons over the figure for the previous year. 
The present total includes the Cap Arcona, of 27,561 
tons, the largest vessel launched in the world during 
1927. Another large vessel is the motor tanker, 
C. O. Stillman, which has a tonnage of about 16,000. 
The shipping launched from the shipyards of the United 
States during the year under review, totalled 66 vessels, 
making 179,218 tons. This latter figure is 28,605 tons 
higher than that for 1926. The largest vessels launched 
during 1927 were the turbo-electric vessel California. 
of about 22,000 tons, built at Newport News, and the 
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STREAM-LINE FILTER PLANT FOR OILY BILGE WATER. 


THE STREAM-LINE FILTER COMPANY, LIMITED, ENGINEERS, WESTMINSTER, S.W.1. 


























STREAM-LINE FILTER FOR BILGE 
WATER TREATMENT. 


THE development of a piece of apparatus as it comes 
into manufacture from the original exp2rimental form 
affords a good test of the soundness of the funda- 
mental principles on which the invention was based, 
alterations in cardinal points of design, for instance, 
being often a tacit confession of failure. We recently 
had an opportunity of witnessing an official trial of a 
stream-line filter for oily bilge water designed by 
Messrs. The Stream-Line Filter Company, Limited, 
45, Horseferry-road, 8.W.1, for the Imperial Japanese 
Navy, and of comparing the apparatus with an earlier 
example tested in our presence over two years earlier. 
This latter was described in ENGINEERING, vol. cxx, 
page 607, and the larger apparatus lately seen 
retains the original general features so closely that it 
not only proves the essential correctness of the prin- 
ciple but enables us to make our description intelligible, 
with outline drawings of the plant only, viz., Figs. 1 
to 3, the rationale of its working being explained in 
the former article. 

As will be seen from Fig. 1, the plant is intended 
to be installed in a barge, which can be moored along- 
side any vessel for the purpose of receiving the oily 
water from the bilges or from washing out oil tanks. 
After treatment, the water is discharged in a wholly 
innocuous condition, and the oil is recovered. The 
two main separating cylinders, each approximately 
6 ft. 6 in. in diameter by 24 ft. 6 in. long, receive the 
oily water at one end after it has passed through a 
common vertical chamber, the purpose of which is to 
provide for the escape of the entrained air. The 
cylinders also communicate with a common horizontal 
chamber, about 4 ft. in diameter, lying above and 
between them, known as the oil-collecting drum. They 
contain a large number of small horizontal tubes which, 
by breaking up the water into many parallel streams 
having a slow rate of motion, permit a natural gravita- 
tional movement of the oil globules. These escape 
through small holes in the upper surfaces of the tubes 
and eventually find their way into the oil-collecting 
drum, the tubes being immersed in the water. The 
tubes are proportioned in diameter and length so that 
a correct stream-line flow is obtained through them. 

The bulk of the oil is removed, partly by this process 
and partly by separation before it enters the tubes, 
and the nearly cleansed water, on leaving the tubes, is 
then passed through filters before being discharged 
overboard. The filters, in this instance, are six in 
number and are installed above the separator cylinders. 
In normal service, only four filters will be in use, the 
other two being kept as a standby. Each filter con- 
sists of a vertical drum containing seven annular wire 
cages, 12 in. in external diameter, holding the glass fibre 
which forms the filtering medium. This fibre is of 
extremely small diameter and, consequently, presents, 
in the mass, a very large surface area to the flow of 
the water, a pound of it having a total area of 9,000 
sq.ft. Being non-organic, the fibre does not deteriorate, 
and the intercepted adherent oil can ve readily removed 
by passing steam through the mass. The water flows 
inwards when undergoing filtration, while the cleansing 
steam is arranged to flow outwards. The operation 
of cleaning takes 15 to 20 minutes per filter. The oil 
removed from the fibre is drained to the bilges of the 
barge by the pipe shown. The cleaned water is dis- 
charged overboard from the top of each filter as indi- 
cated in Fig. 1, while the oil-discharge pipe, shown in 
Fig 2, may be led to any required position, there being 
a pressure of 3 or 4 ib. per square inch in the system 
which is, of course, a closed one. The pipe arrange- 








ment is perhaps best seen in Fig. 3. The bilge suction 
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connection, shown in Fig. 2, is for removing oily water | They may seem to be excessively good, but it should 
from the bilges of the barge itself. be remembered that discharges which contain oil to 
The plant is rated at a capacity of 200 tons per hour, | the extent of only 0-01 per cent., a proportion which 
and the Japanese authorities required that each | some authorities consider negligible, are contaminated 
separator cylinder should be tested for five-hour | with 20 gallons of oil per 1,000 tons of water, this 
periods continuously, the oil in the mixture to be | quantity being sufficient to spread an iridescent film 
filtered being in proportions of 5 per cent., 10 per cent. | over an area of two acres. The safeguard presented by 
and 15 per cent. for different portions of the test. The | the stream-line filter is, therefore, to be commended. 
testing procedure adopted in the case of a similar plant | The tests were carried out with oil of the quality 
for the British Admiralty, namely, the treatment of | likely to be actually met with in service, and the 
2,000 tons of ballast water from a tanker arranged to | water was fresh water drawn from a canal adjacent to 
contain the desired proportion of oil, in all some- | the test plant. It was not found necessary to clean the 
thing like 200 tons, was, of course inadmissible in this | filters during the test, but at its termination the 
instance. A large tank was accordingly provided in | operation was demonstrated. The apparatus was dis- 
which the necessary mixture of oil and water was| mantled for despatch after the test. It may here be 
made, the mixture being circulated through the | noted that the stream-line filter, when made for service 
separator cylinders at a rate suitable for testing each | on sea-going vessels, is of more compact dimensions than 
filter individually. The circulation was effected by | that intended for barge use, and in the former there are 
means of a pump, the suction pipe of which could be | some minor differences in design to reduce weight and 
so adjusted relative to the level of the mixture in the | bulk, though the principle employed in both is identical. 
tank that the amount of oil drawn in could be accurately | 
varied. When in service, the procedure will be to} __ : =. 
maintain the circulation rate at 200 tons per hour, | Rosny id oe Sash ye Vases oon 
using four filters only, as already stated, but the method | oe ee ee ee ee 


, s scher Eisenhiittenleute has been investigating the energy 
actually employed on the test was to pass the mixture | josses incurred in the melting and refining of steel in 


through at a rate representing a 20 per cent. overload | electric arc furnaces. The experiments were made in 
on each filter. The results were perfectly satisfactory, | German and Austrian steel works, and the summary 
so that, if an emergency arose and all six filters were | given by Mr. St. Kriz, in Stahl und Eisen, of January 19. 


used, an overload of 80 per cent. could be handled. | is based, not upon single runs, but upon a large number 
As in the case of the plant constructed for the | of runs made in different furnaces of the same type. 


sae. . ae : nie | It is found that about 40 per cent. of the electrical energy 
British Admiralty, the discharged water was guaran-| 5 tho supply is wasted during the melting, and 


teed to contain not more than one part of oil in 200,000. | shout 65 per cent. during the refining of the steel. 
lhe results of the test showed that the guarantee had | Energy is lost in the supply, in the furnace, by radiation 
been very amply sustained. On the first day, three 











j}and conduction, and in the furnace gases. The 
filters were tested, one after the other, spread over the | component losses are estimated as follows :—The trans- 
five hours, and the oil content of the mixture was, to| former (iron and copper) losses average 3-3 per gorge 
begin with, 1 per cent. It was then, by stages, increased | the a pawtage the per omar agl 6 per Mogg an Pry 

>6 . at |energy leaving s er is lost in the cables; 
up to 82 per cent., and finally decreased to 20 per cent. 7 eee ee Sees 


The oil : rp pee see as ‘ste -caligpioe the cooling water of the electrodes carries away 4 (7) per 
1e oll content of the discharged water under these ex- | cent. of the energy, the figure in the brackets referring 


ceptionally severe conditions was at no time higher than | to the refining period. The closed furnace loses 15 (29) 
0-9 part per million, the lowest figure being less than} per cent. through heat conduction and convection, 
0-1 part per million. Another five-hour test on the | mainly through the arches, and there are, in addition, 
following day, with the other three filters, starting with | radiation losses of 7 (11) per cent. through the open door 
1 per cent. oil content, increasing up to 74 per cent., | 2%4 other openings. The heat losses — the a 
and decreasing to 11 per cent., showed, as a maximum, | °Te8¢d as the furnace charge was raised trom he heat 
™ sine kag A tons, and the gases carry 4 (7) per cent. of the 
only 1-1 parts per million of oil in the discharged water, | away. ‘Thus $1 per cent. of the energy available 1 
the minimum being 0-3 part per million. These | utilised during the melting process and 37 per cent. during 
remarkable results attest the efficiency of the apparatus. | the refining of the steel. 
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THE MICHALK FORCE-FEED CENTRAL LUBRICATOR. 
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THE MICHALK FORCE-FEED 
CENTRAL LUBRICATOR. 


Tue central lubricator, which we illustrate in Figs. 1 
and 2, on this page, is manufactured by the Sichsische 
Armaturenfabrik, W. Michalk and Sohn, of Freital- 
Deuben, near Dresden. It is known as their O-Oeler 
lubricator and differs from some other lubricators in 
that the oil tank does not serve as the pump casing, 
the mechanism being mounted on the part used as a 
cover. The tank itself can therefore be made relatively 
small, and the connections with the oil feed pipes are 
made outside the tank, which does not contain any 
brazed or soldered joints liable to failure. All the 
connections are accessible, and under easy control, and 
any clogged pipe can be disconnected separately without 
necessitating the removal of the tank or the disturb- 
ance of the general mechanism. 

The shaft a and the worm 0 are carried in bearings 
in the cover c, to which the pump d is fixed. The 
pump barrel encloses the cylindrical shaft f, which is 
rotated by the wormwheel g at its lower end. On the 
upper part of f is a disc A, which, in its revolution, 
depresses one after the other of a number of pistons i 
which are arranged in a circle round f ; the helical spring 
surrounding each piston forces it up again. The 
cylindrical shaft f is further provided with a longi- 
tudinal suction hole k, which is put into communica- 
tion, by the groove J, with the ascending pistons i. 
When a piston is depressed again, the oil drawn up 
is forced down through the groove, and further 
through the ports m and n, the screwed union 0, and the 
socket p into the oil pipe. The pump illustrated can 
feed from 1 to 12 points, six singly and the others in 
pairs. The nut q is adjusted according to the amount 
of oil required ; when the nut is screwed right down 
the delivery is cut off. The main shaft may be rotated 
by a crank or pulley or by an oscillating lever from the 
engine. This method of drive is also adopted for smaller 
lubricators, in which a glass cup is mounted on the 
top of the pump case. 

Sight-feed lubricators are constructed on similar lines, 
and in order to make the feed plainly visible, are 
provided with an indicator which is inserted in the 
Pipe near the point to be lubricated. The oil under 
pressure lifts a cone in the pipe to allow the oil to 
pass to the point through a branch, and a spindle on 
the cone carries an indicator point which a spring 
presses against a window. The position of the point on 
the window thus shows whether oil is flowing or not. 





RAILWAY AND VEHICULAR BRIDGE 
ACROSS VANCOUVER HARBOUR, B.C.* 


3y A. D. Swan, M.Inst.C.E. 


luis bridge, connecting the north and south shores 
. Burrard Inlet and giving direct communication 
€tween the City of Vancouver and the City and district 
of North Vancouver, consists of three 150-ft. spans, 
one 300-ft. span, one 185-ft. Strauss bascule lift span, 
one 30-ft. tower span, and one 54-ft. span, all of steel, 
- the main channel. Approximately half a mile 
: 1 trest le connects the main structure with the 
rth shore. In addition, a 90-ft. steel skew span 
= “og roadway over the Canadian Pacific Railway 
ain Hne and a 150-ft. steel skew span carries the 
be Abstrac 
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railway to North Vancouver over Lynn Creek. The 
total length of the contract work was 1} miles. 

The interesting part of the work was the construction 
of the piers in the main channel. Borings taken on the 
north side showed no rock above a depth of 300 ft. 
The south side consists of sandstone, but it was found 
impossible to determine exactly the strata in mid- 
stream, where the depth of water is 90 ft. and the 
tidal current is approximately 7 miles per hour, with 
very short periods of slack water. The sandstone 
extends to about the site of pier No. 2, and to the 
north thereof the piers were founded on gravel. 

Three piers on the north side consisted of groups of 
reinforced-concrete cylinders. Each cylinder was 
7 ft. in diameter and in 17-ft. 6-in. sections bolted 
together. The cylinder shoes were 12 ft. in diameter. 
The cylinders were sunk by excavating gravel from the 
interior by orange-peel bucket, and when sunk they 
were filled with concrete by tremie. The top portions 
of each group were tied together with pre-cast reinforced- 
concrete struts, and the whole was capped with heavily 
reinforced concrete. For the caisson piers, a heavily- 
reinforced concrete working chamber surmounted by 
a timber cofferdam, was used. The caisson was 
constructed on shore and launched into deep water a 
short distance from the site of the bridge. The 
concrete working chamber was poured in position, 
and about 22 ft. of timber cofferdam was erected and 
caulked on top of the working chamber. A temporary 
false bottom was fitted to the working chamber to 
prevent the caisson from taking too sudden a drop 
when leaving the end of the launching ways. The 
caissons for piers Nos. 2 and 3 were successfully built 
and launched in this way.. As the bottom of the channel 
was not level at the site of the piers, an artificial bed 
of bags of gravel was dumped from scows and levelled 
by a diver. The caissons were towed from the 
launching site and sunk in place at slack water, by 
admitting water to the cofferdam. 

As no guiding falsework could be driven at the 
sites, the setting was difficult, and the caissons had 
to be lifted and reset before they were got into correct 
position. Caissons Nos. 3 and 4 had one man lock 
and two material locks each. Caisson No. 2 was much 
deeper, and as the high air pressure necessitated a 
long decompression period, two man locks were fitted. 
The material locks discharged at the side, and the 
man locks consisted of a straight shaft with diaphragms 
at intervals fitted with doors provided with valves. 
The concrete forming the shaft of the pier was poured 
as the work proceeded, in order to provide the necessary 
weight. 

Owing to the impossibility of constructing stagings 
in the channel, the compressed-air plant, &c., had to 
be accommodated on a scow anchored close to the 
work. There were two sets of Ingersoll-Rand steam- 
driven compound air compressors, one of large capacity 
for supplying low-pressure air to the working chamber, 
and a small one for high-pressure air for pneumatic 
tools. The second compressor could, in an emergency, 
be used to supply low-pressure air to the working 
chamber. Steam was supplied by three locomotive- 
type boilers, two of which were in general use, the third 
being a stand-by. 

A medical lock having two sections was provided 
on the scow to deal with cases of ‘‘ bends’”’?; and a 
doctor was on duty on the scow night and day. PBuring 
the progress of the work there were numerous cases of 
bends, none of which, however, was serious, and there 
were no cases of permanent injury. Air was conveyed 
to the caisson by duplicate sets of flexible hose, con- 


of the pier, and fitted, at their lower ends, with non- 
return valves. The scow was heavily anchored, with 
all moorings in duplicate, because, in addition to the 
rapid current, there was considerable danger of collision 
from passing vessels. 

The foundation for caisson No. 4 consisted of a low- 
grade sandstone, which could be lightly blasted without 
damaging the caisson. After sinking 7 ft. into the 
sandstone, it was found that the quality did not improve, 
but test cubes cut out of the rock gave unexpectedly 
high results, none failing at a pressure of less than 100 
tons per square foot. Accordingly, the caisson was not 
sunk further. 

Pier No. 3 was carried to a greater depth than pier 
No. 4, since, being adjacent to the bascule opening, 
it was liable to be subjected to severe shocks in the 
event of collision. The maximum air-pressure in 
this caisson was a little over 30 lb. per square inch. 
Caisson No. 2 was by tar the most difficult part of the 
whole work. This pier stood in about 90 ft. of water 
at high tide, and was also at about the point of maximum 
current. It was necessary to have 88 ft. of cofferdam 
built above the concrete working chamber before 
the caisson could be set. When ready to be towed to 
the site, the caisson was drawing about 60 ft. of water, 
and, after several unsuccessful attempts, it was set in 
its correct position. The day after, however, it took 
a considerable list, and was very much out of plumb 
by the time the locks were got in position and it was 
possible to get into the working chamber. This list 
was due to uneven settling of the bed of sandbags, 
but it did not take long to get the caisson levelled, and 
sinking was then proceeded with in the ordinary way. 
The caisson was sunk 16 ft. before rock was encountered. 
Sinking was continued, but the area of exposed rock 
on the south-west side did not increase, being apparently 
the edge of a vertical cliff. Sinking was continued, 
however, but the heavy blasting necessary to remove 
the rock from the south-west corner eventually began 
to shatter the concrete wall of the working chamber. 
Sinking was accordingly stopped when the cutting 
edge was about 20 ft. below the original surface ; three 
or four wash bores were put down in the floor at various 
points where no rock was visible, their depths ranging 
from 12 ft. to 20 ft., and in no case was rock struck. 
By this time the air pressure was nearly 45 lb. per square 
inch, the working shifts: had been reduced to about 
50 minutes each, and the men had been spending an 
hour or more in decompression. 

It was evident that it would be impossible to sink 
the caisson even a further 20 ft., because in order to 
do so it would be necessary to do a great deal more 
blasting along the south side of the area, which the 
concrete wall was in no condition to stand, and further, 
the air pressure would have been considerably more 
than 50 lb. per square inch. Eventually it was 
decided to increase the base area of the pier so as to 
compensate for the lower bearing-capacity of the hard- 
pan, as compared with the rock, by extending a footing 
outside the walls of the working chamber. A test was 
first made to determine the bearing capacity of the 
hard-pan by means of a hydraulic jack. Practically 
no settlement took place until a loading about double 
that for which the caisson had been designed was 
reached, but this was not a sufficient margin of safety 
for so high a pier, especially under the peculiar conditions 
of being on solid rock only on one side. Excavation 
was carried below the cutting-edge level about 3 ft. 
and was tunnelled out beyond the cutting edge also 
for an equal distance. This work was carried out in 
short sections, and as each section was completed it 
was filled at once with rich concrete. The cantilever 
projection of concrete was reinforced with 15-in. by 
5-in. joists. The inner ends of the beams were anchored 
by steel rods tied back into the remaining concrete 
of the working chamber. 

Frequent blow-outs occurred as a result of large 
holes developing between the outer walls of the caisson 
and the material through which it had sunk. When 
this happened, the air-compressor was unable to keep 
up the pressure, and the water immediately rose to the 
cutting-edge level. It was then necessary to locate 
the point of leakage and seal it with bags of clay 
before the excavation could be again dried and work 
proceeded with. Eventually the whole was successfully 
completed. 

The steelwork, except the bascule span, was erected on 
trestle work alongside the shore, and floated into place 
on the piers complete. The bascule leaf was erected 
in an open position. The concrete counterweight 
for the bascule span weighs approximately 1,000 tons. 
The bridge is operated by two 440-volt three-phase, 
60-cycle, alternating-current motors of 100 h.p. each. 
Auxiliary and stand-by operation is provided by a 
70-h.p. four-cylinder Buffalo petrol engine, control 
being provided by a friction clutch. The locking 
mechanism provided at the end of the bascule leaf is 
operated by a 5-3 h.p. electric motor, and is interlocked 
with the main control in such a manner that the main 
motors cannot be started unless the lock is withdrawn. 
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PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of % fications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ** Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


275,033. G. C. Lundberg, Holloway, London, 
P. A. Lundberg, Holloway, London, and G. Pegg, 
Holloway, London. Cord Grips. (4 Figs.) August 
27, 1926.—The invention has relation to cord grips for 
use with electrical apparatus. A cord grip, according to 
the invention, comprises two parts of which one, 15, is 





fixed, and the other, 11, is permanently mounted | 
in the part 15 so that it can be rotated in relation thereto, 

one or both of the parts on their opposed faces being cut 
away, as at 16, 18, to form conjointly a recess or opening 





to receive the electrical conductor 17, the cut away portion, 
or the cut away portion on one part, being such that, 
depending on the relative position of the parts 11, 15, 
a recess or opening to suit the size of the electrical | 
conductor is formed. (Sealed.) } 


GAS ENGINES, PRODUCERS, HOLDERS, &c. | 

275,069. The Midland Motor Cylinder Company, 
Limited, Smethwick, and P. Pritchard, Smethwick. 
Pistons. December 17, 1926.—A piston, according to the 
invention, consists of a tubular shell a of steel or cast-iron 
forming the walls and skirt of the piston, and carrying 
the grooves 6 forthe piston rings, and an aluminium head 





ov eee 











e which carries the mounting or bearings f for the gudgeon 
pin. The head e is pressed or screwed into the shell a, 
and is located either by a flange at its lower end, which 
abuts against an internal shoulder c formed by a thicken- 
ing of the upper part of the shell, or by an external 
flange or shoulder which seats on the end of the shell. 
In either case, the head e is locked by pressing or forcing 
over the periphery of the end remote from the flange 
or shoulder into or against an annular groove or inclined 
recess in the shell. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


275,881. F. C. Russell, Altrincham, and J. H. 
Bradbury, Ashton-on-Mersey. Shaft Couplings. 
(6 Figs.) February 23, 1927.—The invention relates to 
a shaft coupling for use between a magneto and an 
internal-combustion engine. The inner member of the 
coupling is a tubular part with a hexagon-shaped boss al 
clamped on to the ena of the shaft a5. The outer member 
of the coupling is an annuler shell-like casing b keyed 
to the shaft 62. A split-ring or bush ¢ is within the | 








easing 6. The bush ¢ has three flats on its interior, | 
which correspond in angular disposition with three of 
the facets of the boss a1, Within the split of the bush 
is a bolt d with a T-shaped head at one end and a conical 
nut at the other end, the sides of the split in the bush 
being countersunk to receive the nut. At the opposite 
side of the bush the split is recessed to receive the cross- 
pins of the T-shaped end of the bolt, the pins helping the 
nut to expand the bush. By screwing the nut on to 
the bolt, the bush c is caused to expand and make contact 
with the interior of the casing b. Between the hexagon 
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boss al and the interior flats of the bush c, are flat metal 
springs e, one for each flat. Each spring is held at one 
end in a circular cavity cl formed in the bush, its 
other end projecting into a further circular cavity c?. 
Assuming the shaft a® to be the driving shaft, the hexagon 
boss al imparts rotary motion to the shaft 62 through the 
springs e, bush c and casing b, the proximity of the 
springs to the flats of the bush ¢ preventing any bending 
of the springs beyond the limits of their elasticity. 
(Sealed.) 


MINING, METALLURGY AND METAL- 
WORKING. 

275,137. B. Norton, Claverley, near Wolver- 
hampton. Machines for Breaking Coal. (3 Figs.) 
June 29, 1927.—The invention relates to machines for 
breaking coal. The machine comprises a pair of trans- 
versely spaced main lower levers A, A! adapted to 
oscillate about a central shaft B, and a pair of trans- 
versely spaced supplementary upper levers C, C adapted 
to oscillate about a central shaft D, the shafts B, D 
being mounted in a frame support. In the mainleversA, 
A! are transverse spindles E, E1, and in the supplemen- 
tary oscillating levers C, C are transverse spindles 





























(275,137) 


The oscillating levers are coupled through the 
medium of suspension links G, G, which are pivoted 
upon the spindles E, E!, and F, Fl. The links 
G, G are provided at their lower ends with crossheads 

» Hl. The crossheads H, H! are situated below the 
lower end spindles E, E!, and a series of picks I are 
connected to the crossheads. With this construction, 
the levers and links are in the form of a parallelogram 
frame imparting a vertical motion to the picks upon the 
coal carried on the conveyor L. The oscillating levers 
are driven by connecting rods K connected to the main 
oscillating levers A, Al, from a crankshaft, in the usual 
manner. (Sealed.) 

275,008. L. Morton, Maida Vale, London, and 
J. Hargrove, Tettenhall, near Wolverhampton. 
Furnaces. (2 Figs.) July 7, 1926.—The invention 
relates to suspended furnace arches of the type in which 


Fig.4. 


F, F1. 














each block or brick is provided with a transverse hole or 
groove passing through or along from one side of the 
block to the other, and in which an opening is formed 
from the top of the block to connect with the transverse 


hole or groove, the blocks being threaded on to rider 
bars supported in any convenient manner and lying within 
the holes or grooves. Each of the arch blocks A js 
provided with the usual transverse hole B with the slot 
C opening out to the top of the block, the blocks being 
threaded on to transverse rider bars D. Extending 
from the end of each hole B, and over the two side faces 
of each block, are grooves E communicating between the 
hole B and the under surface of the furnace arch, 
The grooves of the one block are arranged to coincide with 
the grooves of the adjacent block, so that, when the 
two blocks are laid together side by side, the grooves 
form passages through which air can be drawn from the 
sides of the furnace along the holes B and down through 
the passages formed by the grooves E, so as to allow air to 
enter and lie along under the arch of the furnace to 
protect it. In order to allow the air to enter the holes 
B, the end blocks F which support the arch may be cut 
away atf. (Sealed.) 


MOTOR ROAD VEHICLES. 


275,718. D. H. Cross, London. Fluid-Pressure 
Brake Mechanism. (5 Figs.) May 11, 1926.—The 
invention relates to fluid-pressure brake mechanism 
for motor road vehicles. The invention consists in 
providing brake-operating mechanism comprising a 
pump adapted to be driven from the gear box or cardan 
shaft and to deliver fluid through a pipe 4 into a sleeve 
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valve 2 at the rear of a piston 3. The sleeve valve 2 
and piston 3 are contained in a cylinder 1. The piston 3 
operates the brake mechanism, and the sleeve valve 2 
is connected to an operating lever 30. The arrange- 
ment is such that the movement of the sleeve valve by 
the operating lever 30 closes the aperture 5 and prevents 
the free circulation of fluid delivered by the pump, 
so that the fluid acts on the piston 3 and causes it to 
operate the brakes.—(Sealed.) 


RAILWAYS AND TRAMWAYS. 


275,025. H. Edington, Monton. Two-Wheeled 
Radial Bogies. (18 Figs.) August 14, 1926.—The 
invention relates to two-wheeled radial bogies for use 
on railway vehicles. In a two-wheeled radial bogie of 
the type in which radiation of the axles is provided for 
by movement of the axle-boxes in a direction substanti- 
ally transverse to the track, in guides attached to the 
frame, a convex spherical bearing-surface 2 (Fig. 1), is 
arranged between each axle bearing 1 and the axle-box 
housing 6, so that the housing can swivel in both a 
horizontal and a vertical plane, thus avoiding jamming 

















12 {9 
(275,025) 


| of the axle-boxes in the guides, and permitting the use 
| of straight instead of curved guides. In the construction 
shown, the lateral movement of the housing 6 takes 
place upon internal guide shoulders 16 (Fig. 2), om 
slippers 12, which are also provided with external guide 
shoulders 13 (Fig. 3), so that they can be displaced verti- 
cally with the housing 6 in guides 14 on the bogie frame 
15. The concave spherical surface for the axle boxes 18 
arranged on a detachable pad 5, and the upper portion 
of the axle box is provided with co-operating double- 
inclined surfaces 25, 28, of a known type, for assisting 
in restoring the axles to a normal or central] position 
after a curve has been traversed. (Sealed.) 
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THE POST OFFICE TUBE RAILWAY, 
LONDON. 
(Continued from page 96.) 

As stated in the first part of our article on the 
Post Office Tube Railway, it was decided after 
experiment that the best results would be obtained 
by using automatic electrically-operated trains, 
without drivers, for dealing with the traffic. In 
what follows we give a description of the equipment 
employed for this purpose. It may first be men- 
tioned that the consulting engineers for this portion 





continuity is ensured by the use of 0-1 sq. in. 
jumper cables, which are fixed so that all live metal 
is kept clear of the track foundation and running 
rails. Two sizes of solid head bonds are used. Those 
for the running rails have a span of 7} in. between 
the bond hole centres, and those for the conductor 
rails one of 14 in. In both cases the bonds are 
of the standard flexible type. Two bonds are used 
for each conductor rail joint. The running rails, in 
addition to being bonded at the joints, are cross- 
bonded at intervals of about 100 yards by means 
of special bonds, which are connected to the cast- 


of the work were, first, Sir John Snell, and sub- | iron tunnel. 


sequently Mr. A. M. Sillar, and that the main| 


The conductor rails are divided into sections and 


contract was let to Messrs. The English Electric | one of the running rails is track-circuited through- 


Company, Limited, of London. 
The track equipment, for which Messrs. Robert 
W. Blackwell and Company, Limited, of London 


| out to form a control section. 


The insulated joint 
used for this purpose is shown in Figs. 60, 61 and 
62. In order to increase the capacity of the earth 


were the sub-contractors, includes a mild steel | return, with a view to keeping within the drop of 
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conductor rail of channel section, weighing 15 lb. 
per yard, which was supplied in 30-ft. lengths. Its 
resistance is 1-8 microhm per yard. These con- 
ductor rails are supported on insulators, placed 
about 8 ft. apart, so that the upper surface of the 
rail is 3 in. higher than the face of the track rails, 
as shown in Fig. 56. The contiguous lengths are 
secured to each other by tapering steel fish plates 
12 in. long by } in. thick by } in. wide at the top 
and 13 in. wide at the bottom. Ramps are pro- 
vided at all places, where the conductor rails are 
discontinuous, these being formed by bending down 
the latter 1} in. in a length of 1 ft. 6 in. In the 
platform sections the conductor rails have a lead of 
2 ft. 6 in. over the track sections, so as to allow 
sufficient braking distance and to ensure that the 
i comes to rest in the centre of the platform 

rth. 

Cast-iron clips are provided for fixing theinsulators, 
a felt pad being interposed between the insulator 
and the sleeper, as shown in Figs. 56, 58 and 59. A 
similar pad is provided between the head of the 
insulator and the underside of the rail. The cast- 
ron clips are secured to wooden blocks. The 
type of anchor insulator used is illustrated in 
Fig. 57, which are fixed on the sleepers by coach 
screws. 
At places where the conductor rail is interrupted, 
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pressure recognised by the Board of Trade, bare 
copper cables are laid throughout. The general 
arrangement of both the running and conductor rails 
can be gathered from Fig. 63, on Plate XII, which 
illustrates the double track in one of the tunnels 
between the stations and from Fig. 75, on Plate XIV, 
which shows the cross-over from the platform berths 
to the through line at King Edward Building station. 

Supplies of electricity for operating the traction 
and other equipment on the railway are drawn 
from the mains of the City of London Electric 
Lighting and the Charing Cross, West End and City 
Electricity Supply Companies, the point of entry in 
both cases being a sub-station adjoining the Post 
Office sub-station at King Edward Building. These 
supplies form part of the electricity taken from 
these undertakings by the department for general 
power and lighting purposes, and are given on the 
three-phase system at a pressure of 11,000 volts 
and a frequency of 50. This pressure is stepped 
down to 6,600 volts by a bank of three 1,000 kv.-a. 
single-phase transformers which are installed in 
the sub-station we have just mentioned. The 6,600 
volt side of these transformers is connected to 
duplicate ’bus-bars, change-over switchgear being 
provided, so that the supply may be taken 
from one or other of the two _ undertakings 
in alternate months. In case of breakdown, of 


course, the alternative supply is immediately 
available. The duplicate ’bus-bars in King Edward 
Building are connected to the Post. Office sub- 
station at Mount Pleasant, where the ’bus-bars are 
in duplicate, by 0-1 sq. in. feeders, which are in 
triplicate. A supply is also given from the King 
Edward Building sub-station through two 0-0225 
sq. in. three-core cables to the railway sub-station 
at Liverpool-street and from Mount Pleasant, 
through two 0-06 sq. in. three-core cables, to the 
railway sub-station at the Western Parcels Office. 
These arrangements are shown diagrammatically in 
Fig. 67, on Plate XIII. At Mount Pleasant the con- 
verting plant is accommodated in an existing sub- 
station. In other cases the traction equipment is 
placed in the invert of the large tube, which forms 
the railway station. An illustration of the sub- 
station at the Western Parcels Office, showing the 
high-tension switchgear, is given in Fig. 64, on Plate 
XII, while the layout of the plant in the tunnel 
invert at Liverpool-street will be gathered from 
Figs. 68, 69 and 70, on Plate XIII. The feeders are 
protected by an overload circuit breaker at each end. 

In each traction sub-station the 6,600-volt, 
three-phase supply is first converted to direct- 
current at 440 volts. For this purpose, as will be 
seen in Fig. 67, on Plate XIII, two sets of three 
133-kw. single-phase transformers are used, making 
a 400-kw. bank, which is connected in delta on the 
E.H.T. side and in six-phase star on the low-tension 
side. Each bank is connected to a 400-kw. rotary 
converter. The rotaries are shunt-wound and are 
fitted with commutating poles and damping wind- 
ings. They are self-synchronising, and a pony motor 
is used for starting. 

The positive lead on the low-tension side of 
the rotaries is connected through switchgear of 
standard pattern to the ’bus-bar of a feeder and 
distribution switchboard by a 2 sq. in. cable. The 
negative side of the rotaries is earthed. At Mount 
Pleasant, however, where, as we have said, the 
sub-station is above ground, connection to the 
distribution board in the railway station is made by 
2 sq. in. cables on both poles. The equipment also 
includes two 30-kw. motor-generators in the case of 
the large sub-stations and two 20-kw. sets of 
similar design in the smaller sub-stations. The 
motor of these sets is driven from the 440-volt 
direct-current supply, while the generators supply 
direct-current at 150 to 160 volts through special 
*bus-bars for the purpose described below. There 
are sixteen of these sets in all, and they were 
manufactured by Messrs. Newton Brothers (Derby), 
Limited. 

A supply, at 24 volts, for operating the track- 
circuit apparatus is obtained at each station from 
one of two sets of batteries, which were manufac- 
tured by Messrs. the D.P. Battery Company, 
Limited, of Bakewell. Each set consists of two 
banks of twelve cells and is so arranged that while 
one set is on charge, the other is discharging. 
Charging is effected with 24 cells in series, but on 
discharge each bank of 12 cells is discharged in 
parallel. The capacity of the batteries is 200 
ampere-hours at the larger, and 134 ampere-hours . 
at the smaller, stations. The supply for charging 
is obtained from the 150-volt circuit through 
suitable resistances, the charging rate being 20 to 
30 amperes and 16 to 24 amperes, in the case of 
the large and small batteries, respectively. It is 
of interest to note that the positive of each battery 
is earthed, so as to prevent any surge in the 
traction return from causing “‘swamping.” The 
battery switchgear was manufactured by Messrs. 
Siemens Brothers and Company, Limited, ot 
Woolwich. 

A supply to the motors for operating the lifts, 
conveyors, and ventilating plant and the lighting 
circuits is given from: the 440-volt *bus-bars, 
either direct, in the case of the stations where 
there are sub-stations, or through 0-5 sq. in. 
mains and distribution switchboards. The 440-volt 
and 150-volt *bus-bars are connected through 0-5 
sq. in. and 0-1 sq. in. cables respectively to the 
appropriate sections of a contactor rack, from which 
0-1 sq. in. and 0-04 sq. in. cables supply the 
different sections of the conductor rail in that rail- 
way station zone. The various electrical connections 





from the point of entry of the E.H.T. feeders to the 
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conductor rails and track are shown in Fig. 67, on 
Plate XIII, which will allow the different circuits to 
be traced with ease. All the E.H.T. and L.T. 
cables other than those incorporated in the control 
system were supplied by Messrs. British Insulated 
Cables, Limited, of Prescot and Helsby. The sub- 
station equipment, except that specifically men- 
tioned as being supplied by other contractors, was 
manufactured by the English Electric Company, 
Limited. 

It will facilitate our description of the electrical 
equipment, which has been installed for the opera- 
tion of the railway if, before going into details, a 
general account is given of the system employed. 

The rolling stock consists of steel motor wagons, 
which are made up into trains of two or three. 
Each wagon is capable of carrying a load of 1,120 Ib. 
The electrical equipment of these wagons is simple, 
consisting principally of two 22-h.p., 440-volt, 
direct-current series motors, which are connected 
permanently in parallel. It also includes a resis- 
tance in series with each motor, which again is 
permanently in circuit, together with a set of 
electrically-operated braking equipment and a 
reverser. The whole of the operation of the trains 
is automatic, control of the starting 


and the stopping being effected from Fig. 60. 





of broken-down trains, arrangements being made for 
holding the wagon brakes off, so that they can be 
hauled, or moved by hand for coupling or uncoupling. 

The various operations, both manual and auto- 
matic, which have to be performed to dispatch 
a train from one station and to receive it at the 
next will now be considered. An illuminated track 
diagram of the usual pattern is fixed in each switch 
cabin (Fig. 74, Plate XIV). This shows which of 
the sections of the line that are under the control of 
that particular cabin are occupied by trains and 
also, by the extinguishing and lighting up of lamps, 
the progress of each train as it enters and leaves the 
station. Communication between the adjacent con- 
trol cabins in each direction is effected by means of 
a signalling board of special design. An example of 
one of these boards is shown in Fig. 65, Plate XII, 
from which it will be seen that it consists of four 
central panels, each of which is made up of a number 
of parallel strips. The two left-hand panels are 
used for dealing with the east-bound trains and the 
two right-hand with the west-bound trains. The 
strips are lettered in accordance with the proposed 
running of the different kinds of trains, e.g., ‘‘ All 
Stations” or “ M.P.” (.e., fast to Mount Pleasant 


i 1s Fibre Washers A 


train, sets the route accordingly, i.e., either for a 
platform or through line, and on the arrival of 
the train presses the left-hand button on the 
“Receive Next Eastbound” strip. This extin- 
guishes the left-hand pilot light on the “‘ Send Next 
Eastbound ” strip at the originating station west- 
ward, as well as the pilot lamp on the train describ- 
ing strip “ Mount Pleasant ” at that station. 

It will be noticed that there are also buttons on 
the right-hand side of the train signalling strips 
(Fig. 65, Plate XII). These allow a second train to 
be dispatched from one station before the arrival of 
the first train at the next station. Supposing, as 
before, that a “Mount Pleasant’ train has been 
dispatched. This is shown by the left-hand pilot 
lamp on the “Send Next Eastbound ” strip being 
alight. If this train is immediately followed by a 
K.E.B. only, that is a non-stopping train to King 
Edward Building, the switchman, when the second 
train is ready to start, presses the right-hand button 
on the K.E.B. strip. This gives a corresponding 
indication on the appropriate panel at the next station 
eastward, and also lights the right-hand lamp on the 
“Send Next Eastbound ” strip at his own station. 
The switchman at this next station, therefore, knows 








switch cabins at each station. No ( 


_ 





drivers are employed. 

The wagon motors are energised 
in the ordinary way from the con- a 
ductor rail, which is divided into 6964) 
sections, each section being con- 
trolled either by automatic track- 
circuits, in the sections between the 
stations, or by levers working under 
track-circuit control in the station 
areas. These levers are concentrated 
in the switch cabins. To start the 
train, its proper route is set up, as 
described hereafter, and the con- 
ductor rail is energised at 440 volts. 
so that the train runs off down a | 
falling gradient. The same pressure 
is employed on the conductor rails 








in the tunnels, the maximum speed Face 


reached being about 35 m.p.h. When 
a station is approached, the train 


enters a section on a rising gradient, — 


in which the conductor rail is dead, 
and is brought to rest, outside the 
station, by the automatic application 
of the brakes. After a short interval 
the conductor rail in this section is 
energised at 440 volts and remains energised at that 
voltage for a predetermined time, which is suffici- 
ently long properly to re-start the train. The 
voltage is then reduced to 150 volts, and the train 
runs into the station under this pressure. Here it 
either enters a dead platform section and is brought 
to rest alongside the appropriate berth by the brakes, 
or passes on to a through section if it is not 
scheduled to stop. In the latter case the train does 
not require the continuous attention of the switch- 
man, its position in the tunnels and its destination 
being notified to that official by illuminated dia- 
grams in the switch cabin. He, however, controls 
the reception of all trains by pulling a lever, which 
sets the points for the appropriate route, and ener- 
gises the various controlled sections of the conductor 
rail. Generally, it may be stated that the method of 
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only) and are provided, not only with pilot lamps, but 
with press buttons. To the right and left of these 
central panels are two others, from which illuminated 
train describers on the platforms are operated. One 
of these describers is visible on the extreme right of 
Fig. 75, Plate XIV. 

If. for example, a train is ready to be loaded at 
the No. 1 berth of a station platform, inserting 
a plug in the second of the jacks, which are visible 
at the extreme left hand of the left-hand panel 
(Fig. 65, Plate XII), illuminates a panel on the 
train describer (Fig. 75, Plate XIV), which is 
similar to that used on the London tube railways, 
and thus informs the platform staff for what station 
or stations the train is to be loaded, e.g., Mount 
Pleasant. When the train has finished loading, 
the foreman operates a switch on the platform, 


controlling the station sections is based on the well- | which lights a green “ all-clear ” light over the appro- 
known “ one-lever ” railway signalling system of the | priate panels in the switch cabin, “Send Next East- 


Siemens and General Electric Signalling Company, | 


bound ” and “* M.P.,”’ and a red light on the train 


Limited, of London, who acted as sub-contractors to | describer. The switchman then pulls the appro- 
the English Electric Company, while the conductor | priate lever to set up the route and start the 


rails in the tunnel sections are energised through | 


train. He also presses the left-hand button on the 


contactors, which are operated by relays working on | strip marked M.P on the left-hand panel (Fig. 65, 
railway signalling principles. The exact methods by | Plate XII). This lights a pilot lamp and a red 


which this is done are very ingenious, and, as they 
form the crux of the operation, they are described 
in detail below. 

Operation into and out of the sidings is effected 


| “approaching” lamp on the second panel of the 
| board in the switch cabin at the next station 
|eastwards, extinguishes the top left-hand white 
| pilot light on his own panel, and lights up one 


at pressures of 440, 250 or 150 volts, depending | against the strip marked M.P. When the train is 


on the lay-out and approaches at the different 


on the move he removes the plug, thus extinguishing 


stations, the necessary supply in the two latter | the train describer lights, and presses a button which 
cases being obtained from the 440-volt circuit | cancels the green and red “all clear” lights. The 


through resistances. 


Battery locomotives are pro- | switchman at the next station, having thus received 


vided for maintenance purposes and for the haulage ! notification of the destination of the approaching 
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that the first train, which is approaching him from 
the west, is going to Mount Pleasant and that 
the second is a fast train to King Edward Building. 
When on arrival of the first train the cancellation 
is sent in the way described above, the lamps on 
the right-hand side of the strips are extinguished 
and the corresponding lamps on the left-hand side are 
illuminated, thus indicating that the fast train for 
King Edward Building will now be the next train 
to arrive. Indications for a third train can then ke 
sent in the way just described. 

The actual methods by which the trains are 
controlled are somewhat complicated, and the 
following description should therefore be read in 
conjunction with Figs. 71, 72 and 73, Plate XIII, 
and the drawings of a lever frame shown in 
Figs. 79, 80 and 81 on page 155. It will facilitate 
matters to work backwards and first to detail the 
operations that have to be performed by the 
switchman, in order that a train may be received 
at a station. As already stated, pulling the appro- 
priate lever in the switch cabin sets the points 
for the particular berth, at which the train is to 
be received, and energises the corresponding length 
of conductor rail. The lever (Figs. 79, 80 and 81) 
is first pulled out a short distance to a point, 
where it is checked by a stop. This movement, 
as far as what is called the track lock, puts a 
check lock in circuit, and energises the coil of 
the latter through a circuit, which passes through 
all the track-circuit relays of the route, over which 
the train has to travel. If these sections are clear, 
the check lock is lifted, and the lever can then be 
pulled forward to its fourth position (the third 





position is used on the return movement of the 





ENGINEERING, Fes. 10, 1928. 











HOLOVINOZ) GNV AVISY ‘9g “OI 


item 2 


‘NOLLVLG ‘HOO STAOUVG 


NUaLsa\\ ‘auvog * 








‘yO “SLL 


Se : SIEENIETLE) a 


. 








(‘eel abog aas ‘uoudrsovaq 40,7) 


e 
© 





— 
ry 


— 
~ 
t 
ax 
= 


Hn 


“UU LSNINISUM “SHUNDDNG ONILTIOSNOO “AO'ISNIN “AVIS ‘NWN ‘VY “UN 


‘NOGNOT AVMTIVY HPANL AODIHHO LSOd 


ate 
ON Og 


CHNOG Se 
bad Ye LDS 


aes 


eae ue 


24 % a 
< 


@ 





ng 
TE 


8 #BanRe 


e 


“INNO YT, NI MOVUY, ATIAAOG "$9 “OL 


Spe 


* 


AHL 











SV rm Poon 





a “S8IDIIS IAILVIIN 











i YIGIFI 


73N37 14 
‘a9 NOILIIS 


LANV 17d YFILYIANOD 
AYVLOY LFIYLS TOOdDHIAIT 


OYVOBHILIMS ‘D'V 4 


SYINYOISNVYL 


MH 006 
Con ay 


LFFYLS TOOdYIAIT 


yve-sng 
aost 


SY¥IdIFI 
A0dbb 17 
a2 
”n NOD 4 
SNOILIIS 


NOILVLS 


SNOILIIS 
04 S2718V9 


NOILVLS 
01 SIT9VI 


NOILvLS 


NOILVLS 
INIIO ANILSIG NYILSVI 


LFIYLS TOOGYIAIT 


‘THX GHLVTd 


69° 


SYvg-SNGA 





A0099'1 


| 
| 
i: he Be] H 
| 


1y 
\NOlLVLS-9NS | 
| BNILSIXI | 





AO099 '1L'HI 
‘A 0099 L'H’ 


YVIFHILIMS. _YVIDHILIMS _ | 
DVLH IVIHONISIXI | SUINIOISNVYL 


MNOOb 
ION DS 


LNVSVITd LNNOW 
lv 
NOILVLS-8NS ONILSIXI 


LANVSVI1d LNNOW 


SOYVOEHILIMS 
NOILNGIBLSIO 
B Ysas3a4 


‘eo 
A0bb 


sSauvog 
YOLIVLNOD 4 


SNOILIIS 
NOILVLS OL 


SNOILIIS 


NOILVLS OL SI1VEVI 


NOILVLS 
INIDTING G4AVMAI NIM 


“AS THO ND UWA NTONG 


SLNHNYHONVAAV TIOALNOD AUNV 


ANVSVITd LNNOW 


ATddAS -NOCANO'T 


SQYVOGHILIMS 
NOILNGIALSIO 
8 YIOFFI 


Sng aosi~ 


voy sauvog _ 
Albeo YOLIVLNOD * 
SNOILIIS 
NOILVIS 
O14 S3I78V9 


Ags! 


NOMLVLS OLS. 


NOILVWLS 
FINIIO LINALSIO 
TWAILNID LSIM 


NOILVLS NOILVLS 


FDNIIO AVAHLSIONBILSIM 


(‘gel ang aas ‘uoudisasag 40,7) 


“TaATN “ado “SHAdAd “Hd *L TANOTOD 


AVMTIVGA 


(WV Ses) 
ANV Td YILYIANOD AYVLOY OM 


SYIWYOISNVAL 


19 OM 


NOLONIOOVd 


SMLS HLYVI 


MHOZ MH OZ. 
16N Z6N 


SOYUVOGHILIMS 
NOILNGIYLSIO 
8 ¥IGIFI 


Sauvog 


aost AOLIVLNOD ooo A OSI 
SNOILIIS 
WOLLYLS 


01 S778V2 


SNOILIIS 
SOL S3778V9 


NOILVLS 


NOILVLS 
FWIIO SIFDNVA NYILSIM 


NOLONICIYd 


HAqNL ADIAHAO LSOd AHL 


‘Sc6L OL “44H 





“ONTHAANTONG 


NIa0 $140L2VINOD_ 45537 OO 
Nan s0¥Ws?” %e 
SoM LUM 
N3d0 WOLI¥LNOD | 
2 NOIL29S SIA0Ud! Laas S3A0we 




















HILIMS AIA BILFT - 
YIATIT ONIN HONOWHL+ AOS! 














———e 


#| | a ‘ (2'ses) 


Pann torre ho aw, | ———— } 
JINWISISTY : | ; } ————— )3uvdS 
HOAs. NOILISNVML A 4 | ears 
YIAIT ONIN HD: it we | + ——— 
44 


t 
YI 019 ¥1NOI ; ( pt 
40194409 am? “Kourou | = LIVHSHLD 
T 















































1ivHSuvd = 
M30 |WOLIVLNOD § 
‘ 


“y NOILIIS SIA0Ud ana, 7. uve sng 
4 

si8dns Aon eae - : 

2 vin = YOLIVLNOD | SIFT 

+A OSI A be 8 IAI7 NIN 


4 
243 YVINVINE NOILIIS HONOBHL (3°ses) 




















| 








nfded cu 





AV 729 SOLOW 
LIVHSWIYD 

















isl 
HTT 


| 
>| 


4win st? | | | "yaawar" 
NOlawasS 7791x374 4 















































MIILS (dA 











bf 
o 














7 


Q33dS TYWYON LY SONDIIS 40 FWIS 

















x 


eal] 





i “8 NO! n 
SNOILIIS WVU YOLINONOI | ; ' 49 ant 

OL ATdANS ONITIONINOD \ : tt 
SUOLIVLINOD B LIVHSWYD f) 
30 SLINDWID ONILYYIAO OL ' ! 





J 
i] 











wo 


gnovwv 











T 


: \ \ ‘ | 
NIQYD 7081NOD NI | 
dW¥7 4OLVDION! 1 | 


WHO ITH CAOW 40 
» 
2 


a INIWLSATOV KYW 
Ss 
3 





Ss 
S 


Last 










































































HLONIT V8 , 
SYQLIYLNOD 
40 433406) LJIVHSWYD wna GIXI4 WSO FTI9VAOW 
YOLVINIIY NOWLISOd 


















































. . > 
we ONNOTIO2M I[L'O1T 





(a'ses) 











MH O0b 
SFLYIANOIAYVLOY ZON 

, AV Td ONILY VIS 
I 40L0W ANOd 














ey 4 | ig ; RFINNNL JO°TD 


JINVISISIUZ 








J Vu 


ie % 








av HLaVZ 


vva-sng 


























OL Orgy 





S ie. W3A37 [voors 





18 4.0099)!| 





ie oe Pee ee ee! 


PLATE XIV. 


ENGINEERING, Fes. 10, 1928. 








THE POST OFFICE TUBE RAILWAY, LONDON. 


MR. A. M. SILLAR, M.INST.C.E., CONSULTING ENGINEER, WESTMINSTER. 


(For Deseription, sce Page 153.) 
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Fic. 75. Cross OveR FROM THROUGH LINE TO PLATFORM BERTH. 


SwitcH Caprx, Mount PLEASANT. 


Fig. 78. 
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Figs. 76 To 78. ELECTRICALLY-OPERATED CONTACTOR FOR TRACK SUPPLY. 











(To face page 159. 
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lever). This fourth position is known as the points 
lock position and in it the point operating relays 
are energised, thus starting up all the point motors, 
which have to be moved to set up the required route. 
On the completion of this operation the check lock 
is connected to the point detecting contacts on 
the point blade detectors. The closing of these 
contacts causes a detecting current to flow through 
the check lock, so that it is released, and the lever can 
then be pulled into its final position. In this position, 
assuming that the tracks are clear, the control circuits 
of all the appropriate power contactors are closed, 
thus switching current on to the conductor rail. 
When the train has arrived in its berth 
the lever can be replaced by stages. The first 
inward movement cuts the current off the conductor 
rail, an operation which, it may be added, can 
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ever, one or two special movements, to which 
attention may be drawn. 

It may on occasion be required to move a train 
from one berth to another at the same station. 
As before the final motion of the lever energises 
the conductor rail, but connection is now made to 
the 150-volt instead of to the 440-volt supply. If, 
on the other hand, a route is set up from a platform 
section to one of the through sections, loops or 
sidings, the conductor rail in the former section is 
then energised at the full voltage of 440 volts, so 
that the train can be run off under full power. 

If it is required to make a section of the conductor 
rail dead, so that emergency movements with a 
battery locomotive can be effected, this can be done 
by operating one of the two so-called king levers, 
which control the west and east-bound sections of the 


Fig.80. 
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(78x) 
always be performed, even when the train is run- 
ning or fouling points. In the second backward 
position all the track relays are put into the check 
lock position and finally, if the tracks are clear 
and the contactors open, the lever can be moved into 
the third position, thus causing any points, which 
have been moved, to be restored to their normal 
settings through the appropriate relays and point 
motors. When this has been effected a circuit is 
again established through the check lock and point 
detector contacts, as already described for the out- 
ward movement of the lever. The detector circuit 
being thus closed, the lever can be replaced to 
normal. It may be added that there is complete 
mechanical interlocking between the levers dealing 
with conflicting routes incorporated in the frame 
shown in Figs. 79 to 81. 

The description, which we have just given, applies 
to the movements, which take place when a receiving 
lever is operated. A similar series of movements 
occur when the other levers are moved, a greater 
or less number of point motors being involved, 
depending on the complication of the route con- 
cerned. Repetition of the details of these move- 
ments is, therefore, unnecessary. There are, how- 








track respectively. Pulling these levers makes all the 
conductor rails on that particular side of the railway 
and under the control of the particular switchman 
dead, but does not cut out the point motor circuits, 
which can still be operated by their respective levers. 

The operation of the king lever, in certain cases, 
also frees a key, which can be used for unlocking the 
point lever at the entrance to a siding, so that the 
battery locomotive, which normally stands there, 
can be brought out. This operation cannot, there- 
fore, be carried out, unless the conductor rail is dead. 

In addition, four switches, which are operated 
by keys of the Yale pattern, are provided in each 
switch cabin, so that certain sections of the 
main line track can be made dead for inspection. 
These switches are visible on the extreme right 
hand of the vertical panel in Fig. 74, Plate XIV. 
For instance, sections EA, EB and ER, (see Fig. 72. 
Plate XIII) are on one key, and when it is turned, 
the circuits of all the traction contactors that control 
these routes are opened and locked open, until the 
key is replaced. The maintenance gang foreman, or 
other official, can therefore take the key with him, 
and be sure that neither the conductor rail will be 
energised, nor that he will be run down by a train. 








The facing points are motor-operated in both 
directions, the trailing points being free. The point 
motor, which is contained in a cast-iron box, is 
provided with two series fields, one of which is used 
when the motor is running in one direction and the 
other when it is running in the other. Its general 
arrangement will be clear from the drawings, Figs. 82 
to 85, on page 156. In the stations the motors 
are fixed in the tunnel invert directly under the 
track, and drive the points through a vertical rod 
and bell crank. The points in the tunnel sections 
are operated by motors, fixed on the walls, through 
appropriate rod linkages. At the end of its run the 
motor is set for the return stroke by contact arms, 
while a clutch is provided in the centre wheel of 
the gearing, which slips if there is any obstruction 
in the points, so that the motor continues to run. 
The motors are supplied from a 150-volt circuit, 
and have a normal rating of about fs h.p. at 1,000 
r.p.m. Generally, however, they do not make more 
than 38 revolutions at a time. 

The relay cabinets and contactor racks (see Fig. 66, 
Plate XII), for holding the gear operating the 
various circuits, are also placed in the tunnel in- 
verts under the stations. Illustrations of one of the 
contactors is given in Figs. 76 to 78, on Plate XIV, 
and it will be convenient here to say something 
further about their operation. When the route lever 
is pulled to the point operating position, current is 
supplied to the point contactor coils. This causes 
the point contactor to operate and to close the 
150-volt circuit of the point motor. On completion 
of the point movement the circuit through the 
point detector contacts is closed, together with the 
corresponding coil of the point detector relay, thus 
closing all the contacts in the circuits, which require 
proof of the reversal of the points. 

The operation of the track-circuiting system, by 
means of which current is automatically supplied 
to the conductor rails in the tunnel sections, may 
be explained by referring to the diagram Fig. 73, 
on Plate XIII, which applies to a section of the 
east-bound track from the West Central Post Office 
station. When the train enters section A, it causes 
track relay AT to be picked up. This open-circuits 
stick relay AS, which drops. As the train passes 
into section B, stick relay BS drops in a similar 
way, while the track relay AT drops as soon as the 
train leaves that section, With track relay AT 
down, track relay BT up, and stick relay BS down, 
the AS stick relay is picked up again, or reset. 
The power contactor for section A is, however, 
not closed, until stick relay BS has been reset by 
the train running on to section C. This system of 
stick relays is an important departure from railway 
standard practice, because if a train runs on to a 
particular section without operating the stick relay 
of that section for any reason, the stick relay of 
the section in rear will not be reset, thus providing 
protection for the train ahead, since on the automatic 
sections between the stations, the power contactor 
feeding section A is controlled by stick relay BS 
and the power contactor feeding section B by stick 
relay CS. Thus as long as stick relay BS is down— 
i.e., at danger, the contactor for section A will 
remain open. 

As the train approaches a station it runs off 
the last automatic section on to a braking section. 
This is on a rising gradient, so that the automatic 
brakes are assisted by gravity in bringing the train 
to rest. The length of this section is sufficient to 
ensure that this happens under all conditions. 
It has been found that at any particular station the 
time, which it takes for a train to come to rest, 
does not vary very much. It is therefore possible by 
experiment to select a time, which gives a little 
margin, during which it is quite certain that the 
train will stop in the braking section. This time 
may be called the braking time. When the train 
has come to rest in the braking section, control of it 
is assumed by a camshaft control gear of a pattern 
very similar to the equipment used on the English 
Electric Company’s electric locomotives. 

The operation of this gear in its application to 
the trains on the Post Office railway is as follows :— 
The camshaft (Fig. 71, Plate XIII) consists of a 
spindle, which is driven by a pilot motor through 
reduction gear. On this spindle are mounted three 
cams, which drive three contactors, whose sequence 
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of operation is thus determined by the setting of 
their particular cam. The cams being fixed on the 
spindle, the time during which any contactor remains 
closed depends on the speed of the camshaft motor, 
and this speed can be varied by means of control 
resistances, in series and in parallel with the motor 
armature. The field of the motor is continuously 
energised and one side of the armature is earthed, 
the other being connected to the moving contact 
of the camshaft motor relay. The upper contact 
of this relay is connected to the supply circuit, the 
lower being earthed. Accordingly, when the relay 
solenoid is energised, current is supplied to the 
camshaft motor and the camshaft is rotated. 
When the solenoid is de-energised the armature is 





short-circuited under full field, thus providing a | 


powerful braking effect, which brings the camshaft 
to rest without overrunning. The solenoid is supplied 


through the contacts of the various track-circuit | 


relays on the route concerned and the fingers and | 
segments on a device known as the position regulator. | 
When certain of the fingers on this position regulator | 
become energised, the camshaft rotates so long 
as those fingers are in contact with their corres- 
ponding segments. The complete cycle of the 
camshaft can be divided into four complete zones : 
1, the braking time, during which the train runs into 
the section and comes to rest ; 2 and 3, the power | 
zones, during which the conductor rail is energised 
at 440 volts and 150 volts respectively ; and 4, the off 
zone, during which the camshaft is running on again 
to its starting position. Two complete cycles of opera- 
tion are performed each time the camshaft rotates 
through 360 deg. The rotation of the camshaft, from 
the starting position, commences when a train enters 
the braking section and proceeds either continuously, 
or by stages, according to the position of the train. 

When the train has come to rest on the braking 
section, the camshaft energises the conductor rail at 
440 volts and maintains that voltage for 5 secs. 
This causes the train to start again. At the end of 
the period the camshaft reduces the pressure on the 
conductor rail to 150 volts, under which pressure 
the train runs into the station. This is the normal 
time value, which has been obtained experimentally, 
but it may vary from station to station. 

At most places the third automatic section 
extends to the foot of the gradient at the beginning 
of the braking section, and the section controlled 
by the camshaft gear extends from this point to 
30 ft. short of the first set of points leading into the 
station platform tracks. For control purposes the 
braking section extends from the end of the last 
automatic section to about the top of the gradient, 
and the receiving section from this point to the 
station end of the camshaft-controlled section. 
The section from this point into the station is called 
the X-section, or first cross-over section. 

The simplest operating condition is when the train 
arrives in the normal way on the braking section 
and the receive lever has been pulled, so that the 
line is clear into the station. This assumes that the 
whole length of line between one station and the next 
is clear. Under this condition, the third automatic 
section (WA,,) is alive, when the train reaches 
it and the receive lever has been pulled before the 
train enters the receiving section (see Fig. 71, Plate 
XIII). The camshaft g gear then simply acts as a time , 
lag. On the train arriving on the braking section 
the braking section track relay lifts and causes the 
camshaft to revolve through either segment 10 or 
11 on the position regulator. The particular seg- 
ment used depends on whether the track is equipped 
with a braking section alone or, in addition, with a 
short shunt section, the purpose of which will be 
explained later. Wher the train has run on to the 
receiving section, as it does under its own momen- 
tum, the receiving track relay lifts, with the result 
that the motion of the camshaft is continued through 
the appropriate finger (No. 10) and at the end of 5 sec.. 
the camshaft motor relay is energised through finger 
9 via the receive lever contacts and the contacts of 
the east or westbound stick relay, as the case may be. 

As already stated, the object of the stick relay 
(WR) is to ensure that only one train is received 
each time a receive lever is pulled. Referring to the 
diagram (Fig. 72, Plate XIII) it will be seen, for 
instance, that the eastbound station stick relay is 
held up through its own contact as long as either 
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EP! or EST tracks are clear, viennimnee on which 
receive lever has been pulled, so that the eastbound 
stick relay is short-circuited. When a train passes 
on to EPI, for example, the track relay picks up and 
the stick relay drops. The ‘run-up ” circuit of the 
camshaft to the 440-volt position passes through a 
contact on the energised eastbound stick relay. A 
second train entering the braking section can, there- 
fore, receive no current, so long as this relay is 
de-energised, and the relay cannot be re-energised, 
until the lever which was pulled to receive the first 
train on EP] has been replaced. This lever once 
replaced cannot, of course, be pulled again until 
the line ahead is clear. 

In the case we are considering, however, the stick 
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cleared this section (WR) and the following section 
(WX), the camshaft rotates forward to its starting 
position, and thus completes its cycle of operation, 
In this position the third automatic section is 
energised through fingers Nos. 3 and 6 on the 
position regulator, as well as through the relays, 
which are in series with the contacts on that 
regulator. If, on the other hand, the train arrives 
in the normal way, but the receive lever has not 
been pulled, the camshaft stops at the end of the 
braking time and the train remains at rest, until 
the receive lever is operated. 

Conditions may arise such as the king lever 
having been used, or a temporary failure of 





the current, which will cause the train to 
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relay has been re-set and the camshaft accordingly 
rotates, so that the conductor rail is energised at 
440 volts through contactors A and B(Fig.71). At 
the end of 5 sec. finger No. 8 comes into operation. 
As, however, the train has by this time left the braking 
section, the braking track relay will be down and the 
camshaft will continue to rotate. At the end of this 
time there is a transition period, during which a resist- 
ance is inserted, so that the pressure on the conductor 
rail is reduced to 150 volts. When this transition 
period is completed, 150 volts is applied to the 
conductor rail from the supply circuit, which ope- 
rates at this pressure. The power-time zone is 
thus divided into three sections, which may be con- 
veniently termed (a) 440 volts, (6) transition, and 
(c) 150 volts respectively. When 150 volts has been 
applied to the conductor rail the camshaft stops, 
until the circuit through finger No. 2 has been 
completed, thus ensuring that the section controlled 
by the camshaft gear is energised at 150 volts, until 





the train has cleared it. As soon as the train has 
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enter the braking section at very much less than 
normal speed, so that it will stop before it reaches 
the top of the incline. If, in this case, 440 
volts were only applied to the conductor rail 
for 5 sec. before the change over to 150 volts 
were made, the train would stall on the gradient 
and thus interfere with the automatic operation of 
the line. When this occurs, therefore, the camshaft 
gear rotates as before, until 440 volts is applied to 
the conductor rail. It cannot rotate further, how- 
ever, until the receive section stick relay or the 
braking track relay falls——that is, until the train has 
passed over the top of the gradient. When the train 
has passed this point these relays fall, the camshaft 
moves on, and 159 volts is applied to the conductor 
rail in the way described above. The short shunt 
section, previously referred to, comes into operation 
when a train stops for any of the above reasons 
at the very bottom of the gradient. If a train, 
starting from this position, were to receive 
440 volts to the top of the gradient it would enter 
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the station at too high a speed. It is accordingly 
shunted a short distance up the gradient to a safe 
position. This is accomplished by energising the 
conductor rail in the first braking section through 
track relay WB up (Fig. 71, Plate XIII), the second 
braking track relay WB, down, and fingers 7 and 
8 on the position regulator. The camshaft cannot 
go any further than the end of No. 11 segment 
as WB, track relay is down. In this position 
fingers 7 and 8 are connected. The circuit through 
WB up, WB, down and fingers 7 and 8 is now 
completed, and the emergency contactor closes. 
The train then moves up the gradient on to WB,. 
As soon as it reaches this section the emergency 
contactor is opened, and the train stops. The 
camshaft, however, continues to run and subseqently 
brings the train in as previously described. 

From what has been said, it is obvious that 
the camshaft must be capable of adjustment, so that 
both the braking time and the time the conductor 
rail is energised at 440 volts can be altered to suit 
the conditions at a particular station. In practice, 
the first of these adjustments is effected by alter- 
ing the starting position, and the second by varying 
the speed, at which the camshaft runs, by means of 
its control resistances. As has already been 
pointed out, the off position is really the zone, 
through which the camshaft passes between the point 
where the 150-volt contactor opens and the starting 
position at the beginning of the braking zone. The 
latter position is selected, so that the time taken for 
the camshaft to run from it to the place where the 
440-volt contactors close is the required braking 
time. Under normal conditions, the time during 
which the conductor rail is energised at 440 volts is 
5 sec. This means that the camshaft speed is 5} 
deg. per second, and that the braking time with the 
auxiliary barrel in the mid-position is 14 sec. 

When the camshaft leaves the 150-volt zone and 
runs towards the starting position, i.e., traverses 
the off zone, it can only rotate as far as the gap in 
segment 2 (Fig. 71, Plate XIII). This segment 
being on the movable drum, it is possible, by 
rotating the latter relative to the cams to alter the 
position of the starting point. It is important, 
however, in order not to waste time, that the last 
automatically-operated section of the line should 
be energised as soon as this can safely be done, and 
in any event it should not be necessary to wait until 
the camshaft actually reaches the starting position 
again, otherwise the headway will be increased. 
Fingers Nos. 3, 4, 5 and 6, form the interlock 
for energising this last automatic section, and 
to fulfil the above condition they must therefore 
make contact from the beginning of the off zone 
to the starting position. This is effected by 
arranging that the interlocking circuit is closed as 
long as segments 3 and 6 overlap, these segments 
being connected by fingers Nos. 4 and 5. 

The gap in segment 2 is so small that there is 
no fear that the camshaft will stop, except at the 
correct’ starting position, while the fingers Nos. 
3 and 6 ensure that the last automatically-operated 
section will be dead, as soon as the camshaft has 
left the starting position. The circuit which moves 
the camshaft on to the off position is through 
the braking section, receiving section and X section 
track relays down. This allows ‘“‘ wrong road 
working” with a battery locomotive to be carried 
on, and prevents faulty operation should the 
camshaft be left in some position other than the 
correct starting position, after adjustment. If either 
of these two conditions occur, the camshaft will 
Teturn to the-correct starting position, as soon 
as the current is restored and the line clear. 

The movable drum, as indicated in Fig. 71, 
can be rotated through 38} deg. on either side of its 
normal position. This allows the braking time to be 
varied from 7 sec. to 21 sec. with the normal 
camshaft speed of 5} deg. per sec. This range is 
naturally altered when the speed of the camshaft 
itself is changed, that is when the time during which 
440 volts is applied to the conductor rail is varied. 
The time taken to make one camshaft revolu- 
tion can be adjusted from 44 sec. to 132 sec., 
the normal time being 66 sec., so that the time 
during which the conductor rail is energised at 
440 volts can be altered from 34 sec. to 10 sec., 
With c« rresponding alterations in the braking time. 
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It should be noted that the adjustable barrel is at 
the driving end of the position regulator and is 
secured in the correct relative position to the main 
barrel by a set screw. This set screw can be inserted 
in any one of 15 holes, thus dividing the 77 deg. arc 
into equal steps of 5} deg. 

The power circuits of the cam operated contacts 
are quite simple, and are also shown in Fig. 71, 
| Plate XIII. Current at 440 volts is obtained 
{through the appropriate 440-volt circuit breaker 
; and current at 150 volts from the ’bus-bar energised 
‘at that voltage on the contactor rack. As will 
| be seen, contactors A and B are in series, the latter 
being across a 4-ohm transition resistance, while 
contactor C connects the 150-volt supply to the 
negative side of the transition resistance. From 
this point the current passes to the section feeder 
via the contacts of a solenoid-operated contactor. 
The circuit of the operating coil of this contactor 
is via the king lever in its off position, the 
keyswitch, the appropriate receive lever in its 
‘“‘ pulled” position, the emergency lever in its off 
position, and the stick relay east or west re-set. 
During operation, therefore, this contactor en- 
sures that the camshaft-controlled section is not 
energised, until a receive lever has been pulled. 
In addition, it serves to cut out the camshaft 
when the king and emergency levers are operated. 

To energise the conductor rail at 440 volts 
contactors A and B are closed. At the end of 
/ 440 volt period contactor B opens, so that the 
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transition resistance is inserted, while subsequently 


contactor C is closed and brings in the 150 volt 
supply. Finally, contactor A is opened, thus dis- 
connecting the 440 volt supply. This ensures 
smoothness in the change-over. It is, in fact, 
essential during the transition that the conductor 
rail should not be de-energised. Otherwise the 
brakes would be applied. An additional function 
of the transition resistance is, of course, to limit the 
current supplied from the 440 volt to the 150 volt 
circuit. 


(To be continued.) 








GERMAN ECONOMIC PROGRESS. 


Or the many reports issued by the Department of 
Overseas Trade, none are appreciated more generally 
than those by Mr. J. W. F. Thelwall, with contribu- 
tions on industrial subjects by Mr. C. J. Kavanagh, 
both authors being Commercial Secretaries to His 
Majesty’s Embassy at Berlin. Mr. Thelwall’s 
general reports and Mr. Kavanagh’s industrial 
studies present their subject-matter in an intelligible 
and instructive perspective, and include an unusual 
mass of statistical and other information to support 
and illustrate their conclusions. Large though 
their subject is, they have also the merit of 
keeping singularly close to date. In a report 
recently published,* for the year 1926, the in- 
formation of which extends to last July, these 
virtues are as conspicuous as in previous years. 
The fact that, although the report for this year is 
half as large again as that for 1925, its price is a 
shilling less, may perhaps be a practical indication 
of their usefulness. 

Last year it was pointed out that Germany had 
in good earnest begun to resume her pre-war 
position as a producing and commercial country. 
The present report shows that this improvement 
has progressed without interruption in every branch 
of German production and trade. Common know- 
ledge in regard to other markets indicates in advance 
that it cannot have been proceeding by itself. To 
some extent, it has resulted from the misfortunes 
of this country, which have given it opportune 
and invaluable assistance. Clearly, however, these 
would not have had their remarkable effect if it 
had not been for the untiring and sagacious efforts 
made by those responsible for German industry 
although these efforts may not have been made 
in altogether propitious circumstances. Finan- 
cially, for example, the country has remained at 
some disadvantage. It has, indeed, recovered 
from the acute shortage of credit and of working 





* Report on Economic and Financial Conditions in 
Germany, to July, 1927. H.M. Stationery Office. Price 
38. 6d. net. 








capital from which it suffered until early last year, 





and since then has been enjoying what is described 
as a much easier money market. This, however, 
is a relative phrase. It is true that at the beginning 
of 1926 the charge for bank overdrafts stood at 
16 per cent. per annum. Even, however, during 
the past year it was, at times, as high as 10 per cent. 
to 12 per cent. per annum for current overdraft, 
and at the present time it is said that the average 
German firm of good standing has to pay over 
9 per cent. for accommodation from its bank for 
longer periods. These are by no means favourable 
rates to be paid by the industries of a country 
bent both on increasing its production, and on 
keeping its prices at a level which will promote such 
an increase. There is, indeed, reason to think that 
in recent years the large schemes of consolidation 
and co-operative action, which have characterised 
German industry, have been carried out mainly 
with the help of borrowings from abroad. 

The report shows, in abundant detail, how the 
leaders of German industry, in some respects, actively 
supported by their Government, have worked in 
these difficult conditions. If an indication is to be 
derived from a single set of circumstances in regard 
to the entire German industry, perhaps it may be 
found best in the figures of unemployment, measured 
in the report by the number of persons in receipt of 
unemployment relief. At the beginning of last 
March, these persons formed about 80 per cent. of 
the number then applying for work at the labour 
bureaux, who presumably constituted the unem- 
ployed population. In February and March of 
1926, relief was being given to over two million 
persons, but by July of the past year, the number 
had fallen to under half a million. The significance 
of the figures depends, of course, on the number of 
persons engaged in industry. It happened that a 
census of industry was taken in 1925, from which 
it appeared that 32 million persons were engaged 
in business, out of whom about 19 million were 
wage-earners. If the situation in our own country 
can be regarded as any criterion, last July’s overall 
unemployment rate of under 3 per cent. appears 
to be exceedingly low. This figure, however, falls 
very short of representing the real achievement of 
German industry, for apparently a very large num- 
ber of persons have been introduced into it in 
recent years. The previous census was taken in 
1907, and then showed that the number of persons 
engaged in business within Germany’s present 
frontiers was 25 million. -Assuming that in 1907 
wage earners stood in the same ratio to the total 
number of persons engaged in business as they do 
now, the number of wage earners has been increased 
in the interval between the two censuses by a 
number approaching four million persons, an increase 
of about 25 per cent. As nearly as can be estimated 
from available information, the growth of the 
entire population cannot have been as much as 
15 per cent. These figures show, therefore, that 
German industry not only is doing more than ever 
to support the population of the country, but that 
its present production must at least be comparable 
with her pre-war output, if not indeed greater, 
especially when regard is had to the fact that in 
industries where the point has been tested, it is 
shown that the output per worker has increased 
considerably. 

The most immediate concern of this country with 
Germany, and in particular of the engineering trades, 
is in respect of its exports. It must, however, be 
remembered that, now as heretofore, Germany lays 
great stress on the importance of retaining its home 
markets for itself. In the engineering trade, for 
instance, it is said that normally it has an assured 
home market for 80 per cent. of its output. With 
this assurance, coupled with the support of workers 
in the industry and their trade unions, it is relieved 
from the two principal risks that attach to invest- 
ment in improved plant, and it has been able not 
only to avoid the necessity of increasing its prices 
in its home markets, but also to make substantial . 
increases in its exports and decreases in its imports. 
In 1925, for example, its imports were valued at 
more than 178 million pounds above its exports, 
whereas, in 1926, figures show that exports exceeded 
imports by over 6 million pounds, and according to 
many German experts the correct figures show a 
much higher difference. This change is particularly 
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marked in Anglo-German trade. In 1925, Germany 


imported from the United Kingdom rather more than | 


she exported to her. 
imports were barely half what they had been in the 


In 1926, on the other hand, | 


previous year, while exports had much more than | 


doubled, and, in the case of iron, semi-finished 
products had quadrupled itself. 


In these figures, | 


moreover, the direct coal trade between the two | 


countries seems to have played only an insignificant 
part. Mr. Thelwall, indeed, seems somewhat to 


understate the disadvantage at which this country | 


is placed in its trade with Germany, when he remarks | 


that the figures indicate substantially the same 
tendency in the movement of trade between the two 
countries as before the war, for whereas in Anglo- 
xerman trade the value of imports into Germany 
was then more than 70 per cent. of the value of 
exports to the United Kingdom, the ratio in 1926 
was less than a half. In the highly important 
market of Australia, again, German competition 
has had a particularly striking effect. 
from Germany into Australia have increased in the 
last three years by about the same amount as the 
exports from this country have decreased. German 
progress, again, in the iron and steel industries 
appears to have been uninterrupted. In 1926, its 
production, with only about half its furnaces in 
blast, is said to have been as great as before the war, 
and the amount of molten metal that it converted 


into steel was three times as much as in the United | 


Kingdom. In spite, moreover, of the losses in 
Lorraine, Luxembourg and the Saar, its present 


steel capacity is estimated at nearly as much as its | 


production in 1913, and in March of last year was 
employed almost fully. 


Without following individual industries into the | 


details of their progress, it is possible to remark 
some general influences, which seem to have affected 
all or most of them. More than ever, they have 
attempted measures of co-operation within most 
industries. Such measures are to be found in 
the steel, chemical, wire-rope, wire, tube, wagon, 
machinery and other industries, and so far they 
would seem to have answered their purpose. Their 
details vary, but one or another seems to have 
profited by having unified its finance, provided 
co-operatively for depreciation and replacement of 
plant, bought co-operatively, specialised and stand- 
ardised, grouped its administration and its sales, 
and in other ways sought the benefits of co-operative 
working. In organisation, again, only men of high 


technical competence seem to be employed in the | 
direction and administration of technical enter- 
prises, and are not, as too often they are in this | 
country, merely expert advisers whose advise is as | 
often as not’ disregarded. 
which seems common to all or most of these move- 


Another characteristic, | 


The exports | 





Fic 1. Work IN PROGRESS. 





Fig. 2. ELEVATION LOOKING UP STREAM 
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Water Surface 
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| ments, is that they have not been used to advance 


prices, even when, as the time of the British coal 
strike, there was every opportunity to do so. It 
cannot well be doubted that these measures would 
have been impossible but for the assurance of the 
home market, and the helpful attitude of labour. 


| The trade unions and workers’ councils take an 


active part in the life of industries, and exercise a 
considerable influence both on legislation and on 
administration. This influence seems, however, to 
have been used to enable industries to take advan- 
tage of their opportunities. Differences in regard 
to wages are usually settled by agreement or 


| arbitration, piecework has been introduced wherever 
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possible, little or no restriction is put on the number 


of automatic machines a man may serve, and the 
workers’ councils settle any question of overtime 
readily and sensibly, when its importance 135 
impressed upon them. 
Finally, there appear to be few German industries 
which have not reason to be grateful to those who 
so opportunely kept down British competition for 
the greater part of the year 1926. The remarkable 
increases during that period in the output of pig- 
iron and of steel, which appears during the year 
1927 to have been maintained or augmented ; the 
increase in the production of tin-plate during the 
last part of 1926 to half as much again as 1t was 
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MULTIPLE ARCH DAM AT LAKE PLEASANT, 


ARIZONA. 
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in 1925; the change of the position of the coal 
industry, from a state in which the granting of 
Government assistance was under consideration, to 
one in which the railways and harbours found it 
difficult to cope with shipments ; the doubling of coal 
exports and of the volume of goods shipped from 
German ports ; the substantial increase in the traffic 
on inland water-ways and the profit of 5,000,000/. 
from the working of the German railway companies, 
Which its managing director attributes to the 
British coal stoppage, are all benefits which Germany 
has reaped from that event. It is not our intention 
of embarking upon a discussion of the contested 
allegation that the coal strike was in fact inspired 
with the object of bringing such disaster on the 
British coal industry, and perhaps on British 
industry in general, as would provide notorious 
Political adventures. The fact that some little 
while earlier this object had been expressly avowed 
by persons who were active in promoting the strike 
does not show that others concerned in it may not 
also have had such aspirations. The present report, 
however, gives a striking confirmation of the 
conclusion suggested by many similar chronicles 


from abroad, that if the strike had been planned | 


with that treacherous purpose, it could not have been 
More opportune, and, for the time being, more 
effective, 








Fic. 7. DowNnstrEAM SIDE. 


In the picture of German industries given by this 
report, the coal strike is, however, only a fortunate 
incident. The economic progress they are making 
is the result of an active programme of reconstruc- 
tion and progress, framed with the object of utilising 
all available forces within each industry, and 
minimising internal friction between its constituent 
elements. It may not be the policy of British 
industries to enter into obligations involving inter- 
national control, or to adopt the precise mechanism 
by which Germany is co-ordinating the operations of 
her own industries with those of her neighbours. The 
success of these measures so far seems, however, 
to show that at least some extent of international 
understanding within each great industry is desir- 
able in the interest of all countries concerned. The 
wisdom of those who lead British industries is not 
likely to be blind to the advantage of such under- 
standings, and may be expected to use any occasion 
for promoting them by which the industries of their 
own and other countries may be relieved from the 
non-productive expenditure of their resources. The 
spirit in which German industrialists seem to have 
approached the problems of co-operative organ- 
isation within their own territory, shows a clear 
sense of the value to be attached to such relief. 
To such extent as it may be found practicable 
to extend it to international production, it 








should help to enlarge the markets of the world, 
and to stabilise the production of each manu- 
facturing country. 





HIGH MULTIPLE ARCH DAM AT 
LAKE PLEASANT, ARIZONA. 


Tue Lake Pleasant Dam, the highest multiple 
arch dam built up to the present time, has recently 
been completed on the Agua Fria River in Arizona. 
The Lake Pleasant Dam forms a reservoir of 8 miles 
length, and has a capacity of 173,000 acre-ft. The 
water will be used for the irrigation of 40,000 acres 
of land situated about 30 miles west of Phoenix, the 
capital of the State of Arizona. The land will be 
planted mostly in citrus fruit and cotton. Some 
hydro-electric power will be developed in a power 
plant built between two of the buttresses. The dam 
is shown during construction in Fig. 1, a general 
elevation being given in Fig. 2, and details in 
Figs. 3 to 5 on page 158. Views of the finished 
dam are reproduced in Figs. 6 and 7, above, the 
former being from the up-stream side and the 
latter showing the down-stream face. The maxi- 
mum height of the dam above bed rock is 256 ft. 
The length at the crest is 1,560 ft. In addition there 
are 650 ft. of cut-off wall and earth embankment, 
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CONSTRUCTED BY SIR W. 


MOTOR-CAR AXLE LATHE. 


G. ARMSTRONG WHITWORTH AND COMPANY, LIMITED, MANCHESTER. 


(For Description, see opposite Page.) 
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Fig. 2. LAYOUT FOR DIFFERENTIAL SHAFTS. NICKEL CHROME STEEL. 
r PRODUCTION TIME 7MINS. 
































Fig. 3. LAYOUT FOR DIFFERENTIAL AXLES. NICKEL CHROME STEEL. 
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so that the total length is 2,210 ft. 





The struc- | 
ture contains approximately 103,000 cub. yds. of | 


s006) =I 


requires special means for stif- 
fening purposes. Horizontal 


concrete, 2,160 tons of reinforcing steel, and it | braces between the buttresses as 
required 1,800,000 sq. ft. of forms. A spillway of | used for many other multiple 
a capacity of 135,000 cub. ft. per second is located | arch dams, were not considered 
about one quarter mile away from the main struc- | suitable, especially in view of 
ture. The dam and spillway, including all excava- | the length of the dam and also 
tion, were constructed in less than 18 months of | on account of the influence of 


PRODUCTION 64 MINS. EACH. 
































Fig.4. LAYOUT FOR BEVEL oe SHAFT. 


NICKEL CHROME ST: ; 
PRODUCTION TIME 74 MIN§ 













time. The total cost of the dam and appurtenant | temperature changes which tend 


works was approximately 3,000,000 dols. 

The Lake Pleasant Dam is of the improved 
multiple arch type with double-wall buttresses.* 
These are spaced 60 ft. on centres. There are 26 | 
arches and 27 buttresses. The arches have a clear | 
span of the intrados of 44 ft. The outside of the 
buttress walls is vertical so that the span of the | 
intrados of the arches is uniform from top to bottom. | 
This facilitated greatly the erection of the forms 
for the arches inasmuch as the arch centering could | 
be readily moved up for every new lift of concrete. | 

The intrados of the arches is three-centred. | 
The extrados is circular for nearly the entire height | 
of the dam. The radius of the extrados increases 
from the crest down in proportion to the increase | 
of the arch thickness as necessitated by the increase 
of the water pressure. At the crest of the dam 
the arch barrel is closed by an inclined slab of | 
2 ft. thickness. A perapet wall 3 ft. high above | 
the top of the arch barrels serves as a wave cope. | 
The arches of the Lake Pleasant Dam are on a| 
slope of about 47 deg. with the horizontal. The | 
weight of the water overlying the sloping upstream | 
face of the dam wiil give the structure the necessary | 
weight for a sliding factor of 0-75. 

One of the main structural features of the dam is | 
the double-wall type of buttresses. On account of | 
the great height the lateral stability of the buttresses | 








* See “Improved Type of Multiple Arch Dam,” by 
Fred. A. Noetzli, Transactions Am. Soc. C.E. vol. lxxxvii 
(1924), p. 342. 


to shorten and lengthen these 
braces. In the Lake Pleasant 
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Dam each pier consists of two 
walls spaced 16 ft. outside to 
outside. The two walls of each 
buttress pier are connected by 
cross walls so that each pier 
may be considered as consisting 
of a combination of vertical 
H-columns. In the lower parts 
of the dam below stream bed 
the buttresses are solid and of a 
uniform thickness of 16 ft. 

The arches are 18 in. thick at 
the crest and 7 ft. thick at a 
depth of 200 ft. The thickness 
of the buttress walls is 18 in. at 
the crest and 5-4 ft. each (together, 10-8 ft.) at the 
200-ft. depth. The maximum stresses* in the lowest 
arches due to full water pressure, rib-shortening, and 
a drop of temperature of — 15 deg. F., are approxi- 
mately 650 1b. persquare inch. The maximum stresses 
in the buttresses are 450 Ib. per square inch. The 
concrete of the arches is of a1: 2: 4 mixture; that 


(30am) 


| of the buttresses is in the proportion of 1: 2}: 5. 


Arches and buttresses are reinforced with steel bars. 





* A convenient method for computing the stresses in 
the arches and buttresses of multiple arch dams is given 
in Chaps. II and ITI, Part IV of the eighth (1928) edition 
of Wiegmann, The Design and Construction of Dama. 
Chapman and Hall, Limited, London. 
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The bedrock on which the dam is founded consists 
of strata of basalt. In some places layers of lava 
ash and riolitic tufa were encountered, necessitating 
deep cut-off work. In the highest part of the dam 
the foundation of one of the buttresses extends to 
a depth of 86 ft. below the stream bed. Near the 
east abutment, where porous strata of riolitic tufa 
were encountered, a cut-off trench along the arches 
was carried down to a depth of 90 ft. below the 
surface of the ground. Wherever seamy rock was 
encountered, grout holes were drilled from 10 ft. 
to 20 ft. into the bedrock. After the dam was 
completed and water had accumulated in the 
reservoir to a depth of about 110 ft., cement grout 
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MOTOR-CAR AXLE LATHE. 


CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH AND COMPANY, LIMITED, MANCHESTER. 


Fig.5. LAYOUT FOR MOTOR CAR CAMSHAFTS. 
“AS CARBON STEEL. PRODUCTION TIME @ MINSEACH. 



























Fig.6. LAYOUT FOR AUTOMOBILE WORM SHAFTS. 
3% NICKEL CASE-HAROENING STEEL STAMPING. 
PRODUCTION TIME 18 MINS EACH. 
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was forced into these holes under a pressure up to 
125 lb. per square inch. It was found that while 
some holes took hardly any grout at all, others took 
one to two sacks of cement, and several up to 
15 sacks of cement. In one instance, grout was 
forced through a crevice in the rock for a distance 
of 200 ft. up-stream into the reservoir site. The 
grout was kept under constant pressure for several 
hours so as to give it time for setting and hardening. 
As a consequence of these thorough grouting 
operations the leakage under and around the dam 
has been very small. 

The arches and buttresses across the river-bed 
were first built up from the foundation to an eleva- 
tion of about 10 ft. above low water. They were 
left at that elevation until the rest of the dam 
was built to practically the full height. Several 
floods passed over these low arches during the 
construction period without doing any damage. 
One of these floods attained a maximum peak of 
approximately 70,000 cub. ft. per second. 

The concrete in the arches and buttresses was 
poured in vertical lifts of 8 ft. each. Panel forms 
were used throughout. Most of these panels could 
be re-used from six to eight times each. The 
buttresses were always built up from 20 ft. to 
30 ft. higher than the arches, and thus served as 
Supports for the successive lifts of the forms for 
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the arches. The arch centering was of structural steel. 
Three steel arch ribs, spaced 8 ft. apart vertically, | 
and suitably braced to form a cage, were supported | 
by rails anchored to the sloping up stream face of | 
the buttress walls. The arch panel forms were | 
Supported by the steel arch ribs, and properly | 
aligned and held in place by tie wires and wedges. | 
For moving the forms for a new lift, the wedges | 
were loosened, the steel rib-cage pulled up along | 
the sloping track, the lowest panels stripped from | 
the concrete face and lifted into the higher | 
position. 


The concrete was 
mixed in a central 
mixing plant located 
approximately in the 
centre of the dam. 
Sand and gravel were excavated from the river- 
bed below the dam by means of a drag-line. The 
concrete materials were thoroughly washed and 
screened to four different sizes. The largest size 
aggregate was that passing a 6-in. screen. Larger 
boulders were crushed to the required sizes. The 
concrete was specified to have a strength of 2,000 Ib. 
per square inch for the arches, and 1,800 Ib. per 
square inch for the buttresses. The amount of 
cement and aggregate, and the water-cement ratio 
of the mixture, were determined on the basis 
of this specified strength at the age of 28 days. 
From the mixing plant the concrete was hoisted 
in steel towers and distributed over the entire 
length of the dam by means of chutes suspended 
from cables. On account of the great length of 
the dam, three hoisting towers were necessary, one 
308 ft. high and the others of a height of 285 ft. 
and 140 ft. respectively. 

The dam was constructed by Mr. Carl Pleasant, 
under the superintendence of Mr. J. G. Tripp, Mr. 
C. E. Griggs being chief engineer of the Irrigation 
District. Mr. Fred A. Noetzli, to whom we are in- 
debted for the foregoing particulars, was consulting 
engineer to the constructors. 
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MOTOR-CAR AXLE LATHE. 


A LATHE of the centre-drive type, primarily designed 
for turning motor-car axles, is illustrated in Figs. 1 to 
1l above and on page 168. The machine, which is 
manufactured by Messrs. Sir W. G. Armstrong, Whit- 
worth and Company, Limited, of Openshaw, Man- 
chester, is arranged to carry groups of tools on four 
slides, so that the time required for complete machining 


| may usually be reduced to that required for the longest 


single cut. The general lay-out of the machine is a 
simple one, as will be clear from the partial longitudinal 
section shown in Fig. 1, and the general views given in 
Figs. 9 and 10 on page 168. The bed is of the inverted 


V type, carried on two standards and provided with | 
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a tray and suds pump. The drive is by single pulley 
through a gear-box giving headstock speeds of 170, 
208, and 250r.p.m. As indicated in Fig. 1, the gear-box 
is cast integral with the bed, making a very rigid 
job. The gear wheels are hardened and run in oil, 
and the shafts and pulley are carried in ball bearings. 
The main-drive shaft lies along the centre of the 
bed. 

The central headstock is driven by a pinion, running 
in an oil bath, carried by the main shaft and gearing 
with a spur wheel on the headstock spindle, as shown 
in Fig. 1. The spindle, which has a 33-in. diameter 
hole through it, is carried in two phosphor-bronze 
bearings, its right-hand end being flanged to take the 
driving chuck. The portion of the chuck secured to 
the spindle, transmits the drive to the work-holders 
through two slotted plates, an arrangement which allows 
movement in any direction, so that the chuck can 
accommodate itself automatically to any inequalities 
in the axle. One of the halves of the floating member 
of the chuck is provided with two screws, with hardened 
serrated ends, which can be set to suit different 
diameters of axle. The other half is hinged, and it 
carries a hardened rectangular jaw operated by a 
screw and chuck key. When closed, this half of the 
chuck is held down by a spring catch, and the axle is 
secured by tightening down the rectangular jaw. The 
arrangement, when once set for any size of axle, 
accordingly requires the turning of only one screw to 
grip the work. 

The feed change gears are carried at the right-hand 
end of the machine and provide for feeds of 50, 65 
and 80 cuts per inch, the saddles being driven by a 
feed shaft carried along the front of the bed. This 
shaft operates a pinion by means of a worm and worm 
wheel, the pinion gearing with a rack fixed to the bed. 
The tool slide of each saddle is arranged with hand 
and machine cross-traverse motion in either direction, 
and is formed in a single piece wide enough to carry both 
the front and back tool block. Stops are provided for both 
the longitudinal and cross traverse. Two diameter stops 
are fitted on each saddle, one for the front rest and 
one for the back rest. The longitudinal stops are 
carried by two flat bars clamped to the bed by box- 
shaped brackets, which can be seen in front of the 
loose headstocks in Fig. 9. These bars, which can be 
adjusted tor position, carry trips, and these throw out 
the feed gear by means of the trip links, which can be 
seen, fixed to the left-hand side of the saddle aprons, 
in Fig. 9. One stop in each block is arranged to 
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position the saddles when commencing the cut. Swing- 
over stops with adjustable screws are provided to 
locate the rests for the forming or recessing operation. 
A slipping clutch is provided on the feed shaft as a safe- 
guard against overrunning. 

The tools are held in detachable and interchangeable 
blocks, which are attached to the cross-slides by two 
studs. The arrangement allows of a rapid change of 
tooling when the type of work has to be changed, the 
whole operation occupying some 15 minutes. The tool 
blocks, with their tools set out for machining nickel- 
chrome steel differential shafts, are shown in Fig. 2. 
The studs by which the blocks are secured to the cross- 
slides are clearly shown in this figure. As indicated, 
the operations illustrated give a production time of 
seven minutes. Fig. 2 also illustrates the taper-turning 
arrangement. For this work, sliding tool holders are 
used, fitting into slots in the tool block. The outer 
ends of these tool holders are pin-connected to further 
blocks which slide on the taper turning-bar. This bar 
is fixed, at the desired angle, on to the feed trip bar, 
which, as already explained, is secured to the bed by 
a box-shaped bracket. As the feed trip bar is 
stationary, the effect of the arrangement is that, as the 
saddle is traversed, the tools move in or out, in accor- 
dance with the predetermined taper. The taper- 
turning bars can be seen in position on the feed trip 
bars in Fig. 9. Two further tool lay-outs are illus- 
trated in Figs. 3 and 4. The first of these is arranged 
for the production of a nickel-chrome steel differential 
axle in 64 minutes, and the second for the machining 
of a nickel-chrome steel bevel differential shaft in 74 
minutes. The figures make the operations sufficiently 
clear for further description to be unnecessary. 

A modification of the axle shaft lathe is also built 
in the form of the machine illustrated in Fig. 11 on 
page 168. This lathe is identical with the other model 
with the exception that the drive is at one end instead 
of at the centre, and a single loose headstock is used as 
in usual practice. A view taken from above showing 
the tool boxes of this lathe set up for machining a 
camshaft is given in Fig. 12. The middle part of the 
camshaft is supported by a three-point roller steady 
which is shown open in Fig. 12. The tooling of 
this job is arranged to rough out the space between 
the cams and face down the sides. The fork tools 
shown are used for breaking up the surface between 
the cams, and turning them nearly to size. When 
this operation is completed, the form-tools shown on 
the rear blocks, are fed down the sides of the cams, 
trimming them off, and at the same time forming 
the space between them. The reversible cross-traverse 
used for this job, and already referred to in connection 
with the axle lathe, is obtained by means of a drop 
worm and worm wheel, with stops and automatic trip 
action. 

Layouts with machining times for various jobs carried 
out on this end-drive lathe, are illustrated in Figs. 5 
to 8 on page 161. In view of our general description 
of the machine, these will be self-explanatory and do 
not require detailed comment. 





POWER-GAS FROM SEWAGE- 
SLUDGE.* 


By F. C. Voxrs, B.Sc., and C. B. Townenp, B.Sc., 
Assoc. MM. Inst.C.E. 


At the works of the Birmingham, Tame and Rea 
District Drainage Board, 400,000 tons of crude sludge, 
containing 8 per cent. of dry solid matter, are dealt 
with each year by the separate digestion of sludge 
process. The crude sludge is pumped into tanks set 
apart for the purvose. At the Saltley works are 
situated the primary digestion-tanks, in which the 
sludge is retained for three months. It is then 
pumped to the secondary digestion tanks at a works 
more than 4 miles away. The sludge is retained in 
these tanks for a further period of two months, after 
which it is pumped on to drying beds. At this stage, 
it contains about 12 per cent. of dry solid matter. 

During the process of digestion, about 25 to 33 per 
cent. of the dry solid matter is converted into a gas 
composed of 67 per cent. of methane, 30 per cent. of 
carbon dioxide, and 3 per cent. of nitrogen, having a 
calorific value of about 623 B.Th.U. per cub. ft. Most 
of this gas is given off in the primary digestion tanks, 
of which the total capacity is 147,000 cub. yd. Hitherto 
it has all escaped to the atmosphere. 

In 1921, Mr. John D. Watson, M.Inst.C.E., constructed 
a plant at the Colehall works of the Board, where a 
34 brake horse-power gas engine driven by sludge gas 
has been in daily use ever since. In 1925, the engineer 
to the Board, Mr. H. C. Whitehead, Assoc.M.Inst.C.E., 
had an exhaustive investigation made of this plant, 
to determine what amount of power might be expected 
from the much larger quantities of sludge available 

* Abstract of a paper read before the Institution of 
Civil Engineers, on Tuesday, February 7, 1928, 





might there be collected economically was taken as 
100,000 cub. yd. The results of this investigation are 
given in the table below. Mr. Whitehead commenced by 
installing at the Saltley works a 150 brake horse-power 
vertical gas engine, a 100-kw., 4,000-volt alternator, 
and 144 floating gas collectors, each 20 ft. by 10 ft. 
The success of the scheme depended upon the design 
and construction of a cheap and efficient type of gas 
collector. 

The problem of collecting gas from a sludge-digestion 
tank cannot be solved by roofing the tank completely, 
on account of certain serious difficulties. The principle 
of the floating type of collector of moderate dimensions 


Primary Sludge-Digestion Tanks at Saltley Works. 
Total Capacity, 147,000 cubic yards. 
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was determined as the best to adopt, and experiments 
were carried out to observe the behaviour, under 
practical conditions, of the more suitable materials 
for construction. As a result of these experiments, 
it was decided to install a floating reinforced-concrete 
gas-collector for use with the first unit of the scheme, 
on account of low initial and maintenance costs, and 
efficiency in gas collection. The form adopted for the 
design was that of a raft, 20 ft. long by 10 ft. wide, 
bounded by vertical sides, extending 2 ft. above the 
raft and 2 ft. below, forming two open compartments, 
the lower for the collection of gas and the upper for 
providing the necessary displacement to float the mass. 
The gas is drawn off from a pyramid formed on the 
centre of the raft. The size of the collector is limited 
by its maximum permissible weight, which is about 
8 tons in this case. When finished, a collector is slung 
by chains clamped to long bolts embedded in the four 
corners, lifted off the core mould by an overhead crane, 
and carried horizontally for lowering in the sludge. 
The mixture of concrete used is four parts of aggregate 
to one part of ciment fondu. The collector is raised and 
launched when only 22 hrs. old, the two sides then 
acting as beams, 20 ft. between supports, and each 
sustaining a dead load of nearly 4 tons. An output 
of one collector per diem, from two moulds only, has 
been maintained. The collectors are coupled in three 
blocks of 48 each, to give an estimated yield of 
16,000,000 cub. ft. of gas per annum. 

The plant was officially put into service on Sep- 
tember 29, 1927, and has been running daily on full 
load since. The engine, as supplied by the makers, is 
quite standard, but certain adjustments have been made 
to suit the peculiarities of the gas. 

Under the favourable conditions existing on the 
Board’s works, the estimated production cost of current 
is 0-49d. per unit, effecting a net saving of over 1,000. 
per annum for the first unit. The estimated cost of 
gas production, on the basis of 16,000,000 cub. ft. per 
annum from this unit, is 74d. per. 1,000 cub. ft. of gas 
with a calorific value of 625 B.Th.U. per cub. ft. An 
abundant and cheap supply of power will seriously 
influence, if not completely control, future develop- 
ments in the purification of Birmingham sewage. The 
estimated total available output of 10 million h.p.- 
hours per annum is about five times the Board’s present 
requirements. 








WIRELESS IN MaNCHURIA.—We learn from the current 
issue of The Chinese Economic Bulletin that eleven 
wireless stations are operating in North and South 
Manchuria. Among the principal stations are those 
at Mukden, Newchwang, Changchun, Harbin, Kirin, and 
Tsitsihar, all of which are capable of communicating 
with Europe. A wireless telegraphy school, which 
accommodates over ninety students, has been esta- 
blished in Mukden. The Japanese have also erected 











NOTES ON NEW BOOKS. 


THaT there is no royal road to mathematics is as 
true to-day as it was when the adage was first 
formulated some twenty centuries ago. Mastery of 
the subject is only acquired by hard work, but the 
difficulties of the student are too frequently unneces- 
sarily increased by a lack of lucidity in the expositions 
presented to him. An excellent example of how to 
make a difficult subject both clear and interesting 
is provided by Exponentials Made Easy, which is 
published by Messrs. Macmillan and Company, at 4s. 61. 
net. The author is Mr. Gheury de Bray, whose presenta- 
tion of the subject will be read with pleasure and 
profit, not merely by the tyro but also by those who 
are already reasonably adept in mathematical studies. 
The preliminary chapter consists largely of a reprint 
from the work of the naturalist, Henri Fabre, who 
discovered that in the webs of certain spiders the 
logarithmic spiral was closely reproduced, and that 
the same geometric pattern was embodied in the 
shells of the nautilus and other molluscs. In the 
next chapter, the author explains very clearly, and 
with a wealth of illustration drawn from familiar 
concepts and processes, the meaning of the mathe- 
matical term function. The theory of indices is next 
discussed, and a selection of examples at the end of 
the chapter makes it easy for the student to test his 
comprehension of the text. In this chapter « is 
introduced for the first time. Succeeding chapters 
are devoted to an explanation of logarithms and 
radians, and these are followed by an interesting 
and original discussion of the expansion of functions. 
This completes the first section of the volume. The 
second section is devoted to showing how e crops up 
in numerous practical problems, including questions 
of probability, the error function having a whole 
chapter devoted to it. A method of analysing a curve 
in terms of exponentials forms the concluding chapter 
of the little treatise. 





In practically all cases where boring for oil is under- 
taken, the problem of dealing with underground water 
is one of major importance. Water-bearing strata may 
be penetrated above or below the oil-bearing strata, 
and most frequently brackish or salt water is encoun- 
tered. The presence of water in the oil, in most ordi- 
nary cases, is due to inadequate means having been 
provided to isolate it, or occasionally to boring opera- 
tions having been carried through the oil zone. If the 
water pressure is considerable, it will prevent oil from 
entering the borehole, but, as has already been proved 
in practice, if the water pressure can be eliminated, the 
oil will resume its flow to the borehole. _ It is essential, 
therefore, in planning a borehole for oil production to 
keep it free from water, and to arrange that in all the 
boreholes on the same oilfield similar precautions are 
taken, for the carelessness or bad organisation of a single 
borehole owner may damage not only his own property 
and that of his neighbours, but endanger the production 
of the entire oilfield. Since the expense of making bore- 
holes water-tight is often very considerable, there is the 
additional chance of negligence in carrying out the opera- 
tions due to financial causes. However, it is a matter 
for neighbouring owners or government authorities to 
see that the communtiy suffers no loss through the fault 
of the individual. Accurate records, map-sections and 
samples should be kept for each borehole, and the 
information these provide is invaluable in dealing with 
the water problem. In modern practice, the chance of 
any serious misconception arising of the character of 
the strata being bored, is greatly minimised by the 
employment of a geologist experienced in boring for 
oil, with whom the operator should work closely. 
Modern practice has produced reliable methods, with 
permanent and rapid means of controlling them, for 
plugging boreholes, and making them watertight. In 
Die Wassersperrarbeiten bei Bohrungen auf Erdol, by 
B. Schweiger ( Berlin: Julius Springer, price 9 marks), 
this subject has been dealt with very thoroughly by a 
borehole engineer of many years’ experience. We think 
no other book has hitherto been published which specia- 
lises in this important aspect of oil-well boring. Besides 
describing methods already known on the oilfields, the 
author introduces several new, but proved, ideas of his 
own, such as the employment of sand for filling large 
fissures in hard rock, especially when the water-bearing 
strata is bituminous, or the water to be isolated con- 
tains carbonic acid which would prevent cement from 
binding. A number of original designs for plugs and 
rams, for cementing holes, &c., are illustrated and 
described, as also is an apparatus for indicating leaks 
in the borehole casing by electrical means. 





In every corner of the earth, wherever one may 
wander, perhaps the most striking thing to the student 
of progress and development is the dissimilarity of the 
solutions found for general problems from those with 
which he is familiar in other places. Local conditions 





wireless stations at Dairen, Liushutun and Shahokow. 





are such an important factor in everything, that houses 
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and transport facilities, as actual examples, present 
constructional features as distinctive and peculiar as 
costume, customs and the types of artistic work that 
are most highly esteemed. Familiarity results in the 
technical specialists in the particular region accepting 
the construction usually adopted as that most suited 
to the purpose, as long as service is maintained with 
safety, economy and efficiency. Only those who have 
studied other attempts at the solution of the same 
problems elsewhere are greatly impressed with the 
variations in type, and the literature on any develop- 
ment in certain parts of the world may thus be scanty 
and scattered. This should not be allowed to remain 
the case, but we can only look to the qualified traveller 
or settler for any presentation of the facts in proper 
perspective. It is for this reason, we suppose, that so 
much interest is taken in the foreign summer meetings 
of such an organisation as the Institution of Naval 
Architects, for they enable comparisons to be made of 
shipyard methods, variations in design and the attempts 
to provide facilities for the handling and transport of 
goods of a type not commonly found elsewhere. It is 
for the same reasons, and for the information of those 
who have not travelled extensively in the United 
States, that we call attention to a very interesting book 
by Mr. A. C. Hardy on American Ship Types, recently 
published by Messrs. Chapman and Hall, Limited, 
of 11, Henrietta-street, Covent-garden, London, W.C.2, 
at a price of 21s. net. The author, a man who was 
for years associated with the shipbuilding press in 
this country before going to America, is well qualified 
for the task he set himself of classifying the various 
types of vessels, and it must be acknowledged that he 
has treated his theme in an interesting and thorough 
way, and has thereby merited the appreciation of all 
who are interested in transport development and 
progress throughout the world. Subdividing all ships 
found on American waters into four classes, viz. those 
sailing the coasts, those found in sounds and bays, 
those used in harbours, and those utilised on the Great 
Lakes and the other inland waterways, Mr. Hardy 
has provided index letters on many maps to facilitate 
reference to the class and the type of vessels employed. 
Descriptions are given in the book of the various forms 
of ships, with many illustrations, and the local condi- 
tions are referred to which have dictated the construc- 
tion adopted. Nothing but praise can be given to the 
author for the provision of this valuable addition to 
the literature of shipbuilding. 





In its original form, Professor Unwin’s Elements 
of Machine Design rapidly secured the position of 
a classic, and the prestige thus acquired has been 
fully maintained in the editions subsequently pub- 
lished under the joint editorship of himself and 
Professor Mellanby. A new and revised edition of 
the first part of this treatise has now been issued 
by Messrs. Longmans, Green and Company, at 15s. net. 
Amongst the new matter is a section devoted to 
ball and roller bearings. Both types violate Professor 
Sweet’s maxim that machine parts should be so 
designed that they cannot wear out of shape, in which 
case he maintained they would not wear much. 
If a ball bearing wears at all it is bound to wear out 
of shape, and replacement rather than repair is called 
for. The astonishing success of this type of bearing 
provides another example of the truth of the maxim 
that no rule is universally applicable. Exception 
may perhaps be taken to the relatively small space 
devoted to the Michell bearing, alternative types, 
never likely to be repeated, receiving nearly equal 
notice. High-speed spur gears are daily increasing in 
importance, and therefore make their appearance in 
the new issue. An astonishing accuracy in tooth form is 
now attainable, and frictional resistances have been 
So largely eliminated that it is possible to rotate 
backwards by hand the 700 to 1 reduction gear 
of a coal-cutting machine. The authors are somewhat 
reticent on the matter of proportioning such gears, 
confessing that, after comparing a number of them, 
they have found it difficult to give anything in the 
nature of a rule embracing all the quantities involved. 
Somewhat more emphasis should, perhaps, have been 
laid, not merely on the necessity for securing accuracy 
in the assembly of high-speed gears, but also to the 
desirability of mounting the casing so that it will 
not be distorted by extraneous straining actions. As 
M previous editions, the text is accompanied by 
humerous well-selected illustrations. The descriptions 
are clear and the formulas given reliable, whilst the 
tabular matter will, as in the previous editions, prove 
of the utmost value to the draughtsman and designer. 





The publication of Vol. VII of A Dictionary of 
Applied Chemistry. (London: Longmans Green and 
Company, Limited ; price 60s. net) completes the 
revised and enlarged edition of this useful compen- 
dium, the first volume of which appeared in 1921. 


the duties of editor, Sir Edward Thorpe having died 
in February, 1925. The seventh volume, dealing with 
the letters T (from thallenite) to Z (zymurgy) con- 
cludes with an index to the whole volume prepared 
by Miss F. M. G. Micklethwait, F.I.C. The index is by 
no means too long, and forms a very essential addition 
to the volumes. It is particularly useful because, in 
some respects, the character of a dictionary has not 
been maintained to the fullest extent. <A dictionary 
must, like a text-book, be compiled by competent men, 
but the reader is entitled to expect, in addition, that 
matters shall be presented in a form for easy and 
convenient reference. Space considerations call for 
restrictions, of course, but entries should not be 
stinted. Theory has been excluded of necessity, but 
definitions of iodine number or value, hydrogen-ion 
concentration and softening point might well have 
been given. Atomic number is mentioned only in the 
excellent article on radiology, and the new elements 
hafnium and celtium are only referred to under zirco- 
nium. Those elements, however, are technically un- 
important. But some articles cannot be said to have 
been brought up to date. Flotation, and anti-detonators, 
such as lead ethyl, which are not mentioned at all, have 
been with us for a number of years, and the very scanty 
references to tungsten nitride (1889 is the most recent 
date) are quite unsatisfactory. There are a few para- 
graphs on greases in vol. iii, and the article on 
lubricants in vol. iv, gives further information, but 
there is no cross reference. Vacuum production and 
pumps chiefly concern the physicist and engineer ; but 
the chemist might expect references to chemical methods 
of perfecting vacua. The article on steam in vol. iv is 
supplemented in a long, but commendable, article on 
water in vol. vii, which contains a further article on 
water softening. But these, as several other compre- 
hensive articles, might open with a brief indication of 
the subdivision adopted. If it was necessary to give 
a list of journals consulted, it may be asked why that 
of the Institution of Petroleum Technologists should 
have been overlooked. Everybody knows, however, 
that the preparation of a technical dictionary has 
become a truly formidable task for all concerned, the 
editor, compilers and publishers, and we readily 
acknowledge that the seven volumes form a very 
valuable addition to the library of anybody interested 
in applied chemistry. 





Every boy is an engineer at heart, to the extent at 
least that he is impressed sufficiently by the size and 
appearance of locomotives, bridges and Titan cranes 
to be interested in looking at photographs of these pro- 
ducts, and of being told, in not too technical language, 
how they work. The conscientious parent will find some 
useful lecture notes, which can be applied for this pur- 
pose, in the Wonder Book of Engineering Wonders, 
which is edited by Mr. Harry Golding (Ward, Lock 
and Company, Limited, price 6s. net). A successful 
attempt is made to cover the whole field of engineering, 
and considering the class of reader for which it is 
intended, emphasis is justly placed on illustrations of 
the more spectacular results of engineering skill. Size 
is- therefore in the ascendant, though something is 
said about automatic telephony. There is a useful 
chapter on the elements of engineering, in which 
the lever, the screw, the wedge and the wheel and axle 
are discussed in simple language, and something is 
said about drives and gearing. For the most part, 
however, information is given by example rather than 
precept, the numerous photographs being accom- 
panied by simple well-written descriptions. The book 
will be an acceptable present to the average boy. It 
is extraordinarily up-to-date. 





GENERAL RAILWwAay STATION, MUKDEN, MANCHURIA.— 
Through communication for passenger and goods traffic 
between the Pekin-Mukden and Mukden-Hailung Rail 
ways, was inaugurated on December 19 last. In order 
to facilitate further developments, it has been decided 
to build a large new general railway station at Mukden, 
at an estimated cost of 450,000 dol. We understand 
from a recent issue of The Chinese Economic Bulletin 
that the contract has been awarded to a German firm, 
and that the work is to be completed in two years. 


TREVITHICK’s CoTTAGE.—We have been informed that 
Mr. James Olivey, owner of the cottage at Penponds, 
near Camborne, where Trevithick was born and lived, 
has offered to place it in the hands of a trust for preserva- 
tion as a memorial of the great inventor. It will be 
necessary to raise a small sum of money, some 2001. to 
300/., in order to give effect to the generous offer of the 
owner, who is ready to transfer his entire interest in the 
property, subject to a few simple conditions. The sug- 
gestion is that the whole of the front portion of the 
premises, which are practically in their original state, 
shall be devoted to an exhibition of Trevithick’s inven- 
tions. If room can be found, examples of the furniture 
and household appliances and farming and fishing imple- 
ments, more or less. peculiar to Cornwall, which are 
yearly becoming more difficult to obtain, will also be 
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THE SALVAGE OF T.S.S. ‘“* NAGARA.’’ 

WE have more than once in these columns commented 
on the fact that salvage operations often demand an 
exercise of ingenuity and a capacity for improvisation 
which are rarely called for in the more stereotyped 
branches of engineering. The example forming the 
subject of the present article is no exception, and the 
way in which a large steamer, sunk in a collision, has 
been raised, patched with reinforced concrete, and 
brought back some 6,300 nautical miles under her own 
steam, presents, we submit, many points of interest 
worth recording. The vessel concerned is the twin- 
screw steamer Nagara, belonging to Messrs. the Royal 
Mail Steam Packet Meat Transports, Limited; she is 
430 ft. long between perpendiculars, 61 ft. 4 in. broad, 
38 ft. 6 in. deep, and has a gross tonnage of 8,803. 
The holds are insulated for meat carriage, and the ship 
has a cellular double bottom. 

The collision occurred just before 11 p.m. on Sep- 
tember 28, 1927, off the Argentine coast. The other 
vessel involved was the steamer Crofton Hall, not 
greatly differing in size from the Nagara, beiug, 
according to Lloyd’s register, 405-2 ft. long, 52-1 ft. 
broad, and 27-9 ft. deep. We illustrate both the extent 
of the damage and the nature of the repair by Figs. 1 
to 7, on page 164 and 165. Fig. 2 shows that the 
Nagara was struck on the starboard quarter in No. 3 
hold, just forward of the bridge, a large vertical 
rent being made in the sheer strake and the two 
strakes adjoining. Lower down were several hori- 
zontal ruptures, including a serious long one just 
above the bilge keel. Aft, on approximately the 
same level as this latter rupture, was another in 
way of the boiler-rooms. Some damage was done to 
stanchions and other deck fittings for a considerable 
distance aft from the rent, and the seaward side of 
the second officer’s accommodation under the bridge 
was crushed in. 

From Fig. 2 it will also be seen that a cross-bunker 
is situated aft of the water-tight bulkhead at frame 
107, which marked the limit of the long under-water 
rupture referred to above. No. 3 hold was, of course, 
at once flooded, the water reaching a depth of about 
30 ft.; later the cross-bunker, engine-room, and 
boiler-room became so, while the water attained a 
depth of 19 ft. in Nos. 4 and 5 holds, and 8 ft. 6 in. 
in No. 2 hold. The ship, about a couple of hours 
after the collision, settled down on the bottom, 
the water, fortunately, being shallow enough to 
prevent complete submersion. Communication was 
established with Buenos Aires, and, by midnight on 
September 30, lighters and tugs had arrived and the 
discharge of water commenced, the tugs supplying 
steam to the salvage pumps. The underwater holes 
were plugged as far as possible by a diver, and by 
increasing the number of pumps drawing from the 
engine room the steamer was refloated at 4 p.m. on 
October 5. 

For the last few days the weather had been very 
troublesome, recurrent changes of wind necessitating 
a constant shifting of the lighters and tugs from one 
side of the ship to the other, as it was impossible to 
work to windward. On October 6, steam connections 
were made to the ship’s own pumps, and, by the 
evening of that day, the water had been reduced to a 
depth of 1 ft. over the floor-plates. After much delay 
from bad weather and further patching of the under- 
water holes, the ship was towed alongside the wharf at 
La Plata, and the task of discharging the spoiled meat 
cargo from the damaged area commenced. The meat 
had, of course, begun to decompose, owing to the stop- 
page of the refrigerating machinery and the access of 
air, and, as the lower holds were still partly flooded, 
the clearance of the ship was a very unpleasant opera- 
tion for all concerned. By November 4, the Nagara 
was lightened sufficiently to proceed to Buenos Aires 
under her own steam. Here the damaged plates above 
the water-line were cut away by oxy-acetylene burners, 
and the under-water holes were plated over in dry dock, 
which was left on December 3. 

In the meantime, the question of a repair of a suffi- 
ciently permanent character to enable the ship to return 
to England had been considered, and a reinforced- 
concrete shell continuing the hull structure had been 
decided upon. This work was entrusted to Messrs. 
Ronnow and Bisgaard, Buenos Aires, acting under a 
firm of consulting engineers, and was commenced on 
December 5 and completed on December 23. Five 
days later, after coaling at La Plata, the Nagara sailed 
for London in a light condition. The voyage home 
was made in fair weather at a speed of 10 knots, and 
the patch showed no signs of weakness at any time. 
Since the structure of the ship had been very seriously 
interfered with in a longitudinal direction, the method 
of repair adopted would seem to have been very effec- 
tive, and, as it is one which may be carried out in 
ports where no regular ship-repairing facilities exist, 
a description of it may not be without utility, apart 
from its interest. 





In the first place, the extent of the patch should 
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be realised. Fig. 1 reproduces a photograph of the 
Nagara, with the external shuttering in place over the 
hole formed by the cutting away of the damaged plates 
above the water line, while Fig. 5 gives a cross-section 
of the upper portion of the vessel looking aft, and show- 
ing the ferro-concrete wall. The point we wish to empha- 
sise here is that although both Figs. 1 and 5 show only 
that part of the repair above the water line, the ferro- 
concrete wall was carried right down to the bottom of 
the ship, the bilge being filled up to the edge of the 
double bottom. As, however, the form of construction 
adopted at this part is practically the same as that 
above water, it does not require special illustration 
or description. The underwater holes had, as above 
stated, been repaired in dry dock, and the plating was 
left in position and was reinforced by the concrete wall. 
Fig. 1, then, is, to some extent, misleading as to th 
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actual amount of the concreting, about 350 tons being 
used altogether in building the wall from bilge to deck. 
This figure includes about 25 tons of iron bar. 
Referring again to Fig. 1, it will be noticed that the 
shuttering is not carried up to the deck level, but that 
four deep channel irons are riveted to the plating at 
each end. Another pair of channels is similarly 
fitted on the deck, the grouping of the whole six being 
clearly seen at the top of Fig. 5. This arrangement 
was, of course, adopted to meet the longitudinal 
stresses, though the arrangement of the reinforcing 
bars must have contributed to this also. Following 
the line of the ends of the channel bars down the side of 
the ship in Fig. 1, numerous horizontal groups of rivets 
can be distinguished, the purpose of which is clear 
from Figs.6 and 7. Pieces of 6 in. by 4 in. angle, 21 in. 
long, were riveted horizontally, at a vertical pitch 
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of about 10 in., to the original plating on each side of 
the gap. In the projecting 4-in. flanges five holes 
were drilled, through which vertical rods were passed, 
right down the ship’s side. The reinforcing rods, which 
consisted of a double system of diagonal bars, were 
hooked round the vertical bars at their extremities, and 
for a depth of some feet just under the level of the 
channel bars, direct horizontal rods were also taken 
across the gap. 

The method of connecting the reinforcement to the 
decks, and ensuring transverse strength, may now 
considered. In the first place, it was necessary to 
replace the cut away frames of the ship by analogous 
parts. These were made of bundles of vertical rods 
interlaced with, and bound to, the main diagonal reil- 
forcement. They are to be seen in Fig. 3. The deck 
beams, of the normal bulb-T section, had been cut off 
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beyond the knees, which were replaced by reinforcement 
arranged in bracket fashion from the vertical groups 
representing the frames, the cut ends of the beams 
i ing enveloped in horizontal framework. This is very 
clearly shown at the top of Fig. 3, and it should be 
meted that the brackets are carried above the deck 
ine 4s well as below it. This figure illustrates two 
Polntsi n connection with the shuttering system. The 
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outside shuttering, consisting of horizontal planks, 
shows behind the reinforcement, while the vertical 
partitions at right angles to the side of the ship, appear- 
ing in the bottom left-hand corner, are the shuttering 
for the brackets from the deck below. 

The completed internal shuttering under one deck 
is shown in Fig. 4. It is necessarily somewhat com- 
plicated in appearance, since it has not only to follow 
the outline of the frame structures, but also that of the 
brackets. The pipes on the underside of the deck at 
the top of the illustration, are part of the original 
refrigerating system. A further reference to Fig. 5 
should now be made for the scantlings. The diameters 
of the reinforcing rods are given at the various situa- 
tions in which they are employed. The main wall is 
just under 6 in. thick (15 cm.), while the frames have 
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a total depth of 15} in. (40 cm.), and are about 6 in. 
wide; they have a pitch of 27 in. The total width of the 
patch extends over 18 frame spaces. We inspected 
the vessel on her arrival at London, and were impressed 
with the excellent way in which the repair had been 
carried out. We were not able to obtain any precise 
information as to the quality of cement used, beyond 
that it was a hydraulic cement of French origin. The 
internal surface was free from cracks, and was smooth 
and very hard. There were no signs of leakage at the 
vertical junctions with the skin of the vessel, where it 
might have been expected toappear. Both the external 
and internal shuttering had, of course, been removed 
before sailing, and the top of the wall had been finished 
externally by covering over the channel irons, both at 


| the side and on the deck, with cement. Substantial 


temporary stanchions, with rope railing, had been 
fitted and the damaged cabin side had been planked 
over. 





CANADIAN LAKES AND CANAL STEAMERS.—The first 
two of seven vessels under construction by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, for 
Messrs. Paterson Steam Ships, Limited, Fort William, 
Ontario, Canada, were launched recently at Wallsend. 
These ships, the single-screw steamers Cartierdoc and 
Lavaldoc, are each 253 ft. long, with raised quarter- 
decks and sunk forecastles. The engines, which will be 
placed at the after end of the ship, are of the ordinary 
marine type with three cranks. The propelling machinery 
and boilers are being constructed at the Neptune Works, 
Walker-on-Tyne, of the builders. 





Smica CoKE-OvEN PLANT oF THE CoNSETT IRON 
Company.—A plant comprising a battery of 56 coke 
ovens now in the course of erection at the Derwent- 
haugh works, near Newcastle-on-Tyne, of the Consett Iron 
Company, by Silica Coke-Oven and Machinery, Limited, 
of Aldwych House, W.C.2, the English branch of the Otto 
Company, of Borkum, Westphalia, is of the new Otto 
type, with complete by-product recovery. The installa- 
tion is designed forthe carbonisation of 1,500 tons of 
coal a day, with a coking period of 16 hours, and an 
oven charge of 18 tons (28 tons maximum). It is 
claimed to be the largest coking plant in the country. 
The dimensions of the rectangular oven chambers are 
44 ft. 7in. by 14 ft., by 1ft.6in. The coal to be used has 
been tried in the Otto demonstration plant at Dahlhausen 
on the Ruhr, to which British coke-oven managers 
recently paid a visit. Silica coke ovens were first 
employed early in 1916 by Dr. C. Otto in the Rheinische 
Stahlwerke, which now have 135 of these coke ovens. 
In the chambers there is one descending flue between 
two ascending flues, the gases entering below, through 
twin-flow or hairpin flues, which can be regulated both 
from the top and bottom. There are three regenerators 
underneath each chamber, two of which are for preheating 
the air, while the other is for preheating the gas. The 
discharged coke slides down an incline into wagons 
which are run to the quenching tower; rubber belts after- 
wards take the coke to a small coke-screening plant. 
The by-product recovery plant comprises primary 
serpentine coolers, turbo exhausters, saturators, ammonia 
stills, secondary coolers, benzol scrubbers and refiners, 
and also acid-recovery plant. 
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EMPIRE-GROWN TIMBER. 


A primary function of the Imperial Institute is to 
direct attention to resources of the Empire, which can 
furnish raw material for the manufactures and use of 
this country. As one of a series of exhibitions which 
it contemplates giving, the Institute has now opened 
a timber exhibition, which will remain open till 
the end of April. Its primary object is to direct 
attention to the useful timbers which occur in com- 
mercial quantities in overseas countries of the Empire, 
distinguishing those that are already available on the 
market, and providing information as to where they 
can be procured. For some years past, moreover, the 
Institute has had an Advisory Committee on Timbers 
at work on the examination of the principal varieties 
of timber produced within the Empire. This Com- 
mittee, in addition to representatives from the 
Dominions and Colonies and scientific associations, 
includes architects, builders, furniture makers and 
motor-car body builders, and, as a result of their investi- 
gations, has published a list of timbers of which the 
special properties are not yet adequately recognised 
on the market. Examples of these are shown, in addi- 
tion to a large number of articles made of the timbers 
already introduced, most of them exhibited by firms 
who have used them with satisfaction. 

The exhibits made by the Institute itself include 
these samples, with particulars of their respective 
characters and uses, sources of supply and, where 
possible, prices, and typical articles made from them. 
Other exhibits, however, illustrate the considerable 
amount of technical investigation that has been made, 
and is in progress, in respect of the properties of timber. 
The Institute itself shows a special exhibit to illustrate 
the work on the mechanics of timber, which it carries 
out regularly in regard to specimens submitted to it 
from time to time from forestry departments in the 
Empire overseas. Test pieces of various timbers 
show different types of failure in mechanical testing, 
and are accompanied by stress-strain curves obtained 
during these operations, and a collection of specimens 
of the timbers that have been so tested. The Imperial 
Forestry Institute of the University of Oxford has also 
arranged an exhibit illustrating the several sections 
of its work. These include sylviculture, represented 
by photographs relating to the formation, tending and 
regeneration of wood; wood technology, illustrating 
the formation of a year’s growth of ash and Douglas 
firs; systematic botany. entomology, and mycology. 
This exhibit gives a comprehensive insight into the 
difficulties with which timber growing is beset, and, to 
some extent, into the defects that may appear in timber 
where they have not been completely overcome. A 
still more practical exhibit of a scientific character 
has been arranged by the Forest Products Research 
Laboratory of the Department of Scientific and Indus- 
trial Research, part of it in co-operation with the 
Imperial Forestry Institute.- The results of a variety 
of scientific investigations relating to wood technology 
are illustrated by photographs and specimens, and 
throw light on questions such as the differences between 
good and poor quality wood, the relations of struc- 
ture to quality, and the causes of warping. Models 
are also shown to represent work at present in progress 
at the laboratory on the seasoning of timber, certain 
results from which lead to practical conclusions as to 
the most satisfactory methods of piling timber for air 
seasoning. Specimens are also shown with various 
defects found in wood which has been improperly 

treated. 

The section dealing with the mechanics of timber 
includes models of a variety of testing machines 
used at the laboratory, which, in some instances, 
are applied to full-size structural timbers as well as 
to pit props. Another practical exhibit relates to 
the utilisation of timber, and illustrates methods of 
conversion, the sources of waste in that process, the 
basis on which timber should be selected for manu- 
facture, and similar matters. Other exhibits deal also 
with the mycology and entomology of the subject. 

From the point of view of individual manufacturers, 
the technical properties of many of these timbers seem 
to deserve investigation by individual visitors, in 
which the staff of the Imperial Institute is prepared to 
assist. On more general grounds there seems no doubt 
that, as yet, Imperial timbers have not been properly 
represented in the consumption of this country. Of its 
total imports of timber, only about 10 per cent. are of 
Empire origin, and even among the hardwoods, some of 
which come exclusively from one or other parts of the 
Empire, less than a third of the total imports have that 
origin. Doubtless, in some districts, this may be due, in 
part, to the fact that railways and other conveniences for 
handling and transport are not sufficiently developed in 
the country of origin. If, however, as with a number 


of timbers is thought likely, the qualities of the wood house nuts, 158, to 16e.; Yorkshire hards, 14s. 6d. to 


justify the development, the provision of the necessary 
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Chemistry at University College. By Professor J. 
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Medical Research Council. Industrial Fatigue Research 
Board. Report No. 48. Artificial Humidification in 
the Cotton Weaving Industry. Its Effect upon the 
Sickness Rates of Weaving Operatives. By A. BRADFORD 
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Marine Engineering in Theory and Practice. Vol. II. 
Applied. By §&. WHEELER. London: Crosby 


Lockwood and Son. [Price 35s. net.] 

Aeronautical Research Committee. Reports and Memo- 
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Majesty’s Stationery Office. 
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Pungency in Acid Amides. Double Compounds of a- 
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Lattice. By M. Masta and §. Toarno. [Price 
40 sen.] No. 117-118. Uber die Lislichkeit der 
Celluloseeter, By I. Sakuraba and T, NAKASHIMA. 
[Price 30 sen.] No. 119. Uber die Zerrieselung von 
Schmelze im CaO-Al,0,-Si0, System. By T. Sv- 
zuki and K. Kasar. [Price 30 sen.] No. 120-121. 
The Effect of Caustic Alkali on the Oxidation of Stan- 
nous Chloride by Air. On the Oxidation of the Mixture 
of Stannous Chloride and Sodium Sulphite in Alkaline 
Solution by Air. By 8S. Miyamoto, [Price 25 <en.] 
No. 122. Residual Thermo-electric Phenomena of 
Apparently Homogeneous Wire. By 'T. 'TERADA, 
T. Tsutsur and M, Tamano. [Price 60 sen.] Tokyo: 
Institute of Physical and Chemical Research. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Taken generally, the steel and engineer- 
ing trades are improving. Orders for the various classes 
of finished products were never more plentiful during the 
past eight or nine months, while inquiries from abroad 
are coming forward in increasing numbers, with the 
consequent result that the future is viewed with more 
optimism. In steel production, though the demand is 
still below normal, and many furnaces are still inactive, 
a change for the better can be recorded. Rolling mills 
and associated plants are responsible for a diminished 
output, but expect an early revival. Makers of railway 
rolling stock are enjoying active conditions. Contracts 
have been booked from India and the Argentine. The 
Madras and Southern Mahratta Railway is in the market 
for 95,100 fishbolts with nuts, and 7,280 fishplates, 
while the India Store Department is inquiring for 17,000 
tons of steel sleepers, and 824 tons of steel keys for perma- 
nent way work. The recent improvement in the demand 
for ship steel, and marine forgings and castings, from 
shipyards operating in the north, and associated with 
local firms, has been more than maintained. Armament 
work continues scanty, though one or two contracts 
for shells have been entered into. The prospects of the 
machinery trades are bright. The demand for textile 
machinery from the Lancashire cotton and Yorkshire 
woollen areas is good, considering the trade depression 
existing in those districts. Electrical machinery is 
finding good markets in various parts of the world where 
development schemes are in operation, while the home 
call is fairly substantial. Agricultural plant is in request 
from the Colonies, while farmers at home are ordering 
supplies in connection with the forthcoming season. The 
tool trades are variable. Engineers’ tools are improving, 
but saws and plantation tools are not so prominent. 
The light foundries are coping with a good demand for 
builder’s ironwork, stove grates, and light castings. 


South Yorkshire Coal Trade.—Though showing improve- 
ment, the general position is unsatisfactory. In many 
classes of fuels users show no disposition to purchase 
ahead, being content to cover immediate requirements. 
Industrial fuel is in moderate demand, steelworks only 
taking supplies for immediate use. The house-coal market 
is similarly situated. The demand from London and 
country districts is well below normal, but early improve- 
ment is anticipated. There is a steady demand for 
foundry and furnace coke both on home and foreign 
account, while gas coke is a good market. Quotations : 
Best hand-picked branch, 27s. 6d. to 29s. 6d.; Derbyshire 
best brights, 20s. 6d. to 21s. 6d. ;.best house, 19s. to 
20s. 6d. ; screened house coal, 16s. to 17s. 6d. ; screened 


15s. 6d.; Derbyshire hards, 14s. to 15s, 6d.; rough 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Producers of Cleveland 
pig iron are in a strong position, and they may slightiy 
advance quotations in the near future. Stocks are at 
a very low ebb, and makers are still consuming tlie 
bulk of the output at their own works, with the result 
that the quantity available for the open market is 
hardly sufficient to meet needs. Demand may shortly 
necessitate an increase in manufacture, but, as yet, pre- 
parations to re-kindle idle furnaces do not appear to 
be in course of preparation. Sales to local and other 
home buyers, and to customers in Scotland, continue 
on quite a good scale, but inquiries from overseas are 
not leading to much actual business. That there is 
continued confidence in the future is emphasised by 
buyers’ inclination to negotiate for delivery over periods 
ahead. No. 1 grade of iron is 67s. 6d.; No. 3 g.m.b., 
65s. ; No. 4 foundry, 64s. ; and No. 4 forge, 63s. 6d. 


Hematite.—Supplies of East Coast hematite are still 
plentiful, but with some slight improvement in sales 
to home firms, and to customers on the Continent, 
values are a shade stronger. Makers, however, have 
still to accept orders on unprofitable terms. Demand 
is almost entirely for iron to meet the particular purpose 
of the buyer, but market rates are still ruled by the value 
of mixed numbers, which may be put at 70s. 


Foreign Ore.—Sales of imported ore are few, but 
quotations are well maintained. Best rubio is fully 21s. 
c.i.f. Tees. Latest news from Sweden does not encourage 
the hope of early settlement of the strike of ore miners 
in that country. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
now moving upward in value, but makers are still 
unable to obtain orders on remunerative terms. Supplies 
are stated to be none too plentiful. Good average qualities 
are now 18s., delivered to consumers in this area. 


Manufactured Iron and Steel.—Business in finished 
iron and steel is more freely discussed, and in certain 
branches, fairly good contracts have been arranged. 
Upward movement of values on the Continent promises 
to bring more orders to this district. Quotations are 
steady. Common iron bars are 10l. 5s.; best bars, 
101. 15s.; best best bars, 117. 5s.; packing (parallel), 
8l.; packing (tapered), 11/.; steel billets (soft), 
7l. 2s. 6d.; steel billets (medium), 7/. 12s. 6d.; steel 
billets (hard), 82. 2s. 6d.; steel ship plates, 8/. 2s. 6d. ; 
steel rivets, 11/,; steel angles, 7/. 12s. 6d.; steel joists, 
7l. 12s. 6d.; heavy sections of steel rails, 82. 10s. ; and 
galvanised corrugated sheets, 131. 


Imports of Iron and Steel.—Imports of iron and steel 
to the Tees, for the past three months, from European 
countries, India, and coastwise, together with the figures 
for the same months a year ago, and for the corre- 
sponding pre-war period of 1913-14, are included in the 
January returns of the Tees Conservancy Commission. 
Pig iron brought in to the end of last month is given at 
3,327 tons as against 44,125 tons a year ago, and 50 
tons in the pre-war period; crude steel bars, billets, 
blooms and slabs, unloaded in the’ past three months, 
totalled 41,928 tons, as against 52,489 tons a year ago, 
and 11,200 tons in the pre-war period; and _ plates, 
bars, angles, rails, sheets and joists, accepted to the end 
of January last, amounted to 12,015 tons, as against 
16,061 tons a year ago, and 5,869 tons in the pre-war 
period. 

Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees last month totalled 74,060 tons only, as 
compared with 99,671 tons during December. Clearances 
in January comprised 16,699 tons of pig iron (9,612 
tons coastwise, and 7,087 tons to foreign ports); 5,457 
tons of manufactured iron (1,133 tons coastwise and 
4,324 tons to foreign ports); and 51,904 tons of steel 
(7,214 tons coastwise, and 44,690 tons to foreign ports). 
Principal buyers of pig iron were Scotland, 5,962 tons ; 
Wales, 3,600 tons; the Netherlands, 2,435 tons ; and 
Germany, 1,255 tons. The Cape, with an import of 
1,552 tons, was the largest purchaser of manufactured 
iron. Chief customers for steel were: India, 15,368 
tons; Argentina, 8,992 tons; Australia, 5,300 tons; 
Portuguese East Africa, 2,672 tons; Germany, 2,317 
tons; Burma, 1,173 tons; Nyasaland, 1,100 tons; 
and Ceylon, 1,079 tons, 





NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—Conditions show no material altera- 
tion. Inquiries circulate on a moderate scale, but 
business matures slowly. At the same time, stormy 
weather continues to delay the arrival of shipping, which 
dislocates the arrangements of colliery owners an 
exporters and checks regular loading. The Egyptian 
State Railways announce their intention of inviting 
offers for 340,000 metric tons of Welsh large coal, 
delivered at Alexandria, tenders to be submitted by 
March 6. During the past twelve months, this under- 
taking has taken more oe 500,000 tons of Welsh coal at 
prices ranging from 27s, 2d. per ton c.i.f. to 33s. 5d. 
The present contract for 100,000 tons, which expires 
April, was taken at 27s. 2d., and it is expected that 
the new order will commence delivery in April or May 
and extend over six months. The Portuguese Railways 
have ordered 100,000 tons of smalls from a Cardiff firm 
for delivery over the next three months, Otherwise, 
there is no new feature. Supplies of large coal continue 
excessive, but even so, prices are steadily upheld as 
salesmen prefer to take the risk of temporary stoppages 
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basis of 19s. to 19s. 6d. for best Admiralty large. Smalls, 
however, are tight, outputs being ljmited by inter- 
mittent working at the pits. Best bunker smalls rule 
from 12s. 9d. to 13s., and, in some cases, salesmen refuse 
to sell, except in conjunction with large, and will then 
make a concession of only 14d. in respect to the price 
for small. Sized coals, too, are scarce, on account of the 
limited production of large, and dry nuts are firm at 
21s. to 22s. 6d., with bituminous nuts from 17s. to 18s. 6d. 
In the past week, exports of coal totalled 415,860 tons, 
which was 5,000 tons more than in the preceding week. 
Shipments to Argentina were raised from 27,550 tons 
to 44,200 tons, to France from 86,410 tons to 99,180 tons, 
to Spain from 22,030 tons to 35,450 tons, and to Italy 
from 39,900 tons to 63,050 tons, but to Brazil reduced 
from 90,820 tons to 42,300 tons, to Egypt from 30,100 
tons to 21,850 tons, and to Portugal from 16,260 tons 
to 13,500 tons. Clearances from Cardiff were raised 
from 268,540 tons to 281,540 tons, at Newport from 
65,910 tons to 70,740 tons, at Port Talbot from 21,310 
tons to 25,110 tons, and at Llanelly from 4,810 tons to 
5,500 tons, but at Swansea reduced from 49,560 tons to 
32,970 tons. 

Ship Repair Contract Lost.—Another ship-repairing 
contract has been lost to South Wales. Tenders were 
invited from United Kingdom and South Wales firms 
to put the steamer Lady Charlotte through her first 
No. 3 survey, and the order has been secured by the Middle 
Dock Company, South Shields, with a quotation of 3,950/. 
and 22 days, for the work, compared with 5,289]. and 
32 days, quoted by the Penarth Pontoon, Slipway and 
Ship Repairing Company, Limited, which submitted 
the lowest South Wales figure. 


Tron and Steel.—Exports of iron and steel in the past 
week totalled 14,647 tons, compared with 12,924 tons 
in the previous week. Shipments of tinplates and terne- 
plates were raised from 7,819 tons to 8,818 tons, and 
other iron and steel goods from 1,106 tons to 3,770 tons, 
but those of blackplates and sheets diminished from 
1,107 tons to 836 tons, and galvanised sheets from 
2,893 tons to 1,224 tons. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—In the Scottish steel trade the 
prevailing conditions of the past week or two have not 
changed, and plant generally is nothing like fully employed. 
There are hopes that the alterations which have lately 
taken place in the working conditions on the Continent 
may be some benefit to the home producers in the near 
future. The margin in prices will certainly be less, 
but not quite sufficient to bring home quotations near 
enough to those of Germany so as to cut the foreign 
material out altogether. Economy in home production 
is one of the directions in which saving will be effected, 
and, at the present time, makers are exploring every 
channel whereby costs can, or may be, reduced. The 
heavy burden of taxation, both local and national, is 
perhaps the most severe handicap to be borne, and it is 
this load which constitutes the greatest difficulty at 
present. Consumers are not placing much fresh business, 
and only their more immediate requirements are being 
specified for. The general inquiry is only of moderate 
dimensions, but, throughout all, there is a fairly optimistic 
feeling that the industry will gradually improve as the 
spring months advance. In the black-sheet branch of 
the trade a quiet tone is general, and even the galvanising 
sections could cope with a good deal of additional work. 
Prices are as follow :—Boiler plates, 10/. 10s. per ton ; 
ship plates, 81. 2s. 6d. per ton; sections, 71. 12s. 6d. 
per ton ; and sheets, } in., 8/. 12s. 6d. per ton, all delivered 
Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 

malleable-iron trade a quiet tone prevails and the 
outlook is not very bright. The current demand does 
not account for much tonnage, and at most of the works 
a full week’s running is difficult to obtain. The re-rolled 
steel departments are fluctuating somewhat, but the 
general demand is fair. Prices are nominally unchanged 
and are as follows :—‘‘ Crown ” bars, 101. 5s. per ton, and 
re-rolled steel bars, 7/1. 158. per ton, both delivered 
Glasgow stations. The export prices are 5s. to 7s. 6d. 
per ton, and 15s, per ton less, respectively. 
_ Scottish Pig-Iron Trade.—At the present time the 
Scottish pig-iron trade is not in a very flourishing state, 
and the demand is less than the production of the thirty 
odd furnaces in blast. Neither home nor foreign buyers 
are taking up large quantities, and a poor tone exists 
allround, Prices are somewhat depressed, but producers 
are far from willing to accept business under the levels 
now quoted, although some buyers are always seeking 
lower quotations, The following are the current quota- 
tions :—Hematite, 74s. r ton, delivered at the steel 
works ; foundry iron, No. 1, 75s. per ton, and No. 3, 
70s. per ton, both on trucks at makers’ yards. 


_Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour, for the week ending 
Saturday last, February 4, amounted to 548 tons. Of 
this total 451 tons went overseas and 97 tons coastwise. 
For the corresponding week of last year the figures were 
360 tons overseas and 192 tons coastwise. 





TenDERS.—The Department of Overseas Trade, 35, 
— Queen-street, London, 8.W.1, informs us that the 
a African Railways and Harbours are inviting 
cea for the supply, delivery, and installation of 
two electric goods lifts at Durban. Local representation 
b Practically essential. Tenders must reach Johannes- 

urg by April 5, (Ref. No, A.X. 5873.) 
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ENGINEERING. 


NOTICES OF MEETINGS. 





INsTITUTION OF ELtrectTrICAL ENGINEERS,—London 
Students’ Section: To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. ‘‘ Carrier Telephone Systems,” by Mr. J. A. 
H. Lloyd. North-Eastern Centre: Monday, February 13, 
7 p.m., Armstrong College, Newcastle-on-Tyne. ‘‘ Some 
Practical Considerations in the Design of Automatic 
Equipments for Heavy Traction Substations,”” by Mr. H. 
B. Poynder. Scottish Centre: Tuesday, February 14, 
7.30 p.m., Royal Technical College, Glasgow. ‘‘ Modern 
Electric Wiring Particularly as Applied to Small 
Houses,” by Mr. D. S. Munro, London: Thursday, 
February 16, 6 p.m., Victoria-embankment, W.C.2. 
“Modern Electric Wiring, Particulariy as Applied to 
Small Houses,”” by Mr. D. 8S. Munro. ‘“ The Domestic 
Applications of Electricity,’”” by Mr. A. J. Milne and 
Mr. 2 H. Rawll. Kinematograph Film, “‘ Voices Across 
the Sea.” 


JuN1IoR INSTITUTION OF ENGINEERS.—To-night 7.30 
p.m., 39, Victoria-street, S.W.1. Honorary Members’ 
Lecture. ‘‘ Some Principles of Investigation in Engineer- 
ing Work,” by Professor H. P. Philpot. Friday, February 
17, 7.30 p.m. Lecture and Technical Film. ‘ Oil Pro- 
duction,” by Mr. St. J. Plevins. 


Socrery or CuHeEmicat INpuUsTRY: CHEMICAL 
ENGINEERING GrovuP.—To-night, 8 p.m. Chemical 
Society, Burlington House, Piccadilly, W.1. Discussion 
on “ Dry Cleaning and Finishing Machinery,” by Mr. E. 
A. Alliott. 


Roya InstituTION.—To-night, 9, Albemarle-street, 
W.1. ‘Research on the Control of Aeroplanes,” by 
Professor B. M. Jones. Thursday, February 16, 5.15 
p.m. ‘From Faraday’s Note Books—The Colours of 
Gold ”’ (Lecture ITI.), by Sir W. Bragg. 


Minine Institute oF Scottanp.—Saturday, February 
11, 3 p.m., Heriot Watt College, Chambers-street, Edin- 
burgh. ‘‘ An Improved Face Conveyor,” by Mr. A. V. 
Reis. “The Transport of Injured Persons Under- 
ground,” by Mr. D. Davidson. ‘‘ Supporting Under- 
ground Roadways with Steel Arches,” by Mr. D. C. 
Gemmell. 

INSTITUTE OF BRITISH FoUNDRYMEN.—Scottish Branch: 
Saturday, February 11, 3.45 p.m. Royal Technical 
College, Glasgow. ‘‘'The Moulding and Casting of Small 
Pulleys and Gear Blanks,’’ by Mr. J. Longden. Kine- 
matograph Film: The Metropolitan-Vickers Electrical 
Company, Limited, Manchester. Hast Midlands Branch : 
Saturday, February 11, 6 p.m., Technical College, 
Derby. ‘ Practical Jobbing Work: Moulding in Loam, 
Green and Dry Sand,” by Mr. A. Sutcliffe. West Riding 
of Yorkshire Branch: Saturday, February 11, 6 p.m., 
Technical College, Bradford. ‘“‘ High Silicon (Acid Re- 
sisting) Irons,’’ by Mr. E. Whittaker. Lancashire Branch : 
Burnley Section: Tuesday, February 14, 7.15 p.m., 
Municipal College, Ormerod-road, Burnley. ** Semi- 
Steel,” by Mr. Goodyer. Sheffield and District Branch : 
Friday, February 17, 7.45 p.m., Albany Hotel, Fargate, 
Sheffield. ‘‘ Cupola Refractories,’”? by Mr. W. J. Rees. 
Middlesbrough Branch: Friday, February 17, 7.45 p.m. 
Cleveland Technical Institute, Corporation-road, Middles- 
brough. ‘“‘ Cupola Design,’ by Lieut.-Col. E. L. Johnson. 
Wales and Monmouth Branch: Saturday, February 18, 
6.30 p.m. Technical Institute, Cardiff. ‘‘ Patternmaking,” 
by Mr. R. G. Williams. Lancashire Branch—Junior 
Section: Saturday, February 18, 7 p.m., College of 
Technology, Sackville-street, Manchester. ‘‘ A Talk on 
the Cupola,” by Mr. A. Phillips. 


Hutt AssociaTION oF ENGINEERS.—Saturday, Feb- 
ruary 11, 7.15 p.m., Technical College, Park-street, Hull. 
‘The Lubrication of Prime Movers,’’ by Mr. W. A. E. 
Woodman. 

InsTITUTE OF 'TRANSPORT.—Midland Local Section: 
Monday, February 13, 6 p.m., Queen’s Hotel, Birmingham. 
‘* Passenger Traffic Problems in a Large City,” by Mr. J. 
McDonnell. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Birming- 
ham Centre: Monday, February 13, 7 p.m., Queen’s 
Hotel, Birmingham. ‘“ Works Re-organisation to Increase 
Production,’ by Mr. C. R. F. Engelbach. Coventry Centre: 
Wednesday, February 15, 7.30 p.m. The Broadgate 
Café, Coventry. ‘‘ Works Re-organisation to Increase 
Production,” by Mr. C. R. F. Engelbach. 


InsTITUTE OF MetAts.—Scottish Local Section: Mon- 
day, February 13, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘‘ Further Notes on Aluminium Alloys,” by 
Mr. D. R. Tullis. 


Royat Socrety or Arts.—Monday, February 13, 
8 p.m. John-street, Adelphi, W.C.2. Cantor Lecture : 
“Fatigue Phenomena, with Special Reference to Single 
Crystals ” (Lecture I.), by Mr. H. J. Gough. Wednesday, 
February 15, 8 p.m., ‘ Trinity House: Its History and 
Its Work,” by Capt. Sir A. W. Clarke. 


INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, February 14, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘Causes of Fires in the 
Petroleum Industry and Methods of Prevention,” by 
Mr. C. Dalley. 

Society or Grass TEcHNOLOGY.—Tuesday, February 
14, 5.45 p.m., The University; Sheffield. Refractories 
Committee Meeting. Wednesday, February 15, 2.30 p.m., 
“The Analysis of Opal Glasses,’’ by Mr. W. Singleton. 
“The Study of a Fundamental Reaction in Glass Mak- 
ing,” by Mr. J. T. Howarth and Professor W. E. S 
Turner. ‘‘ Note on the Ultra-Violet Ray Transmission 
of Colourless Bottle Glass,” by Mr, D, Starkie and Pro- 
fessor W. E. 8. Turner, 











InsTITUTE OF MARINE ENGINEERS.—Tuesday, Feb- 
ruary 14, 6.30 p.m. 85-88, The Minories, Tower-hill, 
E.1. ‘* Corrosion of Iron and Steel, with Special Refer- 
ence to Steam Boilers,” by Mr. G. S. Irving. Friday, 
February 17, 6.30 p.m. Annual General Meeting. 

Royat AERONAUTICAL SocreTy.—Tuesday, February 
14, 7.30 p.m., Engineers’ Club, Coventry-street, W.1. 
Informal Dinner and Discussion on ‘“‘ Why the Aeroplane 
is Superior to the Seaplane in Imperial Communications,”’ 
by Major R. H. Mayo and Colonel the Master of Sempill. 
Thursday, February 16, 6.30 p.m. Royal Society of 
Arts, John-street, Adelphi, W.C.2. Lecture: “‘ Experi- 
ments on Model Airscrews at High Tip Speeds,” by Mr. 
G. P. Douglas. 

InstiTvTION oF HEATING AND VENTILATING EN- 
GINEERS.—Wednesday, February 15, 2.30 p.m., Holborn 
Restaurant, W.C.1. Annual General Meeting. Presi- 
dential Address, by Mr. 8S. B. Horrocks. Discussion on 
Report of the Fan Standardisation Committee. 


INSTITUTION OF CrIvIL ENGINEERS.—Wednesday, 
February 15, 6.30 p.m. Great George-street, S.W.1. 
Students’ Meeting. ‘‘ New Training Bank at South 
Haven, Poole Harbour,” by Mr. W. T. Shaddock. 
Manchester and District Association: Wednesday, 
February 15, 6.45 p.m., Manchester Literary and Philoso- 
phical Society, 36, St. George-street, Manchester. ‘‘ The 
Raising of Barton Aqueduct, and the Renewal of Paths 
and Rollers,” by Mr. R. D. Brown. Yorkshire Associa- 
tion: Thursday, February 16, 7.30 p.m. Hotel Metro- 
pole, Leeds. Vernon Harcourt Lecture. ‘‘ Appliances 
for Handling Goods in Ports and Docks,”’ by Mr. H. A. 
Reed. 

INstTITUTION oF MEcHANICAL ENGINEERS.—North- 
Western Centre: Wednesday, February 15, 6.30 p.m., 
9, The Temple, Dale-street, Liverpool. Joint meeting 
with the Liverpool Engineering Society. Thomas Lowe 
Gray Lecture. ‘‘ The Marine Oil Engine,’ by Prof. C. J. 
Hawkes. Yorkshire Branch: Wednesday, February 15, 
7.30 p.m., Grand Hotel, Sheffield. ‘* Cutting Tempera- 
tures: Their Effect on Tools and on Materials subjected 
to Work,” by Mr. E. G. Herbert. North-Western Branch : 
Thursday, February 16, 7.15 p.m., Engineers’ Club, 
Albert-square, Manchester. ‘‘ Waste Heat Recovery,” 
by Major W. Gregson. London: Friday, February 17, 
6 p.m., Storey’s Gate, S.W.1. Annual General Meeting. 
‘“ Waste Heat Recovery,” by Major W. Gregson. 

MANCHESTER METALLURGICAL SocreTy.—Wednesday, 
February 15, 7 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘ Forging,” by Mr. W. H. Cathcart. 

Royat METEOROLOGICAL SocreTy.—Wednesday, Feb- 
ruary 15, 7.30 p.m., 49, Cromwell-road, South Kensington, 
$.W.7. ‘The Single-Layer Problem in the Atmosphere 
and the Height-Integral of Pressure,” by Mr. L. F. 
Richardson and Mr. R. E. Munday. ‘‘ The Variance of 
Upper Wind and the Accumulation of Mass,”’ by Mr. 
L. F. Richardson, Mr. D. Proctor, and Mr. R. C. Smith. 
‘The Distribution over the British Isles of the Average 
Number of Days with Rain during each Month of the 
Year,”’ by Mr. J. Glasspoole. 

OpticaL Soctety.—Thursday, February 16, 7.30 p.m. 
Imperial College of Science, South Kensington, S.W.7. 
‘An Investigation into the Beam from a Standard 
Lighthouse Lens,” by Mr. W. M. Hampton. “ The 
‘Absolute’ Hartmann Test,’ by Mr. R. Kingslake. 
Demonstration: ‘‘A Portable Stereoscopic Kaleido- 
scope,”’ by Dr. R. S. Clay and Sir R. Paget. 








Contracts.—We learn that Messrs. The Ogden 
Engineering Company, 2, Blue Boar-court, Market- 
place, Manchester, have just secured an order from Messrs. 
Nelsons Silk, Limited, Nelson, Lancashire, for two com- 
plete air-conditioning plants, each fitted with automatic 
controlling apparatus.—A contract has been received 
by Messrs. John I. Thornycroft and Company, Limited, 
for the supply of a twin-screw motor cattle-transport 
vessel for the Argentine Estates of Messrs. Bovril, Limited. 
The vessel, which will have a length of 160 ft., and a 
draught, when loaded, of 5 ft. 9 in., will have accom- 
modation for about 700 live cattle, and will be employed 
on the Parana River, Argentina.—Messrs. The General 
Electric Company, Limited, Magnet House, Kingsway, 
W.C.2, have recently secured the following contracts : 
The supply of Osram vacuum, gas-filled and carbon 
filament lamps, during 1928, for Messrs. Elder Dempster 
and Company, Limited; 11,000 Osram vacuum and 
carbon filament lamps for H.M. Admiralty ; and 10,000 
Osram vacuum and gas-filled lamps for the Dublin 
United Tramways Company. 





ANNUAL PARADE OF Motor Lorries.—The twenty- 
second annual London parade of commercial motor 
vehicles organised by the Commercial Motor Users 
Association (Incorporated). with the object of encourag- 
ing drivers to take a personal interest in the driving and 
condition of their vehicles, and to run them without 
accident, will take place on Saturday, March 31, 
under the patronage of His Majesty the King. The 
Commercial Motor Challenge Cup will be awarded to the 
owner whose “‘team,’’ in the opinion of the Judges’ 
Commnittee, is in the best condition, having regard to the 
class of work upon which the units are employed, the 
ages of the machines, and the total distance run by them. 
The drivers of the winning team will receive the Shrapnell- 
Smith Challenge Cup, and each driver will be given a 
cash award and a souvenir medal; the driver of each 
vehicle of the “‘ runners-up ’’ team will receive a cash 
award and a souvenir medal ; the drivers of the third to 
the thirteenth teams, inclusive, will receive a cash 
award, or will be highly commended. Full particulars may 
be obtained from the general secretary, the Commercial 
Motor Users Association, 50, Pall Mall, London, 8.W.1, 
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SCIENCE AND ENGINEERING. 


THe problem which confronts the engineer is 
always what is to be done, whilst the physicist is 
concerned solely with what ought to be thought. 
One result of this division of interests has been that 
many engineers came to consjder the physicist and 
mathematician useless in the practical field, whilst 
the average physicist was apt to regard the engineer 
as a mere empiricist, devoid of physical insight and 
incapable of logical thought. Unfortunately, in- 
stances could be quoted in support of both these 
extremist contentions, and when either has strayed 
into the region normally assigned to the other, he 
has but, too frequently, received a far from courteous 
welcome. The result has been an ultimate loss to 
both. The old-established engineering firms, whose 
managers in the eighteen nineties, were prone to 
declare, with no little emphasis, that they would 
not tolerate a scientific man about the place, have, 
for the most part, ceased to exist, whilst, on the 
other hand, the referees of the Royal Society, who, 
believing that no useful generalisation could originate 
in the Nazareth of engineering, rejected Waterston’s 
paper on the kinetic theory of gases, have become 
a matter of history. Those responsible, in 1897, 
for the refusal of the Physical Society to accept 
Lanchester’s paper on the circulation theory of 
aeroplane support, stood, it may be added, in no 
better case. 

As some excuse for these blunders, it must be ad- 
mitted that quite able practising engineers have, on 
occasion, advanced very absurd physical theories. 
At times, moreover, these wanderers into unfamiliar 
fields would seem to have modelled their contri- 
butions, both in manner and matter, on the effu- 
sions of the ‘‘ Oracle”’ who, as recorded by Mark 
Twain, accounted, as follows, for certain atmospheric 
effects seen at Gibraltar: ‘“‘I consider that them 
effects is on account of the superior refragibility, as 
you may say, of the sun’s diramic combination 
with the lymphatic forces of the perihelion of Jubi- 


butions not one whit more intelligible than the 
foregoing whilst worded nearly as fantastically. 
Nevertheless, as the instances already quoted 
show, the engineer, is at times, able to give a lead 
to the physicist in the latter’s own subject. We 


9 | are, therefore, sorry to note, in the recent lectures 


of Professor Andrade at the Royal Institution, 
what appears to be a recrudescence of the belief 
that every engineer is inherently incapable of 
handling problems demanding either mathematical 
knowledge or physical intuition. Professor An- 
drade claimed for the physicist the invention of the 
Michell thrust block, which, in fact, he instanced 
as “ but one case out of many where the practical 
engineer failed, and the mathematician and physicist 
succeeded in solving a purely engineering problem.” 
It would, we imagine, be difficult to parallel this 
misreading of the actual facts. It was Osborne 
Reynolds, Professor of Engineering at Manchester, 
who founded the theory of lubrication. His treat- 
ment was improved in minor details by the mathe- 
matician, Sommerfeld, who contributed, however, 
nothing of any fundamental importance to the 
subject. This was reserved for a practising engineer 
in the person of Mr. A. G. M. Michell, of Melbourne, 
who extended Reynolds’s analysis to an additional 
dimension of space, and whose thrust block affords 
almost the only case on record of a mechanism for 
which the mathematical theory was established 
as a preliminary to its practical development. 

So far, indeed, from any debt being due, in this 
connection, to latter day physicists and mathe- 
maticians, these have not even recognised, by con- 
ferring on Mr. Michell the fellowship of the Royal 
Society, the exceptional originality and insight which 
characterised his work. Probably not five per cent. 
of those who have received this honour during 
the past 20 years have an equal claim to the distinc- 
tion. The Fellows, being human are, in fact, not 
exempt from humanity’s failings. Personal popu- 
larity and a wide acquaintanceship are factors which, 
we fear, must affect a candidate’s chances of elec- 
tion, in addition to the intrinsic value of his scientific 
achievements. 

In the case of Mr. Lanchester, the whirligig of 
time has brought in a notable revenge, since it is 
the circulation theory, as developed subsequently, 
but independently, by Prandtl, which has removed 
from theoretical hydrodynamics the reproach 
quoted by the late Lord Rayleigh, in a lecture 
at the Royal Institution, some fifteen or twenty 
years ago. Lord Rayleigh then said that the mathe- 
matical theory of hydrodynamics had been not un- 
fairly described as the science which had nothing 
whatever to do with the motion of real fluids. It 
might, in fact, at that date almost have served to 
illustrate Bertrand Russell’s oft-quoted assertion 
that mathematics might ‘ be defined as the subject 
in which we never know what we are talking about, 
nor if what we are saying is true.” 

It was mainly the needs of the engineer which led 
to the establishment of an International system of 
electric and magnetic units, which dates only from 
the Paris conference of 1881. Some of the scientific 
work done prior to that date is difficult reading 
to-day, owing to the necessity of translating into 
modern terms the arbitrary units used even by 
some of the leading physicists. 

As matters stand to-day, the gulf between pure 
and applied science has to a large extent been 
bridged. Almost every new departure in engineer- 
ing raises questions which cannot be answered 
satisfactorily without the aid of physics and mathe- 
matics, though not necessarily or commonly of the 
physicist or mathematician. Hence, leading indus- 
trial concerns now have their own physical labora- 
tories, in which research has a definitely utilitarian 
aim. Many of the appliances developed here have, 
however, proved of the utmost value in the labora- 
tories of our Universities. A typical instance is the 
Coolidge tube, and it is probable that the professional 
physicist will also benefit by the high-tension tech- 
nique now being developed at the laboratories of the 
Metropolitan-Vickers Company. This company has, 
moreover, it may be noted, arranged for selected 
members of its staff to work for a time in the 
Cavendish laboratory, a procedure which will prob- 
ably prove to the advantage of everyone con- 
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In face of the general attitude of the second rate 
politician, artist, architect and literary man, it is 
highly desirable that the increasing mutual apprecia- 
tion of the followers of pure and applied science should 
suffer no check. The government official, who has but 
too frequently acquired only a lop-sided education 
at Oxford, strongly resents the appointment to an 
administrative post of any technically- or scientifi- 
cally-trained man. It is not impossible that there 
was some ground for the suspicion that this was, at 
least, partly responsible for the recent proposal to 
abolish the Ministry of Transport. As for the 
politician’s views on this head, it is sufficient to 
recall Mr. Sidney Webb’s claim that experts should 
never be permitted to submit their conclusions 
directly to the public, but that these should be 
filtered through “those having characteristics suited 
to government.” This seems perilously suggestive 
of the policy recommended to Kipling by Mark 
Twain “Get your facts first—the voice died away 
to an almost inaudible drone—then you can distort 
*em as much as you please.” 





WATER FOR CONDENSING PURPOSES. 


In view of the proposed erection, in various parts 
of the country, of very large power stations, the 
question of condensing water supplies must become 
one of very practical importance. If a station be 
adjacent to an arm of the sea, or upon banks, past 
which “the tide regularly ebbs and flows twice in 
twenty-four hours,” no difficulty can arise so far as 
the use of the water is concerned; and if the 
owners of the foreshore can be pacified, millions of 
gallons can be utilised without doing harm to any 
person, animal or property. But a variety of 
problems arise where other ‘‘ waters” are called into 
requisition. It is proposed to enquire what the 
rules of common law are upon the subject, and then 
to show how that law has been modified first by Act 
of Parliament. 

According to the common law, a riparian owner. 
who owns the ground on both sides of a non-navi- 
gable stream, may change the channel as he pleases, 
provided he restores the water to the old channel 
before it leaves his ground, and provided it flows 
out of his ground into the lands below as it was wont 
to do, neither increased nor diminished in quantity, 
quality nor direction. 

This being the rule, it is reasonably plain that one 
who has a factory on the side of a river may take 
water for condensing purposes to a reasonable 
extent. But he obviously could not so heat it as to 
destroy all the fish in the stream lower down. 
To do so would undoubtedly be to affect the 
** quality ” of the water. And a riparian owner may 
accord the privilege of using his water to persons 
whose works are not on the river bank. Thus, in 
Kensit v. Great Eastern Railway Co. (27 Ch. D. 122) 
it was held by the Court of Appeal, affirming Baron 
Pollock, that where the owners of land not 
abutting on a river, with the licence of a riparian 
owner, took water from the river, and after 
using it for cooling certain apparatus returned 
it to the river unpolluted and undiminished, the 
lower riparian owrer could not obtain an injunction 
against the higher riparian owner or his licensee. 

It should be noticed that this decision was based 
upon the fact that the water was returned to the 
stream ‘‘ pure and unpolluted.” Had it not been 
so returned, the lower riparian owner could have 
secured his injunction. 

The first Act of general application, which deals 
with the matter, is the Electricity (Supply) Act, 
1919, which provides that the Board of Trade, on 
the representation of the Electricity Commissioners, 
may by order “authorise any joint electricity 
authority or any authorised undertakers to abstract 
water from any river, stream, canal, inland naviga- 
tion or other source, and to do all such acts as may 
be necessary for the purpose of enabling the joint 
electricity authority or authorised undertakers to 
utilise and return the water so abstracted, subject 
to such conditions as may be specified in the Order.” 
The functions of the Board of Trade in this regard 
are now vested in the Ministry of Transport, and 
the Minister,of Transport must hold an enquiry, 
and hear all parties affected before he makes the 
order. 





The provisoes to this section make it clear that 
the rights of riparian owners have to be respected. 
Thus, by Section 15, 1(a), the order must provide that 
the water not consumed shall, subject to any 
agreement to the contrary, be returned at a level 
not lower than that at which it was abstracted ; 
and (6) that it shall be returned at a temperature 
not higher than that specified in the order. This 
temperature is to be such as “shall avoid injury 
to public health or to fisheries, or in the case of a 
canal or in land navigation to the works thereof, or 
to vessels using the same, or to the trade or business 
carried on by any person using the same for the 
purposes of or in connection with his trade or 
business.” 

With regard to docks regulated by Act of Parlia- 
ment, the consent of the owners must be obtained ; 
while in the case of the Manchester Ship Canal, 
special clauses must be inserted to prevent 
interference with the navigation of the canal. 
But what is a river, stream, canal, inland navi- 
gation or other source within the meaning of this 
Act ? In the case of Metropolitan Water Board v. 
Minister of Transport (1925), 42 T.L.R.164, the ques- 
tion was whether the King George Reservoir in Essex 
came within the definition having regard to the 
words “ other source.” It is easy to understand why 
the Metropolitan Water Board sought to contest the 
right asserted by the Metropolitan Electric Power 
Supply Company to obtain an order enabling them 
to make use of their water. Mr. Justice Romer, 
without expressing any opinion as to whether it 
was proper or advisable for the Minister of Transport 
to exercise the power conferred upon him (for that 
was not a question for him to decide), came to the 
conclusion that he had the necessary power to 
make the order. Hesaid: “It is clear that in the 
words ‘ other source’ the Legislature intended to 
include harbours and docks, and a genus that includes 
all rivers, streams, canals, inland navigation, har- 
bours, and docks, would seem of necessity to include 
areservoir. A reservoir undoubtedly differs greatly 
from a river or stream in that the water in the 
reservoir has been exclusively appropriated for 
some definite purpose. But so, too, has the water 
in a canal or dock. The fact of appropriation of 
the water is not, therefore, a sufficient reason for 
excluding a reservoir from the words ‘ other source.’ ” 

One comment inevitably arises from this act. It 
is one of those statutes which has virtually given 
power to a Government department to affect the 
rights of numbers of persons by an order. True 
those persons must have an opportunity of being 
heard ; but there is no appeal from the Minister of 
Transport ! 

But the provisions of this Act, wide as are the 
powers conferred by it on the Minister of Transport, 
do not appear to be wide enough for the purposes 
of a super power station—such, for example, as 
that which it is proposed to erect on the meadows at 
Mortlake. By a private Act passed this year (17 & 
18 Geo., 5 c.cix), the London and Home Counties 
Joint Electricity Authority have been empowered 
to take water from the Thames. 

The act provides that, subject to the approval of 
the necessary works by the Port of London Autho- 
rity, the Joint Authority “may abstract water 
from the river Thames and may utilise the same for 
condensing and other purposes of any generating 
station, docks and works constructed upon the lands 
described ” in the schedule to the act, ‘‘ provided 
that all water so utilised and not consumed shall be 
returned to the river in a condition as pure as when 
it was abstracted.” But the Joint Authority 
can only exercise these powers in agreement with 
the Port Authority which may provide for the 
payment of annual sums in consideration of the 
taking of the water, and for compensation to the 
Port Authority “in respect of any damage or 
detriment to the river or the navigable channel 
thereof.” If the Port Authority make conditions 
which are considered unreasonable, the Joint 
Authority may appeal to the Minister of Transport, 
who may “ make such order in the matter as he 
shall think equitable and any such order shall be 
final and binding on both parties.” That the use 
of the waters of the river for condensing purposes 
is essential, is made plain by a further section in 
the act, which provides that the Joint Authority 





“shall not erect any cooling towers on the said 
lands or any lands acquired by them under the 
powers of this act.” 

It will be observed that this act does not provide 
that the water shall be returned “‘ at the same level,” 
nor does it, in terms, give power to the Port Autho- 
rity to make stipulations about the temperature of 
the water. But, perhaps, on a tidal river, that 
is a point of no great importance. 





TELEPHONE PROGRESS IN THE 
LONDON AREA. 


THE statement of telephone progress in the 
London area during the year 1927, which has been 
prepared for the Advisory Committee by the 
Controller and Superintending Engineer, indicates 
that though, as we are often told, we may lag 
behind other countries in the use of this form of 
communication we are not standing still. In fact, 
were it not heresy to do so, we should describe the 
development as considerable. There is, however, 
one notable omission in this document. No men- 
tion is made of finance. It may be difficult to 
separate London from the rest of the country in 
dealing with this not unimportant factor, but not to 
say something about pounds, shillings and pence 
gives the statistics a certain air of unreality, 
and is fortuitously unfortunate in that the White 
Paper, giving the Post Office Commercial Accounts 
for 1926-27, which has just been issued, indicates a 
heavy loss on the telegraph and wireless services. 

The outstanding telephone events in the London 
area during 1927 were, of course, the opening of the 
Holborn automatic and mechanical tandem ex- 
changes, the inauguration of the service to the 
United States, and the development of the European 
services. When Mr. Frank Gill devoted a large 
part of his Presidential Address to the Institution 
of Electrical Engineers in 1922 to a study of the 
technical, economic, and political problems of 
international telephony, it was hardly thought 
that his ideals would have secured so great a degree 
of realisation in so short a time. The Holborn 
automatic exchange has a present capacity of 4,820 
lines and an ultimate capacity of 9,400 lines, and 
after a bad start, due partly to lack of skill and 
partly to curiosity on the part of subscribers, 
is now working well. The tandem exchange is not 
only necessary during the transition period to 
enable subscribers on automatic and manual ex- 
changes to be put in communication, but facilitates 
the direct connection of exchanges on which the 
traffic is light, thus saving time and improving 
the quality of the speech. In recent years communi- 
cation with exchanges in the outer London area, 
and even as far distant as Brighton, has been much 
facilitated by the adoption of toll working. A new 
toll exchange, with 204 operating positions, was 
opened in December, 1927. This embodies several 
improvements, including a device for timing calls 
and concentration for the night and week-end 
services. 

At the end of the year there were 118 exchanges 
in all in the London area, compared with 112 in 
1926. The number of exchange lines was 327,043, 
compared with 298,766 in the previous year, or an 
increase of about 9-5 per cent. The total number 
of telephones was 565,590, compared with 519,969, 
an increase of 8-8 per cent. The increase in private 
residence lines is particularly marked. The number 
of private branch exchanges is 24,371, of which 
121 are automatically operated. The number of 
call offices was 5,076, or 390 more than in 1926. 
Of these, 755 are in kiosks. Eight new manual 
exchanges have been opened during the year, with 
a present capacity of 3,130 lines and an ultimate 
capacity of 24,000 lines. The equipment of 43 
existing exchanges has been extended, and work is 
in hand for the erection of 13 new, and the extension 
of 17 existing, manual exchanges. It is hoped that 
two further automatic exchanges will be opened 
during 1928. These developments have naturally 
necessitated considerable extra cabling, of which 
full details are given in the report. The number of 
Jocal calls originated during 1927 was 555,534,371. 
There were also on an average 17,000 toll calls 
and 16,340 trunk calls daily, both figures which 
show a satisfactory rate of increase, 
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THE ENGINEERING OUTLOOK. 
V.—TEXTILE MACHINERY. 

Last year, writing at the termination of one of 
the most unsatisfactory twelve-months ever experi- 
enced by makers of textile machinery, it was indi- 
cated that an improvement might be expected 
during 1927, due—if to nothing else—to an expanded 
world demand for this class of machinery. It was 
also suggested that foreign competition would 
become increasingly severe in the course of the 
year, and that it was impossible to hazard what 
progress might be made in regaining the Eastern 
markets lost to America during the war. This 
position continues to defy analysis. 

Ministry of Labour statistics relating to employ- 
ment in the textile machine-making industry are 
not available and, therefore, employment being an 
important index of the state of any industry, reliance 
must be placed on a sample of employment in the 
ten principal manufacturing districts which has, 
on previous occasions, been found a guide in which 
confidence can be placed. 

TaBLE I.—Employment in the Textile Machinery 











Industry. 
| 
| Numbers = 
Dates. | Employed in PP sng 
| 10 Districts. _ 4 
\ — 
1914 | 29,393 100-0 
1918 .. | 16,582 56-4 
1920, May Pay wel 25,326 86-2 
1923— | po 
1st Half-year a sa 20,492 69-8 
2nd si ie oa 22,362 76:1 
1924— 
Ist i i wef 19,308 65-8 
2nd a es --| 17,632 60-1 
1925— | 
1st pe ne wa 21,266 72-4 
2nd 21,869 74-4 
1926— | 
Ist ye 4 wet 19,534 | 66°5 
2nd FS as ae 18,867 | 64-2 
1927- 
Ist os as wel 20,286 | 69-1 
2nd_s, if tal 21,780* = | 74:0 





* Estimated on incomplete returns. 
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must represent a very serious decline in volume of 
output. This fact is adequately confirmed in 
Table II, showing exports. 

Now the value of textile machinery parts and 
accessories returned separately in 1924 was 
4,175,000. None of this item was exported and 
none imported and, therefore, in making a compari- 
son between production and foreign trade, can be 
left out of account. Table II, which has been 
compiled from the preliminary Census report, gives 
the total value of production of textile machinery in 
1924, the value of exports and the value of net 
imports. 

It is thus seen that the textile machinery industry 
is predominantly an export one, over 77 per cent. of 
the 1924 production being sold overseas; and the 
movements in the export trade, therefore, form an 
excellent indication of the state of the industry. 

The value of exports has fluctuated as follows 
since 1924 :— 





£ 
1924 ae ae -- 10,831,000 
1925 ses eee «+» 12,157,000 
1926 wee eee eee 9,957,000 
1927 vee <6 --- 11,743,000 


| A more detailed analysis may be obtained from 
| Table III, in the next column, giving, by monthly 


- | averages in volume and value, the exports over a 


| period of years. 
| Itis noteworthy that the demand from Germany, 
| Australia, Japan, China, Russia and the Netherlands, 
|has strengthened considerably since 1925, but 
|exports to France, British East Indies and South 
| American countries, have slumped very badly. 
| The British East Indies remain probably our biggest 
customer, but while exports to Russia have declined 
somewhat from the 1926 level, the extent of her 
| imports from us is worthy of notice. In 1924, the 
| value of her textile machinery imports was 218,3121., 
}in 1925 323,635/., in 1926 1,221,1827. and in 1927 
1,000,000/. or 8-59 of the total. There is reason to 
believe that the German and Netherlands imports 





TABLE II. 





uction. 





























Prod Exports. Net Imports. 
Kind of Goods. 
Value. Quantity. | Value. Quantity. Value. 
£ | ‘Tons. £ Tons. | £ 
Textile Machinery for spinning and twisting, including all | 
_ preparatory processes wa ave ag = me 8,434,000 78,410 8,360,000 850 158,000 
For weaving and processes preparatory to weaving, but P 
subsequent to spinning and twisting . rik = 2,200,000 20,090 1,754,000 850 143,000 
Bleaching and dyeing. . ae ne oe és si 656,000 830 87,000 190 25,000 
Printing and finishing es ae we ae a 617,000 2,270 264,000 50 7,000 
Hosiery and knitting . . ‘ oe ne = a 716,000 290 157,000 1,060 412,000 
Lace and net .. =e ae 119,000 260 46,000 60 9,000 
Other textile machinery a Py en ~ ed 1,103,000 1,480 163,000 430 67,000 
Textile machinery and parts not separately distinguished 171,000 _— — — —_ 
Titel. 4 amore od Ge ve  ecleePeOeaee — | 10,831,000 — 821,000 
: 








Employment throughout the year, whilst not 

reaching the 1925 level, was an improvement on 
1926, but it is necessary to bear in mind, in consider- 
ing this table, that throughout the year a large, 
though unmeasurable, amount of short time ash 
been worked. The accuracy of these employment 
figures as a measure of the state of the trade will be 
seen later, when, in dealing with the volume of work 
done, it is shown that 1927, whilst better than 1926, 
lagged behind 1925. 
_ It is unfortunate that the Census of Production 
figures now available relate to 1924—the worst 
post-war year in the textile machine industry, with 
the exception of 1926—but, nevertheless, the data 
made available can be utilised with good effect. 

In 1907, the total value of textile machinery and 
parts manufactured in Great Britain amounted to 
12,730,007. In 1924, the value was 18,195,0001., 
including 14,020,0001.-in respect of textile machinery 
and parts, and 4,175,000/. in respect of textile 
machinery accessories. It is believed, the Census 
authori ties say, that the bulk of the machinery acces- 
Sories produced in 1907 was recorded separately, 
and that the 12,730,0001. for 1907 is practically 
exclusive of accessories. This being so, the 1907 
value of 12,730,0001. is roughly comparable with the 
1924 value of 14,020,000/., thus revealing an in- 


are not wholly for home consumption, and to this 
extent the increase in their imports may be mis- 
leading and may not indicate a satisfactory monetary 
return to the British producers. The future of the 
Russian market is obscure, but there does seem a 
prospect of an increase in our exports either to 
Russia or on Russian account. The value per ton 
remains steady. 

The home market has been unsatisfactory. Not 
only have home contracts been few, but the steadily 
increasing importation of textile machinery of a 
high value per ton is most disconcerting. The trend 
of imports is shown in Table IV. 

Although the volume of imports has been on the 
up grade since 1922, they continued until 1926 to 
remain below the 1913 level. In 1926, they took a 
decided upward trend. Optimism might have 
attributed this to the necessity of placing contracts 
abroad because of the industrial upheaval in this 
country, but if such optimism ever existed it must 
be most effectually banished by the statistics re- 
lating to 1927. A new high record of textile 
machinery imports has been reached at a value per 
ton less than in 1925 and previous years, slightly 
more than in 1926, but nearly double the value 
per ton of our exports. It appears that these high- 
value imports comprise spinning and weaving 


mind the increased costs and prices since 1907, 
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manufacture machinery, and their growing importa- 
tion must be a very disquieting factor for home 
manufacturers. A million and a quarter sterling of 
trade in this class of product has been lost to British 
manufactures during 1927, and bearing in mind the 
unhappy state of the textile machine industry and 
the well-established position in this country of the 


TABLE III.— United Kingdom Exports of Textile Machinery 
(Volume in Tons). 




















Month! 7 Index Value per| Index 
Average. | Volume. | 1913-100. ‘Ton. | 1913—100. 
| ‘ 
1913 | 14,840 100-0 46°5 100-0 
1922— | 
1st Qr. ..| 16,706 112-6 141-8 304-9 
2nd ., vol S07 42-6 166°5 358-0 
8rd ,, I 12,987 87°5 139-1 299-1 
4th ,, ..| 15,455 104-1 124-3 267°3 
1923—- 
Ist Qr 13,901 93-7 122-0 262-4 
2nd ,, | 11,768 79-3 116-4 250-3 
3rd ,, 10,554 71:1 105-5 226-9 
4th ., | 10,045 67-7 106-2 228-3 
1924— 
Ist. Qr | 8,257 55-6 105-2 226-2 
2nd 8,800 59:3 105-1 226-0 
3rd | 8,532 57-5 102-8 221-1 
4th 8,957 60°+4 105-0 225-8 
1925— 
Ist Qr. 9,358 63-1 103-7 223-0 
2nd ,, ..| 10,055 67:7 101-2 217-6 
3rd ,, ..| 10,569 71-2 97-4 209°5 
4th ,, ..| 11,054 74:5 73-6 201-2 
1926— ; 
Ist Qr. ..| 9,390 63-3 95-5 205-4 
2nd ,, ..| 7,536 50-8 98-8 212-5 
8rd ,. ..| 8,174 55-1 97-3 209-5 
ott 2 SY 8727 | 58-8 101-2 217-6 
1927— 
Ist Qr. ..| 8,996 60-6 98-8 212-5 
2nd ,, --| 10,082 67-9 97-3 209-5 
3rd_,, py 9,734 65-6 99-0 213-0 
4th ,, ..| 10,970 73-9 98-5 212-3 
| 





consumers of this imported machinery, there would 
seem to be some scope for British inventiveness and 
ingenuity. This disturbing state of affairs has been 
commented on previously, and it is certainly a matter 
to which attention cannot be too often drawn. 

As was indicated last year, the world demand for 
textile machinery expanded during the year, and 
this country seems to have shared proportionately 
in the increased trade, but the extension of trade of 


TaBLE IV.—Net Imports of Textile Machinery into 
the United Kingdom (Volume in Tons). 

















Index Index 
Monthly Value 
caer Volume} 1913= 1913= 
Average. 100. per ton. 100. 
| £ 
1913 .| 411 100-0 71-6 100-0 
1922 
Ist Qr ..| 191 46-5 162-8 227-4 
2nd ,, - a 189 46-0 197-6 276-0 
3rd ,, “a 163 39-7 230-0 321-2 
4th “s 168 40-9 204-8 286-0 
1923— | 
Ist Qr. -.| 208 50-6 199-0 278-0 
2nd ,, ee 154 37-5 192-0 268 +2 
3rd ,, oa 192 46-7 190-8 266-5 
4th ,, -| 194 47-2 189-5 264-7 
1924— 
Ist Qr. 253 61-6 193-5 270-3 
2nd ,, 256 62°3 239-9 335-0 
3rd, | 310 75-4 236-4 330-1 
4th ,, 344 83-7 261-3 364-9 
1925— 
1st: Qr. 301 73 +2 243-2 339-7 
2nd ,, 257 62°5 233-7 326-4 
ord ,, 331 80°5 192-6 269-0 
4th ,, 344 83-7 234-3 326-2 
1926— 
Ist Qr. 401 97°5 215-0 300-3 
2nd ,, 485 118-0 162-4 226-8 
3rd _,, 413 100-6 145-4 203-2 
4th ,, 569 138-6 156-2 2183 
1927— 
Ist Qr. ea .-| 407 99-0 224-6 313-8 
2nd ,, aa ot OC 137-0 172-6 240-2 
3rd ,, és ..| 505 122-9 166-4 232-6 
4th ,, a --| 614 149-4 188-0 262-8 











other countries, particularly Germany, is significant. 
Germany has always been our keenest competitor 
in the textile machinery world, and her growing 
strength in this market has not once looked back, 
nor are there any indications of a reverse. Germany 
is the only country, of the five shown in Table V, 
whose exports have progressed consistently each 
year. Even in 1926, when there was a general 
constriction, she succeeded in forging ahead. The 
French and Swiss advances are probably due to the 
increased demand for silk and artificial silk 
machinery. 

Table VI gives details of the value in long tons 








crease of only about 10 per cent., which, bearing in 





machinery, hosiery, knitting and artificial - silk 
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of these exports. The United States is omitted 
from this table, as tonnage is not available. 

A very stern battle for work is revealed by these 
tables, and although there is a prospect of the slight 
export revival achieved last year being maintained 
and improved upon in 1928, it will only be done in 
the teeth of the fiercest competition. 

The position at home can be spoken of in less 
assured tones. The Lancashire cotton industry 
may be said to be in a critical condition ; further 
TABLE V.—JInternational Exports of Textile Machinery 

(in 0001. Sterling, Converted at Average Rate of Ex- 
change each Year). 








20,745 


to 


Total | 23,571 | 21,158 24,308 





| 1926. | 1927.* 
ee ee | eee 5 Sas |e ee eS se 

| | | | 
United Kingdom ..| 8,282 | 10,831 | 12,157 | 9,957 | 11,743 
France - 90 921 | 799 | 740 | 1,105 
Germany |.  |.| 5,255 | 5,566 | 6,593 | 6,937 | 7.560 
Switzerland ».  ..| ‘564 | 1,446 | 1,642 | 1,382 | 1,600 
U.S.A. > | 404 | 1,981 | 21380 | 2)142 | 23,95 








* Estimated on incomplete returns. 

liquidations are to be looked for, and the outlook 
altogether is anything but cheerful. The value of 
exports of cotton yarns and manufactures has fallen 
from 199,000,000/. in 1924 to about 150,000,0001. 
in 1927, and, owing to the continued severity of 
competition from other countries, Lancashire is 
unable to regain her lost trade. The trade avail- 
able has not allowed spinners and manufacturers 
to run their machinery at anything approaching full 
capacity, and although in certain sections the imme- 
diate outlook is a little better, the prospect for the 
industry asa whole is depressing. It is believed 
that world stocks of manufactured goods are not 


TABLE VI.—IJnternational Exports of Textile Machinery. 
(Long Tons.) 








"i 
1927.* 


| 


| 1013. | 1924. | 1025. | 1926. 
| | 





United King- | 
dom .. a 











178,074 Lea 123,107 | 101,543 | 119,344 

France --| 1,042 | 10,530 | 12,290 | 15,020 | 19,400 

Germany ..| 72,600 | 45,000 | 52,680 | 52,000 | 56,900 

Switzerland 10,050 | 9,625 | 12,220 | 11,700 | 13,920 
Total aa 





262,666 | 168,773 | 200,297 | 180,353 | 209,564 
! 





* Estimated on incomplete returns. 
large, and therefore any improvement in world 
economic conditions, signs of which are not wanting, 
might create an improved demand. This seems the 
only ray of hope, together with the fact that there 
is no immediate prospect of an increase in prices. 

But the trading position is not the only concern 
in connection with Lancashire textiles. The germs 
of an industrial dispute of some magnitude are in 
the air, and although efforts are being made to 
avert such a calamity with, it is hoped, success, the 
presence of such a possibility is bound to react un- 
favourably on the industry. Evidence is not want- 
ing of a realisation within the industry, that reorgan- 
isation in some form or other is inevitable. Mr. 
Keynes’ suggestions have not met with general 
response, and there is a disastrous want of unity 
in the sections at the moment, but sooner or later 
reorganisation must come, and until that time, 
there seems little prospect of better times. 

The woollen textile and the artificial silk industries 
are in better fettle, although the former is not free 
from potential discord, and from the trade point of 
view is in much the same position as it was in 1925. 

Under the circumstances, it is well nigh impossible 
to hazard a guess of the prospect of the textile 
machinery industry at nome during 1928, but taking 
all the factors into account it seems not unreason- 
able to suggest that little improvement can be 
hoped for until the end of the year at the earliest, 
unless a concerted effort is made to oust the increas- 
ingly imported high-value machinery. Fortunately, 
our foreign markets are in greater volume than the 
home market, and therefore on balance the industry 
may look for a better year than 1927. 








Tue INstituTIon oF Rat.way SicNaAL ENGINEERS.— 
According to the fifteenth annual report of The Institu- 
tion of Railway Signal Engineers, the registered member- 
ship on January 1, last, totalled 712. A new class of 
member, that of associate, has been introduced, and 
nine of these were elected during the past year. 





NOTES. 


COMMERCIAL AVIATION IN RussIA. 


ConsIDERING the vast distances involved in travers- 
ing Russia, and the inadequate character of the 
previously existing means of transport and communi- 
cation, it seems reasonable to suppose that, with a 
normal system of government, the development of 
commercial aviation in that country would have 
been comparatively rapid and extensive. Actually, 
it was not until 1922 that a start was made, by 
establishing an air line connecting Moscow with 
Koenigsberg, and linking it up with Berlin and other 
European capitals. This line was operated by the 
Deruluft, a Russo-German concern, but about a 
year later, three other air-transport companies 
were formed and two of these, viz., the Dobrolet 
and the Ukrvozdukhput, are still in operation. 
According to a monthly review published by the 
Bank for Russian Trade, the years 1923 and 1924 
must be regarded as periods of experimental develop- 
ment, while the two following years were occupied 
in stabilising the services. It is stated that, by 
1925, seven regular air lines had been established, 
and that flights totalling 1,140,000 km. (708,000 
miles) were made during that year, 73 per cent. of the 
distance covered being on regular service routes. 
The passengers carried numbered 7,800, and, in 
addition, 83 tons of mails and freight were trans- 
ported. In 1926, the flights over regular routes 
alone totalled 1,300,000 km. (807,000 miles) and 
the number of passengers carried was 12,400; the 
mails and freight handled also increased to 141 tons. 
At the present time, the two companies previously 
mentioned are maintaining services between Kazan, 
Khiva and Tashauz (534 km. or 330 miles) ; Kazan 
and Duschambe (730 km. or 454 miles); Verkh- 
neudinsk, Ulan and Bator (600 km. or 372 miles) ; 
Moscow and Mineralnye Vody (1,500 km. or 930 
miles); Mineralnye Vody and Baku (815 km. or 
506 miles) ; Baku and Tiflis (535 km. or 332 miles) ; 
and between Moscow and Koenigsberg (1,200 km. or 
746 miles). The total length of the air lines in the 
Soviet Union thus amounts to 5,914 km., or 3,670 
miles. In addition to the operation of these services, 
the two companies have carried out photographic 
surveys of extensive forest areas, and the Dobrolet 
has assisted in destroying locusts in the Northern 
Caucasus and forest pests in the Nizhni-Novgorod 
province. It is understood that a considerable 
number of the machines in use are of Russian design 
and construction. Some progress has thus been 
made, and it is apparent that the importance of 
civil aviation is being realised, since it is intended, 
within the next two years, to organise lines con- 
necting the Soviet Far East, Central Asia and other 
outlying points in the Soviet Union with Western 
Europe. The Verkhneudinsk-Ulan-Bator line, men- 
tioned above, is the commencement of one of the 
proposed trans-European-Asiatic trunk lines, which 
would form the shortest possible air route between 
Europe and Asia. 


ForEIGN PLANT IN BritisH POWER STATIONS. 


There is perhaps no topic which gives rise to 
livelier discussion in electrical engineering circles 
than the ethics of public supply authorities awarding 
contracts for generating plant to foreign manu- 
facturers. The arguments, pro and con, are well 
known, and repetition only adds to their familiarity. 
We may therefore be excused for wondering why this 
moment should have been chosen by the British 
Electrical and Allied Manufacturers’ Association to 
issue a pamphlet entitled ‘‘ Foreign Plant in British 
Power Stations ” (price 1s. net). Since the Southern 
Railway episode some months ago, not more than one 
contract has been given to a foreign firm and, as 
shown by the figures set out in an appendix to the 
main publication, the capacity of the generating 
plant that has been manufactured elsewhere for use 
in this country since 1919, does not amount to more 
than 7-6 per cent. of the total installed. Even this 
relatively small quantity is due mainly to the action 
of four municipalities, who make a habit of buying 
abroad. Perhaps the true reason for the publication 
lies in the fact that at this time of year there is 
anxious speculation about what the Chancellor of 
the Exchequer may do. This opinion is confirmed 
when we are told with muck eloquence that the 





greater part of the difference between Continental 
and British prices is due to taxation, and when 
it is added that if this taxation, using the term in 
its widest sense, were reduced to the Continental 
level the British manufacturer would not fear foreign 
competition. Differences in the cost of labour and 
materials also exist, but little can be done to alter 
these and, even were such a course possible, the 
fact that Great Britain is a dumping ground for 
the exports of all countries would not render this 
more than a temporary expedient. It has fre- 
quently been pointed out that to give orders abroad 
is often false economy, because it means unemploy- 
ment in this country, but for the first time we are 
here given data which seek to show that it is also false 
economy because the operating efficiency of foreign 
plant is less than that of our own. From the engineer- 
ing point of view this is the most interesting portion 
of the pamphlet. At one station, for instance, the 
higher fuel costs, due to the use of foreign plant, 
are stated to have a capitalised value of about 
184,000/., giving, together with the capital spent on 
generating plant and machinery, a real capital 
expenditure of 455,845]. In another case, the 
capitalised value of the loss is given as 95,000/., 
the total amount expended on plant being 138,372/. 
Allowing for the fact that the foreign plant was 
about 20 per cent. less in price than the British, 
it is argued that each of these undertakings has 
paid 80 per cent. more than the British price, if the 
differences in operating efficiency are considered, 
which goes to show that British plant justifies itself 
at a price even as high as 80 per cent. above that 
of foreign products. It is stated that these figures 
are arrived at by comparing the consumptions of 
stations equipped with British plant and of similar 
size and load factor with those of the stations 
equipped with Continental plant. The point is 
worth making, but even so we doubt whether it 
will have the desired effect. In some municipal 
circles there is craze for buying in the cheapest 
market, irrespective of the other factors that may 
be involved, and this is not infrequently accom- 
panied by a desire to indulge in a Quixotic exercise 
which may be known as “trust-breaking.” The 
famous Spanish knight often came but badly out 
of such encounters, and it looks in this case as if 
history might repeat itself. But the habit is not 
widespread and we are still left a little puzzled 
why the B.E.A.M.A. should think it necessary to 
turn such heavy artillery upon it. 


Motor TAXATION. 


The Ministry of Transport returns of motor- 
vehicle licences covering the period from December 1, 
1926, to November 30, 1927, have just been issued, 
and show a total gross receipt of 23,456,378/., as 
against 19,032,682/. for the period ending November 
30, 1926. It will thus be seen that the steady 
increase, which has been a feature of the returns 
since the war, continues, and it is highly improbable 
that the high-water mark will be reached for some 
years tocome. The increase is merely an indication 
of the greater extént to which all forms of transport 
are being diverted to the roads, in spite of a rate of 
taxation exceeded in few countries in the world, 
and affords indirect testimony to the comfort, 
reliability, and low upkeep costs of the modern 
chassis. We do not propose to enter into the 
controversy regarding the allocation of the road 
fund, on which an almost fundamental difference in 
opinion exists, but it is self-evident that the increase 
in traffic demands increasing expenditure on 
construction and maintenance, if the roads, of which 
the country may justly be proud, are not to deterio- 
rate. An analysis of the receipts shows that cars 
taxed on horse-power, together with motor-cycles, 
account for 11,769,622/., or almost exactly 50 per 
cent. of the total, while goods vehicles only represent 
7,695,598/., in spite of the fact that the rate of 
taxation on the latter has recently been raised. 
Motor hackneys contribute 2,971,419/., the remainder 
being accounted for by road locomotives, motor 
ploughs and tractors, tramcars, trade licences, 
and horse-drawn vehicles. In view of the magnl- 
tude of the total, many authorities are in favour of 
an all-round reduction in the rate of taxation, but 
it must be borne in mind that such a reduction 
would involve an increase of taxation in other 
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directions in order to balance the Budget. The 
figures we have quoted show that the greatest 
individual contribution is made by owners of 
private cars, and if the good of the community as a 
whole is taken to be the first consideration, this 
can only be regarded as just. An interesting 
analysis is made, in the return, of the cars taxed 
on horse-power registered for the first time in 
September, October, and November of 1927 for 
England, Wales, and Scotland respectively. This 
brings out the fact that in England, out of 
26,377 cars registered in the period mentioned, only 
5,059 were over 16 h.p., the other two countries 
being, roughly, in the same proportions. The 
great bulk of the cars registered lie in the 12-14 h.p. 
class, indicating that the requirements of the 
majority of the public are satisfactorily met by a 
car of this type. The great growth in the saloon 
type of vehicle is also brought out in the analysis ; 
thus, in the class mentioned, 8,793 saloons were 
registered in England, as compared with 5,192 
touring cars. 


LITERATURE. 


——.—_ 


Principles of Mercury Arc Rectifiers and their Circuits. 
By D. C. Prince and F, B. Voaprs. London: 
McGraw Hill Publishing Co., Ltd. [Price 15s. net.] 

Tuts book is divided into two parts, dealing with 

principles and circuits respectively. Brief notes 

on Kenotron and Tungar rectifiers, including the 
mathematical laws of electronic emission and space 
charge therein, introduce the reader to the main 
subject. The authors give a clear and concise 
account of the physical nature of the valve action 
in the mercury arc rectifier in the light of the theories 
and data of Langmuir, Schottky and Ginther- 
schulze, and of their own researches, made in the 
laboratories of the General Electric Company, 
Schenectady. Investigations of inverse current 
intensity, arc-back and breakdown voltage are 
quoted. Arc-back consists in loss of rectifying 
property, so that the current is passed by the recti- 
fier in either direction. The excessive current 
flow under: this condition heats the electrodes 
rapidly, but if the circuit is opened quickly enough 
no damage may result. The voltage at which arc- 
back occurs is seriously reduced by the presence of 
foreign gases, but with a good vacuum it is found 
that the phenomenon occurs at a definite voltage 
depending upon the current rectified. The value 
is also largely connected with the actual size of the 
rectifier casing, since this determines the tempera- 

ture rise for a given load. For example, in a 

certain series of small naturally-cooled glass-bulb 

rectifiers designed for loads between 10 and 50 

amperes, the arc-back voltage was 900 for a specific 

loading of 10 amps per 100 square inches of bulb 
area, and fell to 200 volts for double this loading. 

Forced cooling increases the arc-back voltage for 

the same loading. 

Experiments on reverse current showed that 
the wave-form of this was peculiar and dependent 
upon the temperature, presenting a very sharp peak 
Immediately after the anode concerned ceased to 
conduct in the normal direction, and falling off 
rapidly to zero. Nevertheless, the amount of 
teverse current was but a few milli-amperes. This 
first part of the book is very instructive and lucid, 
and presents an excellent account of what is at 


present known of the physical nature of the mercury 
rectifier, 





In Part II a study is made of wave forms, regu- 
lation, &c. First the authors deal with fundamental 
wave shapes and ideal cases with transformers 
having no impedance. The single-phase rectifier 
with and without a direct-current choke is treated : 
in this connection it might be mentioned that the 
blocks for Figs. 43 and 45 should be transposed. 
The authors state that, when in the ideal single- 
Phase case a direct current choke is used, the 
anode currents become rectangular blocks in wave- 
form, and that a steady voltage appears across the 
load, while the ripple appears across the choke. 
Unfortunately, the grounds for this assertion are 
hot stated. 

An interesting investigation is made into the best 
number of phases for a rectifier. Assuming sinu- 
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soidal voltage and rectangular current waves, 
extending over the period ca where N is the 
number of phases, then the average value of the 
current will be greatest when ~ =m, whereas 
the average voltage will increase as N increases. 
This leads to the interesting result that 2-69 phases 
give the most economical arrangement. Of practi- 
cal cases, the three-phase rectifier is the best, the 
two-phase (four-anode) and single-phase (two-anode) 
rectifiers being almost as good. The choice of six 
anodes is made principally on account of the ripples. 
A full treatment of regulation due to reactance is 
given, the results being applied to the solution of 
the battery-charging rectifier problem. In dealing 
with the regulation of rectifiers having all their reac- 
tance in the secondary windings of the transformers, 
the mathematical paper of Dallenbach and Gerecke 
in the ‘ Archiv fiir Elektrotechnik ” (1924, No. 2) 
has been employed. If a hypothetical rectifier 
having an infinite number of phases be chosen for 
discussion, then the output current will always be 
supplied by a group of anodes working in parallel. 
Phases entering the portion of the cycle in which 
they carry current acquire their share of the current 
slowly, and do not cease to carry it until other phases 
having a higher mean voltage take it over. Thus 
instead of a phase carrying current for only that 
portion of the cycle where it has a higher induced 
potential than the other phases, it will continue to 
carry current after its voltage has passed below 
those of some of the phases that follow it. The 
theory is worked out on this basis, and used to 
predict regulation curves. Some clear oscillograms 
show waves shapes actually obtained in practice. 
The book closes with a consideration of parallel 
operation, compounding, and the effect of resistance 
on wave-shape. There is very little descriptive 
matter in the book, only physical and mathematical 
work finding a place, as the title indicates. The 
mathematics is of quite an elementary order, how- 
ever, and the explanations given are commendably 
straightforward. The result of the authors’ efforts 
is a book which is thoroughly recommendable and 
exceedingly useful to those interested in the rectifier 
field outside purely constructional aspects. 





Designs of Small Oil-Engined Vessels. By WALTER 
Pottock. London: Constable and Company, 
Limited. [Price 42s. net.] 

Tue work consists of 81 pages of text, tables and 

photographs of vessels under 1,500 tons, and there 

are 97 outline designs of craft, including single and 
multiple-screw passenger and cargo vessels, stern- 
wheel and side-paddle vessels, launches, tugs, 
icebreakers, dredgers, ferry boats, yachts, &c., and 
these are all designed for Bolinder hot-bulb engines. 
The author does not pretend to discuss design from 
basic or economic principles, for he prefaces his work 
by indicating that the designs given, together with 
his text, will better serve to guide owners from failure 
in respect of excess or deficiency of length, beam, 
depth and speed, than the theory or mathematics 
associated with designing the types of vessels he has 
under consideration. These views may not be 
shared by all designers and owners, and it is 
generally conceded that deductions from the latter 
consideration are the true elements upon which 
economics and progress can be based. This view 
is evidently supported by the author, for when 
discussing the designs of certain classes of vessels, 
he states “The different arrangements of decks, 
hatchways and bridges are too numerous to illus- 
trate.” A study of the tables given would also 
make the experienced designer pause before 
applying them direct to, say, the delicate design of 

a paddle or stern wheeler, in which weight and dis- 

position of material must be minutely studied, in 

order to obtain the desired result, and again, plans 
will not be a guide for, say, stability, unless many 
other factors are known. 

In discussing the relative merits of steam versus 
oil-engine propelled vessels, the author emphasises 
the great strides which he considers have been made 
by the adoption of the latter, and it seems unfor- 
tunate that he has confined the scope of his work to 
the exclusive use of Bolinder hot-bulb oil engines ; 
while the Bolinder engine is widely adopted, there 
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are many other excellent types now in use, and 
experience shows that each type has its own field 
for the various types and proportions of craft in 
use, and hull design is often greatly influenced by 
the make of engine. The reason for this is at once 
apparent, when one considers that single semi-Diesel 
engines are now available, giving 1,000 b.h.p. on 
a total weight of 16 tons. The text of the work does 
not contain anything new, but the tables and 
designs may be of some use as a “ first shot ”’ for 
those who are not specialists, but prospective owners 
of craft can always place themselves in the hands 
of experienced shipbuilders, who usually employ 
capable designers, or, they can adopt the authors 
alternative, viz., the consulting naval architect. 
It will then be unnecessary for them to consider 
the advice given on page 51 of the work, when the 
author states, ‘‘ Owners should avoid selecting any 
type of vessel which has already proved a failure, 
since it is unlikely to prove itself a profitable 
proposition.” 





Der Bau des Dieselmotors. By Professor K. KéRNER 

Berlin: Julius Springer. Second Edition. [73} marks.] 
Tuts book, which measures 7} in. by 10 in., and 
about 1 in. thick, contains 530 pages, with nearly 
800 illustrations and eight folding plates, and is 
certainly the most complete treatise on the design 
and construction of the Diesel engine which has yet 
appeared. The wealth of illustration is almost 
bewildering, and line drawings, which are beauti- 
fully clear and in the majority of cases to scale, are 
employed throughout. For this purpose, drawings 
and information covering recent practice have been 
supplied by no fewer than 52 firms, about half of 
which are German, but Continental and American 
practice is well represented, and nine leading 
British makers have also contributed. The print- 
ing and general get-up of the volume is most praise- 
worthy. 

The author makes no attempt to discuss the theory 
of the Diesel engine, which can easily be found else- 
where, but contents himself with a short introduction 
of 18 pages on the heat exchanges occurring in the 
cylinder as affecting design, and the methods of deter- 
mining the leading dimensions of the engine. The 
book is, however, by no means a mere collection of 
illustrations. It consists rather of a careful study 
of the difficulties likely to be encountered by the 
designer, introducing properly classified examples 
of the means adopted to solve the various problems 
involved. The author’s conclusions are supported 
by frequent reference to the results of experimental 
research and to the data obtained in works tests 
carried out by a number of different firms, but it is 
to be regretted that no mention is made of the 
marine oil engine trials conducted by the Institution 
of Mechanical Engineers, which have exercised 
such an important influence on recent progress. 

The book is divided into two main sections, deal- 
ing with the four-stroke and two-stroke types of 
engine respectively, and in both cases covering both 
stationary and marine practice. In each section 
separate chapters are devoted to a consideration of 
the more important details, including (1) cylinder ; 
(2) frame ; (3) bedplate ; (4) combustion chamber ; 
(5) piston; (6) connecting rod and crankshaft ; 
(7) cylinder cover; (8) inlet and exhaust valves ; 
(9) starting and safety valves; (10) fuel injection 
valve ; (11) valve gear ; (12) fuel injection pump and 
governor; (13) compressor, receivers, and pipe 
scheme; (14) flywheel and foundations; and 
(15) oil consumption and heat balance-sheet. The 
author not only gives the results of his own investi- 
gations and unique experience, but also discusses 
the leading features of the examples submitted to 
him, and the reasons for the different arrangements 
or proportions which have been adopted. Prac- 
tical considerations predominate throughout, but 
the scientific principles involved in the design of 
bearings, connecting rods and crankshafts, and in 
balancing, are dealt with in a very thorough and 
particularly lucid manner. Special mention might 
be made of the author’s diagrams showing the effect 
of inertia in working out the tangential pressure on 
crank pin, and the variation in the pressure on crank- 
shaft, bearings for engines with various numbers and 
arrangement of cylinders running at different speeds 





and with different methods of balancing. Very 
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interesting graphical processes are also employed in 
working out the velocity and acceleration of inlet, 
exhaust, and fuel valves in connection with the 
design of the valve gear, and the form to be given 
to the cams. As the starting and manceuvring 
qualities of the engine are all important, the different 
forms of reversing and starting gear are treated at 
some length in what constitutes a very valuable 
chapter of the book. 

The relative merits of two- and four-stroke cycles 
and of the single- and double-acting types of engine 
are treated in the latter section of the book. It is 
admitted that in the construction of a successful 
two-stroke cycle engine many problems of great 
difficulty are to be encountered, but the author is 
at great pains to show that in the light of recent 
experience these difficulties may be largely overcome 
by careful design. 

The book may be regarded as a remarkable com- 
bination of theory with the works experience of an 
engineer, and cannot fail to be of great service to 
the designer, or to anyone making a study of the 
most recent advances in this important subject. 
Progress in the development of the oil engine is 
taking place so rapidly that the appearance of the 
book is particularly opportune at the present time. 





PRESENTATION OF Mr. Lu. B. ATKINSON’s PoRTRAIT 
TO THE INSTITUTION OF ELECTRICAL ENGINEERS.—At the 
meeting of the Institution of Electrical Engineers on 
Thursday, February 2, a portrait of Mr. Llewelyn B. 
Atkinson, painted by Mr. G. Harcourt, R.A., was pre- 
sented by the Cable Makers’ Association. Mr. E. Leete, 
chairman of the Association, in making the presentation, 
recalled Mr. Atkinson’s services to the profession and 
the industry, and especially the work he had done in 
securing the Royal Charter during his tenure of the office 
of president in 1920-21. 


LECTURES ON ATMOSPHERICS.—-A course of six lectures 
on ‘‘ Atmospherics,’’ will be delivered by Mr. R. A. 
Watson Watt, in the Electrical Engineering Department 
of University of London, East London College, Mile End- 
road, E.1, on Mondays, commencing February 13 next, 
at 6 p.m. The subjects dealt with will include direc- 
tional recording, wave form, distribution of sources, and 
reduction of interference from atmospherics. Demon- 
strations of the actual wave form of atmospherics will 
be given, and the cathode ray direction finder will be 
shown in operation. The fee for the course is 10s. 6d. 
Admission tickets and further particulars may be obtained 
from the Registrar of the College. 


THe InstiruTion OF ELECTRICAL ENGINEERS.—An 
exchange of greetings, by wireless telephony, between 
the presidents of the Institution of Electrical Engineers 
and the American Institute of Electrical Engineers, will 
take place at 3.30 p.m., on February 16 next. The 
message from America will be received in the council 
room of the Institution, but arrangements are being 
made for a repetition of the message in the lecture theatre 
by means of a loud speaker. Members are invited to 
hear the message in the lecture theatre. Immediately 
after the exchange of greetings, a kinematograph film, 
illustrating the new Anglo-American telephone service, 
will be exhibited in the lecture theatre. This will be 
repeated at 6 p.m, 


PERSONAL.—In consequence of the death of Mr. 
A. W. Baird, the nautical department of Messrs. Kelvin, 
Bottomley and Baird, Limited, 18, Cambridge-street, 
Glasgow, will now be co-ordinated under the direction 
of Mr. Samuel B. Wilson.—The General Committee of 
Lloyd’s Register of Shipping has appointed Dr. James 
Montgomerie Chief Ship Surveyor to the Society.— 
Mr. P. Ellis, of Messrs. Rd. Johnson, Clapham and 
Morris, Limited, Jacem House, Trafford Park, Man- 
chester, is now stationed at Cardiff, his address being 
22, Mafeking-road, Penylan.—Dr. James F. Norris, of 
the Massachusetts Institute of Technology, has assumed 
the consulting editorship of the International Chemical 
Series. This series, which now comprises upwards of 
30 volumes, was undertaken in 1910 by the McGraw-Hill 
Book Company, Inc.—Mr. J. Ditchfield, 18, Parr’s Wood- 
road, Withington, Manchester, has been appointed 
switchgear and control gear representative for Messrs. 
Mavor and Coulson, Limited, Glasgow, in the Lanca- 
shire, Yorkshire, North Wales, and Midlands districts, 
in place of Mr. William Rea, who has served his connec- 
tion with the firm.—We have been informed that the 
merging of several important United States companies 
has taken place recently. The concerns involved are 
Messrs, The U.G.I. Contracting Company, of Philadelphia, 
Messrs. The Public Service Production Company, of 
Newark, Messrs. Dwight P. Robinson and Company, of 
New York, and Messrs. The Day and Zimmerman 
Engineering and Construction Company, of Philadelphia. 
-—Messrs. The Chemical and Metallurgical Coporation, 
Limited, have removed their executive offices and staff 
to their new works at Runcorn, and all communications 
should, in future, be addressed to Astmoor Works, 
Runcorn, Cheshire. 


LETTERS TO THE EDITOR. 


STEAM NOZZLES RESEARCH. 
To THE EpiIToR OF ENGINEERING. 


Str,—In the discussion of the Fifth Report of the 
Steam Nozzles Research Committee, published in your 
issue dated January 27, a speaker suggested that 
we had taken out a patent “‘ for applying in a reaction 
turbine the impulse nozzle which had been described 
by the Nozzles Committee as the most efficient of those 
tested’; he further raised the question as to “‘ whether 
it was possible to take steps to prevent attempts to 
appropriate their work.” Another speaker remarked 
that ‘“‘he thought that there was no invention in 
applying an impulse nozzle to a reaction turbine.” 
To these remarks we beg to state that in our opinion— 

(1) Impulse nozzles of this type having the same as, 
and better efficiencies than, those of the nozzles referred 
to had been evolved, tested, and used prior to the 
publications by the Nozzles Committee. We refer, 
for instance, to: Stodols, Dampf-und Gas-Turbinen, 
5th edition, page 442, Fig. 478, and page 127, Fig. 134a ; 
Fliigel, Die Diisencharakteristik, Forschungsarbeiten 
Heft 217, page 27, Fig. 10. 

(2) The application of a known shape of impulse 
nozzle or guide blade to the stator and rotor blading 
of a reaction turbine is a patentable invention, providing 
that such application be new and that it achieves 
technical advancement. Whether this is the case or 
not may be left to the Patent Office and Law Courts 
to decide. 

Yours faithfully, 
Brown, BovERI AND Company, LiMiTED, 
S. W. Brown, pp. FABER. 
Baden, Switzerland. 
February 3, 1928. 





BRITISH TRADE WITH CHINA. 


To THE EpIToR OF ENGINEERING. 


Sir,—The importance to British manufacturers 
and engineering firms is my excuse for asking you to 
publish the following. At a meeting on November 15, 
1927, of the Far Eastern Section of the London Chamber 
of Commerce, Mr. H. H. Fox, the Commercial Councillor 
of the British Legation, Peking, stated that he was 
surprised to find the amount of business being done with 
China at the present time. Mr. Fox also pointed out 
that the existing Civil War could not entirely check 
trade, and that he felt that when this ended there 
would be a great commercial revival. 
The report compiled by the Maritime Customs on the 
foreign trade of China shows that Civil war has not 
checked trade altogether, as the following extracts for 
three years covering a few engineering goods show. 
The values are given in Haikwan taels. 7-2 H.T. 
approximately equal £1 :— 
Machinery for Electric Power Stations. 
1924 25. 1926. 
807,581 -00 858,151-00 831,606 -00 
Boilers, Turbines, &c., for Propelling. 
1,963,229 -00 1,919,784 -00 1,901,407 -00 
Textile Machinery, Carding, Printing, Spinning, dc. 
5,510,631 -00 3,406,827 -00 4,057,796 -00 
Machinery, other kinds and parts, including Cotton Gins 
and parts of. 
7,930,432 -00 8,317,505 -00 


The above figures show that during the year 1925, 
when the outbreak of feeling against foreigners was at 
its height, there was a decline, but during the year 1926, 
even while China was plunged into the greatest civil 
war and political mess in her history, trade again 
showed an upward tendency. This then indicates 
that Mr. Fox’s feeling with regard to a trade revival 
when fighting is abandoned is correct. 
In view of unemployment in Great Britain and the 
possibility of finding a market for their products, the 
above information may interest some of your readers. 

I am, dear Sir, 

Yours faithfully, 

G. Wi-Frip Cocksturn, M.I.Mech. E. 

Shanghai, December 30, 1927. 


10,737,973 -00 








Tue Crrrus AERO ENGINE.—In a paragraph published 
on page 120 ante, relating to the production, by Messrs. 
A.D.C, Aircraft, Limited, Regent House, Kingsway, 
W.C.2, of aero engines of higher power than the Cirrus 
engine, we referred to the existing model as having an 
output of 60 b.h.p. at its normal speed of 1,800 r.p.m. 
We have since been informed by the makers that the 
Mark I engine, illustrated and described on page 572 of 
our 119th volume, to which these figures related, has 
been generally superseded by the Mark II model. This 
later engine develops 75 b.h.p. at its normal speed of 
1,800 r.p.m., with a maximum of 80 b.h.p. at 2,000 r.p.m. 
The petrol consumption, at normal horse-power, is given 
as 0-57 pint per horse-power hour, and the oil consump- 





| ENGINEERING TRAINING AND 
EDUCATION. 


The Institution of Gas Engineers.—When reminding 
intending candidates for membership, associate mem- 
bership and studentship of the Institution of Gas 
Engineers, 28, Grosvenor-gardens, London, S8.\V.1, 
that forms of proposal should be returned not later 
than February 11 next, the secretary recalled that 
steps were now being taken so that admission to the 
Institution would, in future, be by examination only. 

Faraday and Maxwell Scholarships.—The Registrar 
of Faraday House Electrical Engineering College, 
62-70, Southampton Row, London, W.C.1, informs us 
that the annual examination for the Faraday and 
Maxwell Scholarships will be held at Faraday House 
on April 3, 4 and 5 next. The Faraday Scholarship 
has a value of 50 guineas per annum, and is tenable 
for two years in College and one year in a manufacturing 
works. The Maxwell Scholarship is worth 50 guineas 
per annum, and is tenable for one year in College and one 
year in a works. The subjects of examination for the 
Faraday Scholarship are geometry, algebra, trigono- 
metry, dynamics, statics and hydrostatics, geometrical 
and freehand drawing, chemistry and physics. For the 
Maxwell Scholarship the subjects are mathematics, 
dynamics, statics and hydrostatics. Further particulars 
may be obtained from the Registrar at the address 
given above. 

Scholarship in Engineering at University College, 
Swansea.—A scholarship of the value of 701. per annum, 
tenable for three years, will be offered by the Council 
of the South Wales Institute of Engineers for competi- 
tion at an examination which will be held at University 
College, Singleton Park, Swansea, on September 10 next, 
and following days. Theage of the candidateon April 
next must not exceed 25 years. In the case of a candi- 
date who intends to pursue a scheme of research, this 
restriction need not be held to apply. Every candidate 
must be a _ British subject. General regulations 
affecting the entrance scholarships examination, and 
a printed form of application for admission to the 
examination for the scholarship in engineering may 
be obtained from the Registrar of the College at the 
address given above. The form should be returned not 
later than August 1 next. 


Advanced Lectures in Fuel Technology.—A course of 
lectures, of an advanced character, on boiler fuels and 
boiler economy will take place in the Department of 
Metallurgy of the Sir John Cass Technical Institute, 
Jewry-street, Aldgate, London, E.C.3, on Thursday 
evenings, from February 23 to March 29, next. The first 
lecture, on “ Liquid Fuel” will be given by Engineer 
Rear-Admiral A. E. Hyne, C.M.G., the second, on 
‘Gaseous Fuel,” by Mr. W. A. Tookey, the third, on 
** Solid and Powdered Fuel,” by Mr. B. Samuels, and 
the fourth, fifth and sixth, on ‘‘ Modern Plant and 
Working,” by Mr. W. H. Patchell. The lectures will 
be delivered from 7 to 8 p.m., and the fee for the full 
series is 20s. The Chair at the first lecture will be 
taken by Sir Frederick Black, K.C.B. The above 
course will form a sequel to the series of lectures on 
Modern Developments in Regard to Fuel, which was 
given during the 1926-27 session, and particulars of 
which will be found on page 168 of our issue of 
February 11, 1927. 





CYLINDER RE-GRINDING MACHINE 
FOR MOTOR-CAR ENGINES. 


HiTHERTO, very few garages have been in a position to 
undertake the re-grinding of motor-car engine cylinders, 
and the usual custom in the trade has been to pass 
the work on to a firm of specialists. Such an arrange- 
ment has its advantages, but it usually involves a 
somewhat vaxatious delay for the customer. The 
difficulty of a firm of repairers themselves carrying 
out the work arises from the first cost of a suitable 
grinder, which is so high that it could only be recouped 
by a much steadier flow of work than is customary 
in the average garage. To meet the requirements of 
the latter, Messrs. Harvey, Frost and Company, 
Limited, 148-150, Great Portland-street, W.1, have 
introduced a very simple machine specially designed 
for this work, the price being well within the reach of 
all but the very smallest garages. The machine consists 
essentially of a column on which slides a bracket 
carrying a small universal electric motor, the vertical 
movement of the bracket being controlled by a hand 
lever pivoted to the top of the column, and connected 
to the bracket by a link. The foot of the column 18 
bolted to the top or base, as may be most convenient, 
of the cylinder block, and an adjustable honing head is 
introduced into the required bore, and is coupled up 
to the motor spindle by a quickly-detachable shaft 
with a universal joint at each end. 

The head is adjusted to the required diameter for 
the first boring operation, the motor started up, and 





tion as 0-018 pint per horse-power hour. 


the bore traversed. The head is then opened out to 4 
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slightly larger size and the motion repeated until the 
cylinder bore is parallel and of uniform diameter. 
The head consists of a number of honing strips mounted 
circumferentially with their axes vertical. Each strip 
is carried in a holder with two pins projecting from the 
back, the tips of the pins making contact with two 
central cones. The latter can be moved axially by 
turning the central screwed spindle on which they are 
mounted, and, in effect, wedge out the honing strips 
to the required diameter. The central spindle is pro- 
vided with a micrometer head for exact adjustment. 
At a recent demonstration of this machine, a worn 
Fiat cylinder block was dealt with, only the two centre 
cylinders being reconditioned at the time. Pre- 
liminary measurements carried out by Mr. Geo. W. 
Watson, Past-President of the Institution of Auto- 
mobile Engineers, showed that these two cylinders 
were three-thousandths of an inch out of parallel 
the one with the other, both cylinders having two- 
thousandths of an inch taper. One of the two cylinders 
was two-thousandths of an inch oval and was also 
scored, while the other was three-thousandths of an 
inch oval. The two cylinders were honed on the ma- 
chine in rather under an hour, and were found by Mr. 
Watson to be within the normal limits of accuracy on 
completion. The scoring had been entirely eliminated. 





THE LATE MR. G. CHALMERS. 


WE regret to note the death, on February 4 last, 
at a nursing home in London, of Mr. George Chalmers, 
late general manager in Brazil, of the St. John del 
Rey gold mines, State of Minas Geraes. The last 
surviving son of the late Captain John Chalmers, oi 
Southcliff, Lyme Regis, Dorset, Mr. George Chalmers 
was born on January 17, 1857. He received his general 
education at Trinity Church School, Chelmsford, and, 
in 1875, entered upon a three years’ engineering course 
at King’s College, London. The years from 1879 to 1882 
were spent in obtaining practical training at the Hayle 
Foundry, Cornwall, of Messrs. Harvey and Company. 
During this period, he was engaged on work in con- 
nection with the erection of pumping machinery for 
Cornish mines, and for the draining of the Severn 
Tunnel, then under construction. Upon completing 
his training, the young engineer was, for a short time, 
employed in the office of the chief engineer of the 
Brentford Gas Company. Mr. Chalmers’ long associa- 
tion with the St. John del Rey Mining Company, 
Limited, which association lasted for upwards of 
forty years, began in 1884, when he was appointed 
superintending engineer and representative in Brazil 
of the company. 

Mr. Chalmers’ first important work was in connec- 
tion with the reconstruction of the Morro Velho Mine, 
the walls of which had caved in, in 1886. He brought 
forward a scheme for re-opening the mine and working 
the lode at a depth of 900 ft. He was responsible for 
the plans for supplying water under pressure to the mine 
for use in connection with hydraulic pumping machinery 
and hydraulically-driven winding engines. He alsointro- 
duced diamond-drill tapping appliances for unwatering 
the mine, which was eventually re-opened and worked 
by means of two shafts, each 2,292 ft. deep. During 
the years which followed, he drew up designs for gold- 
extracting plant and for winding and other mining 
machinery. He prepared plans and designs for eight 
hydro-electric power stations, and superintended their 
construction; these have now been used for many 
years for supplying power to the mines. Mr. Chalmers 
was also reponsible for the construction of an electric 
tram road, connecting Morro Velho with the Central 
do Brazil Railway ; this highway is over 9 kilometres in 
length and traverses mountainous country. Of late 
years, he had been working upon a scheme for cooling 
and drying the mine atmosphere. The importance 
of a precaution of this nature will be realised when 
it is remembered that the Morro Velho mine is 
5,858 ft. in depth, it being the deepest gold mine in 
the world. It may be of interest to note that the 
output of the St. John del Rey Company during 1926, 
was valued at over 384,0001., this being derived 
chiefly from the Morro Velho mine. Furthermore, 
the mines constitute the chief support of the town of 
Morro Velho, which has a population of 15,000 persons. 

Mr. Chalmers retired some three years ago, and was 
succeeded by his son, Mr. A. G. N. Chalmers. He 
continued to live in Brazil, however, and was appointed 
consultant to the company he had served actively for 
80 many years. Latterly, he had spent some months 
of each year in England, and, in the early part of 
January ‘of the present year, he embarked for this 
country. He had suffered from heart trouble for some 
time past, and was taken ill on the voyage. On 
— on January 24 last, he was taken sfraight 
© a nursing home, and, as we have stated previously, 
; aera on February 4. Mr. Chalmers became an 
oe Member of the Institution of Civil Engineers 
hi ecember 5, 1893, and was elected to full member- 
Sip on December 18, 1917. He was also, for many 








years, a member of the Institution of Mining Engineers, 
and was elected to membership of the American 
Institute of Mining and Metallurgical Engineers in 
1892. He became a Fellow of the Royal Society of 
Arts in 1897. 








THE LATE PROFESSOR H. A. 
LORENTZ. 

Wiru Professor H. A. Lorentz, who died peacefully, 
in his 74th year, at Haarlem, on February 4, has 
passed away one of the leading mathematical physicists 
of an age which remains rich in eminent physicists. 
He had a remarkable grasp of the essentials of a problem. 
and was aided in its concise and lucid exposition by lin- 
guistic gifts which enabled him to lecture and to write 
in English, French and German, as well as in his native 
Dutch. His papers were presented to the Amsterdam 
Academy, the Archives Néerlandaises, of Haarlem, 
the Royal Society and various continental societies 
and journals. 

Born at Arnhem, on the Rhine, the chief town of 
the Netherlands Province of Gelderland, on July 18, 
1853, Hendrik Antoon Lorentz went from school to the 
University of Leiden, took his degree there in 1875, 
taught science for three years in an Arnhem school, and 
was appointed full ordinary professor of mathematical 
physics at Leiden in 1878, though only 25 years of age. 
When he retired under the age limit, in 1923, after hold- 
ing this chair for 45 years, he retained the status of an 
honorary professor and continued to lecture at Leiden, 
while accepting the direction of research at the Teyler 
Institute of Haarlem. 

When he wrote his doctorial thesis on the 
reflection and refraction of light, in 1878, light, with 
heat, electricity and mechanics, was one of the chief 
divisions of physical science. In the expansion of 
optical science into the all-embracing modern domain 
of radiations, Lorentz took so prominent a share that, 
writing at a time when Lorentz’s retirement was 
approaching, Sir Joseph Larmor remarked that a 
survey of Lorentz’s activities was a liberal education 
in the history of physical science for the past 
half-century. His thesis was soon followed by 
papers on the transmission of waves through metals, 
and on magnetism and light. His Theory of Electrical 
and Optical Phenomena, of 1892 and 1895 (in French 
and German), was based on an electrodynamic con- 
ception of the constitution of matter, and foreshadowed 
the relativity principle. Einstein was later, for a time, 
one of his colleagues at Leiden, and in some papers 
Lorentz was joint author with Einstein and Minkowski, 
who first developed the space-time conception. A 
summary of Einstein’s Relativity was published by 
Lorentz in 1920. Before that he had written on 
thermo-dynamics, on visible and invisible movements, 
and on the theory of electrons, in 1909; the last- 
mentioned paper was based upon a series of lectures 
given in Columbia College, New York. Two of his 
later masterly summaries, which took him to many 
seats of learning, were noticed in our columns. Dis- 
coursing on radiations at the Royal Institution (see 
ENGINEERING, June 8, 1923, page 718), Lorentz charac- 
terised as hopeless the case of the Neo-Newtonian who 
knew only classical mechanics, but who would find a 
way of escape in the mechanics of relativity. His 
May lecture, of 1925, to the Institute of Metals (ENaI- 
NEERING, May 22, 1925, page 625), dealt with the 
motion of electricity in metals, concluding with the 
remarkable researches on super-conductivity at very 
low temperatures, conducted also at Leiden by Kamer- 
lingh Onnes, who died soon afterwards, in February, 
1926. Lorentz’s name is associated, jointly with that 
of Ludwig Lorenz, who died in Denmark, in 1891, 
in the formula for tke Lorenz-Lorentz refractive 
equivalent, and with the contraction of bodies in 
moving through the ether, as explaining the famous 
Michelson-Morley experiment. Lorentz’s university 
lectures on theoretical physics have been published, 
under his supervision, since 1919. 

Of the many honours conferred upon him, we mention 
that the German physicists published a Lorentz 
Festschrift in 1900, on the occasion of the jubilee of his 
doctorate, and that the Royal Society, which had elected 
him a Foreign Member, awarded him the Rumford 
Medal in 1908, and the Copley Medal in 1918. 





RECENT APPLICATIONS OF X-RAYS. 


In a lecture delivered at the recent Physical and 
Optical Societies’ Exhibition, Mr. V. E. A. Pullin 
reviewed the X-ray work of the Woolwich Research 
Department. The work, he stated, had been started 
early in the war, in connection with the discovery of 
defects in shell bases. This work developed into a 
general research into methods of constructing the 
X-ray apparatus which should be portable, robust, safe 
and convenient, for rapid routine tests by workmen. 
By 1917 the rays could penetrate lin. of steel, and 
even at present the penetration did not exceed 4} in. of 


steel, though much higher values were often claimed. 
The set for 200,000 volts, complete with transformer 
and mechanical rectifiers, weighed 2 tons, and wa 
protected by lead } in. thick, or by wood lined with 
lead. The study of welds had shown that the rays could 
indicate the reduction of strength, which in a poor weld 
might amount to 10 per cent. and 15 per cent. Brass 
fuses were tested at the rate of 500 per hour by being 
suspended on a rack encircling the bulb. In blank 
cartridges live detonators had sometimes been dis- 
covered; cartridges had been tested at the rate of 
20,000 per hour. Axles for gun carriages, tyres and 
gun barrels were being examined during the course of 
their manufacture. The distribution of glue in joints 
was studied by comparison with glue mixed with com- 
pounds of heavy metals. Transformer coils were 
examined before assembling, and they had obtained a 
good radiograph of an X-ray bulb through 5 mm. of lead. 

The most powerful bulbs at Woolwich worked at 
300,000 volts, and the question had arisen whether much 
would be gained by higher penetration, because the 
scattering increased with the penetration. Of 300,000- 
volt X-rays only one part in 5,000 reached the film 
through 3 in. of steel, and those rays were partly 
scattered ; yet the photographs showed useful contrast. 
The fogging of the plate by scattered rays could be 
greatly reduced by directing the pencil through cylinders 
of lead. They had found that scattering did not matter 
much for short exposures, but that for long exposures 
the use of diaphragms was necessary. Fortunately, the 
scattering did not spread far away from the axis of 
the rays in thick specimens. 





THE S.S. “CITY OF ROUBAIX.”’ 


THE single-screw cargo steamer City of Roubaix, 
which underwent successful sea trials off the Tyne, 
on January 31, last, embodies many features of interest 
to marine engineers. Built for Messrs. Ellerman Lines, 
Limited, by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, the vessel 
is destined to be employed in the Far Eastern and 
Australian trades. The City of Roubaix is one of 
three high-speed cargo liners, which Messrs. Ellerman 
Lines have ordered for the purpose of comparing the 
performances of reciprocating engines, turbines, and 
Diesel engines, the object being to determine the most 
economical method of marine propulsion. The first 
vessel to be completed was the City of Canberra, which 
was launched by Messrs. William Gray and Company, 
Limited, at West Hartlepool, early in October last. 
The propelling machinery, in this case, comprises 
balanced, quadruple-expansion t reciprocating 
engines. The third ship, the City of Lille, will be 
propelled by Diesel engines; she is at present under 
construction at the Clydeholm Yard of Messrs. Barclay, 
Curle and Company, Limited, Whiteinch, Glasgow. 

The propelling machinery of the City of Roubaix, 
which has been constructed by Messrs. the Wallsend 
Slipway and Engineering Company, Limited, Wall- 
send-on-Tyne, consists of Parsons’ impulse reaction- 
type turbines, arranged in three stages, and operating 
through single-reduction gears. Steam at the high 
pressure of. 300 Ib. per square inch, is supplied by four 
main boilers. Howden-Ljungstrém air pre-heaters 
are installed, and superheaters, from which a superheat 
of 175 deg. F., can be obtained, are provided. In 
addition to the usual coal-burning installation, the 
boilers are fitted with equipment for burning oil 
fuel if required. The vessel has a deadweight carrying 
capacity of 10,710 tons, and her hull dimensions are 
almost identical with those of the City of Canberra, 
a brief description of which appeared on page 37 of 
our issue of January 13 last. Oil fuel is carried in the 
double bottom and in special deep tanks, the piping 
from which is led through a duct keel. Comfortable 
accommodation for a limited number of passengers is 
provided. 





Rartway Rowiiwe Stock ror Cutna.—The adminis- 
tration of the Mukden-Hailung Railway, Manchuria, has 
ordered 30 passenger coaches from Belgium and 70 
freight cars from the United States. The rolling stock 
is to be delivered during March next. 

SUBMARINES FOR THE British NAvy.—We understand 
that contracts for the construction of four additional sub- 
marines of the ‘“‘O” class have just been! placed with 
Messrs. Vickers-Armstrong, Limited, Barrow-in-Furness, 
and for another boat of the same class with Messrs. 
Cammell Laird and Co., Limited, Birkenhead; a sixth 
boat is to be laid down at Chatham. These vessels were 
provided for in the 1927 Estimates, and are additional to 
those of the previous year’s programme, of which three 
are already building by Messrs. Vickers-Armstrong, 
Limited, at Barrow, and two by Messrs. William Beard- 
more and Company, Limited, at Dalmuir. It will be 
remembered that the first vessel of this class, the Oberon, 
was completed at Chatham last year, and another one, 
the Odin, is already under construction at that yard. 
The Oberon has asurface displacement of 1,345 tons 





and a submerged displacement of 1,750 tons. 








LABOUR NOTES. 

@ ADDRESSING a meeting of the International Labour 
Organisation at Geneva, on Thursday last week, Mr. 
Betterton, Parliamentary Secretary to the British 
Ministry of Labour, said that it was a matter of general 
knowledge that the Washington Hours’ Convention, 
adopted almost unanimously in 1920, had since failed to 
find anything like a substantial measure of acceptance 
from the members of the International Labour Organi- 
sation. The responsibility for this failure had fre- 
quently been laid upon the chief industrial Powers of 
Europe, all of whom had been told that the smaller 
Powers were willing and anxious to ratify, if their 
competitors would give a lead. But it would have been 
almost a miracle if the discussions at Washington, 
hampered by lack of time and by the short post-War 
experience of reduced working hours, had resulted in 
an instrument adapted to the complicated conditions of 
modern industrial life. The needs of the different 
industries were varied, and, though they were by no 
means inconsistent with the maintenance of the great 
principles in question, the Convention had failed to 
foresee them or to take them into account. 





Mr. Betterton suggested that, in these circumstances, 
the sensible course would be to look for a solution in the 
framing of a new text, rather than in further attempts 
to settle this vital question on the basis of an old text, 
overladen with a mass of clauses and interpretations. 
The British Government’s intention was, he said, to 
work towards a Convention, which, while adhering to 
the principles of the Washington Draft Convention, 
would be free from the difficulties encountered in that 
Draft. They, therefore, hoped that the Governing 
Body of the International Labour Organization would 
decide there and now to place the question of the 
revision of the Washington Convention on the agenda 
of the 1929 Labour Conference, and, secondly, that the 
International Labour Office would forthwith prepare a 
draft on the working of the Convention to be submitted 
to the next session of the Governing Body in April. 


After considerable discussion, M. Piquenard (France) 
proposed that the placing of the revision of the Washing- 
ton Convention on the agenda of the 1929 Conference 
should not be decided at once, but that it should be 
put on the agenda of the April meeting of the Governing 
Body. Mr. Betterton, who said that he had been 
impressed by the arguments of certain speakers, sup- 
ported the resolution. On the following day, two 
resolutions were passed. One of these was to the 
effect that the Standing Orders Committee should put 
before the Governing Body, at its next meeting in April, 
the proposed procedure for the revision of conventions, 
and the second that the April meeting of the Governing 
Body should determine whether there should be placed 
on the agenda of the 1929 International Labour Con- 
ference, the revision of the Washington Eight Hours’ 
Convention as proposed by Great Britain. It was made 
tolerably clear, however, that the workers’ delegates 
will strongly oppose any revision of the Convention. 





The joint conference held in Manchester on Friday 
last week to discuss ways and means of improving 
the economic state of the cotton industry, broke down 
on the questions of wages and working hours. The 

roposals of the employers’ organisations included, it 
will be recalled, a 12} per cent. reduction of wages 
and an increase of working hours from 48 to 52} per 
week. The representatives of the operatives made 
it plain from the beginning that they would not 
discuss either of these proposals. At Friday’s meeting, 
after a long discussion, the employers submitted the 
following memoranaum for the consideration of the 
workers’ representatives :—‘‘ The questions of wages 
and hours are two points which the employers and 
operatives can alone settle between themselves, and 
we cannot therefore agree to eliminate them from any 
joint discussion. The fact that you agree to discuss 
these points does not of itself commit your organisa- 
tions to either a reduction of wages or an increase of 
hours. We therefore desire to know whether in these 
circumstances you are prepared to proceed with the 
conference to discuss the whole of the recommendations 
contained in the reports of the respective employers’ 
organisations.” 





The operatives’ leaders replied as follows :—‘‘ We 
are not prepared to discuss any question involving 
either reduced wages or increased hours, but we 
are prepared to co-operate in other directions suggested 
in your reports. We are still of the opinion that all 
the facts, with regard to costs of production, can be 
best brought out by a statutory committee appointed 
by the Government.” To that the employers replied :— 
‘““We deeply regret to receive your reply to our 
memorandum. We believe that our statement pro- 
vided a way out of the difficulties which you stated 
you were faced with. Your refusal to discuss the 
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question of increased hours and reduced wages makes 
it impossible for this conference to examine their 
effect upon the costs of production, and, as you are 
not prepared to consider every item of the reports 
for which this conference was called, we conclude that 
your last note brings the conference to an end.” 





In a circular reviewing the work of the unions 
since the end of 1925, issued by the Russian Central 
Council of Trade Unions, the expenses of administration 
are held to be increasing too rapidly. While the 
membership, it is stated, has increased by 44-2 per 
cent. in two years, the salaries of officials have in- 
creased by 108 per cent., so that the cost per member 
of the salaries of trade union officials has grown by 
40 per cent. Office expenses have expanded by 25 per 
cent. per member. This enormous increase in purely 
administrative expenses reduces the amount devoted 
to the direct needs of the members by way of cultural 
propaganda funds, unemployment funds, &c. While 
36,000,000 roubles were devoted to administrative 
expenses, only 25,000,000 went to the funds. The 
Central Council recommends the unions to carry out 
a reduction in the number of officials and a simpli- 
fication of the system of administration. While 
remarking that the number of embezzlements has 
been considerably reduced, the Council reminds the 
unions that they should not relax their vigilance, 
since the misappropriation of trade union funds is 
being carried out in more ingenious ways under cover 
of protection, and affecting considerable sums. The 
books of the organisations are alleged to be often 
badly kept. Transfers from one account to another 
are made without any real necessity, resulting in 
considerable differences between budgetary provisions 
and operations actually carried out. The amounts 
of receipts and expenditures are often cleverly increased 
or decreased, to facilitate the balancing of budgets. 





A feature of the Liberal Party’s industrial programme, 
outlined in the recently-published book ‘“ Britain’s 
Industrial Future,” is protection for the public against 
interruptions of essential services. The ultimate 
right to strike or to lock out would not be impaired, 
it is stated. The essential services would be scheduled 
by a Ministry of Industry, superseding the Ministry 
of Labour, which would request the various parties 
in every scheduled industry to submit a scheme 
providing a satisfactory system of negotiation, and 
adequate guarantees for its full utilisation. No strike 
or lock-out would be valid until the report of an in- 
quiry into its cause or causes was available. 





The Ministry of Labour states that on January 30, 
1928, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,168,900, of whom 838,300 were wholly unemployed, 
265,100 temporarily stopped, and 65,500 persons 
normally in casual employment. Of the total number, 
926,100 were men, 40,300 boys, 164,100 women, and 
38,400 girls. The number of unemployed persons on 
January 23, 1928, was 1,178,750, of whom 839,615 
were wholly unemployed, 275,943 temporarily stopped, 
and 63,192 persons normally in casual employment ; 
932,631 were men, 41,078 boys, 167,182 women, and 
37,859 girls. On January 31, 1927, the number of 
unemployed persons was 1,331,543, of whom 1,050,127 
were men, 38,163 boys, 202,968 women, and 40,285 
girls. 





Speaking at the annual conference in London, last 
week-end, of the National Federation of Professional 
Workers, Mr. G. Latham, the president, said that, 
while he welcomed the efforts towards industrial 
peace, he realised that it could not be secured so long 
as the elements of conflict were allowed to remain. 
There had been a frank recognition on the part of the 
largest employers of the rights of the workers, not 
only so far as their trade union organisation was 
concerned, but to have information and to be consulted 
in regard to the conditions of industry. While 
employers apparently were prepared to take that 
step so far as manual! workers were concerned, there 
was still in many quarters an indisposition to recognise 
as frankly the rights of the non-manual workers. 





The Australian industrial mission, which visited the 
United States last year, has issued a majority report 
and a minority report, representing the views of the 
employers and the workers respectively. The majority 
report states that the efforts of employers in that country 
to understand the requirements of their workers, and 
the readiness of the workers to grasp the idea that 
the interests of both are identical, are very pronounced. 
The management of undertakings aims at collecting 
a good working force, giving it the opportunity of 
earning good wages, keeping it working steadily and 
continuously, gaining its confidence, and keeping 
faith with it. The attitude of organised Jabour towards 





scientific management was found to be one of broad. 
minded enquiry and experiment. 





The minority report attributes the industrial pros- 
perity of the United States to superior equipment and 
efficient management. It denies that American 
methods of mass production could be introduced in 
Australia, and states that the piece-work system used 
in the United States could not be generally applied in 
Australia until the population or volume of production 
justified the installation of equipment and efficient 
management such as prevail in the United States at 
present. Collective bargaining, it is stated, has no 
place in the United States, since a large part of the 
unskilled labour is unorganised. The company unions 
existing in many factories are said to have been estab- 
lished for the purpose of preventing the development 
of trade unionism. Finally, the report points out, 
wages in the United States are not determined by 
reference to the cost of living. 





Industrial News, a publication circulated by the 
General Council of the Trades Union Congress, has an 
interesting article this week on the report of the 
Liberal Industrial Inquiry. In the course of it, the 
writer says that workers control is quite clearly a 
stumbling block in the minds of the compilers of the 
report. The report asserts, it is claimed, ‘* almost 
without qualification, the doctrine of ‘ managerial 
rights’ to which Sir Allan Smith attaches so much 
importance ; the machinery of organised co-operation 
which the Liberal party would approve if this report 
was accepted is the machinery which will not impair 
the ‘necessary authority and prerogatives of man- 
agement.’ One looks in vain through its pages for any 
evidence that its authors have realised the real 
meaning of the trade unions’ claim for ‘ recognition ’ 
in the sphere of industrial administration. What is 
called in the United States ‘union management co- 
operation ’ is not even glanced at ; the immense possi- 
bilities of using the authority and discipline of the 
trade unions for the promotion of great efficiency, 
stability and improvement of standards in industry, 
do not appear to have struck the imagination of its 
compilers.” 

** Another illustration of the failure of this industrial 
inquiry to get to grips with the fundamental problem 
of economic re-organisation may be found,” the writer 
goes on to say, ‘in the proposals for getting the owner- 
ship of capital into many hands, not into few, and 
particularly into the hands of industrial wage earners. 
The report perpetrates,”’ he says, ‘‘a clever but quite 
misleading distinction between popular ownership and 
public ownership. The argument is used to sustain 
a plea for the promotion of ‘employee share-holding’ 
schemes. But there is nothing in the report to show 
that its authors have examined the effects of such 
schemes as a method of promoting in industry an 
effective partnership of the organised workers, or have 
appreciated the bearing of these schemes upon the 
workers’ own organisations. The extent to which 
profit-sharing and employee share-holding schemes 
have been used as a sort of antidote to trade unionism 
by employers, who will do anything rather than admit 
the trade unions’ challenge of their autocratic control 
of industry, requires to be emphasised. It is not even 
hinted at in this report.” 





At a conference, on Saturday last, of the London and 
Southern Counties Division of the Independent Labour 
Party, an emergency resolution was proposed by the 
Divisional Council declaring that there should be no 
agreement at the Industrial Peace Conference that 
did not provide an ‘‘ immediate improvement in the 
workers’ standard of life, advance their status in 
industry, and facilitate the transition to social owner- 
ship with workers’ control.’”’ The resolution was 
opposed by some speakers on the ground that the 
General Council of the Trades Union Congress had no 
mandate to enter into the conference, and that the 
‘““Mond group” was not representative of organised 
capital. The resolution was defeated by 40 votes 
to 17. 

The Sydney correspondent of The Times states that 
on Monday, Mr. Bruce, the Commonwealth Prime 
Minister, in an address to the Sydney Constitutional 
Club, declared that if organised industry were prepared 
to bring about a conference of the saner elements on 
both sides he would stand aside, but if it desired him 
to call a conference he certainly would do so. It 
might be, he said, that the most practicable method 
of approaching the problem would be first to endeavour 
to bring the two sides together in ‘‘ key ” industries, 
rather than immediately to proceed to a conference of 
employers and employed as a whole. The wisdom 
of this course would be a matter for the conference he 
had suggested. 
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132,000-VOLT CABLE DESIGN. 


FouR papers on the development of the oil-filled 
type of 132,000-volt cable, which has recently been 
installed at Chicago and New York, were presented at 
the regional meeting of the American Institute of 
Electrical Engineers, held in Chicago at the end of 
November, 1927. Owing to the courtesy of the Papers 
Committee of the Institute we have received copies 
of these communications, from which the following 
information is taken. 

In the first paper, Mr. P. Torchio points out that it 
has been impossible to connect high-tension transmis- 
sion lines, working at pressures up to 220,000 volts, 





direct to the sub-stations in densely populated centres, 


Fig.2. SLOTTED SHEATH 
CABLE 


Fig.1. HOLLOW CORE 
CABLE 
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Fig. 3. 


Fig. 4. SCHEMATIC DIAGRAM OF CABLE SECTION 
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and intermediate stations on the outskirts have there- | 
fore been necessary to step down the voltages so that 
underground transmission could be used. One of the | 
principal reasons for employing the new cables has been | 
to do away with these intermediate sub-stations, by 
bringing the higher voltages directly to the ultimate 
distributing centres, and thus effecting financial savings 
and ensuring increased efficiency and better regulation. 
_ The theory and design of the cable are dealt with 
ma second paper by Mr. L. Emanueli, who recalls the 
fact that two of the principal reasons for the failure 
of high-tension cables are the occlusion of gas bubbles 
in the dielectric during manufacture, and the “ breath- 
ing’’ which occurs during operation, with the consequent 
formation of voids. These drawbacks would have pre- 
vented the design of a successful 132,000-volt cable of 
the usual type, and it was to overcome them that the 
oil-filled cable was made. 
_ The principle of this cable is very simple. It consists 
in connecting the dielectric to a reservoir, which will 
Teceive the oil forced out during the thermal expansion 
and return to the cable during contraction. To do 
this there must be a passage inside the cables connect- 
ing the reservoir with every point of the dielectric. 
This can be effected by stranding the copper wires 
round a metal spiral, so as to leave a central passage, 
as shown in Fig. 1, or by shaping the lead sheath to 
give several longitudinal paths, as shown in Fig. 2. 
Tests on the type of cable illustrated in Fig. 1 give 
better results, as regards life, than those on an ordinary 
cable, while the breakdown voltage increases as time 
goes on and the instantaneous breakdown voltage is 
equal to, if not greater than, that on cables of the usual 








design. This allows the operating gradient of the cable 
to be increased and permits the employment of only a 
small thickness of insulation. The cable has the further 
advantage of having much lower dielectric losses at 
high temperatures, it being possible to use a very fluid 
oil with low power factor, since the risk of oil migration 
is avoided. The electrical problem of a 132,000-volt 
cable is therefore satisfactorily solved, but several 
mechanical problems remain to be studied, especially 
where lines are long and the differences in level con- 
siderable. 

The first problem was to determine the most suitable 
dimensions for the hollow central passage, as a function 
of the viscosity of the oil and the length and profile of 
the line. Otherwise an excessive pressure may occur 


Fig.5. FEEDING TANK. 
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Fig. 6. PRESSURE TANK. 
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in the cable when a sudden load comes on, or 
empty spaces may occur during cooling. A simple 
calculation shows that it is impossible to feed long 
lengths of cable from a single point, owing to the 
pressure drop in the oil. They must, therefore, be 
divided into a certain number of isolated sections, each 
separately fed. The length of each section is deter- 
mined by the condition that the oil-pressure during 
the cooling period must never be allowed to drop below 
that of the atmosphere. Curves can be plotted showing 
the static oil-pressure at any point and also indicating 
where, owing to the profile, this pressure will fall 
below the prescribed value. In such cases, it is neces- 
sary to arrange for a second supply of oil, from special 
tanks called pressure tanks, at the lower end of the 
section. These tanks contain a certain number of air- 
tight cells, with collapsible walls, full of gas which, 
owing to the position of the tank at the lower end of the 
cable, is subjected to the pressure corresponding to the 
static head of oil in the other reservoir. As the cable 
cools this pressure drops, so that the gas expands and 
forces oil out into the cable. The latter is, therefore, 
fed from both ends. 

If the line is designed so that the pressure never falls 
below that of the atmosphere, the pressure will increase 
to about double the hydrostatic head during the heating 
period, while, within the limits of the probable viscosity 
of the oil and the resistance to flow, the drop of pressure 














can be considered as proportional to the flow. The 
variations in temperature in the cable due to load 
variations are of much greater importance than those 
due to variations in the temperature of the surrounding 
medium, and the dimensions of the cable were calculated 
on this basis. The maximum temperature variation 
of the cable and the flow of the oil, under conditions of 
minimum winter temperature and maximum viscosity, 
give the length of each section for a certain dia- 
meter of the central passage. As shown in Fig. 4, 
each section of the line consists of two stop joints 
which close the central oil passage in such a way that 
the oil of one section has no connection with the oil of 
the next, of one set of feeding tanks, which supply 
oil to the cables, and, in certain special conditions, 


Fig.7. STOP JOINT. 
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of a pressure tank which supplements the oil supply. 
The cables that have recently been installed in New 
York and Chicago are similar.* The conductors are 
made up of two layers of copper wires, each 2-6 mm. 
in diameter, stranded over a spiral of hard-drawn copper 
so as to reduce the oil friction. The spiral, shown in 
Fig. 3, which is made up of a specially shaped copper 
tape so as to give the required mechanical strength, 
was adopted as the result of experiments made on the 
effect of a metal spiral inside the tube. The clear 
diameter inside the spiral is 0-75 in., and the inside 
diameter of the first layer of copper wires 0-85 in. 
The outside diameter of the copper is 1-22 in., while 
the insulation, which is made up of three different 
grades of wood-pulp paper, is 43 in. thick. A 
mineral oil, a little more viscous than that used in 
transformers, is employed for impregnating the 
cable. To avoid the possibility of temperature 
variations during transport causing deformation of 
the lead sheath, the oil was removed after the cable 
had been tested at the factory. Immediately after the 
high-voltage test, an ionisation test, and a special test 
to determine the quantity of free gas inside the cable 
were made. A reinforcing armouring, made from hard- 
drawn copper pipe, was wrapped over the first lead 
sheath between two layers of impregnated paper. 
Over this armour a second lead sheath was applied to 
protect the copper pipe from chemical action and 
to give a smooth surface while pulling into the ducts. 
This reinforcement was necessary because the cable is 
continuously subjected to a hydrostatic pressure due 
to a head of 105 ft. of oil and even a thick lead sheath 
would not be able to withstand it. A comparison of the 
mechanical impregnation test and the electrical test 
gave the important result that the part of the power 
factor corresponding to the ionisation is proportional 
to the volume of the gas in the cable. 

The principal requisites of the oil tanks are that-the 





* See ENGINEERING, vol. cxxiv, pages 172 and 333. 
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oil should always be at practically atmospheric pressure 
independently of the volume present, and should not be 
in contact with the surrounding air. Fig. 5 shows the 
type of feed tank used. It consists of seven separate 
cells with collapsible walls, 1, which are connected in 
parallel to a common manifold, 2. Each cell is made 
up of aring, 3, on which two corrugated diaphragms, 
1, are soldered and kept in place by a ring 4. The 
corrugation allows the plates to move under expansion 
or contraction. Each section of cable is fed by two 
or more of these tanks in parallel. A section of the 
pressure tank is given in Fig. 6. It consists of a 
number of collapsible air-tight cells, 3, filled with gas and 
separated by heavy plates, 5, contained in the tank 2, 
which is filled up with oil. The outside tank, 1, is 
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able to withstand the maximum pressure of the oil 
during expansion. Each cell is air-tight and is filled 
with an inert gas. The stop joint, Fig. 7, consists of 
a cylindrical tank, 1, filled with oil and containing two 
porcelain terminals, 3. The cables of each section 
terminate in these potheads, which are electrically 
connected at the lower part. The outer tank has a 
lining, 5, hermetically sealed to the upper cover, 6. 
The upper ends of the insulators are cemented to the 
cover and are provided, at the lower end, with two 
cemented metal caps, 7. The twocaps are electri¢ally 
connected by a flexible lead, 4, and have a set of brushes, 
8, inside them, with which contact is made by the con- 
nector, 9, the latter being soldered to the cables. The 
two lower caps and the connection, 4, are screened by a 
metal box, 11, so as to give a good distribution of the 
electric field. For the same reason, electrostatic controls, 
12, are provided at the upper ends of the insulators. 
The metal screen, 11, is reinforced electrically with paper 
wrappings, 18, and the discharge path is protected by 
insulating barriers, 19. The two cables, after being 
reinforced on site with paper wrappings, 10, and 
provided with electrostatic controls, 13, are slipped 
inside the insulators, so that their connector, 9, is 
wedged between the brushes, 8, and the lead sheath of 
the cable is soldered to the cover by metal sleeves, 14. 
The only wiped joints that have to be made on site are 
those at 15. The oil is fed into the cables through 
a pipe, 16. The oil chamber, 2, is connected, through 
the pipe, 17, to the terminal at the higher pressure, so | 
that the oil is always at the same or higher pressure | 
than that inside each of the insulators, 





and the | 
porcelain is subjected onl,” to compression. | 
Figs. 8 and 9 show the pothead insulators developed | 
by the Pirelli Company and the General Electric | 
Company of America, respectively. They are essenti- | 
ally of the same type. The upper connection, 1, is | 
provided with suitable openings, 2, for the oil passage, | 
and the bottom connections, 3, are for the connections | 
of the pipes to the reservoirs. The Pirelli terminal is | 
made up of two porcelain insulators, a plain one inside, | 
4, which ensures the oil-tightness of the system, | 
and one outside, made up of several elements with | 
petticoats, which provide an extended longitudinal path | 
for surface leakage. The space between the two insula- | 
tors is filled with compound, 6, which acts as a cushion 
against mechanical stress. In both types of pothead, | 


the cables are reinforced with insulation wrappings, 7, 
and the stresses are relieved by electrostatic controls. 





The third paper, by Mr. W. 8S. Clark, briefly describes 
the manufacture, inspection and testing of the cable, 
but the principal points covered in it have already 
been dealt with, or are reviewed in the fourth paper, 
on the installation of the cable, by Messrs. A. H. 
Kehoe, C. H. Shaw, J. B. Noe and D. W. Roper, 
to which we shall now turn. 

In New York, the cable runs from the Hell Gate 
generating station of the Edison United Company to 
the Dunwoodie distributing station in’ Westchester 
County, a distance of about 12 miles. In Chicago, the 
132,000-volt feeder runs from the North-West Station 
of the Commonwealth Edison Company for about six 
miles in a northward direction to a point where it 
joins an overhead line, which continues northward to 





Fig. 10. PROFILES OF 132 KV. CABLE ROUTES. 





























secured toa chain. Specially designed pulling eyes, to 
= the collapse of the central core, were also 
used. 

While the designs of the cable manufactured at 
Milan and Schenectady, respectively, were practically 
identical, the joints differed radically, except for the 
connectors joining the hollow-core cable and con- 
tinuing the passageway for the oil. These connectors 
have a transverse hole closed by a screw in the centre, 
so that any joint, before it is insulated, can be arranged 
to communicate directly with the oil passage in the 
centre of the cable. 

The chief characteristic of the Pirelli joint is that 
the insulating material is paper, which has} been 





CHICAGO 






































NEW YORK ra 
W DUNWOODIE ~. = 
re} DEVON 
= TERMINAL 
5 = 
o “+10 
. NORTHWEST 
6 STATION 
= 
w 
3 LEGEND 
| STOP JOINT 
HELL @ FEEDING TANK 
GAT A PRESSURE TANK 
(492 n) 10000 20000 30000 40000 50000 60070 A TERMINAL 
Fig./1. DIAGRAMMATICAL CONNECTIONS OF LINE. NEW YORK 
ae saci al DUNWOODIE SUB-STATION 
GENERATING 
N STATION oe 
ont VOLT BUS 
RESERVOIR — TO 13,800 
KENOTRON TOWER — i Hi f 
TO . VOLT BUS 
13.800 V BUS OL RESERVOIR R ne 
TANKS 
SECTION-12 
OiL LINES — oo rr TT Tot 
Fig.12. DIAGRAMMATICAL CONNECTIONS OF LINE. CHICAGO 
KENOTRON AND 
TOWER BUILDING ELECTRIC 
HEATERS” 
66 KV. TO CRAWFORD 132 KV 
AVE. STATION OVERHEAD TO 
WAUKEGAN 


TEST BUS 


12 KV 
BUS 


(492 1) 
NORTHWEST STATION 


the Waukegan Station of the Public Service Company 
of Northern Illinois. It, therefore, transmits power in 
either direction. Fig. 10 shows the line profile in each 
case, and indicates that there is a difference in level of 
285 ft. in the case of the New York cable, compared with 
27 ft.inthe Chicagocable. Figs. 11 and 12 are diagrams 
of the New York and Chicago installations, respectively. 
In New York, the southern half of the cable was made 
by the Pirelli Company and the northern half by the 
General Electric Company of America, while in Chicago 
the cables for two of the phases were supplied by the 
latter firm and for the other by the former concern. 

In both cases, the cable was drawn into ducts, 
manholes being provided for the permanent joints 
and stop joints, the dimensions of the latter, at 
Chicago, being 18 ft. long by 8 ft. by 10 ft. to facili- 
tate placing both ends of the cable in the stop-joint 
tanks. Separate manholes were provided for the 
pressure tanks, and reservoir manholes were constructed 
for the reservoir feeding tanks. These were placed at 
a sufficient elevation above the stop-joint manhole to 
give the proper head of oil for feeding into the cable 
sections. In Chicago, where the contour was flat, this 
head was secured by placing the oil reservoirs in towers 
at the end of the line and at two intermediate points. 
In New York, towers were only necessary at the ends 
of the line. 

Before the cable was pulled into the ducts, special 
care was taken to see that the latter were clean and 
free from obstruction, and pulverised soapstone was 
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previously dried in the factory. This paper is 
not impregnated, but is surface-treated to reduce 
the absorption of moisture during jointing. An- 
other feature is that the original insulation of the 
cable, after it has been tapered, is covered with a thin 
oil-silk tape to prevent oil seepage between the joint 
insulation and the cable insulation proper, the object 
being to evacuate and impregnate the insulation of the 
completed joint independently of the cable insulation. 
Aluminium shields, which control the electrical stresses, 
allow free access of the oil to the joint insulation 
and prevent the lead sleeve from collapsing during 
vacuum treatment, were applied to the finished insulated 
joint before the lead sleeve was put on. The outside 
sleeve is of lead and is reinforced with armouring. 
The length of the joint is 44 in. and its inside diameter 
6-2 in. 

In the General Electric joint, the original cable insula- 
tion was stepped to secure longitudinal dielectric strength 
and was taped by hand with prepared varnished cambric, 
which was packed under oil in sealed containers and 
flushed with a special compound during taping. This 
insulation permits a slow percolation of the oil. The 
joint is held concentric within the copper casing by 
the insulation cylinder and by wooden wedges. The 
tapered ends of the insulation were wrapped with 
flexible copper tape, which was connected to the lead 
sheath, thus distributing the stresses at the ends of the 
joint and preventing any stress on the thin films of oil 
between the insulation wrapped on the cable and the 


applied as a lubricant by a series of flexible discs 
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PORTABLE PETROL-DRIVEN CROSS-CUT SAW. 


CONSTRUCTED BY MESSRS. A. RANSOME AND ©CO., LIMITED, NEWARK-ON-TRENT. | 

















outer casing. The two parts of the copper casing, 
which telescope, were united to the cable and to each 
other by wiped joints, and were tinned, where there 
was a risk of corrosion. These casings are stiff enough 
to resist collapse and were not, therefore, reinforced in 
any way. The length of the joints is 42 in. and the 
internal diameter 6 in. 

An outstanding feature of both joints was the care 
taken to exclude moisture. For this purpose two elec- 
tric hot-air blowers, of the hair-dryer type, were used 
to direct a blast of hot air on to the joint from the time 
the lead sheath was removed until the sleeve had been 
replaced on the finished joint. Precautions were also 
taken to prevent dust from blowing into the manhole 
during jointing. After completion, each joint was 
tested for tightness by applying carbon-dioxide gas 
under pressure.. 

The installation of the stop joints consisted in first 
lowering the joint box on to the floor of its manhole, 
after which the cable was carefully trained so as to 
leave the ends nearly perpendicular. The cable ends 
were prepared as for an ordinary joint, special contact 
terminals being sweated on to the conductors. The 
protective caps were then removed from the porcelain 
tubes of the stop-joints, and the latter lifted into 
place, the cable ends being slipped into the porcelain 
tubes until they made contact with the spring terminals 
at the bottom. Special care was taken to prevent any 
bending of the lead sheath, owing to the expansion 
and contraction of the cable. 

The oil pipes used to connect the tanks and cables 
were of three different types: Bare lead pipe, jute- 
covered lead pipe and steel-wire armoured lead pipe, 
the last being used when the pipe was drawn into 
ducts. The oil used for impregnation has a flow point 
of —15 deg.C., and heaters have been installed on 
those portions of the system where the temperature 
may fall below that figure. 

The cable was impregnated one section at a time, 
the first step being to evacuate and fill the reservoirs 
with oil, after which the cable was exhausted by 
means of pumps placed at each provisional and stop 
joint on the section. The vacuum was maintained for 
about 12 hours to draw out any gas or surplus oil in 
the cable core. At the end of this period, tests were 
made to see whether any surplus of oil was present, which 
would prevent a satisfactory vacuum being maintained. 
The line was then exhausted for 36 hours, after which 
treated oil was admitted. At the beginning of the 
impregnation of a section, oil was admitted only to 
one phase, the second phase being connected when 
the first was about one-third filled, i.e., from 8 to 24/| 
hours later, depending on the flow of oil and the contour 
of the section. The third phase was connected when 
the second was about one-third filled. Upon the arrival 
of the oil at each provisional joint it was first drained 


become greater than that of the atmosphere, the testing 
apparatus was disconnected and the joint closed. The 
rate of flow of the oil was accelerated by heating the 
conductor with low-voltage current when the tempera- 
ture was low enough to increase its viscosity unduly. 
The time for evacuating and impregnating a section was 
from four to six days. The cable was then allowed to 
stand for two or three days before being given an 
impregnation test. The provisional joints were then 
opened, the flow of oil stopped by inserting the screw 
in the hole of the connector, and the taping of the 
joint completed. 

Before impregnation, the Pirelli joints were treated 
by means of special electric heating pads; evacuation, 
and subsequently filling, then took place. The General 
Electric joints required no heat treatment. To prevent 
induced voltages, the two lead sheaths were wiped 
together on each side of each joint, and in Chicago the 
three cables were also solidly bonded in each manhole. 
The sheath current is about 50 per cent. of the current 
in the copper, and the sheath losses nearly equal the 
copper losses. In New York, the sheaths of the three 
cables were bonded at intervals of about 1,000 ft., and 
also on each side of each stop joint, the two bonds 
| being connected. The New York cable was transposed 
| at eight places to balance the impedance of the phases. 
This was not necessary at Chicago, as the cable was in 
series with 30 miles of overhead line. As the lead 
sheaths were so thin, the cables at Chicago were covered 
| with a 4-in. layer of asbestos tape, over which was the 
| usual rope and cement fireproofing. At New York, 
either metal lath and cement, or asbestos netting and 
cement, was used. 

There have been no electrical troubles since the cables 
were put into operation on June 2 in Chicago, and 
August 9 in New York, and October 20, 1927, but there 
have been some oil leaks. The maximum load on the 
lines has been about 45,000 kv.-a. The manufacturers 
guaranteed a maximum copper temperature of 65 deg. 
C., a maximum power factor at that temperature of 











off into test bottles and then allowed to pass into the 
impregnating bottles, until the flow had reached a 
Satisfactory value. After the pressure of the oil had | 


1-25 per cent., and a carrying capacity of 91,000 kv.-a. 
The insulation of the cable actually had a power factor 
of 0-5 per cent., which permits an increase of the rating 
to 98,000 kv.-a. The charging current of the line is 
2,400 kv.-a. per mile. The lines are provided with the 
usual automatic switches, and additional devices will 
be fitted to indicate oil leaks, as the life of the cable is 
short if it is not kept completely filled with oil. If 
these devices work properly, experience indicates that 
damage from oil leakage can be confined to the section 
on which the trouble occurs. 





ALTITUDE RECORD FOR AEROPLANES.—Subject to con- 
firmation by the Fédération Aeronautique Internationale, 
the latest world’s record for altitude was reached on 
December 21 last by the Italian pilot Commendator 
Donati, in an aeroplane fitted with a Jupiter air-cooled 
static-radial engine. The maximum height attained is 
given as 11,827 m. (about 38,800 ft.), and the air tem- 
perature recorded at this altitude was — 60 deg. C. 


PORTABLE POWER-DRIVEN CROSS- 
CUT SAW FOR LOGS. 

THE term portability does not always imply handi- 
ness since a machine may be portable while requiring a 
crane to lift it, but applied to the saw forming the sub- 
ject of the following comments and the accompanying 
figure, the word portable has been rightly used. Fora 
relatively powerful machine, of 2} h.p., and capable of 
cutting a log 5 ft. in diameter, it can be handled with 
remarkable ease, a valuable asset either in the timber 
yard or the lumber camp. As shown in the figure, it is 
mounted on wheels, which carry the greater part of its 
weight, and is moved from place to place in wheelbarrow 
fashion. This does not mean that, in transferring it 
along a log to be cut into sections transversely, it is so 
moved; as a matter of fact a novel arrangement of 
the wheels, not evident in the figure, greatly simplifies 
this operation. 

The axle is hinged on each side of the timber fram- 
ing, and is locked into one rigid piece, by means of 
draw pins, while the machine is being wheeled about. 
When the saw is placed in its cutting position, however, 
the wheels are swivelled round until the short portions of 
the axle on which they are carried are parallel to the 
framing. Their treads are then in line with one another 
and parallel to the centre line of the log, a position which 
has two marked advantages. In the first place, the wheels 
act as anchors and take the thrust of the reciprocating 
motion of the saw, and, secondly, they are in the correct 
plane when it is desired to move the saw farther along the 
log in order to make another cut, and this movement is, 
in consequence, carried out without having to turn the 
machine round. The upper end of the framing, near the 
lifting handles, of course, rests on the log, to which it is 
held by the hinged wrought-iron dog shown in the figure. 
The saw feeds by its own weight and cuts both ways. 
It can be stopped instantaneously in the event of a nail 
or similar obstruction being reached. 

The arrangement of the power unit will be clear from 
the figure without a detailed description. It may be 
a petrol, or paraffin engine, t.e., a prime mover most 
suited for forest work, or an electric motor may be 
preferred in such places as a timber yard where current 
is likely to be available. The main shaft is extended 
beyond the flywheel so that a pulley may be fitted, 
if required, from which to drive any other small 
machine. The saw is worked from a crank on a 
secondary chain-driven shaft, and has a stroke of 14 in. 
It is clamped to a crosshead sliding upon two round 
bars, comprising the swinging saw frame, and is steadied 
by two guides. One of these is carried on the saw 
frame and is therefore always in position, but the other, 
carried at the end of a hinged arm, ceases to function 
when the saw is well into the cut. The saw frame is 
supported by a catch during transport. The whole 
machine weighs 6 cwts. 3 qrs., and is now being placed 
on the market by Messrs. A. Ransome and Company, 
Limited, Newark-on-Trent. 








THE CONSTITUTION OF ALLOYS OF 

ALUMINIUM WITH SILICON AND 
* TRON.* 

By A. G. C. Gwyer, B.Sc., Ph.D., and H. W. L. 
Putituies, B.A., A.I.C. 

An account of the constitution of certain of the 
binary and ternary alloys of aluminium with silicon 
and iron has been published by Rosenhain, Archbutt 
and Hanson,f but deals exclusively with equilibrium 
conditions. From time to time certain anomalous 
results have been obtained by the authors in their 
work on aluminium of ordinary commercial purity, 
and these have led to the conclusion that aluminium 
as cast and as worked is not in structural equilibrium. 
It was, therefore, decided to investigate the conditions 
and limits of composition determining the appearance 
of the various constituents, with a view to elucidating 
any structural changes taking place during the 
ordinary operations of working and annealing. 
A brief account of this investigation, in so far as it 
has a bearing on the commercial aluminium-silicon 
alloys, has already been published.{ 

Experimental Methods. Thermal curves were taken 
of a series of alloys, the iron content of which was 
constant and the silicon content of which varied in 
steps of 1 per cent. from 0 per cent. to 30 per cent. 
The iron content of each series varied in steps of 1 per 
cent. from 0 per cent. to 4 per cent., of 2 per cent. 
from 4 per cent. to 10 per cent., and of 5 per cent. from 
10 per cent. to 30 per cent. Additional curves were 





taken in the neighbourhood of the various invariant 
points, and at the aluminium corner. In the case 





* Paper read before the Institute of Metals, Derby, on 
September 7, 1927. Abridged. 

+ ‘‘ Eleventh Report to the Alloys Research Committee 
of the Institution of Mechanical Engineers,” 1921. 

t See Gwyer and Phillips, ENGINEERING, vol. cxxii, 
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of the two binary systems the compositions selected 
for thermal analysis were determined by the complexity 
of the structure. Near the binary eutectic points, 
alloys were prepared the composition of which varied 
in steps of 0-5 per cent.; the central portion of the 
aluminium-iron diagram was treated similarly. For 
the thermal analysis, a platinum-platinum-rhodium 
thermocouple was used, in conjunction witha Carpenter- 
Stansfield deflection potentiometer, and calibrated 
against the freezing points of copper, sodium chloride, 
aluminium (99-6 per cent. purity), the CuAl,-eutectic, 


Fig. 9. EQUILIBRIUM DIAGRAM, ALUMINIUM- 
IRON ALLOYS (AUTHORS). 
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The arrest temperatures, together with the results 
of quenching experiments, have been collected in a 
diagram, Fig. 9. In confirmation of previous work, 
the authors find that alloys containing 0 per cent. to 
40 per cent. of iron form a eutectiferous series, the 
eutectic alloy containing 1-89 per cent. of iron and 
freezing at 653 deg. C. The liquidus rises to a slight, 
though unmistakable, maximum in the neighbourhood 
of 40-6 per cent. to 41-1 per cent. of iron, and over 
this range the alloys are completely homogeneous ; 
the presence of the compound FeAl, (= 40-72 per 
cent. Fe) may, therefore, be considered definitely 
confirmed. A second maximum occurs on the liquidus 
at about 45-3 per cent. of iron, where, over a small 
range, the alloys again consist of a single phase. 
It is thus probable that iron and aluminium form 
the compound Fe,Als (45-19 per cent. Fe), which 
forms a eutectiferous series with limited solid solubility 
The eutectic arrest occurs only a few 





















1400+ L 7 ‘o 7 with FeAl,. 
Aoki + degrees below the liquidus, and, in certain of the 
43007 R ra y 7 alloys, is difficult to distinguish. 
ecAl on All the alloys in the range 40 per cent. to 50 per cent. 
rr Fe Al iy é | of iron were extremely brittle, so much so that it was 
S 
7100} 4 
§ Fig. 29. THE LIQUIDUS SURFACE ,O-20 PER CENT. 
1000} ~y ir 4 a Fe, 0-30 PER CENT. Si. 
> SH} [RBe C 
Q 900} FeA & 3 
5 4 R 
: soo| | Lig ms) le 4 
i aa 
4 ~~ 4 
f 700 =| i 
e 600} os ~S ; 
~ FeAl; +ALl Pu) Kd 
500+ =< © df 
SS 
400 1 on L 1 | 1 4 
0 WwW 2 30 W@W 50 60 7 80 90 WO 
(246 A) fron per Cent “ENGINEERING 


4 PER Cent. Iron, 2 PER CENT. 
Smicon ALLtoy. x 300. 


zine, lead, and tin, and the boiling-point of water. | 
At all these temperatures, the electromotive force of | 
the couple was in full agreement with the data supplied | 


by the makers, and therefore their values were utilised | hours of their preparation. 


in determining temperatures above 1,100 deg. C. | 
In general, about 200 grm. of alloy were prepared | 
for each cooling curve, though, in the case of the | 
heavier alloys, the weight was increased in order to | 
keep the volume roughly constant. The rate of | 
cooling was approximately 8 deg. C. to 10 deg. C. per 
minute, though slower anc faster rates were occasionally 
employed for special experiments. In order to correlate 
the cooling curves with the structures, quenching 
experiments were carried out from various temperatures 
below the liquidus. Long-period annealing experiments 
were conducted in an electric muffle fitted with a| 
thermostat of the Haughton-Hanson* type. 

The Aluminium-Iron System.—The present investi- 
gation covers the whole of the system, except that the 
allotropic changes which occur in the iron-rich alloys 
were not studied in detail, as preliminary experiments 
served to confirm the previous work done in 1908.t 





* See ENGINEERING, 1915, vol. c, page 378. 
+ See Gwyer, Z. anorg. Chem., 1908, vol. lvii, page 126. 











1 per Cent. Iron, 2 PER CENT. 


Fie. 40. 
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REDUCED BY ONE-QUARTER IN REPRODUCTION. 


quite impracticable to determine any of their mecha- 
nical properties ; all spontaneously disintegrated within 
a few days at the most, and frequently within a few 


The liquidus was found to slope gradually from the | 
Fe,Als maximum at 45-19 per cent. to a minimum at | 
49-5 per cent.; beyond that point it rose steeply to 
58 per cent., where a break occurred. Over the range 
45-19 per cent. to 58 per cent. of iron, the alloys appear 
to form a eutectiferous series with appreciable solid 
solubility, the constituents being Fe,Als and a solid 
solution, which may be termed A, which is unstable and 
breaks up below the solidus. From the break in the 
liquidus at 58 per cent., the curve rises regularly up to 
85 per cent. of iron, which was the highest percentage 
of iron investigated. Points above 85 per cent. have 
been obtained by intrapolation between the authors’ 
results and the accepted melting-point of pure iron, 
1,530° C. Above 65-5 per cent., only one arrest 
could be detected, and the alloys were found to be 
completely homogeneous, indicating that the iron- 
rich alloys consist of a series of solid solutions, which 
may be termed C. The line ef, Fig. 9, demonstrating 
the magnetic transformation, has been taken from the 
paper by one of the authors previously referred to, 
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and, for the reasons above mentioned, did not appear 
to call for further confirmation. The solidus of the 
alloys from 53 per cent. to 59 per cent., and again from 
65-5 per cent. to 85 per cent., was determined from the 
cooling curves. The form of the diagram is such as to 
indicate that a peritectic reaction takes place at 
1,232 deg. C. The method adopted for the verification 
of the present diagram was the usual one of annealing 
small samples and quenching from appropriate tem- 
peratures. Where possible, the same area was photo- 
graphed before and after heat-treatment. The alloys 
dealt with in this manner contained 51-8 per cent., 
56 per cent., 58 per cent., and 62-6 per cent. of iron. 
The Ternary System: Aluminium-Silicon-Iron.— 
The most complete account of the structure of the 
aluminium-rich alloys of this system hitherto published 
is that of Rosenhain, Archbutt, and Hanson,* who 
studied the constitution of ternary alloys containing 
up to 8 per cent. of iron and 8 per cent. of silicon. At 
first it was intended to limit the scope of the present 
investigation to two small groups of alloys, the first 
comprising the extreme aluminium corner of the ternary 
model, and including alloys containing 0 per cent. to 


Fig.30. PROJECTION OF LIQUIDUS SURFACE 
ON HORIZONTAL PLANE. 
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Fig. 41. 


2 per cent. of iron and 0 per cent. to 2 per cent. of silicon, 
and the second comprising the commercial aluminium- 
silicon alloys—a group containing 10 per cent. to 
15 per cent. of silicon, and possibly as much as 1 per 
cent. to 2 per cent. of iron. It was soon found that 
the determination of the constitution was complicated 
by the occurrence of metastability, and that it was 
therefore necessary to study a wider range of alloys 
in order to elucidate the constitution and structure 
of commercial aluminium. 

Ternary Alloys, containing 0 per cent. to 20 per cent. 
of Iron, and 0 per cent. to 30 per cent. of Silicon, a 
Cast.—In the range of alloys investigated, four definite 
iron constituents may occur, and these may be termed 
a, 8, y,and§. Of these, « has been definitely identified 
with the constituent FeAl, of the aluminium-iron 
binary system, and since, on annealing, FeAl, is gradually 
converted to the constituent the authors originally 
termed y, the latter may be identified with the con- 
stituent X of Rosenhain, Archbutt, and Hanson. 
The various constituents may be distinguished by 





* “ Eleventh Report to the Alloys Research Committee 
of the Institution of Mechanical Engineers,”’ 1921. 
+ Loc. cit. 
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their crystal habit and by their behaviour toward: 
etching reagents, of which the most useful are aqueous 
sodium hydroxide (about 12:5 per cent.) and hydro 
fluoric acid (about 1 per cent.). Nitric acid furnishes 
a useful confirmatory etch but, alone, is not reliable. 
FeAl, crystallises in massive prisms, and often adopts 
a characteristic stellate formation. It is easily identi- 
fied in an unetched section on account of its pale 
lavender colour and high relief. It is readily attacked 
by hydrofluoric acid and by sodium hydroxide. 
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appear in section under the microscope as needles of 
very regular outline. It can be distinguished from 6 
in the unetched section by its pale pink colour and by 
its crystal habit. Hydrofluoric acid attacks X very 
readily. Its behaviour towards caustic soda varies 
with the nature of the other constituents present. In 
the presence of FeAl, and of the dark-etching 8, X is 
practically unattacked, but as the resistance of 8 to 
attack increases, that of X diminishes. Nitric acid, 
used in the form of a 50 per cent. solution and boiling, 


Fig.39. ARRESTS AND CONSTITUENTS: ALLOYS CONTAINING | PER CENT OF IRON. 
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Fig.42. ARRESTS AND CONSTITUENTS; ALLOYS CONTAINING 2 PER CENT OF IRON. 
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Fig. 48. ARRESTS & CONSTITUENTS: ALLOVS CONTAINING 10 PER CENT OF SILICON. 
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The (3 constituent usually occurs in rounded masses, 
often irregular in outline, and appears to be a solid solu- 
tion stable over a wide range of composition. It may 
readily be distinguished from FeAl, by its paler colour 
as unetched, and by its greater resistance towards 
etching reagents. Its etching properties vary with 
its composition ; where it separates from an aluminium- 
rich melt it is attacked by hydrofluoric acid or caustic 
soda, being tinted blue or brown and frequently 
exhibiting coring, but where it separates from an 
iron-silicon-rich melt it is attacked only with great 
difficulty by caustic soda, though somewhat more 
readily by hydrofluoric acid. The y or X constituent 
usually crystallises in characteristic thin plates, which 


Iron, per Cent. 





FeAl;,B 


B, x,Al, Si. 


attacks X preferentially, but is somewhat irregular in 
its action. 

The 8 constituent only appears in alloys containing 
over 13 per cent. of silicon. In the unetched condition 
it is indistinguishable from X, with which it is almost in- 
variably associated. The crystals are prismatic in habit, 
with regular outlines and well-defined angles ; they are 
considerably more equiaxed than those of X. It is by 
far the most resistant of all the iron constituents toward 
etching reagents; caustic soda is entirely without 
action, whilst hydrofluoric acid gives it at the most a 
slight tarnish. Its identification thus presents no 
difficulty. In addition to the various iron constituents, 
aluminium is invariably present, and free silicon also, 


except in those alloys in which the content of this 
element does not exceed 0-25 per cent. 

The Liquidus Surfaces.—The determination of the 
liquidus presented some difficulty, owing to under- 
cooling, but the primary arrests on the cooling curves 
were usually well defined and were easily correlated 
with the results of quenching experiments. A wire 
model was constructed, in a manner similar to that 
described by Rosenhain,* and from this a perspective 
diagram, Fig. 29, has been prepared in which the 
primary phase fields and interphase boundaries have 
been indicated for the particular rate of cooling 
employed, which was approximately 8 deg. C. per 
minute. Fig. 30 shows the projection of the primary 
phase fields on the base of the model. The primary 
FeAl, and aluminium surfaces intersect along the 
line BD, representing the separation of the Al—FeAl, 
binary eutectic complex, which is depressed by the 
addition of silicon. The aluminium and § fields 
intersect along DJ, which therefore represents the 
separation of an aluminium-f complex, and similarly 
JK represents the simultaneous separation of aluminium 
and X. The FeAl, and X constituents of their respec- 
tive complexes are prismatic, and crystallise in the 
form of long needles ; {, in the aluminium-8 complex, 
crystallises in a characteristic form, which is very 
generally known as the “ Chinese script” formation. 
An example is shown in Fig. 40. LK represents the 
aluminium-silicon binary valley, ending at K, which 
is the ternary eutectic point. Whilst, theoretically, the 
‘line LK should slope downwards from L to K, in actual 
fact no difference in temperature between these two 
points could be detected, probably because the ternary 
eutectic point K lies so close to the aluminium-silicon 
face of the model, and because the purest available 
aluminium and silicon contained appreciable amounts 
of iron, so that the true binary eutectic was never 
attained. NR and RK represent the binary valleys 
between the silicon-8 and silicon-X primary phase 
fields. Whilst these two lines represent the simul- 
taneous crystallisation of two constituents from a 
melt, and thus, strictly speaking, represent binary 
eutectic complexes, the two constituents appear to 
crystallise independently, and, owing to their great 
difference in density, the silicon crystals tend to 
segregate towards the top of theingot, and § and X 
towards the bottom. The lines DF, JO, OG, OR, 
represent the temperatures and compositions of the 
liquid phase at which reactions take place between a 
constituent already deposited and liquid. All the 
reactions in question proceed with a small velocity, 
and so, particularly at the lower temperatures, the 
conversion is rarely more than superficial, merely 
bringing about a rounding of the outlines of the 
primary crystals. These, as the temperature falls, 
become surrounded by a sheath of reaction product, 
and are thus virtually removed from the system, which 
therefore acquires, for all practical purposes, one degree 
of freedom more than is theoretically permissible 
having regard to the number of phases present. 

The various quintuple points are as follows :— 














Composition. 
Phases. Temperature. 
Silicon. Tron. Deg. C. 
Per cent.| Per cent. 
D: FeAlz, Al, 8, liquid 
vapour .. - “s 4-0 2-0 629 
J: 8, Al, X, liquid vapour 7-5 1-5 611 
K: Al, X, Si, liquid 11-6 0:8 577 (the ternary 
vapour eutectic) 
R: Si, &, X, liquid vapour 13-6 2-0 595 
O: £B, 8, X, liquid vapour 14-0 6°5 700 








Reactions below the Liquidus.—The reactions which 
take place below the liquidus are best shown by means 
of vertical sections through the model. The series of 
alloys containing 4 per cent. of iron was the first to be 
completely elucidated, as, owing to the magnitude and 
separation of the various arrests, it was easy to correlate 
them with the various constituents. The structure of 
one of the slowly-cooled alloys of this series is shown 
in Fig. 33. Etching with caustic soda has revealed 
FeAlg, the dark constituent, and traces of X. The 
white constituent is aluminium. The corresponding 
sections for 3 per cent. and 6 per cent. of iron, were 
found to be essentially similar, but the constitution of 
the alloys with 1 per cent. and 2 per cent. of iron, and 
of those containing more than 10 per cent. of iron, was 
considerably more difficult to determine. 

Fig. 39 shows the arrests and structures of the ternary 
alloys containing 1 per cent. of iron. Up to about 
11 per cent. of silicon the primary constituent is 
aluminium, but at this point the primary X field is 
definitely entered—as shown by the microstructure— 
though the amount of X is never sufficiently large to 
give an arrest on the cooling curve. The silicon 








* See ENGINEERING, vol. cix, page 527. 










primary field is entered at about 13-5 per cent. of sili- 
con. From 0 per cent. to about 1-5 per cent. of silicon, 
the secondary crystallisation is that of the aluminium- 
FeAl, binary complex, but, at 629 deg. C., the liquid 
becomes saturated with respect to 8, and this con- 
stituent replaces FeAl; as a constituent of the binary 
complex. These arrests, corresponding with the 
crystallisation of 8, are difficult to distinguish, being 
masked by those due to the FeAl, separation. From 
1-5 to 5 per cent. of silicon, the first iron constituent 
to separate is 8, and this crystallises in the ‘“‘ Chinese 
script’ form to which reference has previously been 
made. This structure is shown in Fig. 40, which repre- 
sents a typical area of the cooling-curve ingot of the 
alloy containing 1 per cent. of iron with 2 per cent. of 
silicon, etched with hydrofluoric acid. From about 5 
to 14 per cent. of silicon all the iron present separates 
as X, and the structure of a typical ingot is shown in 
Fig. 41, representing a slowly-cooled alloy containing 
1 per cent. of iron with 74 per cent. of silicon. Etching 
with hydrofluoric acid reveals needles of X, and silicon. 
The structure of the series of alloys containing 2 per 
cent. of iron, which is shown in Fig. 42, proved 
particularly difficult to determine, owing to the fact 
that, from 0 to 4 per cent. of silicon, the section was 
coincident with the aluminium-FeAl, binary valley. 
The primary £ field was entered at about 4 per cent. 
of silicon, and the primary X field at about 7 per cent. 
of silicon. A typical section, parallel to the aluminium- 
iron face of the model, is shown in Fig. 48, and represents 
a series of alloys containing 10 per cent. of silicon. 


(Z'o be continued.) 





SHORT-FLAME PULVERISED-FUEL 
BURNER. 


OnE of the objections urged against the use of pul- 
verised coal has been the fact that a very large and lofty 
combustion chamber was required in order to ensure 
complete combustion of the fuel. A new type of burner 
has, however, recently been developed at the Barrow 
works of Messrs. International Combustion, Limited, 
Africa House, London, W.C.2, by the use of which, it 
is claimed, the volume of combustion chamber hitherto 
found necessary can be reduced by at least 30 per cent. 
In this way, the layout of the boiler house as a whole 
can be rendered much more compact and less costly. 
A photograph of the new burner is reproduced in Fig. 1, 
whilst further details of its construction are illustrated 
in Fig. 2. As is common knowledge, the more intimate 
and complete the mixture of a combustible gas and 
air, the shorter is the flame. The suspension of coal 
dust in air is equivalent to a combustible gas and is 
subject to the same law. In the new burner, the 
rapid and complete mixture of the coal-laden primary 
air with the secondary air necessary for combustion, 
is ensured by introducing the former tangentially 
into a nozzle provided with helical deflectors as indi- 
cated in Fig. 2. In this way the mixture is set 
in rotation, and as it issues from the nozzle it meets 
with the secondary air which has been given a rapid 
whirl in the opposite direction. Intense turbulence is 
accordingly set up along the surface of contact, with the 
result that very rapid admixture is secured, with a 
correspondingly short flame. 

The secondary air is set in rotation by means of the 
pivoted guide blades, shown in Fig. 1, which, it will be 
seen, are closely analogous to those used for the regula- 
tion of inward-flow hydraulic turbines. By rotating 
the guide blades on their pivots, the supply of secondary 
air can be varied through wide limits, so that, at all 
rates of evaporation, the primary air and the secondary 
air are maintained in proper proportion to each other. 

At full rating, the new burner is stated to require an 
air pressure of 2 in. for the primary jet, whilst 1 in. 
is sufficient for the secondary supply. They have been 
adopted for the three new boilers now in’ course of 
erection at the Walsall Electricity Works, which have 
an aggregate normal! rating of 180,000 lb. of steam per 
hour. 





CoMPETITION OF INDUSTRIAL DeEstans.—We have on 
several previous occasons referred to the Competition 
of Industrial Designs organised by the Royal Society 
of Arts, John-street, Adelphi, London, W.C.2, and we 
now learn that the fifth annual competition is to take 
place at the Imperial Institute, South Kensington, 
London, 8.W.7, during June next. The competition, 
full particulars of which may be obtained from the 
secretary of the Society, will be divided into six main 
sections, namely, architectural decoration, textiles, 
furniture, book production, pottery and glass, and 
miscellaneous. This sixth section includes poster and 
show-card designs. Scholarships and prizes having a 
total value of nearly 1,600/. are being offered by the 
Society and by various well-known manufacturers. 
Intending competitors should apply to the secretary 
of the Royal Society of Arts, at the address given above, 
between May 1 and May 12 next, for the necessary 
entry forms. 
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SHORT-FLAME PULVERISED-FUEL BURNER. 


CONSTRUCTED BY MESSRS. INTERNATIONAL COMBUSTION, LIMITED, LONDON. 








Fig. 1. 
CATALOGUES. Fig. 2. 


Motor-Converters.—A catalogue fully describing the I 
~~ | 


motor-converters made by the British Thomson-Houston 

Company, Limited, Rugby, has come to hand. It \ | 
one, 
ANS 

—s 








contains illustrations of machines of 350 kw. to 2,500 kw. 
capacity, and explains the different applications of rotary- 
converters, motor-converters and motor-generators. 


Railway Wagons.—A new edition of their catalogue of 
railway wagons has been issued by the Cambrian Wagon 
Company, Limited, East Moors-road, Cardiff, containing 
full descriptions and illustrations of 20-ton all-steel 
wagons, 12-ton steel or wood wagons, quarry cars, 
tank wagons, tipping wagons and laminated springs, 
as well as separate illustrations of standard parts. 


Heat Insulators.—We have received a pamphlet dealing 
























with the heat insulation of high-temperature apparatus, Q 
such as boilers, furnaces, ovens, gas retorts, soaking pits, ae N 
cement kilns, glass furnaces, &c. It contains much N 
useful technical and practical information, and is issued N 
by the Celite Products Corporation, of Los Angeles, N 
California, from their London office, 46, Victoria-street, oe NI 
S.W.1. | 
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Surface Wiring.—Messrs. William Geipel, Limited, 
156, Bermondsey-street, London, S.E., have issued a 
leaflet describing their new surface wiring system. This 
is distinguished by the small number of its component 
parts and an essential feature is the unit-type junction 
box, to the base of which the necessary connections and 
bonding clamps are fixed. It can he erected quickly and 
without the use of special tools. 


Welding.—A new and enlarged edition of their practical 
handbook on welding has been issued by the Suffolk 
Iron Foundry (1920), Limited, Stowmarket. It deals 
almost entirely with the autogenous welding of cast iron, 
involving the preheating of the parts to be joined. 
Another process, for which the special ‘ Sifbronze ” 
rod is used, is more akin to brazing, and is applicable to 
other materials in addition to cast iron, 

Special Steels.—Messrs. Hadfields, Limited, Sheffield, 
have issued a new edition of their catalogue of steels for : — 
motor vehicles and aircraft, containing separate sections | #24 the examples illustrated range from small sizes 
on: case-hardening steels; carbon steels; chromium | PU™Ps with capacities up to 50,000 gallons per hour. 
steel ; ; chrome-vanadium steel; nickel steels ; nickel- Oil Engines.—Messrs. Marshall, Sons and Company, 
chromium steels ; valve steels ; and spring steel. Full] Limited, Gainsborough, in their catalogue, of two- 
technical and working information is given on each, so cycle oil engines, show sizes ranging from 8 b.h.p. to 
that the catalogue forms a useful reference book for both | 25 b.h.p. of the horizontal type in both portable and 
designers and workmen. stationary forms. A further series of stationary engines 

Pneumatic Tools.—The Consolidated Pneumatic Tool | Of the vertical type with two or four cylinders in powers 
Company, Limited, 170, Piccadilly, London, W.1, have | from 30 b.h.p. to 450 b.h.p. is also dealt with. These 
issued a number of new catalogues of tools and equipment, | €Mgines are suitable for general industrial work, arp , 
dealing separately with portable air compressors, scaling | 0T @lectric generating purposes, and can be used wi 
hammers, tools for breaking up road concrete, paint- | CTude, refined or residual oil as fuel. 
spraying apparatus, and tools for clay digging, as well Truck and Trolley Wheels—Some time ago we men- 
as a series of electrically-driven tools. The Pedwyn| tioned in this column a list of resilient wheels for trucks 
balancer, for supporting the weight of the usual light | and trolleys, manufactured by Messrs. H. M. C. W heels 
and heavy tools, is also dealt with. Limited, 23-28, Penn-street, London, N.1. We have 

Pumps.—Messrs. Stothert and Pitt, Limited, Bath, | since received a further list indicating that the range o 
have issued a catalogue of the rotary positive displacement | sizes manufactured has been considerably increased, an 
pumps which they make, under the Feuerheerd patent, | now runs from 3 in. diameter and 1 in. thick up to 
for pumping oil, asphalte, tar, molasses, spirits, water and | diameters of 14 in. and 16 in. They can also be supplied 
other fluids over a wide range of viscosities and pressures ;| with roller bearings. Inadvertently, in our previous 
the pump can also be used for producing vacua. A full| notice, these wheels were described as rubber tyred. 
description of the construction and action is given, | Actually, however, they are all rubber. 
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THE WESTERN PORTS OF THE 
NORTH ATLANTIC. 


By Brysson CunnincHaM, D.Sc., M.Inst.C.E. 
VI.—TueE Port oF QUEBEC. 


THE situation of the port of Quebec is one of 
considerable strategical importance from the com- 
mercial as well as from the military point of view. 
Located at the confluence of the rivers St. Charles 
and St. Lawrence, it possesses a large, safe, and 
commodious harbour, well sheltered and protected 
from winds by the high cliffs on the northern bank of 
the latter river. The limits of harbourage cover a 
length of 15 miles, with a width of about a mile. The 
port is the point of junction of river and ocean traffic. 
Ocean-going vessels, with draughts in excess of the 
navigable channel above Quebec, discharge their 
cargoes and passengers at that port and load there 
for the return voyage. Though Quebec experiences 
the disability of being blocked by ice during the 
winter season, the period is not so long as in the 
case of Montreal. On the average, it is about 
three to four months in the year. The view of the 
responsible authorities is that did circumstances 
justify the expenditure, the port could be kept 


500 ft. in length ; in the tidal harbour, 4 berths of from 
400 ft. to 500 ft. in length; at the Breakwater (a 
riverside quay), 4 berths of 500 ft., or 3 berths of 700 
ft., or 2 berths of 1,100 ft. in length; at Pointe-a- 
Carcy wharves, 4 berths: one for ocean steamships, 
2 for coasting vessels, and one for bunkering ; in the 
River St. Charles, 7 berths of from 500 ft. to 600 ft. 
in length. The depth at the riverside wharves is 
40 ft. and over at low tide; in the River St. Charles, 
35 ft.; in the wet dock, 25 ft. to 26 ft.; and in the 
tidal harbour, 24 ft. to 30 ft.—all at low water. A 
view of the tidal harbour and the Princess Louise 
wet dock, or basin, is given in Fig. 7, on page 198. 

Quebec Harbour possesses a very notable dry or 
graving dock, one of the largest in the world. 
It is situated at Levis, on the south side of the 
river, and has a length of 1,150 ft. The width of 
entrance is 120 ft., and the depth of water over sill, 
38 ft. at mean high water. It is capable of sub-divi- 
sion into two approximately equal sections of half 
the total length by means of an intermediate caisson. 
There is another graving dock at the port, but it is 
much inferior in size, being only 600 ft. long, with an 
entrance width of 62 ft. 

Port Equipment.—Cargo handling is mainly done 





at the quayside with the aid of the ships’ own 
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open all the year round by means of the ice breakers 
which are available for service. A plan of the 
harbour is given in Fig. 1 annexed. 

Port Approaches—The River St. Lawrence is 
navigable by modern ocean-going ships with 
practically unrestricted draught—there is a depth 
of not less than 100 ft.—from the Gulf of 
St. Lawrence to a point, called La Traverse, 
within 35 miles of the port of Quebec. At this 
point, for a short distance, there is only 27} ft. 
at low tide. Thereafter, there is a depth in the 
navigable channel, which has a minimum width 
of 1,000 ft., of 45 ft. at mean high water, or 
just under 30 ft. at low water. The Dominion 
Government is engaged in deepening the channel, 
and have three dredgers constantly at work with the 
object of providing a minimum depth of 40 ft. at 
low water—an undertaking which it will probably 
require something like three years to complete. 
The depth in the St. Lawrence within the port 
limits is actually 40 ft. at the present time. The 
River St. Charles, at its junction with the St. 
Lawrence, has a depth of 35 ft. at low water. The 
mean tidal range is about 16 ft., but it may reach 
19 ft. or 20 ft., on occasion. The minimum is 10 ft. 

At present, the regular shipping route in the St. 
Lawrence is the South Channel. Deepening opera- 
ions by the Government are also in hand in the 
North Channel, to provide a depth of 35 ft. 

Port Accommodation.—There is berthage accom- 
modation in the port for about 20 to 25 sea-going 
steamships simultaneously, distributed as follows : 





In the wet dock, there are 6 berths of from 400 ft. to 
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appliances. The lifting plant provided by the 
Harbour Commissioners is of high calibre, and con- 
sists of five locomotive cranes with a lifting 
capacity of up to 38 tons, and a 50-ton floating 
crane. 

There is a concrete grain elevator on the St. Charles 
River front, with a storage capacity of two million 
bushels. A view of this is given in Fig. 6, on 
page 198. It is equipped with a marine tower, 
conveyor belts and overhead grain galleries, a grain 
dryer, a separator, and a bagging shed. It can load 
into vessels at the rate of 60,000 bushels per hour, 
and receive incoming grain at the rate of 20,000 
bushels per hour from craft, or, if rail-borne, from 
up to 100 cars per day. 

The Commissioners have a modern cold storage 
warehouse, with a fish house and a power house. 
The main warehouse has a storage capacity of 
500,000 cub. ft., and the fish house, which is thor- 
oughly equipped for the process of fish refrigeration, 
has a storage capacity of 1,000,000 Ib. 

Lastly, there is a cattle berth with a resting, feed- 
ing, and loading station, at which 2,000 head of 
cattle can be accommodated at one time. 

Shipping and Commerce.—The number of vessels 
visiting Quebec from the sea, Montreal and the 
Great Lakes, has steadily increased from 494 
vessels in 1922 to 997 vessels in 1926, the tonnage 
in the last-named year being 4,047,406. Imports 
(exclusive of lumber and timber) have similarly 
increased from 499,630 tons in 1922 to 865,611 tons 
in 1926, and exports from 150,581 tons to 356,239 


imports and exports, have increased from about 
13 million feet in 1924 to 28 million feet in 1926. 

These figures indicate a very satisfactory and 
steady rate of progress, despite the fact that in 
competition with Montreal, Quebec is at a rather 
serious disadvantage. Between Great Britain and 
Canada, the ocean rates of the shipping companies 
are the same for both ports, but there has been a 
railway haulage advantage in favour of Montreal 
to and from the interior and the Great Lakes. This 
has militated against the attraction of business to 
Quebec. The decision given last autumn by the 
Dominion Railway Board now gives Quebec equal 
rail rates, though the haul is longer. 

Wolfe’s Cove Terminal.—The Port Authority has in 
hand, at the historic spot associated with the gallant 
exploit of General Wolfe, (see Fig. 1) a develop- 
ment scheme of very considerable importance, which, 
when carried out in its entirety, will endow Quebec 
with adequate accommodation for whatever demands 
may be made upon it. The scheme, as outlined by 
the Harbour Commissioners, provides for the gradual 
exploitation of the river frontage of the city west of 
Champlain Market to Pointe-a-Pizeau (Sillery), a 
distance of 1} miles. It will be carried out in three 
stages or sections, the first of which, now in hand, 
consists of a wharf wall, 3,000 ft. in length, starting 
from the eastern corner of the Car Ferry Wharf 
of the National Transatlantic Railway and running 
westward in a way generally parallel to the railway, 
from 457 ft. to 500 ft. distant therefrom. From the 
western end of this wall, a return wall, 500 ft. in 
length, will be built, constituting the western end of 
a new basin and extending out from the first wall, 
at right angles to it. The outer wall of the basin 
will start from this point and extend back, towards 
the north-east, for a distance of 2,400 ft., the en- 
trance of the basin being 700 ft. in width. This 
construction will afford accommodation to the extent 
of four deep-water berths (t.e., with a depth of 40 ft. 
below low water) for four of the largest type of 
transatlantic vessels, with two additional deep-water 
berths, each 600 ft. in length, and a seventh berth, 
for Lake vessels conveying grain. The site of Wolfe’s 
Cove Terminal is shown in Fig. 1. 

It is the Harbour Commissioners’ intention to 
equip the new quays with transit sheds and freight- 
handling facilities of the most modern type. There 
is ample scope for railway facilities, as the site lies 
along the line of the transcontinental railway running 
from Quebec Bridge to Champlain Market. More- 
over, the Canadian National Railways and the Cana- 
dian Pacific Railway have come to a working 
agreement whereby the latter will also have ready 
access to the wharves. Railway sidings will be pro- 
vided on the reclaimed area behind the quay frontage. 
In order to meet an expected increase in the 
requirements of the grain trade, new elevators will 
be constructed. The first of these structures, con- 
templated and included in the first stage or section 
of the work, will have a capacity of two million 
bushels. When the second section of the work is 
undertaken, providing further berthage to the 
extent of 4,000 lin. ft., or four berths, this elevator 
will be enlarged to a total capacity of six million 
bushels, and this capacity will be doubled when the 
third and final section is put in hand. 

As a preliminary measure, sanction was sought 
from the Legislature for an expenditure on the first 
section of ten million dollars, but only five million 
dollars was authorised pending further consideration 
of the scheme. It is estimated that the total cost 
of the first two sections will be in the neighbourhood 
of thirty million dollars. 

Operations on the site have been in hand since 
March, 1926, when the construction of a suction 
dredger was started by the contractors, the Northern 
Construction Company, Limited, and J. W. Stewart. 
The hull was formed of British Columbia fir, with 
steel stiffening, and the machinery was obtained by 
rail from Vancouver. The vessel was launched on 
June 12, 1926, and completed on July 7 following, 
being given the name of General Wolfe. Dredging 
operations were commenced immediately thereafter. 
Between July 7 and September 22, 1926, 221,201 
cub. yards of material were removed from the line 
of wall to enable the crib foundation work to be 
deposited, the spoil (a mixture of fine sand, clay and 
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boulders) being pumped through a pipe line into the 
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depression between the Canadian National Railway 
line and Champlain-street for filling purposes. 

Another dredger of the dipper type, named the 
King Edward, was got to work about the same time, 
and has been engaged in preparing the channel 
to the launchways for the cribs and removing old 
crib obstructions. 

The foundation cribs for the wharf walls are of 
timber construction, generally 200 ft. long, 60 ft. 
wide at the bottom, stepped back, at intervals, 
to 28 ft. at the top, with a total depth of 43 ft. The 
cribs, each containing 1,200,000 ft. of timber, 
board measure, are formed of squared logs of British 
Columbia fir laid longitudinally and transversely 
with verticals at 10-ft. intervals, the various 
members being bolted together, with whole timber 
fishplates at the joints, as shown in the plan ele- 
vation and section in Figs. 2 to 4 annexed, with 
constructional details in Fig. 5. 

The lower framing is put together on a launchway, 
from which it is floated at high water. Subsequent 
courses and the verticals are inserted after the 
structure is afloat. It is then towed into position 
and sunk on the prepared bed, with the aid of stone 
filling deposited in the spaces between the frame- 
work of the crib, from barges. The stone is obtained 
from Bakers’ Quarry, at Chateau Richer, and from 
Victoria Quarry, owned by the Harbour Com- 
missioners, and situated some 3 miles to the west 
of the new development. A crib requires from 
about 8 to 11} thousand cubic yards of stone. 


Three cribs were sunk before the close of the | 
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‘when a length of 2,200 linear feet of 24-in. pipe 
discharge line was in operation, 1,250 h.p. were 
being developed. The suction is 26-in. in diameter, 
and 400 cubio yards were being deposited per hour. 
The impeller of the pump is 56 in. diameter. It 
is estimated that there will be about 3 million cubic 
yards of filling in the first section alone. 

In Fig. 8 of the site, on page 198, will be seen, on 
the left-hand side, the launchway on which the 





crib lower sections are being constructed, and from 





1926 working season, and work was proceeding at | which they are floated into the embayment adjoin- 
the rate of three cribs per month when the writer | ing, wherea cribis visible in the process of being built 
visited the site in July, 1927. | up, while beyond are cribs sunk in position and 
Meanwhile, the pumping reclamation work is | others moored ready for sinking. To the right may 
proceeding at a corresponding rate. In order to re- | be observed the reclaimed area, and in the distance 
tain the filling, which, of course, is received in a liquid | the suction dredger with its floating pipe line. The 
state from the suction pump, riprap embankments | view reproduced was taken within a few days of the 
are first formed, enclosing the site. The surplus | writer’s visit to the site. Sillery (Pointe-4-Pizeau), 
water finds its way through the interstices of the | marking the limit of the projected works, is in the 
embankments, leaving the mud to settle and con- | extreme distance to the right. 
solidate. This section of the work is being carried | The design of the upper part of the wharf is still 
out by Dredging Contractors, Limited, of Van- | under consideration. The cribwork extends from 
couver and Quebec, with Mr. E. de G. Power in | foundation level, at 45 ft. below low water, to about 
charge. The General Wolfe is capable of developing | 24 in. below low water. The upper portion of the 
1,600 h.p. On the occasion of the writer’s visit, | work, which will be carried out in concrete, will 
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finish at a level of 10 ft. above mean high-water 
level. 

The writer is indebted to Brig.-General Tremblay, 
the Chief Engineer, and to Capt. Doucet, the 
Engineer-in-Charge, for the foregoing particulars 
of a scheme which is not only interesting as an 
example of Canadian engineering practice, but 
which is destined to add materially to the resources 
of the port as a resort for shipping and commerce. 

Historical—The following historical notes on the 
origin and development of the Port Authority are 
extracted from an address recently delivered by 
General Tremblay to the members of the Quebec 
Branch of the Engineering Institute of Canada. 

Champlafh, in 1608, observed the attractiveness 
of the port of Quebec, its capacious and deep 
roadstead, as well as its strategic importance. 
Before his arrival, the natives had selected, as their 
principal landing place, a site at the foot of the 
cliff situated below the Céte de la Canoterie, 8° 
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called because this frontage led to their canoes. 
The French enlarged the landing place in order to 
accommodate craft with a greater draught, and, 
accordingly, until the present time, the port has 
been developed normally, step by step, with the 
increasing needs of commerce and the number 
and tonnage of shipping. 

At the outset, the quays and piers were construc- 
ted by private interests, without general direction, 
along the River St. Charles and the River St. 
Lawrence, on both sides, from the point still known 
as the Pointe-a-Carcy. In 1805, an Act of Parlia- 
ment established Trinity House, which was the first 
authority charged with the administration of the 
port of Quebec, having jurisdiction also over the 
body of pilots. In 1858, the corporation of the Com- 
missioners of the Harbour of Quebec was formed. 
The two public bodies discharged their duties 
simultaneously until the year 1876, when the powers 
of Trinity House were transferred to the Harbour 
Commissioners. In 1912, by Act of Parliament, 
the number of Commissioners, which previously 
had been nine, was reduced to three, including the 
President. The Commissioners are nominated by 
Order in Council, and remain in office during 
pleasure. 





TRIALS OF THE §.S. ‘‘ BEAVERFORD.””—The twin-screw 
steamer Beaverford, constructed by Messrs. Barclay, 
Curle and Company, Limited, for the London and 
Montreal service of the Canadian Pacific Railway Com- 
pany, underwent successful trials at sea on January 18 
last, when a speed of 17 knots was attained. The 
vessel has a length of 520 ft., a breadth of 16 ft. 6 in., 
and a depth of 40 ft. 6 in. She is designed to carry 
about 13,000 tons deadweight, on a draught of 30 ft., and 
her gross tonnage is about 10,000. The vessel has a 
total hold and ’tween-deck capacity of about 570,000 
cub, ft., and will be employed for the carriage of fruit 
or general cargo. The propelling machinery, which 
has been constructed at the North British Engine Works 
of the builders, consists of two sets of single-reduction 
geared turbines of the Parsons’ type, each driving its 
ine of shafting through a Michell thrust block. Steam 
for the main machinery is supplied, at a pressure of 250 
\b. per square inch, and a superheat of 250 deg., from four 
Yarrow water-tube boilers, 





STEEL BaRs FOR THE PRODUCTION OF MACHINED 
Parts.—A revised edition of the specification for steel 
bars for the production of machined parts for general 
engineering purposes has recently been published by the 
British Engineering Standards Association. Designated 
No. 32—1927, the principal modifications involved 
are as follows :—The Bessemer basic process for the 
manufacture of the steel has been eliminated and the 
electric process included. Round bars about 5 in. dia- 
meter, and square bars about 5in. width across the flats, 
have been standardised in definite steps of }-in. Bright 
hexagon bars corresponding to Nos. 1, 2, 3 and 4, B.A. 
bolt sizes, have been included, and the hexagon bars 
corresponding to }# in., }§ in., and 1% in. bolt sizes have 
been omitted, as these sizes are no longer included in 
the British Standard Whitworth and British Standard 
Fine Screw Thread tables, Copies of this revised specifi- 
cation may be obtained from the B.E.S.A., Publications 


WEIGHT CARRYING IN FACTORIES. 


Unt1 now the legislation of this country, whether 
by Statute or by Order, has imposed very few 
restrictions on the weights that may be lifted or 
carried in factories. Apart from the woollen and 
worsted industries, the only limits in force relate 
to young persons engaged in fruit preserving or in 
pottery making, the latter being distinguished by 
the fact that the certifying surgeon may prescribe 
a lighter load than the specified maximum. In 
the Factories (No. 2) Bill, 1926, however, the 
general prescription is laid down that no woman or 
young person shall lift, carry or move a load so 
heavy as to be likely to cause injury, and the 
Home Office is given power to decide this weight 
either for industry at large or for individual indus- 
tries. The Industrial Fatigue Research Board was 
accordingly recently requested to make investiga- 
tions with the object of determining the actual load 
which can be lifted or carried by women and young 
workers under industrial conditions without injury 
or discomfort, and in pursuance of this reference it 
has now published a report on The Physique of 
Women in Industry, by Professor E, P. Cathcart, 
with Miss E. M. Bedale and others, including a 
special section by Miss Sybil Overton, M.B., a 
Medical Inspector of Factories (Report No, 44, H.M. 
Stationery Office: 5s. net). The report embodies 
a large amount of work, and arrives at a number of 
interesting results. It purports, however, to give 
definite answers to the questions at issue, and it is 
therefore desirable to point out that these answers 
do not correspond with the terms of reference. The 
limits of weight it prescribes for a woman or young 
person are not what would be likely to cause injury 
to “such woman or young person,” but to some 
other person whose powers may be considerably 
greater or less than those of the person in question. 
They are not, moreover, derived from: scientific 
investigation under industrial conditions. Where 
they are based on experimental evidence, this was 
taken under conditions as remote as can be con- 
ceived from those of a factory, and the large correc- 
tions necessary for applying such results to industrial 
conditions were put in by the merely amateur eye 
of the distinguished physiologist who conducted the 
experiments. Where, on the other hand, reference 
is made to observations taken in actual industry, 
these observations often differ widely from the 
figures recommended in the report. 

More than half the report is devoted to an anthro- 
pometric and statistical study of some 4,000 women, 
engaged variously in 26 different factories lying 
between Glasgow and London, and of some 400 
Glasgow college women as a control, It is no 
disparagement of this section of the report, which 


times, of course, they may be so because the avail- 
able statistical material is insufficient or accident- 
ally biased. The average height, for example, of 
the 26 groups of women engaged in factories varies 
between different factories by more than 5 in., 
but for some reason the average for all employed 
women is some 2 in. greater than that for a 
group of some 400 women who had been unem- 
ployed for not less than a year. It is hardly 
possible to put any construction on this discrepancy, 
such, for instance, as that tall women get a pre- 
ference when there is a choice of labour, without 
knowing in what proportion the unemployed 
women were derived from the several groups. 
Speaking generally, however, as indeed the report 
admits, no very significant relation could be detected 
between the various measurements of height, 
weight, strength in various forms, and the like. 
A possible reservation is suggested very tentatively 
of a relation between the ratio of a combined figure 
representing various kinds of strength and the 
body weight, on which the average unemployed 
women would be ruled out as unfit for hard factory 
work, though their figure of merit on this basis was 
only some 5 per cent. below the standard, and the 
average of the employed women only some 7 per 
cent. above it. In support of this suggestion it 
might apparently have been urged also that a 
figure for strength and height seems to suggest a 
similar conclusion. Bearing in mind, however, that 
the unemployed women had been out of work for 
over a year, it seems at least as likely that they 
had lost for the time being some of the dexterity 
and alertness, which admittedly has a considerable 
bearing on dynamometer tests of strength. 

The second part of the report seems to be directed 
mainly to issues other than those of the reference. 
It records a series of laboratory experiments made 
in continuation of others which have been described 
previously in these columns (cf. ENGINEERING, vol. 
cxix, page 409). Their purpose was to determine 
the extent to which, when loads are carried in 
a variety of different manners, the normal posture 
of the body had to be altered to counterbalance the 
load, the expense of energy involved by each method 
of carriage, and the extent to which functions of 
respiration and circulation are interfered with 
through fixation of the chest. The method adopted 
principally in the present report, and solely in the 
earlier one, was to measure the extent of energy by 
which a load was carried in each way in terms of the 
oxygen consumed by the subject while at work. 
These observations were supplemented by others, 
made on pulse and blood pressure, which, however, 
as the report remarks, did not pretend to represent 
the actual magnitude of the demand on circulatory 
accommodation which similar work would make on 
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nise that, for the purposes of the Home Office 
reference, its results are practically negative. Some- 





women in factories. Asa matter of fact, however, 
neither the values of the metabolic processes by 
which the work was measured, nor of the circulatory 
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disturbances arising from it, can have had any 
industrial significance, for the work so measured or 
indicated stood in no sort of known relation to any 
that could have been done in a factory. As the 
authors appear to admit, the energy involved in 
heavy industrial operations, however it may be 
measured or indicated, is quite different for a person 
accustomed to the work and fit for it, from what it is 
for one who is new to it and unfit. The whole of 
the work for the present experiment seems to have 
been done by persons who were neither experienced 
nor fit. The work for the earlier report was done 
on asingle subject, described as having poor muscular 
development of the arms and the shoulders, and 
suffering more from general after-fatigue than a 
second subject, on whom a large number of the 
metabolic experiments were repeated for the second 
report. The work done by these women occupied 
them for very short spells during two hours a 
day, for at least half of which they were either 
resting or not under load, and it consisted in carrying 
in various ways weights of 20 lb. to 50 lb. (in two 
instances 60 lb.) on a level path at less than 3 miles 
per hour. It is recorded of the second subject, a 
young woman of 24, that she lost about 7 lb. in 
weight in the first two or three weeks of the work, 
besides suffering more than her colleague from 
local pains and strain, though apparently less from 
general fatigue. No attempt was, of course, made 
to ascertain how much of the consumption of energy, 
and of the general fatigue resulting from doing an 
hour’s work in two hours, was due to the local pain 
and strains or other incidents of inexperience or 
unfitness, but it seems fairly obvious that it must 
have been at least a substantial part of the total, 
and that it would not occur in normal factory work. 
In an introduction to the first report, moreover, 
Professor Cathcart explains that the metabolic 
method (oxygen consumption), which was used in 
all the work for the first report and most of that 
for the second, is quite unsuitable for determining 
the maximum load a person can carry, and in the 
present report admits that, with the present equip- 
ment, the difficulties of obtaining pulse and blood- 
pressure measurements on normal working women, 
are insuperable. 

The scientific experiments, described in the report, 
therefore contribute nothing to the solution of the 
question under investigation. It may, indeed, be 
doubted whether a solution is possible in general 
terms. If a maximum weight is to be prescribed 
safely, it would have to be adapted to the strength, 
neither of the average, nor still less of the strongest, 
person, but to that of the weakest. The strongest, 
who in some occupations seem to improve in health 
and bearing through their heavy work, would have 
to abandon the legitimate use of their strength, 
in order that the average or the weaklings should not 
overstrain theirs. It is fortunate that, according 
to Dr. Overton’s report on some 500 or 600 observa- 
tions in various trades and of inquiries at two large 
provincial hospitals, the large majority of industries 
work with loads well inside those recommended, 
and in no industry does heavy work by itself seem 
to have caused injury. These conclusions, as 
Dr. Overton observes, are based on data perhaps 
a little too narrow to be quite satisfactory, but they 
are at least sufficient to suggest caution in imposing 
regulations. Dr. Overton endeavours to meet the 
difficulty of differences in strength by suggesting a 
ratio of load to body weight. On the available 
evidence, as she admits, this involves the unsup- 
ported assumption that strength and endurance 
necessarily vary with weight. In works where there 
is a doctor, the difficulty might be avoided better 
by giving him a discretion to assign maximum loads 
for different individuals or classes of workers, than 
by codifying regulations and adding to the work of 
inspectors. 





Tin PRODUCTION IN THE British EMPrre.—A pamphlet, 
entitled Tin Companies’ Position, was published recently 
by Messrs. W. H. Rickinson and Son, 3, Great Winchester- 
street, London Wall, E.C.2. Information relating to 


tin-producing companies in all parts of the British 
Empire is given within its pages, and the data include 
particulars of the property owned by the company, the 
methods of production, outputs dividends paid, names 
of directors and officials, and other items of interest. 
The little directory, which contains 136 pages, is priced at 
2e. 6d., post free. 


THE TRAFFORD PARK WORKS OF 
MESSRS. METROPOLITAN-VICKERS 
ELECTRICAL COMPANY, LIMITED. 
(Continued from page 125.) 

Our two previous articles gave an account of 
some of the shops concerned in the conversion of 
raw material, using that term in its widest sense, 
into parts utilisable, after further operations on 
them, for complete machines. 


Fig. 35. 











The next department which falls to be considered, 
in which component parts are produced, may almost | of which, the north end, core laminations for elec- 
be said to be a factory in itself. This is the punch- | trical machines and other heavy pressings are made, 
ing department, remarkable both for its extent and| the former comprising 90 per cent. of the work. 
the extraordinarily wide range of its products.| This division, of which a view is reproduced in 
The main punching shop is situated on the ground | Fig. 38, on Plate XV, looking south, contains presses 
floor of the east side of aisle A of the machine | arranged on both sides of the gangway, the type of 


shop, where it occupies a space 600 ft. in length 
by 42 ft. broad. There is, however, a separate 
set of machines in the transformer shop which 
turn out the major part of the transformer 
punchings, but a few types of punchings used in 
certain patterns of small instrument transformer 
are made in the main shop. Some hand presses 
are to be found placed in various other departments 
where they are most convenient for assembly pro- 
cesses in some specialised work. 





Fic. 34. Pam or Puncutne Dies ror SEGMENTAL Stator LAMINATION. 





Parr oF Puncutne Digs FoR CoMPLETE Rotor LAMINATION. 


The main shop is divided into two parts, in one 
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machine used being clearly shown in the figure. | power for the Great Indian Peninsula Railway. To 
The core laminations are paper-insulated on one | give an idea of the scale on which these stampings are 
side to minimise eddy currents. The paper is/ produced, it may be stated that for this order there 
securely attached to the sheet steel by a couple | are 164 motors for which the total weight of the sheet 
of ingenious machines at the lower end of the shop, | steel required for the armatures is 667,058 lb. The 
the adhesive being applied and the paper attached | finished laminations weigh 366,000 lb. so that there 
and dried in one rapid operation. | is approximately 42 per cent. of scrap. Each finished 
The steel sheets are delivered to the shops in| punching weighs about 2-181lb. A punching of this 
bundles of approximately 3,000 lb. weight. They | kind would require normally a total pressure of some- 
are rectangular in shape and vary from 0-014 in. | thing like 360 tons, but by special design, the tools 
to 7 in. in thickness. The processes of their manu-| with the punchings are brought within the capacity 
facture into punchings differ according to the nature | of the 300 ton presses used. A large Blanchard 
and size of the punching that is required. In some/face-grinding machine is installed in the shop for 
instances preliminary operations are needed, the|the purpose of keeping the dies in order. 
sheets being cut into pieces approximating to the| The other method of making the slots is by punch- 
size of the finished punching, a guillotine being used | ing them either singly or a few at a time. This is 
to obtain rectangular pieces and a rotating table|done in comparatively small machines which are 
with a revolving disc cutter to obtain circular) semi-automatic, inasmuch as the indexing is per- 
pieces ; or, by means of a similar cutter the sheets | formed by the machine itself. These machines, 
may be slit into strips of any desired width, such| of which there are 24, work at the rate of from 
strips being used for continuous feeding into the/ 160 to 400 notches per minute according to the 





the foreground of Fig. 39, on Plate XV, at the right- 
hand side. It consists of a built-up carborundum 
roller running at 1,500 r.p.m. under which the 
punching is fed, paper side down, it having been 
punched paper side up. During feeding the plate is 
gripped between two feed rollers situated in front 
of the grinding roller. There is a similar pair behind 
the roller so that the punching is held between one 
or the other or both, during the whole operation of 
grinding. Pressure is applied to the punching by 
lowering the grinding roller on to it, support being 
given underneath by a geared roller. The grinding 
roller bearings are fitted in sliding housings having 
geared screws for fine adjustment. All dust is 
removed by an exhausting fan. 

The various general views given in the above- 
mentioned figures, particularly Fig. 39, which is 
a view of the shipping end of the main shop, 
show piles of punchings near the machines. These 
afford some indication of the nature of the work 





turned out but do not give any idea of the 
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Fic. 36. Group or PuncHED Rotor AND STATOR 
LAMINATIONS. 


machines. In the case of punchings for core lamina- 
tions, whether of circular or segmental shape, the 
punching may be made complete at one blow, or 
alternatively, the first operation may produce a 
blank, which must be subjected to one or more 
further operations in order to cut holes for ventila- 
tion and other purposes, and also to create the 
necessary slots for receiving the windings. 

It should be understood that the circular punch- 
ings may have the winding slots either on their 
internal circumference or their external circumference 
according to whether they are stator or rotor lamina- 
tions respectively. To make this point clear we 
show in Fig. 36, above, a group of circular punch- 
ings nested one within the other. The outer one, 
which is 44 in. in diameter and represents one of the 
largest complete rings made, is a stator punching 
for an induction motor and bears no relation to the 
other rings within it, but the two next inner rings 
are a stator and rotor respectively for one machine. 
The same remark applies to the next pair, while the 
centre ring is a small rotor having no relation to the 
others. 

The slots for windings may be formed in either of 
two ways, both of which are practised in the shop. 
The first consists of punching a complete lamination 
at one stroke of the press, that is, all the slots and 
vent holes, &c., are cut at the same time. As an ex- 
ample of this process we show in Fig. 35, on page 186, 
a rotor lamination together with the top and bottom 
dies by which it has been produced. The manu- 
facture and the setting of a pair of dies of this 


nature call for a very high degree of skill as the | 


accuracy of the product depends upon both these 
Operations, and there is no doubt but that, in this 
Tespect, the company has an exceedingly well 
qualified staff. The particular punching shown in 
the figure is 30 in. in diameter, and is 0-016 in. 
thick. The vent holes are 1 in. in diameter in the 
outer rows, and Z-in. in the inner rows. It is a 
rotor lamination for a locomotive motor of 650 horse- 
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number of notches on the circumference of the plate. 
The segmental laminations, used for the larger elec- 
trical machines are punched in a similar manner 
to the circular ones. Of the complete punching, we 
give an example in Fig. 34, on page 186, together with 
a pair of dies, similar to that for the circular punch- 
ing. This particular segment is for the rotor of a 
25,000 kw. turbo-alternator set. It measures 22? 
in. by 17 in. overall, and makes up into a circle of 
88 in. in diameter. As before, we may give some 
production figures. For six machines at present in 
hand for one contract a total weight of sheet steel 
of 594,000 lb. is required, giving finished punchings 
weighing 406,000 lb., 7.e., very nearly 70 per cent. 
of the gross weight of the sheet steel. Each finished 
segment weighs 1:10]b. There are 12 segments per 
ring and a 200-ton pressure is required at the press. 

In Fig. 40, on Plate XV, is shown an interesting 
machine for the individual notching of large rings 
built up of segments. This will deal with rings up to 
14 ft. in external diameter. Our space will not permit 
of a detailed description of it, but it will be gathered 
from the figure that the complete ring of segments 
is laid upon the arms of a rotating frame the centre 
of which may be varied, to suit the diameter being 
dealt with, by sliding it along the bed in the fore- 
ground of the illustration. Rotation is effected auto- 
matically by a ratchet motion, and there is an index 
stop to ensure rigid locking while the tool makes its 
stroke. The machine works continuously, one opera- 
tor inserting blanks and a second operator lifting out 
the finished punchings. 

As may be expected, slight burrs are formed on 
the edges of the cut plate during the blanking and 
notching operations after the dies have been some 
time in use, and these are removed in two special 
grinding machines of the Metropolitan-Vickers 
Company’s own design. One of these is shown in 





TypPIcAL SMALL STAMPINGS MADE IN PUNCHING DEPARTMENT. 


degree of accuracy of the punchings. The align- 
ment of the winding notches, shaft holes, &c., is so 
good that normally the cores are assembled as 
they come from the grinding machine, and no filing 
whatever is needed of the resulting slots, so that 
the possibility of short-circuiting the plates is 
eliminated. It will be noticed that the punchings 
are stacked on skids and not on the shop floor, 
every precaution being taken to keep them clean 
during manufacture. Pole pieces built up of 
laminations, such as are used in direct-current 
motors and generators, and in the Metropolitan- 
Vickers rotary converters, synchronous condensers, 
&c., are assembled in this department. They are 
made up in jigs between heavy semi-circular steel 
end plates secured by fitted bolts tightened up 
under pressure in a 200-ton hydraulic press. 

The remaining shop, illustrated in Fig. 41, on Plate 
XV, is the second division of the main punching shop, 
i.e., the south end. This is largely devoted to the pro- 
duction of small stampings for switch gear, meters, 
instruments, brush gear, wireless apparatus, railway 
signal gear, small motors, and so forth. These are 
not by any means all produced in the flat as is a core 
lamination, but some of them are pressed and bent 
in quite an intricate manner, the narrow slotting 
in some meter pole laminations is particularly 
worthy of note. The general nature of the presses is 
indicated in Fig. 41 and that of the stampings in 
Fig. 37, above. The presses are both power and 
hand operated. The power presses are mainly of the 
open-fronted type, geared and ungeared. Quantities 
of a few thousand pieces are made in the ordinary 
presses, which are hand fed, but larger quantities 
are manufactured in presses with automatic feeds 
and capable of turning out 30,000 stampings 
per day. This material is fed to these machines 
in strips, and, in the smaller copper and brass work, 








188 


ENGINEERING. 


[FEB. 17, 1928. 














in continuous ribbons, and the pieces as they fall 
from the press are caught and stacked automatically 
in containers facilitating transport and assembly. 
Meter cases, frames, domestic electric iron parts, &c., 
are drawn on toggle drawing presses. The main 
punching shop also contains small departments 
where spot-welding and riveting for stator and rotor 
ventilating plates is carried out. There is also a 
non-oxidising annealing plant which is used for 
annealing pressings where necessary during opera- 
tions. The punching department is served by one 
2-ton overhead electric travelling crane, one 10-cwt. 
hand jib crane, and one 10-cwt. hand portable crane. 

The west side of the ground floor of aisle A of the 
machine shop is, for the most part, devoted to the 
operations involved in the manufacture of turbine 
blading. This shop is parallel to the main punching 
shop, but extends further southward, as it is 300 ft. 
long. It is of the same width as the punching shop, 
viz., 42 ft., but of the same height, only for one 
half the total width, for a mezzanine floor, 
used for stores, etc., occupies part of the space 
under the main gallery, a construction which will 
be clear from the cross-section of the shops given 
on page 64 ante. As in the punching shop, the 
machines are arranged on each side‘of a central 
gangway. This is shown in Fig. 42, on Plate XVI, 
which is a view of the shop looking north, and dis- 
playing in the foreground the hack-saws which 
perform the first operation on the bars as received, 
namely, that of cutting them into suitable lengths 
for individual blades. From this point, proceeding 
northward, the machines are arranged in such a 
sequence that the subsequent operations ensure a 
regular progression of the blades in one direction. 
When they arrive at the north end, therefore, they 
are ready for assembly on the rotor discs, an opera- 
tion that takes place in that part of the shop with 
all but the largest sizes. Fig. 43, on Plate XVI, is 
a view of the assembly section of the blading depart- 
ment, B main aisle, into which the finished discs 
are transferred for assembly on the turbine shafts 
being visible on the right-hand side. 

In this department, as in others of the works 
we again find a very wide range of products, the 
smallest blade produced being 14 in. long over 
all and weighing 4 oz., while the largest is 
27 in. long over all, and weighs 5 lb. Though 
different processes are used in the manufacture of 
the blades, the recognised method is that of cutting 
them from the solid. This entails a series of 
machining operations worth examination, and we 
accordingly give in Fig. 54, on page 189, a drawing 
of the successive stages in so making a blade, which 
drawing will be made clearer by reference to the 
photographs of actual blades in these stages shown, 
as seen from the back, in Fig. 44 and as seen from 
the front, in Fig. 45, both on Plate XVI. The 
bar is delivered to the shop either of rectangular or 
roughly crescentic section, the latter shape being 
perhaps better visualised from the common work- 
shop name for it, t-e., rhubarb section. This section 
is most commonly employed, the rectangular section 
being used when comparatively small quantities 
of blades are wanted, the cost of the special rolls 
for the crescentic section being prohibitive in such 
a case. It is converted into blades in the following 
stages, of which those shown in Fig. 44 and 45 refer 
to the working of the crescentic section only. 

Operation No. 1. Sawing.—The bars are cut off 
five at a time by the hack-saws shown in the fore- 
ground of Fig. 42. 

Operation No. 2. Slotting.—This operation is 
done in a horizontal milling machine, two blades 
being machined at a time. This is followed, when 
necessary, by chamferin,: the ends of the slot to clear 
the radius of the wheel tongue. 

Operation No. 3. Tongueing.—The tongue, or 
ridge, formed by this process is afterwards converted 
into the shrouding rivet. Ten or more blades are 
set in a jig in a horizontal milling machine, and the 
tongues are milled together. Two jigs are carried 
on the machine table, one being emptied and re- 
filled while the blades are being milled in the 
other. 

Operation No. 4. Rough Milling the Back.—This 
operation is to reduce the amount of material to 
be removed in the two subsequent operations. It is 
a simple one, two blades being clamped side by side 








in the vice of a horizontal milling machine, and 
being milled together. 

Operation No. 5. Forming the Convex Surface.— 
This is also done on a horizontal milling machine, 
two blades at a time being machined by formed 
cutters in double loading jigs. 

Operation No. 6. Profiling.—The back form is 
finished on a vertical milling machine, the blade 
being guided round the rotating cutter by a profile 
former, representing the external surface desired. 
The lower part of the cutter consists of a roller of 
the same external diameter as the cutting teeth. 
The blade is pressed against the cutter until the 
roller comes into contact with the former, when 
cutting ceases. The table carrying the blade jig 
is then lowered for the depth of the cutter and the 
operation is repeated on a fresh surface using the 
finished portion of the blade as the former. 

Operation No. 7. Milling the Radial Taper.— 
This operation finishes the back of the root, forming 
the taper necessitated by the relative angular 
position of the adjacent blades. It is carried out 
ina horizontal milling machine, the jig used holding 
one blade at a time. 

Operation No. 8. Drilling.—A sensitive drill 
is used. The jig holds the blades in pairs as the 
rivet holes come in different positions on alternate 
blades. (See 8 and 9, Figs. 44 and 45.) 

Operation No. 9. Turning Shrouding Rivet.— 
This operation (10 of Figs. 44 and 45, is done in a 
lathe, the blade being held in a jig and the tool in 
the lathe chuck. 

Operation No. 10. Grinding and Polishing.— 
These are hand processes, and are given to both 
convex and concave surfaces of all blades. 

The above operations are all, with the exception 
of Nos. 1 and 10, which need no explanatory sketch, 
numbered in Fig. 54, as wellasin Fig. 44 and Fig. 45, 
but in Fig. 54 an additional operation, No. 3a, is 
shown. This is the process of forming the concave 
surface of the blade when bars of rectangular sec- 
tion are used. It is effected in a horizontal milling 
machine by cutters of convex outline, the jigs hold- 
ing two blades. The operations then, on a blade 
cut from the rectangular material, are 11 in number, 
as against 10 for the crescentic section bars. 

The blade material is either nickel steel or one 
of the rustless steels now on the market, both the 
purpose and conditions of working of the particular 
machine being factors in determining the precise 
kind of steel used. The process of manufacture 
is controlled by gauges, and the finished blades, in 
addition to being checked and examined, are tested 
by an electrical method for incipient cracks. 

It will have been noticed in Figs. 44 and 45, 
Plate XVI, and Fig. 54, page 189, that the blades 
described are of what is known as the straddle 
type, that is, they are formed with a forked end 
which slips on to the edge or tongue of the rotor 
wheel. It must not be taken for granted, however, 
that this is the only method of connection 
employed, as, when the first wheel is velocity 
compounded, that is, when it carries two rows of 
blades of different lengths, such blades are attached 
by means of T-heads. The wheel has two T-shaped 
grooves on the rim, access to which is obtained by a 
port through which the blades are passed one at a 
time, and are then slid round the circumference into 
position. The operations of making the T-headed 
blades only differ from those used in the manu- 
facture of the straddled blades in the formation 
of the T-head which is a simple milling process. 
By far the greater number of the blades are of the 
straddle type, however, so we show, in Fig. 47, on 
Plate XVII, a portion of a wheel rim of this type 
to illustrate the method by which they are secured 
to it by riveting, which is as follows. 

In the first place, exact registration of the holes 
in the blades and the wheel tongue is ensured by 
drilling them smaller than the rivets. The blades 
are then set in position on the wheel tongue and 
temporarily pinned through the otter row of rivet 
holes. The shrouding is next fitted, in strips, to the 
projecting rivets. The blades are thus firmly held 
for the next operation, which consists,of reaming out 
the inner row of rivet holes and fitting the rivets. 
The completion of this permits the removal of the 
temporary fastenings from the outer row of rivet 
holes, and these holes are then reamed and fitted 





with rivets. Both rows of blade rivets are then 
closed by spinning with a power driven tool. The 
reamer is also power driven. The final operation 
consists of riveting up the shrouding rivets by hand. 
This is the normal procedure with blades of average 
length, but long blades are, in addition, silver- 
soldered to the shrouding and, when necessary, one 
or more lacing wires are used to increase the rigidity 
of blade packets, the lacing wires being silver- 
soldered to the blades. 

A completely bladed rotor with blades of average 
length is shown in Fig. 46, on Plate XVII. This is 
the rotor for a high pressure turbine of a 20,000-kw. 
alternating set, running at 3,000r.p.m. In Fig. 48, 
on the same plate, which is a reproduction of a 
photograph of a rotor for a turbine of a 35,000 kw. 
set running at 1,500 r.p.m., the lacing wires referred 
to above may be clearly seen. In turbine rotors 
arranged for the Metropolitan-Vickers system of 
multiple exhaust, the blading at the large end of 
the rotor is of a somewhat different nature, being 
divided, across the length of the blades, by a 
ring somewhat similar in appearance to the 
shrouding ring. The purpose of this will be 
explained when dealing with the turbines as a 
whole, but it may be here pointed out that what 
appears to be a complete ring is formed by a square 
collar on the blade, which is of different profile at 
each side of it. The manufacturing operations on 
these compound blades are therefore more com- 
plicated than those on the simple blades but are 
generally of the same character. It is, from the 
great difference in size of the various blades, not 
possible to state the output of this department 
very precisely, but a conservative estimate of over 
1,000 blades per day may be made. There are 120 
machines engaged on this work. Most of these are 
belt driven by countershafts, but 10 machines have 
individual motors, and 20 take power from a line 
shaft through friction clutches. The shop is served 
by a 5-ton electric crane. 

The guide blading for the diaphragms, a view of 
one of which is given in Fig. 49, on Plate XVII, is 
a comparatively simple component to produce com- 
pared with the wheel blading. These blades, usually 
made in the blading department, are of smooth sheet 
steel bent to the appropriate curvature. The edge 
on which the steam impinges is, in some instances, 
reinforced by folding over the blade upon itself, 
so that a rounded and stiffened edge is presented. 
Most of the diaphragms have the blades cast in, 
and for this purpose the blades are cut with dovetail 
projections which may be seen in the view of the 
diaphragm cores given in Fig. 16, on page 76 ante. 
The diaphragm shown in Fig. 49 is of the normal 
cast type, and is fully bladed. The diaphragms at 
the high-pressure end of the turbine are usually 
bladed at the top and bottom only to ensure a pro- 
portion of blade height suitable to the volume of 
the incoming steam. It should be noted that the 
diaphragm in the figure is made in halves. This is 
the invariable practice, and is adopted for easy 
assembly and dismantling of the turbine, and to 
facilitate examination of the glands round the 
wheel bosses without disturbing the wheels. 

In those instances in which built-up diaphragms 
are used in multi-exhaust turbines, inner and 
outer steel rings are employed with a dividing ring, 
corresponding to the pseudo-ring on the wheels, 
near the centre of the blades. The blades are partly 
cut through to take this dividing ring which is held 
in place by the portions above and below it, being 
bent at different angles. This operation is done in 
the punching shop. Though the guide blading is 
made in the blading department, the diaphragms 
themselves are handled in a section of aisle C 
set apart for them. This occupies 300 ft. of the 
north end, and is 42 ft. wide. It is served by @ 
10-ton overhead electric travelling crane and 12 
1-ton hand-operated jib cranes. Here both cast-in 
and built-up diaphragms are machined and 
assembled, and, as may be inferred from the nature 
of the parts, the majority of the machines consist 
of circular vertical boring mills. There are seven of 
these, four being driven by a common motor, and 
three by individual motors. The remaining 
machines, viz., two planing machines, one plano- 
miller and two radial drills, have individual motors. 

The stores of a factory are, of course, the main 
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internal source of most of the materials worked upon 
in the shops already described, and the natural 
tendency is to expect to find some great building 
in the works we are now concerned with, from which 
centre the materials are radiated. In the Metro- 
politan-Vickers works, however, the stores are de- 
centralised, with a resultant saving in transport and 





copper, 3,000 tons ; mica, 250 tons ; steel forgings, 
1,500 tons; steel castings, 3,500 tons; pig iron, 
9,000 tons; timber, 4,500 tons; Japanese silk, 
40,000 square yards ; slate and marble, 1,000 tons ; 
insulating boards of various kinds, 300 tons. Of 
one kind of oil alone over 300,000 gallons were 


sible head of the department concerned. Dealing 
first with the main stores, which are eight in 
number, situated in different parts of the works, 
two stores are given up to finished products built 
for stock, and the remaining six to bars, rods, and 
tubes, sheet metal, copper wire, slate and marble, 


purchased during the year, though a considerable 





oil and paint, and stationery. The bar and tube 








(Adjusting Stop 
[A_L 
"Oo 


KB camp 


L 











ra 





Blade 

















Seats 
for B 




















HH 








Cutter 
2s , Blades /Stop 











spa59 


Packing 
Piece 


Oo a 








OPERATION N93. TONGUEING. 


naa 




















= Movable 
Jaw 


OPERATION N24. 
ROUGH MILLING THE BACK. 

















OPERATION N25. 
FORMING THE CONVEX SURFACE. 
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OPERATION N°6. PROFILING. 
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OPERATION N°7, 
MILLING THE RADIAL TAPER. 
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OPERATION N28. ORILLING. 
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OPERATION N29. 
TURNING SHROUDING RIVET. 
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Fie. 54. MACHINING OPERATIONS FOR TURBINE BLADES. 


time. Though the individual buildings, therefore, 
do not present any imposing bulk, the mass of 
material handled is striking, and the organisation 
fully corresponds in scale to the rest of the factory. 

€ gross quantity of material received in the 
works, plus the goods sent out, in 1927, was over 
120,000 tons, or 400 tons per day, taking a year to 
consist of 300 working days of equal length. Some 
of the main incoming items for the year may be 
Summarised as follows :—Sheet steel, 12,000 tons ; 








portion of this was sent direct to the new plant 
on site, and did not enter the works at all. 

The purchasing department and the main stores, 
i.e., stores which supply the works as a whole, are 
grouped under the charge of a combined head 
purchasing agent and storekeeper. In addition, 
there are, in the principal manufacturing depart- 
ments, what are known as departmental stores 
for both materials and tools, which are under 
the control of the superintendent or other respon- 





stores is a building 362 ft. 6 in. long, lying to the 
south of the transformer shop, and with office 
accommodation for the purchasing-department 
staff to the west of the stores building. The south 
end of the stores is used as a receiving department, 
and is provided with an outside platform, besides 
which a railway siding runs, and also with another 
platform used by motor lorries and other road con- 
veyances. .A view of the north end of this stores 
is given in Fig. 50, on Plate XVIII. It is divided 
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longitudinally by a rail, on which runs a 5-ton, elec- 
trically-operated crane of the semi-gantry type 
spanning that half of the building in which the 
heavy bars are stored. This side also contains a 
number of power-driven hack-saws for cutting from 
the bars the precise length specified in the shop 
order. In addition to steel and iron bars, for general 
work, this store contains rolled and extruded 
copper and brass bars of special section, cables, 
bolts, screws, washers, general ironmongery and 
small tools. Fig. 51 on thesame plate shows another 
of the main stores. This is situated at the east side 
of aisle A in line with the blading department, and 
contains sheet metals, such as copper, brass, phos- 
phor bronze, tin, lead, and magnetic steel, as also 
the insulating paper for the latter, which may be 
seen on top of the shelving in the figure. The third 
of these stores that we have selected for illustration 
is that, a part of which, is shown in Fig. 52. This 
occupies a portion of the gallery over the blading 
shop, and contains general insulation material, mica, 
and magnetic wires for coil winding and forming. 
Besides the above, a further stores is set apart for 
scrap and waste matcrials from the shops. 

The main stores department is intimately con- 
nected with the research department inasmuch as 
the latter department prepares the specifications 
on which all the materials are purchased. As a 
rule the standard B.E.S.A. and B.E.A.M.A. specifi- 
cations are adopted as far as possible, but there are 
many other materials which cannot be so defined. 
For all materials the purchasing specifications 
above mentioned, and of which there are some- 
thing like 1,350, are drawn up by the research 
department in consultation with the engineering, 
manufacturing, and purchasing departments. A 
common-sense procedure in connection with the 
drafting of these specifications is consultation 
also with all possible outside suppliers. Such 
details as adequate tests are thus mutually arranged 
on a proper economic basis, unnecessary refine- 
ments or redundant properties being dispensed 
with to the benefit of the company’s customers, 
who are safeguarded at the same time by a rigid 
application of the specification in all essentials. 

There are, again, many miscellaneous articles 
which, while they do not require formal specifica- 
tions yet need a certain preciseness of definition to 
ensure uniformity. To cover this class of supplies 
materials cards are used. These give a description 
of the material, what it is used for, its character- 
istics, in what form it is to be supplied, and, in some 
cases, lists of approved firms able to supply the 
desired quality. When the purchase is to be made 
in the open market, samples have to be submitted 
for test by the research department. In addition 
to the maintenance of standard supplies, the pur- 
chasing agent and storekeeper is responsible for all 
special purchases of materials and plant that may 
be required otherwise than for manufacturing pur- 
poses in connection with the firm’s many contracts 
with its customers. 

Responsibility for examination of materials as 
to quantity rests with the purchasing department, 
and as to quality, in general with the inspection 
department. Where physical, chemical, or other 
similar tests are reuuired, specimens of the incoming 
material, in an agreed percentage of the whole, are 
forwarded by the inspection to the research depart- 
ment. For certain materials responsibility for 
inspection and tests rest entirely with the research 
department. Under this head fall insulated cop- 
per wire, transformer and switch oil, insulating 
materials, and such important forgings as those 
required for turbine discs, flywheels, large shafts, 
and turbo-alternator retors. For these forgings a 
metallurgist from the research department generally 
attends at the maker’s works and watches the 
process of manufacture there in all stages from the 
ingot onwards. This procedure will be dealt with 
more fully later. 

The departmental stores are, as has already been 
stated, under the control of the manufacturing and 
assembly departments to which they are attached. 
As there are 44 of these stores in the works, contain- 
ing castings and finished and semi-finished parts, 
that is, practically all the stocks belonging to the 
work in progress, it is not possible even to give a list 
of them much less a detailed description. Fig. 53 on 
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Fig. 1. TERMINAL BUILDINGS, SHOWING ConTROL TOWER. 


Plate XVIII will serve as a typical example. This 
shows one of three stores for the meter, instrument, 
and meter relay department. It contains only 
castings of various types, approximately 200,000 in 
number. The second of these stores contains all 
remaining parts necessary for the complete assembly 
of the many different types of meters, instruments, 
and relays of the standard Metropolitan-Vickers 
designs. The third store attached to this depart- 
ment is devoted entirely to the large stocks of 
finished standard meters and instruments. 

Reasonable amounts of raw material stocks, 
drawn from the bulk supplies in the main stores, 
are kept in hand in the departmental stores, such as 
bolts, screws, taper and split pins, wrought iron 
fittings, valves, cocks, and insulated magnetic wire. 
Another function filled by the departmental stores 
is that of carrying materials specially manufactured 
for a particular order. This part of the store- 
keeping is usually supervised by the production 
staff in collaboration with the senior foremen. 
Normally, the departmental stores are in charge of 
a head storekeeper, with an assistant, and a staff 
of clerks, usually female, for stores ledger, card, and 
other record duties, the issue of materials and parts 
being governed by a precise system of card indexes 
and forms. The departmental stores are in direct 
touch with the drawing office as the latter always 
recommends the first line of stocks to be ordered 
in case of the development of a new design of 
apparatus, and enter all information relating to it, 
with identification sketches in the margin, on the 
new ledger cards involved. 

The departmental tool stores are 13 in number. 
In addition to the ordinary tools in every day 
demand they are used for the storage of all special 
tools and jigs needed by the process in the depart- 
ment concerned, and the main tool stores may also 
be drawn upon as needed. All standard checks of 
measuring instruments and gauges are, however, 
kept in the main tool room, with an account of which 
we propose to open our next article. Before leaving 
the subject of the tool stores however, it may be 
mentioned that a new employee, on assembly work 
or a machine, is generally supplied, along with his 
outfit of necessary tools, with ten brass checks 
bearing his clock number. One of these is sur- 
rendered when a special jig is loaned, and is handed 
back when it is returned. An employee leaving the 
company’s service then, has either to return his 
full number of checks, or their equivalent in tools 
or jigs. 

In an organisation dealing with such large 
quantities of materials and making so many different 
kinds of apparatus, special measures become neces- 
sary to limit as far as practicable and consistently 
with efficient design and production, the number of 





sizes and quantities of materials and common parts | 
carried in the stores; and, moreover, it also| 


becomes necessary to inform designers, draughtsmen, | 


production clerks, and others exactly what stocks 
are carried and from what store they may be 
obtained. This work is carried out by a standards 
department which issues its information by means of 
drawings of uniform size made up in the form of 
‘standard books.” Of these there are about 60 
used in the works, each containing, at the moment, 
368 pages. These figures give some idea of the 
extent of the system, but, as an example of the 
range required, it may be stated that it has been 
found impossible to reduce flat bright steel bars 
below 132 sizes, which range from 3 in. by % in. 
to 1 in. by 5 in., or semi-finished hexagon-headed 
bolts below 159 sizes, from } in. to { in. in diameter, 
and of various lengths. 

The standards sheets particularize stock sizes, 
and also preferred non-stock sizes, the latter being 
obtainable for use against any specific order. Re- 
quests for any non-standard material must be 
approved by the head of the department concerned, 
and all requests for additional stock sizes are 
referred to the standards department for investi- 
gation and approval. Another function performed 
by the standards department, of which brief mention 
may be made is to issue sheets calling attention to 
the quantities and sizes of any inactive stock. 

In addition to the above, each of the main 
departments maintains department standard books 
of all details stocked in the departmental stores, but 
all items likely to be of service to other departments 
are notified to the main standards department for 
inclusion in its books. 


(To be continued.) 





WIRELESS EQUIPMENT OF THE 
CROYDON AERODROME. 


As wireless communication plays such an important 
part in the safety and convenience of aerial navigation, 
it is by no means surprising that careful attention has 
been given to this matter in the reorganisation of the 
London Terminal Aerodrome at Croydon. The 
experience gained during the period of eight years 
in which the previous wireless installation was in 
use has naturally been of the utmost service in designing 
and arranging the new equipment, so that the particulars 
of the latter, which we propose to give below, should 
be of interest to all who follow the development of 
British commercial aviation as well as to those 
concerned with progress in wireless communication. 
It is common knowledge, of course, that all modern air 
liners are fitted with wireless telephonic or telegraphic 
apparatus, its provision being essential for warning 
the pilot of impending weather changes and for 
conveying instructions in landing. It is also now 
employed to enable a pilot to obtain his position with 
considerable accuracy, and numerous instances could 
be cited of long flights carried out in safety in fogs, 
and in other conditions of bad visibility, which would 
have been impossible without its aid. 

The wireless equipment at Croydon, which we shall 
now describe, has been supplied to the Air Ministry 
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Fic. 3. TRANSMITTERS AND MAIN SwITCHBOARD. 


by Messrs. Marconi’s Wireless Telegraph Company, | thus leaving the 900-m. wavelength free for telephony 


Limited, Marconi House, Strand, London, W.C.2, 
to whom we are indebted for the particulars given. 
It comprises four transmitters working on different 
wavelengths, as well as efficient receiving and direction- 
finding apparatus. The four transmitters are installed 
in a transmitting station at Mitcham, some 2} miles 
from the aerodrome, but three of them, as well as 
the receiving and direction-finding equipment, are 
operated from a control room in a tower, which forms 
part of the aerodrome terminal building, a photo- 
graph of which is reproduced in Fig. 1. Of the three 
transmitters operated from the control room, one is 
used for telephony with aircraft in flight on a wave- 
length of 900 m., another for similar communication 
by telegraphy, while the third is kept as a stand-by. 
The fourth transmitter is controlled from a separate 
Toute-traffic wireless room in the terminal building, 
and is used mainly for transmission and reception of 
Messages to and from other aerodromes on a wave- 
length of 1,400 m. The operators in the control tower 
and traffic office work independently of each other, and 
a are so arranged that no interference between 

em is possible. It is intended, in the near future, to 
re & wavelength in the neighbourhood of 1,500 m. for 
telegraphic communication with aircraft in flight, 








with aircraft. All the transmitters are, however, 
designed for working on any wavelength between 
800 m. and 2,000 m., so that a change in wavelength 
can easily be effected. 

As will be seen from Fig. 1, the top floor of 
the control room is provided with large windows 
of plate glass, giving an uninterrupted view of the 
whole of the aerodrome. On the roof is fixed a 
mast, 54 ft. in height, supporting the Bellini-Tosi 
type aerial for the direction-finding apparatus. The 
aerial comprises two double triangular loops at right 
angles to each other, the length of the inclined limbs 
being 60 ft., and that of the horizontal limbs 30 ft. 


|The latter are attached, at their outer ends, to metal 


spacing supports, which project for a distance of 
15 ft. beyond the four corners of the roof. From 
the centre mast is also suspended a phasing aerial, 
100 ft. long, and connections from this, and from 
the free ends of the direction-finding aerial, enter 
the receiver room through porcelain insulators ; they 
are thence connected to the radio-goniometer and 
receiver amplifier shown in Fig. 2. In this illustration, 
the direction-finding unit can be seen on the left 
with the nine-valve multi-wave receiver amplifier at 
the back. The transmitters at Mitcham are operated 











by remote control from this table, and the microphone 
and Morse sending key for telephonic and telegraphic 
transmission, respectively, can be distinguished in the 
figure. To the right of the receiver is a two-valve 
line amplifier, which amplifies the microphone currents 
when speech is being transmitted. 

The direction-finding apparatus, it should be ex- 
plained, is worked in conjunction with similar equip- 
ment at Pulham in Norfolk and at Lympne in Kent. 
A constant watch is kept at both these stations, as 
well as at Croydon, and when a pilot transmits a 
request for his position, bearings are taken at Pulham 
and Lympne and transmitted to Croydon, where bear- 
ings are also taken, and the three bearings are plotted 
on a large map, their point of intersection indicating 
the position of the aircraft. This position is trans- 
mitted to the pilot from Croydon in less than a minute 
from the time the request was made. 
| The location of the transmitting station, some 24 
| miles from the aerodrome, has the twofold advantage 
| that reception at the aerodrome is not affected by the 
operation of the transmitters, and that obstruction to 
aircraft by the presence of the masts is avoided. The 
building in which the transmitters is housed has been 
constructed on the southern edge of Mitcham Common, 
on a square plot of land having sides 250 ft. in length. 
Steel-lattice masts, each 100 ft. in height, have been 
erected at each corner of the square, and these support 
four identical aerials of the inverted L type, the length 
of each horizontal limb being 145 ft. The aerials 
are of the four-wire cage type, the 7/19 phosphor- 
bronze wires of which they are composed being spaced 
on light metal hoops 3 ft. in diameter. The down leads 
are connected to lead-in insulators on the roof of the 
transmitting building, which is located in the centre 
of the site, the four insulators being placed in a single 
row along the side of the building immediately over 
the aerial-tuning inductances of the transmitters. The 
lower end of one of the insulators can be seen near the 
top right-hand corner of Fig. 3, which is a view of the 
interior of the transmitting room. 

The other insulator visible in the ceiling near the left- 
hand top corner of the illustration is that for the earth- 
ing system which may now be described. The main earth 
consists of a continuous ring of overlapping zinc plates, 
each measuring 6 ft. by 3 ft., buried vertically in the 
ground surrounding the building, and from this ring 20 
buried wires radiate towards the sides of the site, each 
wire being connected at its outer end to a 6 ft. by 3 ft. 
zine plate, also buried vertically. The connection be- 
tween the ring of zinc plates and the earth end of the 
aerial-tuning inductances of the transmitters is made 
by copper tubes, which first rise vertically to within a 
few inches of the ceiling and are then taken across the 
ceiling to the lower end of the earth lead-in insulator, 
as shown in Fig. 3. A brass rod passes up through 
this insulator, which is exactly in the centre of the 
building, and from the upper end of the rod four brass 
tubes, supported on insulators at intervals, are taken 
across the roof, one to each corner of the building. 
The tubes are continued downwards at the corners, 
at a distance of 1 ft. from the walls, to within 6 ft. of 
the ground, and each tube is thence connected to the 
zinc earth ring by eight wires spread out in the form 
of a fan. This method of earthing is highly efficient 
and the total resistance of the complete aecrial-earth 
system, at a wave-length of 900 metres, is only 6 ohms. 
The transmitting building itself is a single-storey 
structure, measuring 48 ft. by 44 ft. in plan, and con- 
taining a machine room, transmitting room, and work- 
shop, in addition to a rest room, stores and office, 
and a compartment containing the heating apparatus. 
The machine room is 20 ft. square, and contains a 
three-panel switchboard of which two panels control 
the incoming supply of three-phase current at 440 volts 
and 50 cycles. From the first and second panel, current 
is supplied to two 15 kv.-a. motor-alternator-exciter 
sets, constructed by Messrs. Newton Brothers, Limited, 
either of which may be used to supply power to the 
four transmitters, while the other acts as a standby. 
In addition, an alternator, driven by a prime mover, is 
provided for use in the event of a failure of the external 
supply, and the current from this set, which also supplies 
three-phase current at 440 volts and 50 cycles, is con- 
trolled by the third panel of the switchboard. The 
two motcr-alternator sets are started up by Brookhirst 
pillar starters, and the alternators deliver 43 amperes 
at 350 volts and 300 cycles. Current from the exciters, 
at 40-60 volts, is used for operating relays, and other 
purposes for which direct current is required, as well as 
for supplying the alternator fields. One phase of 
the three-phase supply system, at 220 volts, is used 
for lighting the building. 

From the machine room, cables run in trenches to 
the main switchboard, which is located in the trans- 
mitting room, and can be seen in the background of 
Fig. 3. From this board, the current is distributed to 
each of the transmitters, as will be explained more 
fully later, and to two grid-bias machines, one of which 








is used to maintain the negative potentials on the 
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grids of the absorber and magnifier valves of the trans- 
mitter, while the other acts as a spare. The grid-bias 
machines are 660 volt direct-current generators, of 
l-kw. capacity, driven by three-phase motors. In 
connection with the equipment of the main board, it 
is of interest to mention that the main alternating- 
current circuit breaker is fitted with a special tripping 
device, arranged so that if the grid-bias machine in 
operation should fail, the circuit breaker is opened and 
excessive current through the valves is thus prevented ; 
the arrangements also prevent the circuit breaker from 
being closed until one of the grid-bias machines is in 
operation. 

The method of starting up the transmitters 
is also of interest. Two panels of the board are each 
divided into two identical sections, one section con- 
trolling one transmitter, and each section is fitted with 
a relay which can be operated either locally from a 
switch on a table by the side of the transmitter or 
from a similar switch in the wireless room of the contro] 
tower connected to the relay through a land line. 
When the relay is energised, it switches on power to 
the transmitter provided that two three-pole, one-way 
switches, on the panel below the relay, have been closed. 
One of these three-pole switches lights the filaments of 
the valves, while the other prepares them for power. 
It should, perhaps, be mentioned that an ingenious 
arrangement has been provided to render it impossible 
to prepare the valves for power until the filaments have 
been lighted, or to extinguish the filaments before the 
relay is ready to take off the power. Whichever of the 
switches is closed first, lights the filaments, while the 
second prepares the valves for power, and in whatever 
order the switches are opened, the first always cuts off 
the power and the second the filament current. In 
general, the valve filaments are kept constantly alight, 
since the frequent switching on and off of the filament 
current would tend to shorten the life of the valves. 

The transmitting room is 38 ft. long by 28 ft. wide, 
and the four transmitting sets it contains are each of 
3-kw. capacity. They are designed for telephony and 
for telegraphy by continous-wave or by interrupted- 
continuous-wave transmission on any wavelength 
between 800 m. and 2,000 m. Their neat and compact 
design will be apparent from Fig. 3. As will be seen 
from this illustration, a sloping panel is provided at a 
convenient height for the measuring instruments, and 
for most of the controls. The lower part, which is 
totally enclosed, contains the drive valve with its 
attendant circuit, while behind each transmitter, 
on tables, are the closed-circuit and aerial-tuning 
inductances; the condenser for the closed circuit is 
placed below the table carrying the corresponding 
inductance. 

The aerial-tuning inductances consist of two separate 
coils in series, connected astatically, and mounted on 
porcelain insulators on an open framework. They are 
wound with stranded cable, each wire of which is 
separately insulated. Coarse tappings are provided, 
and fine adjustment of wavelength is effected by 
means of a variometer in one of the coils. In the 
other coil is a coupling coil connected to the closed 
circuit. The inductances of the latter are similar in 
design to the aerial-tuning inductances, but one of the 
coils is provided with an anode tap connection and a 
variable anti-reaction coil. The other coil is fitted 
with a variometer for fine wavelength adjustment. 
On the right-hand side of each transmitter is a small 
table, on which are fitted a power switch, a Morse key, 
a microphone plug socket, and a change-over switch, 
for use in testing the transmitter locally. Grid-bias 
batteries for some of the valves are located on shelves 
below the table. 

Each transmitter employs seven valves, one main 
oscillator valve, two modulator valves, one sub- 
modulator valve, two rectifier valves, and one drive 
valve, all of which, except the last mentioned, are 
located behind the aluminium wire grid above the 
sloping panel, as shown in Fig. 3. When telephone 
transmission is used, the speech variations from the 
microphone in the control room at the aerodrome, 
amplified as already mentioned, are brought by the 
land line and impressed upon the grid of the sub- 
modulator valve, which is resistance-capacity coupled 
to the grids of the two min modulator valves. Current 
is fed to the anodes of the modulator and oscillator 
valves through a speech choke, speech being effected 
by the choke-control method. The drive valve and 
drive circuit, as already mentioned, are totally enclosed 
in a screened box in the lower part of the transmitter. 
This circuit is adjusted tothe wavelength on which trans- 
mission is to be carried out, and the main oscillator is 
forced to oscillate at the same wavelength. By this 
means, the wavelength is kept constant, regardless of 
any external disturbing effects, such as the swaying of 
the aerial in the wind. 

When telegraphic transmission is in progress, the 
speech choke is short circuited, and the sub-modulator 
valve is left out of action, the two modulator valves 
then being used as absorber valves. In the absorption 
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method of signalling, the power is shunted from the 
main oscillator valve through the absorber valves when 
the Morse key is in the spacing position, this being 
done by making the grids of the absorber valves 
positive, and thus rendering the valves conducting. 
At the same time, the potential on the drive valve is 
reduced sufficiently to prevent the drive circuit from 
oscillating, and this, in turn, prevents the main oscillator 
from oscillating. In the marking position, on the 
other hand, the grids of the absorber valves are made 
negative. No current then flows through these valves, 
but power is applied to the main oscillator valve, and 
the full potential is applied to the drive valve, which 
oscillates and forces the main oscillator to oscillate 
at the same frequency. For interrupted-continuous 
wave signalling, a small motor-driven interrupter disc 
is connected in series with the key, to interrrupt the 
circuit at audio frequency when the key is pressed. 

As already mentioned, power for each of the trans- 
mitters is supplied from the main board at 350 volts 
and 300 cycles, and this is stepped up by a transformer 
to from 5,000 volts to 10,000 volts, rectified by the 
two rectifying valves, and smoothed by condensers 
and chokes. The same 350-volt supply is stepped down 
by three transformers to various voltages, ranging from 
12 to 17, for heating the filaments, but the filament 
current is not rectified. 

From the above description, it will be seen that 
everything possible has been done in designing and 
arranging the equipment to ensure efficiency, reliability 
and convenience in operation, and the improved 
facilities for wireless communication thus rendered 
available can hardly fail to have a beneficial effect on 
the development of the air routes from Croydon, 
especially with respect to their operation in weather 
conditions which are unfavourable to flying. 





THE LATE MR. W. NAIRN. 


WE regret to have to record the death of Mr. William 
Nairn, which took place on February 13 last at the 
early age of 50. Mr. Nairn, who for the past eleven 
years had occupied the position of electrical engineer 
to the Bristol Tramways and Carriage Company, 
Limited, was born on August 5, 1877. He received 
his general education at Hutcheson’s Grammar School, 
Glasgow, and, in 1891, entered upon a three years 
course of engineering study at the Royal Technical 
College, Glasgow. In 1895 he gained the diploma of 
Associate in Electrical Engineering of the College. 
He received his practical training at the locomo- 
tive works, Glasgow, of Messrs. Dubs and Company, 
now one of the constituent firms of the North British 
Locomotive Company, Limited. In 1898, at the 
age of 21, Mr. Nairn became resident engineer in the 
Glasgow Corporation Tramways Department, and was 
placed in charge of the experimental power station, 
the rolling stock and the transmission system. In 
1902, the young engineer proceeded to London to take 
up the appointment of assistant electrical engineer to 
the London United Tramways Company, Limited. 
Two years later he was promoted to the position of 
chief electrical engineer, and, while in that capacity, 
was responsible for the maintenance of the power 
station and substations, the overhead lines and the 
underground cable system. He also superintended 
the construction of all new works of an electrical 
nature, and had charge of the preparation of plans, 
specifications and estimates. 

Mr. Nairn returned to Glasgow in 1910, having been 
appointed chief of the construction department of the 
Clyde Valley Electrical Power Company, Limited. 
He became responsible for all the extensions to the 
Company’s undertakings, including electrical plant, 
substations, and transmission lines. After spending 
seven years with the Clyde Valley Company, Mr. Nairn 
received the appointment of electrical engineer to the 
Bristol Tramways and Carriage Company, Limited, a 
position he continued to hold until his death. He had 
charge of all the electrical work in connection with the 
operation of the Company’s electric tramway system, 
and was also consulting electrical engineer to the Bristol 
Aeroplane Company, Limited, Filton, Bristol, and to 
the Main Colliery Company, Limited, Neath, Glamor- 
gan. Mr. Nairn became an associate member of the 
Institution of Electrical Engineers in 1901, and was 
elected to full membership in 1905. He became a full 
member of the Institution of Civil Engineers on July 14, 
1925, having been elected an associate member on 
December 6, 1904. 





Tue [Ron anp STEEL InstrtuTE.—The Council of the 
Iron and Steel Institute has decided to award the 
Bessemer Gold Medal for 1928 to Mr. C. M. Schwab, of 
New York, chairman of the Bethlehem Steel Corporation, 
and president of the American Iron and Steel Institute. 
It is expected that the medal will be presented to Mr. 
Schwab in person by Mr. Benjamin Talbot, president 
of the Institute, at the forthcoming annual meeting, on 
May 3 next. 





LABOUR NOTES. 


An editorial note in the February issue of the 4.#.U. 
Monthly Journal, deals with the application of the 
engineering trade unions for a wages advance of 8s. 
per week. ‘The application is again national in 
character,” the writer says, “‘and whilst many hold 
the opinion that probably it would be more advanta- 
geous to deal with these questions from local and district 
points of view, we venture to suggest that having regard 
to present day conditions, also the fact that the em- 
ployers are organised on national lines, the decision 
to make the application national in character will 
prove to be the better method.” 





“There will, no doubt, be criticism from certain 
quarters,” the writer of the note goes on to say, ‘‘ with 
respect to the amount to be applied for, and whilst we 
hold strongly to the view that our claim for an advance 
of 20s. per week to those engaged in the engineering 
industry was a just one, we believe that the conference 
of trade union representatives acted wisely in deciding 
to apply for a lesser sum at this juncture. The demand 
for an 8s. weekly increase is sound, reasonable, and 
warranted ; trade reports show that there are brighter 
prospects, and the position generally can safely be said 
to be better than it has been for the past four or five 
years. Apart from one or two sections, the condition 
of the engineering industry is gradually improving and, 
as previously stated, everything points to a considerable 
increase in the volume of trade. The 2s. bonus granted 
to day-rate workers (with exceptions) was a welcome 
addition to the meagre amount paid to such workers, 
but it could by no means be accepted as a final settle- 
ment of the claims we have been making for increased 
wages since May, 1924. Our members may rest assured 
that in submitting the claim, every effort will be made 
to prove that it is justifiable; also that, in our view, 
the industry warrants the application.” 





The total membership of the Amalgamated Engi- 
neering Union, at the end of January, as indicated 
in the returns received at the General Office from 
branches, was 217,303, the number of branches being 
1,546. The number of members in receipt of sick 
benefit increased from 5,808 to 5,948, the number in 
receipt of superannuation benefit from 9,764 to 9,819, 
and the number in receipt of donation benefit from 
5,300 to 6,247. The total number of unemployed 
members decreased from 14,748 to 13,102, making the 
percentage reckoned in the customary way, 6-37. 





Only four of the candidates who were nominated 
for the presidency of the Amalgamated Engineering 
Union in opposition to Mr. J. T. Brownlie, the present 
holder of the office, who seeks re-election, have accepted. 
They are :—Mr. H. E. Hisee, Blackwall; Mr. R. J. 
Low, Partick; Mr. G. T. Roberts, London, W.; and 
Mr. J. Tanner, Hammersmith. 





Representation on the National Railway Shopmen’s 
Council has been fixed as follows :—The National Union 
of Railwaymen, three representatives; the Amalgama- 
ted Engineering Union, two; the Engineering and Ship- 
building Trades Federation, two; the National Union 
of Foundry Workers, one ; the Electrical Trades Union, 
one; and the United Patternmakers Association, one. 
The joint secretaries are ex-officio members. 





Speaking at a luncheon given last week by the 
London Commercial Club, Mr. A. Pugh, of the Iron 
and Steel Trades Confederation, said that he was im- 
pressed by the necessity for more scientific treatment 
of industrial questions and for some organisation 
representative of both employers and workers, also 
having members who were representative of economic 
science and others versed in the problems of finance, 
commerce, and management, equipped with a com- 
petent and technically-qualified staff for investigation 
of economic and industrial affairs. Such a body 
might first inquire, he suggested, into methods of 
dealing with wage disputes in industry. At present, 
such disputes were dealt with in a very unscientific 
and unsatisfactory manner by both employers and 
trade unions, because there was no general agreement 
as to the principles which ought to govern and guide 
the negotiations. If there were in existence such 4 
body it could’ undertake, with the help of Government 
departments concerned, a very useful and necessary 
piece of work in conducting an investigation of the 
fundamental facts required for the formulation of more 
reasonable methods of determining wages. 





Last week, the Executive Committee of the Miners’ 
Federation of Great Britain considered the wages ad- 
justments which have been made in certain districts. 
An official report issued was as follows :—“ A letter 
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was received from the Notts district calling atten- 
tion to the grave position that has developed there. 
The employers are forcing reductions of wages both 
by pit and on the tonnage rates equivalent to 2s. a day 
for piece workers. The owners are giving notice to 
the men employed, and are only re-engaging those 
who are members of Mr. Spencer’s Industrial Union, 
which has agreed to the reductions. It was also 
reported that contributions for Mr. Spencer’s union 
are to be deducted from the wages of every man em- 
ployed. These employers are securing reductions of 
wages and smashing the Notts Miners’ organisation by 
refusing to employ those who are not members of the 
Spencer union, and check weighers who are members 
of the Notts Miners’ Association are being thrown on 
to the road. Notice has been given to nearly 2,000 
men at Welbeck Colliery with the same object in 
view. In view of all these facts, the Miners’ Federation 
has granted 1,000/. to fight the issue, and will appeal 
to the T.U.C. for a grant to help the fight. It has also 
been decided to ask the T.U.C. to appeal for funds to 
contest this unprecedented action by the Notts em- 
ployers. The executive regards this as a new policy 
which the employers intend to operate, with the object 
of smashing the Miners’ Federation, and also the poli- 
tical Labour movement. This new challenge, the 
Federation is determined, with the help of the trade 
union movement, to fight to the bitter end.” 





Writing in the report of the General Federation of 
Trade Unions for the fourth quarter of 1927, Mr. 
Appleton, the General Secretary, says that the fight 
for national and international peace and economic 
understanding has still to be fought, and in Great 
Britain, unfortunately, is has to be fought by disunited 
and disaffected units, instead of by men and women 
bound together by mutual ties of understanding, 
regard and interest. The people who feel more than 
they can articulate—and there are millions such, Mr 
Appleton says—are conscious of the failure to make 
good war-time promises and post-war possibilities ; 
consequently, they do not regret the passing of a year 
which to many, has been drab and unsuccessful. 
Philosophically and wisely, they attach more impor- 
tance to the future than to the past, and with the 
dawn of a new year feel themselves again able to open 
their minds to the influence of new hopes. That 
applies in all lands and to all people, and to the extent 
that the new hopes are based upon knowledge, effort 
and goodwill, 1928 will be a better year than 1927. 





For the men and women who live by industry, and 
in Great Britain all but an insignificant minority live 
by, or out of, industry, this subject of internal and 
external peace is, Mr. Appleton goes on to say, of 
vital interest. It is not a matter of sentiment; it is 
one of life. The problems created by fixed acreages, 
growing populations, and shrinking markets, cannot be 
solved in an atmosphere of strife. The best intentions, 
the best brains, and the strictest discipline are required, 
if the difficulties which exist and threaten are to be 
overcome. At the moment, there appears to be 
justification for hope, but there is, in his opinion, 
none for elation. Forces which have proclaimed and 
cultivated antagonism, by agreeing to conference 
have admitted the error of former attitudes. The 
old theologians used to urge that there were three 
steps precedent to regeneration—confession, retro- 
cession and restitution. The first step has been taken, 
tacitly, confession has been made. Retrocession should 
now be easier, because stepping back from policies and 
paths that are obviously dangerous is but commendable 
common sense. Restitution is, however, another matter ; 
no one can give back the happiness lost, or the wealth 
that might have been created. What can be done and 
what should be done is to forget and amend; let 
the past be buried and the future directed by intelli- 
gence and moulded by general effort. 





The Ministry of Labour states that on February 6, 
1928, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain, was 
1,162,200, of whom 836,600 were wholly unemployed, 
260,600 temporarily stopped, and 65,000 persons nor- 
mally in casual employment. Of the total number 
921,100 were men, 39,000 boys, 164,400 women, and 
37,700 girls. On January 30, 1928, the number of 
unemployed persons was 1,168,941, of whom 926,097 
were men, 40,265 boys, 164,100 women, and 38,479 
girls. The number of unemployed persons on February 
i, 1927, was 1,303,493, of whom 1,027,922 were men, 
37,563 boys, 198,614 women, and 39,394 girls. 





In the latest issue of the Monthly T'rade Report of 
the United Pattern Makers’ Association, Mr. Findlay, 
the General Secretary, states that trade remains pretty 
much the same as in the previous month, the number 
of unemployed members having increased from 702 


11,055. Referring to the number of unemployed 
members, Mr. Findlay recalls a certain item in the 
insertions accompanying pence cards, which runs :— 
“The member is required to carry out and ensure 
the policy of the Society in regard to overtime. . 
It is each member’s duty, therefore, to help in this 
matter by. pressing foremen and managers to start 
other workmen, and by not working overtime except 
under special circumstances.”” He wonders if all is 
being done that can be done by members in fulfilment 
of that duty, and states that a “member working 
overtime must obtain absolution from his branch, or 
shoulder the responsibility of keeping his brothers 
walking the streets.” 


The new Executive Council of the United Pattern 
Makers’ Association consists of Messrs. Wardale 
(president), Fraser, Brown, James, Smith, Briggs, 
McLardy and Gray. Messrs. Briggs and McLardy take 
the places of Messrs. Martin and Shanks, members of 
the old Council. 

The February issue of Man and Metal, the organ of 
the British Iron and Steel Trades Confederation, con- 
tains an interesting article by Mr. Fritz Kummer, of 
Stuttgart, on the Press of the “Iron International.” 
‘Tron International” is, it is explained, the short 
name for the International Metal Workers’ Federation. 
According to Mr. Kummer, it now has 30 papers—most 
of them weekly—covering 14 different languages, 
viz.: Danish, German, English, Finnish, Flemish, 
French, Dutch, Italian, Norwegian, Polish, Swedish, 
Spanish, Czech and Hungarian. The German periodi- 
cals are in the majority. Altogether there are 10 of 
them, five of which are published in Germany and the 
others in Switzerland, Austria, and former Austrian 
provinces. Three periodicals are in the French lan- 
guage, viz.: the Union des Metaux, Le Metallurgiste 
and La Lutte Syndicale. These are published in France, 
Belgium and Switzerland respectively. In Dutch and 
in Flemish—which is similar to Dutch—two Metaal- 
bewerkers are published, one of which is the weekly 
paper of the Dutch Union and the other the monthly 
journal of the Flemish-speaking members of the 
Belgian Federation. The group of the Scandinavian 
languages is represented by three newspapers, the 
largest of which—the Swedish Metallarbetaren—is 
published once a week. The Machinists Journal of 
the American International Association of Machinists, 
the Manand Metal of the British Iron and Steel Trades 
Confederation, and the Monthly Journal of the Amal- 
gamated Engineering Union, are in English. The 
Hungarian, Polish, Finnish and Czech languages are 
represented by one paper each. There are, besides, 
Mr. Kummer says, a number of weekly and monthly 
papers published by local groups. The smaller of the 
English unions of metalworkers also have their periodi- 
cals, and in Belgium, France, Switzerland, Poland and 
Czecho-Slovakia the associations publish papers in 
two languages in order to keep in touch with mem- 
bers who do not speak the language of the country. 





The Association of German Metal Manufacturers 
has decided by a lock-out to support the employers in 
the Central German area, where workers have been 
on strike for five weeks. Nearly 800,000 men are 
prospectively affected, 250,000 of them in Berlin. 
According to The Times’ correspondent in Berlin the 
dispute in Central Germany began over a demand by 
the unions for a wage increase of 15 pfennigs (1#d.) 
an hour, from 75 pfennigs (9d.) to 90 (104d.). The 
employers rejected the demand as impossible, citing 
figures to show that in 110 metal undertakings the net 
profit had decreased from 12 per cent. before the war 
to 3 per cent. in 1924-25 and 1-4 per cent. in 1926-27 
It was argued, moreover, that the actual earnings were a 
good deal higher than the contract minimum of 
75 pfennigs; skilled workers over 23 years of age 
working on a time basis make an average of 92 pfennigs 
an hour, and skilled workers over 20 years of age make 
an average of 102 pfennigs on piece work. The 
Central German dispute was submitted to arbitration, 
and an award was made increasing the minimum 
hourly wage by only three pfennigs to 78. This the 
men rejected, and, without waiting for all the possi- 
bilities of the arbitration system to be exhausted, they 
went on strike at a number of factories. The Ministry 
of Labour then refused the employers’ request for the 
award to be declared binding. After about a week the 
employers replied to the partial strike by declaring a 
lock-out in the Central German area. 





Royat AxrrRonauticAL Socrety.—The lecture on 
‘* Variable-Pitch Propellers,” which was to have been 
delivered before the Royal Aeronautical Society by 
Dr. Hele-Shaw, on February 23 next, has been postponed 
until the results of the full-scale tests are known. It is 
hoped that the postponed lecture will be delivered some 
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NOTES ON NEW BOOKS. 


OnE of the most important problems confronting the 
mining engineer is the adequate control of atmospheric 
conditions underground. Not only are the health and 
efficiency of the miner involved, but also safety from 
explosions. The comparative freedom from serious 
explosions in this country during recent years is 
attributable, in no small measure, to improved methods, 
instituted as a result of investigations and researches 
carried out by various scientists and research com- 
mittees. As mining reaches greater depths, the prob- 
lem of ventilation becomes more acute and a thorough 
appreciation of the scientific principles which govern 
atmospheric conditions underground becomes more 
and more important to all concerned. It would be 
all to the good if the individual miner were better 
acquainted with the scientific principles underlying 
the natural phenomena with which he comes into 
daily contact. “‘ The Elements of Mining Science,” by 
David E. Thomas, Principal of the County Mining 
School at Nuneaton, recently published by Oxford 
University Press, price 4s. 6d. net, is based on a series 
of lectures originally prepared for a Saturday morning 
course to teachers engaged in the teaching of science 
in the mining area under the Warwickshire Education 
Authority. The book is intended to provide those 
interested in the mining industry with a short account 
of some of the results attained from the contributions 
of pure science during recent years. Apart from the 
advantages of being clear and concise and easily 
understood by the lay reader, the author has suc- 
ceeded in making his subject interesting—a matter of 
no small importance in a work of this nature. After 
describing the composition of mine air, blackdamp, 
methane, &c., chapters are devoted to the use of the 
barometer in mines, the spontaneous combustion of 
coal, moisture in mine air, atmospheric conditions in 
deep mines, and colliery explosions. Although the 
dangers of firedamp were realised at an early date in 
the history of mining, the possibilities of coal dust in 
connection with explosions were not fully appreciated 
until comparatively recently. The explosion at Altoft’s 
Colliery in 1886 drew attention to this source of danger, 
and it was as a result of the late Sir W. E. Garforth’s 
observations and recommendations that the use of 
stone dust first came to be tried as a preventive. 
Since then, as is sufficiently well known, the addition 
of incombustible dust has been made compulsory in 
all mines where coal dust liable to cause an explosion 
is present. 





Those concerned with the modern application of the 
forces of nature to the benefit of mankind, commonly 
find pleasure in studying the history of the stages in the 
evolution of present-day practice and outlook. Not 
always have the means for such study been readily 
available to the practising engineer or technical worker, 
but much has been done in extending the interest, and 
in the provision of the facilities, by the activities of such 
institutions as the Newcomen Society, and by the hold- 
ing of such commemorative celebrations as that on the 
Clyde*in 1912, to mark the passing of a century since 
Henry Bell put his Comet into service on the river, 
and the wonderful pageant of the evolution of railway 
locomotion, held on the old Stockton and Darlington 
line in 1925, one hundred years after that line was opened 
to traffic. The information is generally scattered, 
and there are few people available who have the 
requisite combination of abilities for the task of 
collecting it together. Whenever such work is done, 
however, we have the satisfaction of knowing what 
a large part men of our race have played in the 
early stages of human progress. A very good con- 
tribution to historical literature, from this standpoint, 
has been made by Mr. G. Gibbard Jackson, whose 
book on ‘‘ The Ship Under Steam,” was recently pub- 
lished by Messrs. T. Fisher Unwin, Limited, of 154, 
Fleet-street, London, at a price of 10s. net. In this 
work, the author has reviewed the entire progress 
made in the application of steam to sea transport, 
from its earliest days, though, it must be pointed 
out, he has but little to say on thel atest development, 
due to the inspiration of Sir Charles Parsons. It seems 
a pity that a comparison was not made of the King 
Edward, the pioneer vessel in turbine propulsion in the 
mercantile service, with the King George V, which will, 
in all probability, mark the beginning of a new era in 
the use of steam power in ships. Little that is essential, 
however, has been omitted, and the work is well done. 
It may be added that the examples of vessels referred 
to in the volume have been well-chosen to show the 
development of almost every type of steam craft, 
naval as well as mercantile. It is of great interest 
to note what James Watt thought of the early endea- 
vours of the pioneers. Though one engine of his was 
used to propel a boat in 1783, by the Marquis de Jou- 
ffroy, Watt wrote to Henry Bell in 1800 suggesting that 
he thought the consideration of his scheme of propelling 
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vessels by steam engines was a pure waste of time. 
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Bell, nevertheless, continued his work undeterred, and 
later his schemes were put before the Admiralty, but 
were turned down, although Lord Nelson is quoted as 
giving the warning ‘“‘ My Lords and Gentlemen, if you 
do not adopt Mr. Bell’s scheme, other nations will, and, 
in the end, vex every vein of this Empire.” 





In our issue of May 27, 1921, we noticed the first 
edition of Der Kranbau, Berechnung und Konstruktion 
von Kranen aller Art, by Dr. Techn. R. Dub, professor 
at the Technical High School of Briinn, now in Czecho- 
slovakia. A second edition became necessary two years 
later, and instead of the desired third edition, a 
supplementary volume to the second edition has now 
been issued by the publishers, Messrs. A. Ziemsen, of 
Wittenberg, in Prussia, at the price of 16 marks. Dr. Dub 
has arranged his supplement on a somewhat novel plan, 
which has its advantages. The new volume begins with 
page 513, following the pagination and numbering of 
the tables and illustrations in the second edition. The 
original grouping of the matter is retained, and the 
new matter refers back to the chapters and pages of the 
second edition. In the new table of contents, the 
additions are duly entered with their new and old 
pages, and an alphabetical index, the need for which 
we noticed in the first edition, further facilitates the 
search. We missin the index, however, references to 
derrick cranes, although portal and dock cranes are 
entered under their equivalent terms. Names of 
firms are not mentioned in the index or in the table of 
contents. The fact that almost all the types of cranes 
and lifting tackle are of continental construction is not 
at once apparent, owing to this circumstance. The 
250 pages of new matter are profusely illustrated. Novel 
additions are the sections on automatic rope haulage 
by gravity, and on the general supervision and working 
of cranes, including the training and the psychological 
and medical examination of the men. As a result 
of these tests, it is stated, the crane accidents have 
been reduced to one half their former number in the 
Witkowitz Works. A 

Aerial surveying, though its rapid development was 
due to military necessities, has also proved extremely 
serviceable in other fields. The methods used in 
reducing photographs to maps vary greatly with 
circumstances. For very many purposes, a map on a 
scale of 3 in. to the mile, is sufficient, and the degree 
of precision necessary for this can be obtained by 
fairly simple methods and appliances. 
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veying. An interesting feature of the book is a 
detailed photographic survey of the Arundel district, 
which was chosen as presenting a number of special 
difficulties. One part of the area consists of enclosed 
country full of cartographic detail, but otherwise fairly 
flat. A high ridge, however, runs along part of the 
survey, and if the ordinary method of joining up 
mosaics had been used, considerable errors would have 
arisen. Still greater difficulties were met with in the 
Western part of the area; the survey made of this has 
been reproduced to a scale of 6 in. to the mile for direct 
comparison with the 6-in. ordnance map. This com- 
parison is made by printing the two maps on opposite 
sides of one sheet of paper, and the result shows that 
the two sets of contours agreed quite satisfactorily. 





The processes of stamping and pressing afford 
enormous possibilities in the production of light articles 
of sheet metal of every shape and variety, and, where 
such components are required in large quantities, there 
is no cheaper method of manufacture. It might be 
said that the process has given rise to an entirely new 
principle in engineering design which, as compared 
with the use of aluminium castings or of drop forgings, 
enables even greater lightness to be obtained with con- 
siderable increase in strength and at much less cost. 
Perhaps the most remarkable feature of press work is 
the literally amazing speed at which the various opera- 
tions are performed, the output being, say, 20 per 
minute or 30 per minute for stamped articles, or five 
times that rate for parts which can be produced by 
cutting or piercing only. For successful working, it is 
essential that the dies or tools should be made in a 
correct and substantial manner, and a high degree of 
skill and ingenuity is required in their design and 
construction. Schnitte und Stanzen, by Ernst Géhre 
(Verlag von Otto Spamer, Leipzig ; price 13 marks, 50), 
may be described as a treatise on the design and con- 
struction of press tools, which the author has divided into 
two parts. Of these, Volume 1, now before us, deals with 
cutting out, blanking, and piercing dies only, drawing 
operations and a description of the presses and 
machinery employed being reserved for a second volume 
to be issued later. The book is well arranged and 
clearly written on thoroughly practical lines, proceed- 
ing in a systematic manner from simple examples of 
shearing and punching dies, followed by the more 
complicated cases of cutting, piercing, and perforating 
in one or several stages, to the intricate dies for com- 
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describing the methods adopted for such cases by | design of stripping and extracting devices, and to 
the War Office has recently been published, at | methods for reducing the amount of scrap to a mini- 


3s. 6d. net, by H.M. Stationery Office, under the title | mum. 


In the concluding chapter, useful advice is 








MANCHESTER. 






1Operation Nozzle 





5% 


“ENGINEERING 


mended to designers and users of press tools and all 
those interested in this important subject. 





The French Technical Association of Naval and 
Aeronautical Architects and Engineers has recently 
issued volume 31 of its Proceedings, entitled Bulletin 
de l’ Association Technique Maritime et Aéronautique, 
No. 31, Session de 1927. This reproduces the papers 
which were read, and the discussions they gave rise 
to, at the thirty-first meeting of the Association, held 
in its premises in Paris, from May 31 to June 3 of last 
year. The papers are 25 in number, five or six of which 
are upon aeronautical subjects. The major part of the 
contributions are of a highly theoretical nature, and 
most of those on naval matters deal with ship machinery, 
shafting, boilers, Diesel-engine construction and work- 
ing, steam friction in pipes and nozzles, &c. The 
volume, of close upon 700 pages, forms a valuable addi- 
tion to the scientific literature on naval and aeronautical 
matters. It is of considerable interest, and will be of 
service to all who are engaged on these questions in 
France, in this country and elsewhere. Its utility, 
however, would have been materially enhanced by the 
addition of a detailed index to the subject matter, a 
circumstance to which we have frequently referred in 
connection with similar publications. The proceedings 
have been edited by the Secretary of the Association, 
and are issued at the offices, 7, Rue de Madrid, Paris. 





Typical photo-micrographs of the structures of iron 
and steel, taken from a number of samples, are con- 
tained in Atlas Metallographicus, a publication in course 
of preparation by Professor Heinrich Hanemann and 
Miss Angelica Schrader, both of the Technische Hochs- 
chule, Berlin, and issued by the Verlag von Gebriider 
Borntraeger, Schéneberger Ufer, 12a, Berlin, W. 39. 
We have received issues 1 and 2 of this work, each 
issue comprising eight plates. Each plate shows a 
number of photo-micrographs, the plates being accom- 
panied by brief explanatory notes of the structures 
reproduced. These two issues contain remarks on ferrite, 
cementite and pearlite, the plates illustrating struc- 
tures of electrolytic iron and of forged steels of various 
compositions, and having undergone different kinds of 
treatment. The atlas is to be completed in about 30 
such numbers, dealing with the whole range of ferrous 
metals, and with copper and copper alloys, the light 
metals, tin, lead, nickel, and other metals and alloys; 
it will illustrate the structures of those most generally 
used in the different branches of engineering practice. 
The price of the publication is 7 marks, 50, for issue 
No. 1, and 6 marks, 75, for issue No. 2. 








INDIANA FUEL CoNFERENCE.—We have been informed 
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CASK-WASHING MACHINE. 


We illustrate on this and the opposite pages a cask- 
washing machine constructed by Messrs. Mather and 
Platt, Limited, Park Works, Manchester, for the brewer- 
ies of Messrs. Bass, Ratcliffe and Gretton, Limited, 
Burton-on-Trent. In normal work at this establish- 
ment, each machine has proved capable of washing 
80 casks per hour. The washing is effected by a 
flat jet of almost boiling water, which issues under a 
high head from a slowly rotating nozzle, and is directed 
in turn on to every square inch of the internal surface 
of the cask. A photograph of the component parts 
of the machine is reproduced in Fig. 1, and details 
of its construction are illustrated in Figs. 2 to 6; 
A cask-washing plant, complete with the necessary 
pumps and accessories, is represented in Fig. 7. As 
there indicated the cask, after having undergone a 
preliminary rinsing, is rolled over the machine in 
such a way that the nozzle of the washer enters the 
cask through the bung hole. The nozzle, as shown 
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which the water escapes in the form of a thin sheet. 
The water forming this flat jet has a temperature of 
from 200 deg. to 205 deg. F., and is expelled under 
a pressure of 200 lb. to 220 lb. per square inch. The 
jet, therefore, has a high velocity and corresponding'y 
high scouring powers. During the washing process, the 
jet is rotated by automatic gear at a rate of one turn 
every two seconds, and the process is completed in 
the course of 174 turns, at the conclusion of which 
the water supply is automatically cut off and the 
rotation of the nozzle stopped. 

Some 10 gallons to 11 galions of water are used in each 
operation, and this water, with the accompanying 
dirt and growths torn away by the jet, has to be 
got rid of through the bung hole in the course of 
the 35 seconds over which the washing operation 
extends. To secure this end, air, compressed to a 
pressure of 2 lb. or 3 lb. per square inch, is forced 
into the cask through the tap hole. The pressure water 
is provided by a high-lift turbine pump, and the com- 
pressed air by a high-speed rotary blower, mounted 





in Fig. 2, is provided with a narrow slot through 





on opposite ends of a single bedplate, and driven 


directly through flexible couplings by an electric motor, 
as indicated in Fig. 7. 

A section through the washer is represented in 

Fig. 3. On depressing with the foot the operating 
lever shown on the left, a detent is lifted out of the 
cam plate shown, and, at the same time, the spring- 
loaded cut-off valve, visible at the upper left-hand 
corner of Fig. 3, is opened. Pressure water is thus 
admitted to the nozzle of a small turbine, as indicated 
in- Fig. 6. The speed of the turbine, and therefore 
the timing of the washing operation, is capable of regu- 
lation by the bye-pass valve b, shown in Fig. 6. This 
turbine is also shown in position on the right of Fig. 3. 
The pressure of the water is reduced very little by its 
passage through this turbine, from which it is discharged 
into the water chamber a, Fig. 3. From this it gets 
access to a hollow spindle on which the operating nozzle 
is mounted. The turbine spindle, it will be seen, is 
supported at its lower end on ball-thrust bearings, 
and it drives the nozzle spindle by the reduction 
gears shown in Figs. 4 and 5. A worm mounted on 
the nozzle spindle drives the camshaft as indicated. 
To start the machine, only a single pressure of the 
foot is required, since once rotation commences the 
detent rides on the edge of the cam plate, which 
is hardened. As this detent is mounted on the foot of 
the cut-off valve spindle, the valve cannot close until the 
cam plate has made a complete rotation, which, as 
already mentioned, takes 35 seconds. The whole 
of the castings are of zinc-free bronze. The lower 
chamber, in which the gearing is located, is kept full of 
oil, thus ensuring the quiet running of the gears and 
the absence of wear. Since both the turbine shaft 
and the nozzle spindle are provided with double 
stuffing boxes, it is impossible for leakage to occur 
between the upper and lower chambers. 
The alternative nozzle shown on the left of Fig. 2 
is employed for washing round bung holes of such 
casks as require this additional treatment. The rotat- 
ing parts of the high-lift turbine pump which supplies 
the hot water are constructed entirely of bronze. 
Both the pump and the washer are constructed on the 
interchangeablefsystem, and any part can be renewed 
from stock should the occasion arise. 








YEAR BOOKS AND ANNUALS. 


The British Journal Photographic Almanac.—For 
63 years this almanac has appeared regularly, and 
the present issue marks the continuous and steady, 
if not spectacular, progress of the art of photography. 
The special articles in the book include notes on the 
widely different uses of photography, such as in survey- 
ing, depicting wild animals, the radiography of metals, 
and photomicrography. Details of new apparatus and 
various formule, with notes on new and old processes, 
occupy many pages, whilst some 60 gravure pictures 
will prove that the artistic side of the work has been 
more than maintained. The book is published by 
Messrs. Henry Greenwood and Company, Limited, 24, 
Wellington-street, London, W.C.2, at the price of 2s. 
in paper covers, or 3s. cloth bound. 

British Corporation Register Book.—The 1928 edition 
of the Register Book of the British Corporation for 
the Survey and Registry of Shipping and Aircraft, has 
recently been issued. The volume, which bears the sub- 
title ‘‘ Register of Ships,” contains detailed tabulated 
information respecting all the ships classed in this 
Registry, together with lists of members of the com- 

mittee of management, the Liverpool committee, the 
aviation committee, the surveyors in the United 

Kingdom and in foreign ports, and other data regard- 

ing the activities of the Corporation. The Register 

Book is issued to subscribers only, the subscription, 

for individuals and firms, being 3/. 3s., and, for under- 

writing associations and marine insurance companies, 

4l. 4s. The Committee of the British Corporation 

Register has associated itself with the American Bureau 

of Shipping, the Bureau Veritas, the Germanischer 

Lloyd, the Imperial Japanese Marine Corporation, the 

Norske Veritas, and the Registro Italiano, in the 

formation of an International Register of Civil Air- 

craft, under the designation A.I.R. The subscription 

to this volume, it is stated in the ship register, is 51. 5s. 

per copy. The head office of The British Corporation 

Register of Shipping and Aircraft is at 14, Blythswood- 

square, Glasgow. 

The Blue Book, 1928.—Published by Messrs. Ernest 

Benn, Limited, Bouverie House, Fleet-street, London, 

E.C.4, the 1928 edition of the Directory and Handbook 

of the Electrical Engineering and Allied Trades, better 

known as the Blue Book, has just been made available. 

In this edition, which constitutes the forty-sixth con- 

secutive issue, the greater part of that portion of the 

handbook section of the volume which was known as 

the Legal Digest, has been replaced by a new feature, 

entitled Geographical Section for Great Britain, Scot- 

land and Wales. In other respects the subject matter 

is arranged in a manner similar to that of former 

editions, and all the old features have been retained. 
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As is well known, the volume is partly a site| 
of miscellaneous information of interest to electrical 
engineers, and partly a directory. Colonial, Conti- 
nental, Asiatic and African, and American divisions 
are included, each of which is again subdivided into a 
handbook section, an alphabetical directory and a 
classified trades section. The introduction of further 
celluloid indication tabs will be found greatly to facili- 
tate reference. The book contains over 1,400 pages, 
and is bound in the usual blue-cloth cover ; it is priced 
at 258. net. 

The Directory of Shipowners, Shipbuilders, and 
Marine Engineers, 1928.—The 26th edition of this 
useful directory, compiled under the direction of the 
Editor of Shipbuilding and Shipping Record, and pub- 
lished by Messrs. The Directory Publishing Company, 
Limited, 33, Tothill-street, Westminster, London, 
S.W.1, has just made its appearance. It is a compre- 
hensive work of international scope, furnishing par- 
ticulars of all the leading shipping companies, ship- 
builders and repairers, and marine-engineering works 
throughout the world. Included in the information 
are the names of the directors and principal officials of 
each firm, together with details of the fleets owned by 
the shipping companies. A further section contains 
lists of societies, institutions, and trade and labour 
federations connected with shipping or shipbuilding. 
A directory of consulting marine engineers and naval 
architects is also included. At the end of the volume 
will be found exhaustive indexes, comprising some 
24,000 entries. The directory, although containing 
well over 800 pages, is of handy size and constitutes a 
useful desk companion; it is priced at 20s. net. 

The Concrete Year Book.—One of the more recent 
year-books which is undoubtedly establishing a place 
for itself in its particular branch of industry is the 
Concrete Year Book, edited by Dr. O. Faber and 
Mr. H. L. Childe, and published by Messrs. Concrete 
Publications, Limited, 20, Dartmouth-street, S.W.1., 
price 3s. 6d. net. This volume has now appeared for 
five years, and has in that time shown marked develop- 
ment, especially in the character of the matter it con- 
tains. Even since last year’s edition this is most notice- 
able. The year-book is divided into three sections, viz. 
general information, directory, and catalogue matter. 
It is noticeable that while the new edition is larger than 
the previous one by 100 pages, the first section accounts 
for something like 60 of these, so that designers and 
users are being well catered for in the changes made as 
time goes on, and the greater bulk is not mainly due to 
advertising matter. The list of subjects dealt with in 
the first section is, in fact, becoming longer with each 
edition, and the other parts of the book are likely also 
to prove useful in their particular spheres. 

Diary.—Messrs. R. White and Sons, Widnes, Lan- 
cashire, have sent us a useful leather-bound diary and 
season-ticket case combined. Illustrations of trackwork 
and aerial ropeways constructed by the firm, are 
included. 








Tue LnstiruTE oF Mretats,—As previously announced 
in our columns, the twentieth annual general meeting of 
the Institute of Metals will be held in the hall of the 
Institution of Mechanical Engineers, Storey’s Gate, 
London, 8.W.1, on March 7 and 8 next. On March 7, 
at 10 a.m., at the conclusion of the business preliminaries, 
Dr. W. Rosenhain will deliver his presidential address. 
The following papers will then be read and discussed :— 
“The Deterioration of Lead Cable Sheathing by Cracking, 
and its Prevention,’’ by Messrs. 8S. Beckinsale and H. 
Waterhouse ; “ The Dilatometric Study of Light Metals,” 
by Dr. M. Haas; ‘“‘ The Thermal and Electrical Conduc- 
tivity of Some Aluminium Alloys and Bronzes,’’ by 
Dr. E. Griffiths and Mr. F. H. Schofield; and, ‘‘ The 
Constitution of the Alloys of Magnesium and Zinc,” by 
Mr. R. Chadwick. /+t 2 p.m., the papers on the agenda 
are “‘ Historical Note on Density Changes Caused by 
Cold-Working of Metals,” by Mr. H. O'Neill; ‘‘ Season 
Cracking of Small-Arms Cartridge Cases during Manu- 
facture,”’ by Major F. 8. Grimston ; ‘‘ The Ball Hardness 
and the Cold-Working of Soft Metals and Eutecties,”’ by 
Mr. F. Hargreaves; ‘‘The Behaviour of Metals and 
Alloys during Hot-Forging,’’ by Mr. W. L. Kent: 
*‘Minute Shrinkage Cavities in Some Cast Alloys of 
Heterogeneous Structure,” by Mr. W. A. Cowan; and, 
*“Note on the Composition of Old Roman Lead,” by 
Mr. W. A. Cowan. On the morning of March 8, the 
papers to be read and discussed are as follows :—‘‘ The 
Influence of Dissolved Gases on the Soundness of 70 : 30 
Brass Ingois,’”’ by Mr. G. L. Bailey; ‘The Effect of 
Quenching and Tempering on the Mechanical Properties 
of Standard Silver,” by Dr. A. L. Norbury; ‘ An 
Example of Roman Copper ‘Soldering’ and Welding 
from Uriconium,” by Dr. J. N. Friend and Mr. W. E. 
Thorneycroft ; ‘‘ The Relative Corrodibilities of Ferrous 
and Non-Ferrous Metals and Alloys. Part I.—The 
Results of Four Years’ Exposure in the Bristol Channel,”’ 
by Dr. J. N. Friend; ‘‘The Alloys of Zirconium.—I,” 
by Dr. T. E. Allibone and Mr. C. Sykes; and ‘“‘ On the 
Quenching and Tempering of Brass, Bronze, and Alu- 
minium Bronze,” by Dr. T. Matsuda. On Thursday 
afternoon, a visit will be paid to the new offices of the 
Institute, 36, Victoria-street, London, S.W.1. The 
annual dinner will be held at the Trocadero Restaurant, 


BOOKS RECEIVED. 


Department of Overseas Trade. Report on the Conditions 

and Prospects of British Trade in India, 1926-27. By 

Tuomas M. Ar1nscoueH. London: His Majesty’s 

Stationery Office. [Price 4s. net.] 

The Law of Carriage by Railway in Great Britain and 

Ireland. By Lewis Ricwarp Lipsetr and THOMAS 

Joun Day Atkinson’ London: Jordan and Sons, 

Limited. [Price 50s. net.] 

Department of Scientific and Industrial Research. Fuel 

Research. Technical Paper No. 18. The Reactivity 

of Coke. 1. Standardised Method for the Determination 

of Comparative Values. By J.H. Jones and others. 

London : His Majesty’s Stationery Office. [Price 1s. net. ] 

Transactions of the American Society of Civil Engineers. 
Vol. 91. 1927. Edited by the Secretary. New York: 
Offices of the Society. 

United States Public Health Service. Public Health 
Bulletin No. 172. Studies of the Efficiency of Water 
Purification Processes. By H. W. STREETER. [Price 
1 dol.] Reprint No. 1170. Experimental Studies of 
Water Purification. III. Discussion of B. Colt 
Results obtained from Primary Experiments. By H. W. 
STREETER. Washington: Government Printing Office. 

United States Department of Commerce. Fifteenth 
Annual Report of the Secretary of Commerce for the 
Fiscal Year ended June 30, 1927. Washington : 
Government Printing Office. [Price 30 cents.] 

Annual Report of the Director, United States Coast and 
Geodetic Survey, to the Secretary of Commerce for the 
Fiscal Year ended June 30, 1927. Washington : 
Government Printing Office. [Price 50 cents.] 

United States Bureau of Standards. Miscellaneous 
Publication No. 81. Annual Report of the Director 
for Fiscal Year ended June 30, 1927. [Price 10 cents.] 
Circular No. 338. United States Government Master 
Specification for Leather, Bag. No. 347. Brick, Sand- 
Lime, Common. No. 348. Boots, Rubber, Short 
Light. No. 349. Boots, Rubber, Hip. No. 3650. 
Boots, Rubber, Short, Heavy. [Price 5 cents each.] 
Washington : Government Printing Office. 

Department of Overseas Trade. Report on the Economic 
and Commercial Situation of Australia to June, 1927. 
By R.W. Datton. London: His Majesty’s Stationery 
Office. [Price 3s. net.] 

Department of Scientific and Industrial Research. Fuel 
Research. Physical and Chemical Survey of the 
National Coal Resources. No. 10. The Lancashire 
Coalfield. The Wigan Four-feet Seam. London: 
His Majesty’s Stationery Office. [Price 3s. net.] 

Air Ministry. Meteorological Office. The Observatories’ 
Year Book, 1925. London: His Majesty’s Stationery 
Office. [Price 31. 3s. net.] 

Modern Coal-Washing Practice. By R. C. R. Mrnrxmn. 
London: Ernest Benn, Limited. [Price 45s. net.] 

Cours D’Aéronautique. By Emite Leroux. Paris: 
Ch. Béranger. [Price 56 fr. net.] 

Diesel Engine Design. By H. F. P. Purpay. Third 
edition, revised and enlarged. London: Constable 
and Company, Limited. [Price 21s. net.] 

Wireless Principles and Practice. By L. S. PALMER. 
London: Longmans Green and Company, Limited. 
[Price 18s. net. } 

Department of Overseas Trade. Report on the Economic 
and Financial Conditions of the Republic of Honduras. 
By A. H. Kine. And of the Republic of El Salvador. 
By GreraLtD Harrineton. London: His Majesty’s 
Stationery Office. [Price ls. 6d. net.] 

Department of Overseas Trade. Report on the Financial 
and Commercial Situation of Austria to October, 1927. 
By O. S. Purtrots. London: His Majesty’s 
Stationery Office. [Price ls. 6d. net.] 

United States Bureau of Standards. Scientific Papers 
No. 558. An Anaiysis of the Arc and Spark Spectra 
of Scandium (Sc. I and Sc. II), By H. N. RussEti 
and W. F. Meccers. [Price 20 cents.] Technologic 
Papers. No. 350. A Study of Problems relating to 
the Maintenance of Interior Marble. By D. W. 
KessteR. [Price 35 cents.] No. 351. Practical 
Applications of the Earth-Current Meter. By B. 
McCottum and K. H. Logan. [Price 20 cents.] 
No. 353. Some Vulcanization Tests of Guayule 
Rubber. By D. Spence and C. E. Boone. [Price 
5 cents.] No. 354. A Modified Method for Deter- 
mination of the Copper Number of Paper. By B. W. 
ScrrsnerR and W. R. Brope. [Price 5 cents.] 
Washington : Government Printing Office. 

Board of Education. Catalogue of the Collections in the 
Science Museum, South Kensington. With Descriptive 
and Historical Notes and Iilustrations. Land Trans- 
port. IV. Railway Construction and Working. Com- 
piled by E. A. Forwarp. London: His Majesty’s 
Stationery Office. [Price ls. 3d. net.] 

The Association of Engineering and Shipbuilding Draughts- 
men. Lost Volumes from Cones. An Explanation of 
the Mathematical and Graphical Treatment for Deter- 
mining the Effective Spaces in Hoppers, &c. By W. R. 
TxHomson. Induction Motor Design. By WuitLiam 
SHarp. London: Offices of the Association. [Price 
2s. each. ] 

United States Geological Survey. Professional Paper 
No. 150-A. Cephalopods from the Lower Part of the 
Cody Shale of Oregon Basin, Wyoming. By J. B. 
REESIDE, Junr. [Price 15 cents.] No. 150-B. The 
Scaphites, an Upper Cretaceous Ammonite Group. 
By J. B. Reresipwe, Junr. [Price 10 cents.] No. 151. 
The Cephalopods of the Eagle Sandstone and Related 
Formations in the Western Interior of the United 
States. By J. B. Reesimpe, Junr. [Price 60 cents.] 
Washington : Government Printing Office. 

Factory Organisation. By CuaRENCE H. Norrucorr 
and others. London: Sir Isaac Pitman and Sons, 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The situation as regards 
Cleveland pig iron is strong, and values seem more 
likely to advance than otherwise.. Just at the moment 
there is something of a lull in buying, as is often the case 
after a period of market activity, but the opinion 
prevails that buyers are not likely to absent them- 
selves long from the market, as they have still consider- 
able spring needs to cover. Supply of Cleveland iron 
has been curtailed by a furnace going out of action at 
the Redcar Ironworks of Messrs. Dorman, Long and 
Company, Limited. Most of the parcels that come on 
the open market are taken up by home firms and by 
customers in Scotland, overseas shipments being still 
small and unimportant. Signs of early improvement in 
export trade are, however, not altogether lacking. 
Makers fixed quotations are firmly adhered to. No. 1 
Cleveland is 67s. 6d. ; No. 3 g.m.b., 65s. ; No. 4 foundry, 
64s.; and No. 4 forge, 63s. 6d. 


Hematite.—Conditions in the East Coast hematite 
iron branch, while if anything just a trifle better, still 
leave a great deal to be desired. Home and Continental 
inquiries are stated to be circulating, but supply con- 
tinues very plentiful, and producers are taking orders 
at substantially below cost of output rather than allow 
plant to be idle. Market rates remain on the basis of 
mixed Nos. at 70s. 


Foreign Ore.—Though sales of foreign ore are little 
heard of, values are advancing. Sellers predict a shortage 
of supply this year as the result of heavy buying by 
Continental firms. Consumers in this district are well 
bought to the end of June, and are not disposed to 
commit themselves extensively, further ahead. Best 
rubio is now 2ls. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Prices of Durham blast-furnace- 
coke are moving up, but they have not yet touched 
profitable figures. Local users are disinclined to follow 
the rise, and are buying only sparingly. Good average 
qualities are now quite 18s., delivered here, and some 
sellers endeavour to fix the price at 18s. 3d. 


Manufactured Iron and Steel.—Aggregate production 
of manufactured iron and steel is heavy, and in some 
branches contracts have been arranged that will keep 
plani busy over the next few months. In other depart- 
ments, however, orders are needed. New business is 
not readily put through, but inquiries circulating 
encourage hopes of trade expansion. Sales of semi- 
finished steel are on an improved scale, following a rise 
of several shillings in quotations for Continental pro- 
ducts. Common iron bars are 101. 58.; best bars, 
101. 15s.; best best bars, 111. 5s.; packing (parallel), 
81. ; packing (tapered), 11/. ; steel billets (soft), 7/. 2s. 6d. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d. ; steel rivets, 11. ; steel ship plates, 81. 2s. 6d. ; 
steel angles, 7/, 12s, 6d. ; steel joists, 7], 12s. 6d.; heavy 
sections of steel rails, 8/. 10s.; and galvanised corru- 
gated sheets, 131. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—While signs of improvement in many 
of the steel and engineering branches are not wanting, 
other sections continue in a parlous condition. Contracts 
and inquiries for finished products are fairly numerous, 
but those for raw and semi-finished materials are 
negligible. The market generally for the latter class of 
products is practically lifeless. There is no forward 
buying, and what orders are being booked are only for 
quantities. Despite these discouraging facts, manu- 
facturers continue to look to the future with more 
hopefulness. The volume of business being done in 
railway rolling stock is still considerable. Orders on 
hand from overseas are more substantial than for some 
time past, while the inquiries that are being broadcast 
are likely to result in local producers booking more 
contracts in the near future. Sheffield works, it is 
expected, will supply much of the steel to be used in the 
building by Messrs. Vickers-Armstrong of four submarines 
for the British Government, while Messrs. Cammell 
Laird and Company, who are also to build a submarine, 
will also call upon their local plant for the major portion 
of the steel. Works producing ship steel and marine 
forgings and castings continue to be responsible for an 
increased output. A great proportion of the limited 
amount of armament work that is in circulation is 
finding its way to local firms. While the gross output 
of motor-car steel and fittings is still substantial it shows 
slight signs of diminishing, but Stainless steel and rustless 
iron continue in ever-increasing demand. The lighter 
trades are working spasmodically. Revival in the 
engineering trades is reflected in an improved call for 
engineers’ small tools. Agricultural and garden imple- 
ments are in strong request. Road-making tools have 
declined, but an early recovery is anticipated. Electrical 
and wireless apparatus is a good line, while good business 
is being done by light foundries in builders’ ironwork and 
stove grates. 


South Yorkshire Coal Trade.—The coal trade generally 
is marking-time. In the majority of fuels little forward 
business is being entered into, merchants being content 
to cover immediate needs, with the result that colliery 
sidings are heavily charged with surpluses, and unless 
the position shows marked improvement in the near 
future, collieries will be compelled to go on short time. 
The call for industrial sorts continues well below normal. 








London, W.1, on Wednesday, March 7, at 6.45 p.m. 


Limited, [Price 7s, 6d, net.] 
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outlook far from reassuring. The amount of blast-furnace 
coke going into consumption is small, but an improvement 
can be recorded in the demand for foundry and furnace 
coke both on home and foreign account. The market 
for gas coke continues firm. Quotations :—Best 
branch handpicked, 27s. 6d. to 29s. 6d.; Derbyshire 
best bright house, 20s. 6d. to 21s. 6d. ; best house coal, 
10s. to 20s. 6d.; sereened house coal, 16s. to 17s. 6d. ; 
screened house nuts, 15s. to 16s.; Yorkshire hards, 
14s. 6d. to 15s. 6d. ; Derbyshire hards, 148, to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 6s, to 7s. ; 
smalls, 3s. to 4s. 6d. 





NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—Coal shipped from South Wales 
to foreign countries in January realised only 17s. 6d. 
per ton f.0.b., which is the lowest figure accepted in any 
month since the war and compares with a monthly 
average of 25s. ld. in 1924, 23s. 1d. in 1925, 20s. 9d. in 
1926, and 20s. Id. in 1927. The volume of shipments 
was, however, increased by 143,000 tons, as compared 
with December, to 1,738,686 tons, and was also 74,000 
tons more than was shipped in the first month of last 
year, despite the disorganisation caused by delays 
occasioned to shipping as a result of continuous stormy 
weather. At Cardiff, clearances were raised from1,049, 252 
tons to 1,146,508 tons, and, at Newport, from 229,440 tons 
to 326,451 tons, but at Port Talbot, reduced from 146,255 
tons to 122,447 tons, and at Swansea, from 170,890 tons 
to 143,280 tons, the reductions at the latter ports being 
due to reduced shipments of anthracite coal. In the 
past week exports of Welsh coal amounted to only 
347,850 tons, which was 68,000 tons less than in the pre- 
ceding week. despite the fact that clearances to Egypt 
were doubled and reached 47,300 tons. This improve- 
ment was, however, more than balanced by reductions 
to France, Argentina, Italy, Brazil, Spain and Portugal. 
Details have now been received of the Egyptian State 
Railways’ requirements of 340,000 tons of Welsh coal 
which is to be delivered over April to September. 
The French Marine is also inviting prices for 110,000 
tons of Welsh coal or fuel. The latter inquiry is however, 
regarded as tentative and not likely to lead to business, 
Stormy weather and the consequent delay to shipping 
arrivals continue to exercise an adverse influence on the 
coal trade. At the same time the demand is quiet, but 
prices show no change, as colliery salesmen prefer to 
take the risk of stoppages at pits rather than reduce 
prices any further. Large coals are in plentiful supply 
on the basis of 19s. for best Admiralties, and lower grade 
smalls too are plentiful with cargo sorts from 10s. 6d. 
to lls. 6d. The better class smalils are, however, tight, 
with best bunkers from 12s. 6d. to 13s. Sized descrip- 
tions too are scarce with large dry nuts up to 22s, 6d, 
The scarcity of smalls and sized coals is due to a limited 
output caused by intermittent working at the collieries 
and consequent reduced production of large coal. 

Tippers’ Waiting Time.—The Great Western Railway 
Company, the owners of the South Wales Docks, and the 
South Wales Chambers of Commerce have come to an 
arrangement whereby no waiting time payments for 
tippers will be made to the traders for a period of six 
months. During this time records will be kept of the 
waiting time incurred and of the circumstances and the 
parties responsible for the delays. Shipowners have been 
asked to do all they can to get ships ready to receive 
cargoes or bunkers so as to prevent delays. The step is 
an experimental one, and at the end of the six months 
the whole question will be reviewed in the light of the 
experience gained over the period. 





Tse InstiruTion oF ELEctRICAL ENGINEERS.—The 
dinner of the Institution of Electrical Engineers, which 
was held on the 9th inst., proved as usual, a very success- 
ful function. Each year more members of the Institution 
appear to be making a practice of attending this dinner, 
and the problem of accommodating all who wish to 
come must be causing some difficulty. This year the 
function was largely a domestic one, and apart from Sir 
Ralph Wedgwood and Mr. Tyldesley Jones, the whole of 
the speakers were electrical men, if one may so include 
Sir William Bragg, who proposed the toast of the Institu- 
tion. The President, Mr. Archibald Page, in replying, 
referred to the fortunate position which electrical manu- 
facturing occupies among the industries of the country, 
and made the welcome announcement that the Central 
Electricity Board had just decided to place a large order 
lor transformers with British firms. The toast of the 
guests, to which Sir Ralph Wedgwood and Mr. Tyldesley 
Jones replied, was proposed by Mr. Roger T. Smith. 


ConTRacts.—Messrs. The Woodall-Duckham Vertical 
Retort and Oven Construction Company (1920), Limited, 
Allington House, Victoria-street,, London, S8.W.1, have 
received an order from Messrs. The Thorncliffe Coal 
Distillation, Limited, Sheffield, to build an entirely new, 
complete, central coke-oven works at Smithywood, near 
Sheffield. The installation will comprise a battery of 
59 Becker ovens, 40 ft. 8 in. long, 12 ft. 6 in. high, and 
16 in. wide. The plant will be capable of coking about 
1,500 tons of coal slack a day.—Messrs. Sir W. G. Arm- 
strong, Whitworth and Company, Limited, have secured 
on onder for a steam-driven oil-tanker for the Vacuum 

il Company, Limited. The vessel, which is to be laid 
~— immediately at the Walkershipyard, will be 385 ft. in 
ength, and will be designed to carry 7,250 tons deadweight 
ona draught of 24 ft. 4 in.—Messrs. Mirrlees, Bickerton 
and Day, Limited, Hazel-grove, near Stockport, have 
received an order for a six-cylinder 600-b.h.p. oil-engine, 
: © be installed at the Basingstoke works of Messrs, John 
. Thornycroft and Company, Limited. 





NOTICES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night 
6 p.m., Storey’s-gate, S.W.1. Annual General Meeting, 
“Waste Heat Recovery,” by Major W. Gregson. 
Graduates’ Section: Monday, February 20, 6.30 p.m. 
Informal Discussion on “The Relative Importance of 
Sales, Design, and Works Organization in Engineering.” 
Friday, February 24,7 p.m. Informal Meeting. Exhibi- 
tion of Industrial Kinematograph Films. 


Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. Lecture and Technical 
Film. ‘“ Oil Production,” by Mr. St. J. Plevins. Friday, 
February 24, 7.30 p.m. Lecture. ‘‘ The Applications 
of Electro-Chemical Deposits of Metals to Engineering,” 
by Mr. C. H. Faris. 

NortH oF ENGLAND INSTITUTE oF MINING AND 
MECHANICAL ENGINEERS.—Saturday, February 18, 
2.30 p.m., Newcastle-on-Tyne. ‘“‘ Impressions of the 
Canadian Empire Mining Congress,” by Mr. W. C. Carr. 
‘* Further Modifications of the Correlation of the Coal- 
seams of the Northumberland and Durham Coalfield,” 
by Dr. W. Hopkins. ‘‘ Electric Mine Lamps and Better 
Lighting,” by Mr. W. Maurice. ‘“ A New Gas Detecting 
Miners’ Electric Lamp,” by Prof. W. M. Thornton. 
Exhibition of High Candle-Power Lamps, by Mr. H. 
Staples. 

InstTITUTE OF British FouUNDRYMEN.—Wales and 
Monmouth Branch; Saturday, February 18, 6.30 p.m. 
Technical Institute, Cardiff. ‘‘ Patternmaking,” by Mr. 
R. G. Williams. Lancashire Branch, Junior Section: 
Saturday, February 18, 7 p.m., College of Technology, 
Sackville-street, Manchester. ‘‘ A Talk on the Cupola,” 
by Mr. A. Phillips. Scottish Branch, Paisley Section: 
Friday, February 24, 7.45 p.m. Paisley Technical 
College, George-street, Paisley. ‘‘ Aluminium and Non- 
Ferrous Alloys,” by Mr. H. Williamson. Newcastle 
and District Branch: Saturday, February 25, 6.15 p.m., 
Neville Hall, Newcastle-on-Tyne. ‘‘ A Talk on Cylinder 
Tron,” by Mr. F. J. Cook. Birmingham, Coventry and 
West Midlands Branch: Saturday, February 25, 6.30 
p.m., Engineers’ Club, Waterloo-street, Birmingham. 
‘Some Foundry Considerations of Moulding Sand,”’’ 
by Mr. A. Logan. 

BRADFORD ENGINEERING Society.—Monday, February 
20, 7.30 p.m., Technical College, Great Horton-road, Brad- 
ford. ‘* Engineering Difficulties and Progress in the 
Design of Electric Cookers,”’ by Mr. C. E. Allsopp. 


Royat Socrety or Arts.—Monday, February 20, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture. 
‘** Fatigue Phenomena, with Special Reference to Single 
Crystals ’’ (Lecture II), by Dr. H. Gough. 

INSTITUTION OF GAS ENGINEERS.—Tuesday, February 
21, to Friday, February 24. Birmingham. Carbonisation 
Conference, Joint Fuel Committee, Society of Chemical 
Industry, Coke Oven Managers’ Association and the 
Institute of Fuel, Tuesday, February 21, 10 a.m., 
Birmingham and Midland Institute, Birmingham. “‘ The 
Gas Industry: Past, Present and Future,” by Mr. 
W. J. A. Butterfield. ‘‘ Some Phases of Modern Practice 
in Gas Manufacture,” by Mr. T. Hardie. ‘‘ Presidential 
Address to the Southern Association of Gas Engineers 
and Managers, 1927,’ by Mr. T. Hardie. ‘‘ Continuous 
Vertical Retorts,’’ by Mr. M. Barash. “ Vertical Inter- 
mittent Chamber Ovens for Gas Manufacture,” by Mr. 
N. J. Bowater. ‘‘ Intermittent Vertical Chambers,” by 
Mr. R. H. Ruthven. Wednesday, February 22, 10 a.m., 
‘The General Scope of the Coke Oven Industry,’”’ by 
Mr. C. P. Finn and Mr. R. Ray. ‘‘ Modern Coke Oven 
Practice,” by Mr. C. J. Greenfield and Mr. G. H. Harrison. 
“Coke Research and the Steel Industry,” by Mr. E. C. 
Evans. Thursday, February 23, 9.45 a.m., Visit to the 
works of the Birmingham Gas Department. At 2.30 p.m. 
Birmingham and Midland Institute. ‘‘ The Production 
of Blue and Carburetted Water Gas in Vertical Retorts,” 
by Mr. T. F. E. Rhead. ‘“‘ Gas-Works Refractories,” 
by Mr. A. T. Green. “‘Gas-Works Effluents,” by 
Dr. A. Parker. Friday, February 24, 10 a.m., Queen’s 
College, Paradise-street, Birmingham. ‘‘ The Handling, 
Preparation and Utilization of Gas-Works Coke,” by 
Sir A. Duckham. ‘“ Blending in the Gas and Coke 
Oven Industries,” by Mr. J. Roberts. ‘“‘A General 
Review of Low-Temperature Carbonization,” by Mr. 
F. S. Sinnatt. 

INSTITUTION OF CIviIL ENGINEERS,—Tuesday, Febru- 
ary 21, 6 p.m., Great George-street, S.W.1. “‘ Reinforced 
Concrete Piles Driven in a Gravel Fill at the Canadian 
Pacific Railway Company’s New Pier ‘ B-C ’ at Vancouver 
B.C. Canada,”’ by Mr. R. M. Wynne-Edwards. Manchester 
and District Association; Wednesday, February 22, 
6.45 p.m., Manchester Literary and Philosophical Society, 
36, George-street, Manchester. ‘‘ General Conditions in 
Civil Engineering Contracts,’’ by Mr. M. Flood. 
Yorkshire Association: Wednesday, February 22, 7.30 
p.m., Grand Hotel, Sheffield. ‘‘ Rainfall and Run-off into 
Sewers,” by Prof. F. C. Lea. 

InstiTUTION oF EtLectricaL ENGINEERS.—North- 
Western Centre; Tuesday, February 21, 7 p.m., College 
of Technology, Manchester. Faraday Lecture. ‘“ Elec- 
tricity in the Service of Man,” by Dr. 8. Z. de Ferranti. 
Scottish Centre: Tuesday, February 21, 7.30 p.m., 
Freemasons’ Hall, George-street, Edinburgh. Joint 
Meeting with the Institution of Post Office Engineers. 
Lecture: ‘‘ Rugby Radio Station,’”’ by Mr. E. H. Shaugh- 
nessy. London: Thursday, February 23, 6 p.m., Vic- 
toria-embankment, W.C.2. ‘‘ Insulating Oils for High- 
Voltage Cables,’’ by Mr. T. N. Riley and Mr. T. R. Scott. 
SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
February 21, 7.30 p.m., 198, West-street, Sheffield. 
‘* Methods of Mechanical Testing at High Temperatures,” 





INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScortanD.—Tuesday, February 21, 7.30 p.m., 39, 
Elmbank:crescent, Glasgow. “Fatigue of Metals : 
Some Effects of Cold Drawing on the Strength and 
Endurance of Mild Steel,” by Dr. R. M. Brown. 


INSTITUTION oF AUTOMOBILE ENGINEERS.—Wolver- 
hampton Centre; Tuesday, February 21, 7.30 p.m., 
The Engineering and Scientific Club, Queen-street, 
Wolverhampton. ‘‘ Works Re-organisation to Increase 
Production,” by Mr. C. R. F. Engelbach. 

INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, February 23, 5.30 p.m., Geological Society, Burling- 
ton House, Piccadilly, W.1. ‘‘The Measurement of 
Low Air-Velocities in Mines,’’ by Mr. J. P. Rees. ‘‘ Mine 
Timbering at the Bawdwin Mine,” by Mr. R. 8. H. 
Richards. 

INSTITUTION or Locomotive ENGINEERS.—Thursday, 
February 23, 6 p.m., Denison House, Vauxhall Bridge- 
road, §.W.1. ‘‘ Vacuum Brakes,’’ by Mr. J. N. Gresham. 
North-Eastern Centre: Friday, February 24, 7 p.m., 
Hotel Metropole, Leeds. ‘‘On Theory and Practice,”’ 
by Mr. S. J. Lucas. 

Norts-East Coast InstrtuTIon oF ENGINEERS AND 
SHIPBUILDERS.—Friday, February 24, 6 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘‘ The Michell Crank- 
less Engine,” by Mr. G. U. L. Sartoris and Mr. K. Watson. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
February 24, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. Discussion on ‘‘ Co-ordination in Engineer- 
ing Works,” by Mr. T. N. Jones. 

INSTITUTION OF ENGINEERING INSPECTION.—Friday, 
February 24, 7.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘The Inspection of Public 
Service Vehicles,’’ by Major R. V. C. Brook. 

West BroMwicH ENGINEERING Socrety.—Friday’ 
February 24, 7.30 p.m., Kenrick Technical College, West 
Bromwich. ‘“‘ Power Factor and its Correction,” by 
Dr. R. D. Gifford. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The past week has not brought 
out much fresh business in the Scottish steel trade, and 
conditions show little change. Contracts of an out- 
standing nature seem to be very rare at the present 
time, and dealings generally are still confined to current 
requirements. Although the depressed state which has 
ruled for rather a long period shows no sign of passing, 
there is, nevertheless, a very strong feeling that an 
improvement in the industry is almost within sight. 
Continental material is still much lower in price than the 
home product, but, with the former advancing steadily, 
the outlook for home steel is much better. In the black- 
sheet trade a quiet state prevails and the output of 
the heavier gauges is rather restricted. Galvanised 
sheets are moving fairly well but are not nearly as 
active as they might be. Inquiries all round are only 
moderate. Prices are unchanged and are as follows :— 
Boiler plates, 10/. 10s. per ton; ship plates, 8/. 2s. 6d. 
per ton ; sections, 7/. 12s. 6d. per ton ; and sheets, } in., 
8l. 12s, 6d. per ton, all delivered Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there has been little movement of 
any kind since last report. Dealings have not been 
heavy, and orders generally are not sufficient to ensure 
a full week’s running of plant. The steel re-rolling 
sections are likewise quiet, and the demand is on small 
lines. Prices are unchanged and are as follows :— 
“Crown ” bars, 10/. 5s. per ton, and re-rolled steel bars, 
7l. 158. per ton, both delivered Glasgow stations. The 
export figures are 5s, and 15s. per ton less, respectively. 
Scottish Pig-Iron Trade.—Movement in the Scottish 
pig-iron trade is still confined within narrow limits. 
Production is on a limited scale, but, despite this, stocks 
continue to increase. The demand both from home and 
foreign buyers is most disappointing and there is much 
depression in the industry. Prices are being maintained 
as far as possible, but a satisfactory line might be 
favourably considered, although lots representing a 
heavy tonnage are few and far between. The following 
are the current market quotations :—Hematite, 74s. per 
ton, delivered at the steel works ; foundry iron, No. 1, 
75s. per ton, and No. 3, 70s. per ton, both on trucks at 
makers’ yards. 
Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, February 11, was rather better, 
and was more than double that of the previous week. 
It amounted to 1,182 tons. Of that total, 1,010 tons 
went overseas and 172 tons went coastwise. During the 
corresponding week of last year the figures were 171 tons 
overseas and 213 tons coastwise, making a total shipment 
of 384 tons. 
Clyde Shipbuilding.—The Australind Steam Shipping 
Company, Limited, London, have placed an order with 
Messrs. William Denny and Brothers, Dumbarton, for a 
single-screw shelter-deck cargo vessel, to be propelled by 
a six-cylinder Denny-Sulzer engine. The new vessel 
will have a deadweight carrying capacity of 8,000 tons 
and will be of a superior class. Last year the same firm 
purchased a similar but smaller vessel from Messrs. 
Denny, and which gave much satisfaction.—Following 
the launch of the steamer Yarraville, on Monday of this 
week, by Messrs. Lithgows, Limited, Port Glasgow, for 
the Vacuum Oil Company, London, intimation was 
made by.one of the directors of the latter concern that 
he had just signed an order for another vessel to be built 
by Messrs. Lithgows, Limited. The new vessel would 
be more or less on the same lines as the Yarraville except 
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that the Isherwood bracketless system had been adopted, 
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VIBRATION ON SHIPS. 
Ir need hardly be said that the presence of vibra- 


popularity of a vessel: in a passenger ship it 
is fatal; in a cargo vessel it will cause incessant 
grumbling. No matter what has induced the dis- 
turbance, the nodes will be concentrated over certain 
areas of the decks, and these parts will be shunned. 
Apart from such considerations, vibrations, when 
set up by certain conditions, are sometimes so severe 
as to cause structural damage; rivets in the shell 
and under the engines will be loosened, magnesite 
deck coverings will become disintegrated, and costly 
repairs will be involved. 

The casual observer would at once attribute the 
disturbance to be primarily due to the propelling 
elements, but structural weakness may also be one 
of the main factors, and it is not unusual to discover 
on a trial trip, that severe movement is taking place 
at some unexpected place. Very often such troubles 
(which are not due to deficient workmanship) can be 
entirely eliminated by simply introducing a light 
stanchion under the deck, which then gives rigidity 
to the part from the assistance of the other struc- 
tural members. In high-powered vessels of small 
tonnage, great vibration may be set up by only 
slight damage to a propeller blade, and possibly 
trouble from that source gives rise to more annoy- 
ance than any other, for, very often, the dining 
saloon is situated aft.in such vessels, and trouble in 
that quarter is not to be tolerated. 

In the early days of high-powered single-screw 
steamers, it was recognised that the balancing of 
the reciprocating parts of the engines was the main 
factor of the problem, and as long ago as 1884, the 
late Dr. Otto Schlick, in a paper to the Institution 
of Naval Architects, offered a mathematical ‘solu- 
tion for this. Since then, there have been few 
owners who have not specified that reciprocating 
engines for passenger ships should be balanced. on 
the Yarrow, Schlick and Tweedy system. Apart from 
considerations of machinery balance, Dr. Schlick was 
a master in all matters relating. to vibration, and 
those who have studied his numerous contributions 
to the technical institutions, or have used his instru- 
ment, the Pallograph, which measures the extent and 
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periodicity of vertical and horizontal vibrations, will 


under working conditions, and as the engine: part 
is dependent upon the number of revolutions to be 
adopted, it follows that any calculations would require 
to be made during the proposal stage, which means 
a considerable amount of work for a very uncertain 
return. For these reasons, we agree with the view 
put forward by Mr. J. Lockwood Taylor in his recent 
paper to the North-East Coast Institution of Engi- 
neers and Shipbuilders, that as the normal nodes are 
not the only ones to be contended with, and may be 
taken as an excuse for a certain amount of inaccu- 
racy, in the predetermination, it is most important 
to obtain as nearly as possible, the middle of the 
range over which vibration may be experienced, and 
then to give this frequency the widest possible berth. 

With the introduction of the steam turbine at 
the beginning of the Century, it was thought by 
many that, owing to this machine having a purely 
rotary motion, many of the troubles from vibration 
would disappear, but, in accepting that view, the 
point of being compelled to adopt higher revolutions 
was overlooked. There was still the beat of the 
propeller to be considered, and although the action 


tion, even to a moderate extent, will affect the | was small in linear extent, the low frequencies and 


the high period of the vibrations sometimes caused 
much discomfort to passengers. 

The adoption of the Diesel engine for ships, has 
brought about a recurrence of the old difficulties in 
a more pronounced state than before, because the 
reciprocating masses have been increased, especially 
in the case of double-acting engines, and, in some in- 
stances, the effect of the movement of these engines 
has developed considerable disturbance in way of 
passenger accommodation. Engineers are fully 
alive to the difficulties, and, on occasion, have 
requested the shipbuilders to supply them with 
data regarding the hull periods, but it may be 
asked whether it is possible for the shipbuilder to 
meet this demand, with any confidence, or, having 
done so, whether a failure could be correctly 
analysed and attributed to the proper quarter. 

The shipbuilder can reduce the amplitude of 
vibration by the introduction of foundations which 
will not yield to reciprocating action, and it is 
understood that this has been done, but there is 
also a duty which entirely devolves upon the 
engineer, viz., that of building the engine and the 
shafting sufficiently strong to prevent flexural and 
torsional vibration. 

Diesel engines of high power, and of the double- 
acting type, are now being fitted in a large number 
of fast cargo liners, and the working conditions of 
these vessels vary considerably. Sometimes they 
are loaded with homogeneous cargo and sometimes 
they are. ballasted with a large concentration of 
weight amidships, and, in the latter condition they 
are often trimmed considerably by the.stern. In 
a seaway the immersion of the propeller will vary 
considerably, and under such circumstances it is 
(not possible to expect uniformity. It is obvious 
that the conditions are not analogous, and this 
was brought out in the discussions on Mr. Tobin’s 
paper. The recent paper by Mr. Lockwood Taylor, 
which we have already referred to, also directs 
attention to these points, and, due to inability to 
assess the modulus of material, its effective moment 
of inertia, the chance of elastic hysterisis of the 
material, the difficulty of dissociating normal 
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nodes from other disturbances, the degree of fixity 
of structural members, &c., it is probable that this 
question can not be gone into exactly and must 
remain largely one of proper balance of the engine 
and propeller. The hull part is too delicate for 
accurate treatment, and cannot be fairly assessed 
by calculation. This was brought out in Dr. 
Schlick’s remarks in connection with his experi- 
ments on the Deutchland. The character of the 
problem is shown by Mr. Lockwood Taylor when he 
states that a longitudinally-framed vessel has a 
variation of 15 per cent. in frequency, or again, 
where he states that the increased frequency due 
to the use of high elastic-limit steel is often urged as 
an argument against the use of that material. We 
do not share his views in connection with the 
latter statement, and believe that this material, 
if found economically sound, will be used for 
constructional work, and that proper means will 
be adopted for eliminating vibration. The Italian 
motorship Saturnia has a considerable amount of 
high elastic steel in her topside structure, and 
although the engines are of the double-acting type 
and of fully 20,000 h.p., there was little or no 
vibration experienced during her trials. 





WATER POWER IN FRANCE. 


THE general slackening in the rate of develop- 
ment of French water-power plants, during the past 
few years, has been commented upon in our columns 
on several occasions. A consideration of published 
statistics shows that progressin water power utiliza- 
tion has been more gradual than might have been 
expected. During the decade 1914-1923, the capa- 
city of thermal power stations has increased by 414 
per cent.; that of hydro-electric stations, on the 
other hand, has augmented by 85 per cent. only. 
On January 1, 1925, the demands made on the 
thermal installations, disregarding plants of less 
than 100-kw. capacity, amounted, in the aggregate, 
to 3 million kw. Contrasting with this, the total 
capacity of the hydro-electric plants, on the same 
date, was but 1,235,000 kw. These figures, be it 
remembered, relate to a country well known to be 
very rich in water-power resources ; indeed, the 
statement has been made that if the rivers and 
streams of France were exploited to the full, power 
equivalent to nearly 10 million kw. would be avail- 
able. Several factors have hindered progress of 
late years, but, according to the recently-published 
Annuaire de la Houille Blanche Frangaise,* for 1927- 
1928, the whole question is still largely dependent 
upon the uncertain value of the national currency. 
In view of the seriousness of the situation, the 
Government decided, some time ago, to intervene 
in the matter, and various measures involving the 
introduction of some form of subsidy, or of long- 
term loans, to be devoted to encouraging the 
development of hydro-electric works, came under 
discussion. In order to obtain the necessary funds, 
it was at first proposed to levy a tax of 5 per cent. 
on the selling price of electric lighting current, 
whether produced by thermal or by hydro-electric 
means, which tax would be in force for a period of 
20 years. Objections to this proposal were raised 
in several quarters, and the matter was dropped. 
It seems probable, nevertheless, that a subsidy in 
one form or another, coupled perhaps with a 
lightening of fiscal charges, will eventually be 
introduced ; further discussion on the question, 
however, has apparently been postponed until such 
time as the 1929 budget is presented to the French 
Parliament. 

The French water-power year book, to which 
reference has just been made, contains detailed 
descriptions of the hydro-electric plants owned by 
power-distributing companies, by electro-chemical 
and electro-metallurgical concerns, and by railway, 
light-railway, and tramway undertakings. An 
outline of the progress made during 1927 is given, 
and it is satisfactory to note that, in the case of 
some of the railways at all events, schemes, upon 
which work had been completely or partially sus- 
pended for months, have definitely been taken up 
again. At the beginning of last year, for instance, 








* Paris: Revue Générale de l’Electricité, 12, Place de 
Laborde (8e). 


it was stated that operations on the Culoz to Modane 
route of the Paris, Lyon, Méditerranée Railway had 
been ‘‘ slowed down,” on account of the financial 
situation, and that it was impossible to give even 
the approximate date of the introduction of electric 
traction on the line. We now learn that the pro- 
gramme has recently been resumed, and that it is 
anticipated that the work will be complete by 1930. 

Probably the most active of all the French rail- 
way companies, as regards main-line electrification, 
is the Midi Railway. This company now possesses 
480 miles of electrified line, some 166 miles of which 
were opened for traffic during 1927. This large 
increase is chiefly due to the fact that the conversion 
from steam to electric traction of the Bordeaux-— 
Dax-—Hendaye line, 146 miles in length, was com- 
pleted during the early part of last year. Power 
for the new lines is derived, partly from the existing 
Soulom and Eget plants, and partly from the 
newly-built Hourat and Miegebat installations in 
the Ossau Valley, in the Basses-Pyrénées. These 
last two plants have each a capacity of 51,000 h.p., 
and the generators comprise five groups of 10,000- 
h.p. Pelton turbo-alternators, and two auxiliary 
500-h.p. groups. The Hourat station operates 
under a head of 669 ft., and the Miegebat plant 
under a head of 1,246 ft. The distribution of 
energy to the traction sub-stations, spaced along 
the permanent way at intervals of from 12 miles to 
18 miles, is accomplished, on the Midi Railway, by 
means of a transmission line carrying three-phase 
current, at a pressure of 60,000 volts, and a frequency 
of 50 periods per second. 

The electrification programme of the Paris- 
Orléans Railway comprises the construction of three 
water-power installations in the Central Plateau 
region. Of these, the Coindre plant, which is situated 
near the junction of the Grande and Petite Rhue 
rivers was put into service in July, 1927. It 
operates under a head of 394 ft. and has a total 
capacity of 25,000 kw. The Cellette plant, on the 
Chavanon, is under construction ; it will operate 
under a head of from 138 ft. to 262 ft. and will have 
a maximum capacity of 40,000 kw. The third 
plant, that at Vernéjoux-Marége, on the Haute 
Dordogne, will have, when complete, a total capacity 
of 100,000 kw., and will operate under a head of 
213 ft. The Eguzon power station on the Creuse, 
owned by the Société Union Hydro-Electrique, also 
supplies current to the Paris-Orléans Railway. It 
has a capacity of 50,000 kw., and operates under a 
head of 190 ft.; it was put into service in June, 
1926. The electrical energy generated at the 
Eguzon and Central Plateau plants will eventually 
be conveyed to Paris, and to various other points, 
by means of 150,000-volt transmission lines. One 
of these lines, that between Eguzon and Chaingy 
(near Orléans), has been completed and is now in 
use, and a line linking up Eguzon and Vernéjoux, 
some 90 miles in length, is under construction. 
The distribution of electricity to the traction sub- 
stations is to be effected by means of 90,000-volt 
lines. Two of these distributing lines, stretching 
from Paris to Eguzon are in service ; they supply 
current to the traction sub-stations located between 
Paris and Vierzon. Each line comprises three steel- 
cored, aluminium overhead conductors supported 
on poles spaced at intervals of from 80 ft. to 100 ft. 
Some 324 miles of the Paris-Orléans Railway system 
are now operated by means of electric traction. 

Tidal-power plants, or to give them the picturesque 
French name, houille-bleue plants, have, of late 
years, engaged the attention of a number of French 
engineers and industrialists. The harnessing of 
tides, for the production of electrical power, could, 
it is suggested, be successfully accomplished at 
several points situated principally along the coast of 
Britanny ; certain bays are said to be specially 
suitable for this purpose. Several schemes have 
been put forward, most of which involve the erection 
of some form of dam, furnished with special sluices, 
across a bay. In some of the projects the water 
from a river or stream running into the sea, at or 
near the bay, would be utilised and is included in 
the general tentative programme. An article 
discussing certain aspects of the subject of tidal 
power appears in the Houille Blanche year book. 
The treatment is, however, purely theoretical and 
practical difficulties are given little or no place. 





Moreover, the data, relating to the Aberwracht 
(near Brest), Guyotville (Algiers), and similar 
schemes, given in the descriptive portion of the book, 
are practically identical with those furnished in the 
two previous issues. This naturally implies that 
the progress made is inappreciable. A new com- 
pany, called the Société Civile Energie des Marées 
was, however, formed during 1927. This concern 
has applied for official permission to construct 10 
plants on the north coast of France. Needless to 
say, the future development of this company will be 
watched with interest by many engineers on both 
sides of the Channel. 





FATIGUE PHENOMENA. 


Tue first of a series of three Cantor lectures, 
dealing with Fatigue Phenomena, with Special 
Reference to Single Crystals, was delivered by 
Dr. H. J. Gough, of the Engineering Department, 
National Physical Laboratory, at the Royal Society 
of Arts, John-street, Adelphi, London, W.C.2, on the 
evening of Monday last. Dr. Gough opened his re- 
marks by stating that, for the purpose of the present 
lecture, the fatigue of metals was defined as the 
behaviour of metals under repeated cycles of stress. 
In the course of a brief historical introduction to 
his subject, he referred to the early work of 
Hodgkinson in 1837 and 1843, of James Thomson 
in 1848, and of Sir William Fairbairn in 1860- 
1861. He remarked that the latter had concluded, 
from his full-scale repeated-stress tests on a built-up 
wrought-iron girder, that there was a limiting 
load which could be applied for an infinitely great 
number of times. When the early date of the 
experiment was taken into consideration, this 
conclusion stood out as one of the great sign-posts 
in the history of fatigue. The year 1870 had seen 
the publication of the results of Wéhler’s famous 
experiments. It could safely be said that over 
90 per cent. of the experimental researches on 
fatigue that had ever been conducted, had been 
made on the rotating cantilever type of machine, 
which had become associated with Wohler’s name. 

The work of the early investigators had shown 
clearly that metal fractured under repeated applica- 
tions of a stress less than that stress required to 
produce failure on the first application. Further, 
that as the range of stress decreased, the number 
of repetitions required to produce failure increased. 
Thus a certain range of stress, applied to a given 
material, became associated with a given life 
or endurance. Provided no speed effect existed, 
this life or endurance was a matter of number 
of reversals only and not of time. The engi- 
neering problem, therefore, resolved itself into 
an inquiry as to whether the range of stress con- 
tinued to diminish with increasing endurance 
according to a regular law, which held even down to 
zero stress, and, if this were the case, to establish the 
nature of that law. In these days when high work- 
ing speeds were common, machine and structural 
components were required to withstand thousands 
of millions of cycles of stress, and, as it was imprac- 
ticable to carry out ordinary laboratory tests at 
these lengths, it was necessary to consider circum- 
stantial evidence. In cases of fatigue data, the stress 
(S) was plotted against the number of reversals 
to fracture (N); such curves were usually referred 
to as S/N curve. In 1910, Basquin analysed 4 
large number of fatigue data, and showed that 
if these data were plotted logarithmically, log § 
against log N, the experimental points, correspond- 
ing to tests on an individual metal, fell on a straight 
line. This applied to endurances extending to 
from 10° to 107 reversals ; at this point, however, 
a sudden discontinuity occurred, but the subse- 
quent log S/log N curve appeared also to be a 
straight line. 

It was now established that for the majority 
of metals and alloys in common use the S/N 
curve did become horizontal, and continued 80 
within the ordinary limits of investigation. As 
there appeared to be no reason why, at some stage, 
the curve should again change its inclination, the 
important conclusion was now generally accepted 
that for most metals and alloys there existed 4 
definite limiting range of stress, which, according 
to sufficiently strong evidence (although of @ 
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circumstantial nature) could be withstood by 
the metal for an infinitely great number of 
repetitions without fracture. This range was 
variously known as the fatigue range, the limiting 
range of stress, or the endurance range. It had 
become usual, however, to express this value in 
terms of the semi-range, which was then referred to 
as the fatigue limit, limiting stress, or endurance 
limit. Where it was desired to express the range 
of stress, or the stress 2, which was safe for a given 
number of reversals (N), although the S/N curve 
might not have become horizontal at that number 
of reversals, use was made of the expression :— 
Endurance limit (corresponding to N) = + 2 tons 
per square inch. The endurance at which the S/N 
curve became horizontal was of very great impor- 
tance from an engineering point of view, as ‘it 
determined the length of test necessary to disclose 
experimentally the fatigue limit of a material. 

In the case of the ferrous metals, without 
exception, the log S/log N curves became horizontal 
in the neighbourhood of 10’ reversals, and remained 
so within the limits investigated, namely, up to 
between 108 and 10° reversals. The ratio obtained 
by dividing the endurance limit, in tons per square 
inch, of a ferrous material, by its ultimate tensile 
strength, also in tons per square inch, was most 
interesting. With one or two minor exceptions the 
values of this ratio were restricted to the limits of 
0:40 to 0-55, irrespective of the actual composition, 
heat treatment, tensile strength, or endurance limit 
of the metal in question. The constancy of this 
ratio, which, incidentally, remained to be explained, 
was extremely valuable in laboratory testing, as it 
was possible to estimate the endurance limit, for 
reversed bending tests, very closely indeed. More- 
over, the relation of the Brinell number to the tensile 
strength of steels was a fairly constant value. 
Hence, a Brinell test made on the end of a specimen 
of steel furnished a very satisfactory means of 
estimating the fatigue range of the material. 
This procedure had been found very useful at the 
National Physical Laboratory. In the case of non- 
ferrous metals, on the other hand, the value of the 
ratio varied very widely, and was, consequently, of 
very limited utility in estimating the endurance 
limit. 

In laboratory fatigue tests, the frequency of the 
applied loading was determined, generally, by the 
type of testing machine employed. A common 
frequency was 2,000 cycles per minute; it might, 
however, be as low as 100 or as high as 5,000. To 
effect comparisons between different test data, it 
was necessary to know if the endurance limit was 
dependent on the frequency of loading. The 
importance of the question to designers of high- 
speed machinery also needed no emphasis. The 
problem had been attacked by Haigh, Hankins, 
Gough, and others. Recently, Jenkin had investi- 
gated the effect of frequencies up to 120,000 cycles 
per minute. The present position with regard to 
the effect of frequency upon the fatigue limit was 
that no appreciable speed effect existed up to fre- 
quencies of about 7,000 cycles per minute, at air 
temperatures. With higher frequencies, the fatigue 
strength increased with the frequency at an increas- 
Ing rate, up to the highest frequencies investigated 
(120,000 cycles per minute). 

Turning to the influence of sudden changes of 
section and of surface effects upon the fatigue 
strength of metals, Dr. Gough stated that the 
mathematical theory of elasticity indicated clearly 
that a uniform stress distribution would not be 
obtained at any cross-section where the form or size 
was changing, and that, where the change was rapid, 
the stress concentration effects produced would be 
large. It was necessary to emphasise that when 
metals were subjected to fatigue stresses, the effects 
of stress concentration produced in this way might 
be extremely serious and, in fact, in some cases, 
4pproximated to their full theoretical effect. That 
these effects were not adequately realised, even by 
designers of high-speed machinery, was proved by the 
large number of cases that occurred in which fatigue 
failure was directly attributable to insufficiently 
large fillets on crankshafts, tool marks inside con- 
hecting rods, and file marks even on such articles 
%8 copper pipes. Plate and coil springs might 


which had been found to suffer especially from 
stress-concentration effects. Laminated springs as 
used for lorries, &c., had given considerable trouble, 
particularly during the war, and their performance 
in practice compared extremely unfavourably with 
that of similar spring material when tested under 
laboratory conditions. 

The effect of temperature on the strength of 
materials of construction was of very great theoreti- 
cal and practical importance. At the one extreme 
were the low-temperature conditions associated 
with refrigerating plants and with the high-altitude 
aeroplane. Towards the other extreme were found 
those temperatures to which certain parts of steam 
boilers, engines and turbines, and internal-combus- 
tion engines were subjected, sometimes continuously 
for long periods. At low temperatures, the practical 
problem lay not so much in the direction of providing 
materials possessing sufficient statical strength, as 
sufficient resistance to withstand shocks. These 
demands appeared to have been met in a fairly 
satisfactory manner. The marked tendency of 
engineering materials to flow or creep at elevated 
temperatures, even under moderate stresses, pre- 
sented a serious problem at a time when increases 
in the temperature and pressure of working condi- 
tions were being explored as a means towards higher 
efficiency. The limiting creep stress had been 
defined as that stress under which at some stage 
the rate of creep became zero. For the determina- 
tion of this quantity, relatively long tests were 
necessary, and the order of accuracy of measure- 
ment must be high. 

A consideration of the results obtained by Tapsell 
and his co-workers at the National Physical Labora- 
tory* suggested that the limiting creep stress 
obtained by the methods employed, really repre- 
sented the stress which the material could withstand 
for an indefinite period, without further deformation 
or ultimate failure. If a number of specimens 
were tested at various stresses at a constant tem- 
perature, and the time to fracture were plotted 
logarithmically against stress (log T/log S), a 
straight line was usually obtained. Remembering 
the manner in which the existence of a true limiting 
range of stress at air temperature had been indicated 
by such plotting, it would be seen that the creep 
stress data obtained were insufficient to disclose a 
discontinuity of the curve. This applied, as far as he 
(Dr. Gough) was aware, to similar plottings of all pub- 
lished creep data. The present position, therefore, 
could be summarised by saying that the existence 
of a true limiting creep stress at elevated tempera- 
tures had not yet been established, and that more 
greatly prolonged tests were needed; the rate of 
creep tests, however, strongly suggested that such 
a limiting stress did actually exist at certain elevated 
temperatures. These facts were of importance as 
affecting engineering design. In cases in which 
permanent deformation was permissible and a very 
lengthy life only was required of a machine or 
structural component subjected to fatigue stressing, 
the basis of design should be the endurance limit 
in the range of temperature in which the statical 
creep limit exceeded the endurance limit. For 
higher temperatures the statical creep limit only 
should be considered. If the circumstances did not 
permit of deformation occurring under load, the 
endurance limit and creep limit alike must be 
rejected in favour of the further restricted value of 
the limit of elasticity at the particular temperature. 





NOTES. 


ELECTRICAL RESEARCH. 


ALTHOUGH some of the large electrical manufac- 
turing concerns find it necessary to employ exten- 
sive research organisations devoted particularly 
to the solution of their own problems, many investi- 
gations of general utility to the electrical industry 
can best be carried out by co-operative work. 
That this is fully realised by the manufacturing 
side of the industry may be gathered from the fact 
that the British Electrical and Allied Manufacturers’ 
Association and the Cable Makers’ Association form 
the principal sources of the revenue of the Electrical 





Research Association, which has just issued its 
report for the year ended September 30, 1927, 
From this we gather that much valuable work has 
been done and numerous reports have been issued 
on dielectrics, insulating materials, cables, switch- 
gear, steam turbines and condensers, and other 
subjects. We also note that all reports issued now 
contain a preface briefly indicating the practical 
aspects of the work, a feature which should greatly 
facilitate the application of the results. Research 
work, however, is usually costly, and it is therefore 
not surprising to learn that the Association has 
continually experienced a difficulty in keeping its 
revenue up to the desired standard. In the year 
covered by the report, expenditure has actually 
exceeded income, although the programme of work 
has been greatly curtailed. This is regrettable, 
and it is to be hoped that the appeals for financial 
support made to the Electricity Commissioners and 
to the Central Electricity Board, will be effective, and 
that an increase in the grants received from the 
Department of Scientific and Industrial Research 
will be made. The grants from the latter body, 
however, will cease in three years time, and it will 
be necessary, in the meantime, to discover other 
sources of income if the Association’s work is not 
to be still further hampered by lack of funds. In 
this connection, we may refer to the remarks of Sir 
John Snell, President of the Association for the 
ensuing year, made at a luncheon given at the 
Savoy Hotel, on the occasion of the seventh annual 
general meeting, on the 10th instant. Sir John ex- 
pressed the view that more assistance might well 
be forthcoming from the supply branch of the indus- 
try, since, of the 624 undertakings in this country, 
only 118 were at present contributing to the funds 
of the Association. He appealed to the remainder 
to come forward, and also to the great railway groups, 
of which, he said, only one was at present assisting 
in the Association’s work. This appeal seems by no 
means unreasonable, when it is remembered that 
suppliers and users of electrical energy are likely to 
benefit from the results of research, as well as the 
manufacturers of electrical machinery and appa- 
ratus. 
Puoto-ELEctTRICITY. 


The discourse which Sir William Bragg delivered at 
the Royal Institution on January 20, dealt with the 
relations between light and electricity. Applying the 
term light to all radiations, visible and invisible, Sir 
William stated that the relations between the two 
classes of fundamental phenomena were of unending 
interest, but almost paradoxical. Half the observed 
effects were leading to the view that light consisted 
of undulations, while the other half would force us to 
regard light as corpuscular. Maxwell’s electromag- 
netic theory had appeared to decide the old contro- 
versy in favour of undulations, but new difficulties 
had appeared. About 25 years ago, Einstein pointed 
out that certain phenomena indicated that light, 
like all matter, might be made up of discrete 
particles. Within the past few years, various 
attempts had been made to explain the apparent 
discrepancies, notably by the wave-mechanics of 
E. Schrédinger and L. de Broglie. Dr. Schrédinger, 
of Berlin, had, therefore, been asked to deliver, in 
the Royal Institution, a course of lectures on his 
hypothesis in the beginning of March; Professor 
Whittaker, of Edinburgh, would then give a less 
mathematical summary of the new conceptions, and 
Sir William’s own lecture of that evening was to be 
considered as a kind of prologue. Einstein’s sugges- 
tions had concerned, in the first instance, the 
discharge of electrically-charged bodies by light. 
Sir William showed that a negatively-charged zinc 
plate was discharged by these radiations, and that 
a Wimshurst machine ceased to give sparks when 
radiation fell upon it. The discharge of electrons 
under radiations was much more energetic with X- 
rays than with ordinary light, and still more ener- 
getic with the swift X-raysfrom radium. There was 
thus a transfer of energy from one form of radiation 
to another ; wave motion, on the undulatory theory, 
had handed on its energy to corpuscles. But 
the strange thing was that the velocity at which 
the electrons were ejected depended upon the 
quality or frequency of the rays, and not upon their 
intensity, or, in the first instance, upon the nature 
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of the material. It was as if a plank, dropped into 
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the sea from a ship, caused a plank to be hurled out 
of another ship a thousand miles away. This could 
only be understood on the corpuscular theory that 
the projectiles carried their energy and momentum 
unspent over long distances. When Sir William 
investigated these phenomena 20 years ago, in 
Adelaide, he found that X-rays would- discharge 
an electroscope slowly in hydrogen, more quickly 
in air, and much more quickly in the heavy vapour 
of methyl bromide, because there were few atoms 
from which electrons could be discharged in the 
light hydrogen. In other experiments, he directed the 
radium rays into a lead box provided with entrance 
windows of paper, cardboard, or thin lead foil, and 
with exit windows of the same materials. The 
electroscope mounted in the box was discharged the 
quicker, the denser the material of the entrance 
window ; the exit window had no influence. These, 
and similar, experiments could not really be con- 
sidered as explained before C. T. R. Wilson had 
actually traced the paths of electrons and protons. 
Sir William proceeded to discuss photographs of 
those tracks. What appeared as a ray of a wave 
at one stage, behaved like a corpuscle at another. 
The final picture of the phenomena would include 
light, matter, energy and momentum, and some- 
where in it there would also be wave motion. 


ProGREss IN STEAM RESEARCH. 


A number of progress reports dealing with the 
researches on the properties of steam inaugurated 
by the American Society of Mechanical Engineers 
are published in the February issue of Mechanical 
Engineering, which is the official journal of the 
Society. In giving a summary of the work done, 
Mr. G. A. Orrok stated that, so far, 56,434 dols. 
had been spent on the investigation, and that there 
was a balance in hand of 1,315 dols. The receipts 
last year amounted to 7,124-65 dols. One of the 
reports described the results secured at the Bureau 
of Standards by Dr. N. 8. Osborne, and Messrs. 
H. F. Stimson and E. F. Flock. The investigation 
included a new determination of the absolute mean 
calorie, which was found to be 418-90 absolute 
joules. The corresponding value of Joule’s equiva- 
lent is 778-6 ft. lb. The observers remark that 
their apparatus is complicated and requires very 
careful handling, but they believe their results 
are correct within one part in 5,000. A note on 
the work in progress at the Massachusetts Institute 
of Technology was presented by Mr. L. B. Smith, 
and described measurements made of the pressure 
of steam at different absolute temperatures and at 
certain specified volumes ranging from 5 up to 
20 c.c. per gramme. The range of temperatures 
was from 310 deg. C. up to 400 deg. C. The satura- 
tion volumes have been estimated by extrapola- 
tion, and it is proposed to check these when the 
necessary data have been secured by those in 
charge of the research at the Bureau of Standards. 


TRAINING IN STRUCTURAL ENGINEERING. 


A little handbook, costing 6d., and intended 
to serve as a guide to the examinations con- 
ducted by the Institution of Structural Engi- 
neers, has just been issued by this Institution. 
In the opening section, parents are wisely warned 
that the possession of manual dexterity is not 
necessarily an indication of suitability for the 
engineering profession. Moreover, the days are 
past when influence alone was sufficient to establish 
a footing; in fact some leading firms of civil 
engineers refuse to take pupils who are unable to 
give evidence of adequate educational training. 
This, the pamphlet insists, should start at school, 
and, in addition to mathematical and scientific 
subjects, the course should ensure a good know- 
ledge of English and of at least one of the principal 
modern languages. Technical colleges are dealt 
with in the ensuing section, and it is pointed out 
that to obtain a degree matriculation is neces- 
sary; without it only a diploma will be awarded. 
It may be noted, however, that in the past the 
diploma course of certain technical colleges has 
demanded a higher standard of attainment than 
was required for a degree elsewhere. The advant- 
ages and disadvantages of articled pupilage are 
next discussed, and this is followed by the syllabus 
for the examination for associate membership of 
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the Institution of Structural Engineers, and that 
for admission to the graduate class. The pamphlet 
concludes with a list of universities and technical 
schools where adequate courses are provided. 








REINFORCED-CONCRETE PILES IN 
GRAVEL FILL AT VANCOUVER, B.C:* 


By R. M. Wynne-Epwarps, D.S.0., M.C., 
Assoc. M.Inst.C.E. 


Tue Canadian Pacific Company’s new pier “ B-C” 
at Vancouver, which is designed to accommodate 
trans-Pacific freight and passenger traffic, is about 
1,100 ft. long by 330 ft. wide, and for the greater part 
of its length is divided into halves by four depressed 
tracks. On either side of these tracks there are one- 
storey timber freight sheds on a reinforced-concrete 
deck, which is supported on reinforced-concrete piles 
driven into a gravel fill. The level of the coping round 
the sides of the pier is 6 ft. above E.H.W. and 21 ft. 
above L.L.W., the basins on either side being dredged 
to give 35 ft. at low tide. The gravel fill is 105 ft. 
wide at the top, with sides sloping down at 1 in 2-5. 
It was dredged from the mouth of a river nearby and 
deposited by dump scows, the part above low water 
being placed by a floating clam-shell derrick. The 
particles range from coarse sand to stones 6 in. in 
diameter. The fill contains about 18 per cent. of 
voids. 

The piles are arranged in transverse bents spaced at 
10-ft. centres, every other bent carrying the timber 
columns which support the roof. The designed deck 
load is 600 Ib. per square foot, and the roof combined 
live and dead loads are 50 lb. per square foot. The 
piles are unbraced throughout their length, except for 
a width of 30 ft. round the outer side of the deck, 
where the beams are deepened to act as bracing-struts. 
There are about 5,700 concrete piles of various sizes 
in the structure. The piles are square in cross section 
and range in width from 15 in. to 23 in., and in length 
from 20 ft. to 73 ft. The piles were made of approxi- 
mately a 1 : 1} : 3 mixture of standard Portland cement 
and fresh-water aggregate. 

The concreting-plant employed was mounted on a 
40-ft. flat railway car, moving on standard-gauge 
tracks. ‘Test-cylinders were made each day, half 
of which were stored in water in a room at fairly 
constant temperature and half left lying alongside 
the piles. These cylinders were tested to failure when 
28 days old. Over a period of one month, the average 
ultimate strength of the cylinders cured in the storage- 
room was 4,560 lb. per square inch, while that of those 
cured alongside the piles during the same month was 
3,825 lb. per square inch. 

The piles were cast horizontally, and, as the work of 
precasting progressed, it became necessary to conserve 
space. In order to do this, every other pile in a row 
was first cast, the piles being so arranged that there 
was a clear space between each of exactly the width 
of a pile. Thus, after the concrete had set and the 
forms were removed, the sides of the piles already 
cast made the side forms of the intermediate piles. 
This necessitated a special device for lifting the piles 
when they were required for driving. This method of 
casting was found to be very successful, and consider- 
able space was saved. The piles were kept wet for 
20 days after casting. In order to avoid unnecessary 
risks of damage due to handling, as a general rule piles 
were left where they were cast until they were required 
for driving. They were then lifted by a locomotive 
crane and transported on flat cars and barges to the 
pile-drivers. 

Occasionally it was found necessary to store piles, 
and the defects arising in the pile due to such 
storage, and also the method of overcoming them, are 
noted. For various reasons, the piles were designed 
to be picked up at two points only, and for this purpose 
slings connected by an equaliser were used. This 
method of handling proved quite successful, and did 
not cause cracks, in spite of the fact that the concrete 
was temporarily considerably overstressed. 

Two pile-drivers were used, one on land, moving 
on falsework, the other being a floating driver. The 
latter was entirely self-contained and was used to drive 
all the larger piles. A No. 0 Union double-acting 
hammer, which developed 19,000 ft.-lb. of energy in 
its blow, was used on the land driver, and a No. 00 
Union double-acting hammer, with a reduced stroke, 
developing 20,400 ft.-lb., was used on the floating 
driver. The followers which covered the head of the 
pile during driving were made of cast steel and spruce 
boards ; hardwood and steel plates were used to cushion 
the blow. 

Considerable experimental work was done in the 
use of water-jets to assist the penetration of the pile, 
both external and internal jets being tried. In both 
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cases, special types of jet-points were evolved. Though 
both kinds materially increased the rate of penetration, 
the internal jets were greatly superior to the external 
ones, in both ease of manipulation and effect. 

During driving about 2 per cent. of the piles de- 
veloped cracks, which, in the great majority of cases, 
appeared as fine hair lines. All such cracks, both 
above and below water, were carefully repaired. The 
concrete was found by experiment to be very imper- 
vious to water, and it was not thought desirable to 
apply any form of waterproofing to the surface of 
the piles after they were driven. One pile was inten- 
tionally badly cracked before driving. This pile 
was driven among the other piles but was cut off 
below deck level. It is hoped that, by observing it 
over a period of years, information may be obtained 
on the effect of cracks on subaqueous reinforced- 
concrete structures. 





ELECTRICITY SUPPLY IN THE 
UNITED STATES. 


A DETAILED account of the progress made in the 
consumption of electricity in the United States during 
1927 is given in the Electrical World for January 7, 
1928. It appears that 4,409 undertakings were supply- 
ing 21,694,100 consumers and obtaining a gross revenue 
of 1,783,000,000 dols. (356,600,000/.). Operating and 
maintenance expenses amounted to 767,000,000 dols. 
(153,400,000/.) and taxes of all kinds to 150,000,000 
dols. (30,000,000/.). The capital raised during 1927 
exceeded 2,100,000,000 dols. (420,000,000/.), of which 
sum 240,000,000 dols. (48,000,000/.) was obtained from 
consumers and employees. The electricity gene- 
rated amounted to 75,100,000,000 kw.-h., of which 
29,000,000,000 kw.-h. was from water-power stations 
and 46,100,000,000 kw.-h. from fuel-burning stations. 
The generator capacity was 29,000,000 kv.-a., of which 
8,775,000 kv.-a. was driven by water power. 

In the course of a statistical article, Mr. G. F. 
Wittig states that, since 1921, the generation of elec- 
tricity in public undertakings has increased at an 
average rate of nearly 7,000,000,000 kw.-h. annually, 
which has necessitated an annual net increase of 
3,000,000 kv.-a. of generating plant. The revenue for 
1927 shows an increase of 8 per cent. and the output 
an increase of 9 per cent. over the previous year. An 
interesting feature is the increasing sale of energy 
between the undertakings, a state of things made 
possible by interconnection. It now amounts to one- 
fifth of the total generated, or 14,700,000,000 kw.-h., 
compared with 7,400,000,000 kw.-h. in 1923. Since 
1919, the average coal consumed per kw.-h. generated 
has fallen from 3-2 lb. to 1-85 lb., a decrease which 
represents an annual saving of no less than 34,000,000 
tons of coal. The cumulative savings in the last eight 
years amount to nearly 140,000,000 tons. Some 
1,650,000,000 kw.-h. was imported from Canada. It 
appears that the consumption of electricity exceeds 
1,000 kw.-h. per head of population per annum in the 
following States: Montana (2,020 kw.-h.), California 
(1,685 kw.-h.), Idaho (1,560 kw.-h.), Washington 
(1,267 kw.-h.), West Virginia (1,260 kw.-h.), and New 
York (1,025 kw.-h.). In Missouri, on the other hand, 
it was as low as 37 kw.-h. Such statistics as these, 
however, must obviously be applied with care. Nearly 
75 per cent. of the electricity generated is consumed 
in the Atlantic and North Central States. 

The consumers served are roughly divided into 
residential (17,596,400), commercial (3,166,570), and 
industrial (931,140) classes. The average rate of 
increase over the preceding year was 7 per cent., New 
York and New Jersey both being over 10 per cent. 
It is estimated that about 63 per cent. of American 
homes are now electrified, and that these are occupied 
by roughly 64 per cent. of the population. In the past, 
the net increase in consumers far outran the growth in 
population, the turning point being reached in 1924, 
when about 2,000,000 consumers were added. In the 
next three years, the increases were 1,700,000, 
1,700,000 and 1,500,000 respectively. In two decades, 
the increase in consumers has been more than tenfold. 








Finspury TECHNICAL COLLEGE OLD STUDENTS 
AssocIaTion.—The sixteenth annual dinner of the 
Finsbury Technical College Old Students’ Association 
will be held at the Engineers’ Club on Friday, March 2. 
Tickets may be obtained from Mr. H. P. Guy, Hadley, 
Station-road, New Barnet, Herts. 





Concrete WATER Conpuits.—In our issue of January 
27, page 111, we recorded an interesting experience 
with concrete water conduits, and, in connection with 
this, gave Grenoble as the address of the Société Anonyme 
des Chaux et Ciments de Lafarge et du Teil. The address 
of the headquarters of this company is actually Viviers, 
a town in Ardéche, France. The firm’s works are at 
Lafarge, Le Teil, Cruas, Valdonne, Baus-Roux, Contes- 
les-Pius, Fos-sur-Mer, and Vitry-le-Frangois, while the 
Lafarge Aluminous Cement Company, with works at 








West Thurrock, operates in this country. 
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THE BRITISH INDUSTRIES FAIR 
AT BIRMINGHAM. 


Ir is possible that many British firms find them- 
selves somewhat on the horns of a dilemma as 
regards the various exhibitions which are held 
throughout the country. The expense of staging 
an appropriate exhibit—particularly if it be shown 
in motion—must often be very considerable, and 
the events of the last few years certainly suggest 
that a careful conservation of reserve funds is emi- 
nently desirable. On the other hand, an absten- 
tion from exhibitions undoubtedly places a firm at 
a disadvantage if their competitors are showing. 
Upon the whole, therefore, it would appear that the 
soundest policy would be for a firm to concentrate 
upon making a good display at the leading exhibi- 
tion for their particular products, and to stage a 
smaller exhibit at others of a more general nature. 
This policy appears to be very generally followed, 
but that it is by no means universal is shown by the 
almost entire absence of even a small display by 
British machine tool makers at the last Shipping, 
Engineering, and Machinery Exhibition. We com- 
mented on this at the time, and another instance 
arises in connection with the heavy section of the 
British Industries Fair, which opens at Castle 
Bromwich on Monday next. In this case the entire 
abstention of several of our leading firms, as shown 
by the list of exhibitors, is very noticeable, and it 
is particularly striking that quite a number who have 
made a practice of exhibiting at the Fair in the past 
will no longer be represented. 

The explanation probably lies in the fact that at 
the time when it was necessary to book space 
for the exhibition, prospects were particularly bad, 
and the only policy open appeared to be one of 
severe retrenchment. None the less, it is at least 
arguable that the attitude of non-participation is 
a mistaken one. The British Industries Fair is 
the only exhibition—apart from Wembley, which 
need no longer be considered—which is comparable 
with those of a national character held in other 
countries, and which are visited by buyers from all 
parts of the world. To appreciate the significance 
of this fact, it must be borne in mind that the 
method of doing business in the less-developed 
countries differs very considerably from our own. 
Imported machinery is often handled by agencies 
which deal indifferently in anything which comes 
their way, from heavy machinery to soft goods, and 
the Fair offers the exact opportunity which the 
heads of such agencies require to familiarise them- 
selves with a wide variety of products. It is 
obvious that such people cannot be experts in every 
direction, and that they will be more impressed 
by the sight of an actual machine in operation, and, 
incidentally, by the blandishments of the manu- 
facturer’s representative, than the specialised 
visitor to, say, a machine-tool exhibition. 

As is now very generally known, the Fair receives 
a& measure of Government support through the 
Department of Overseas Trade, and this support 
is entirely given, at any rate in so far as concerns 
the Birmingham section, in the direction of encourag- 
ing the foreign or Colonial buyer. Without quoting 
figures which are almost impossible to check, the 
success of the Fair in this direction is undoubted, 
and is, in fact, sufficiently proved by the rapidly 
increasing demands for space, which would certainly 
not occur if the exhibition were merely comparable 
with the various other local exhibitions. We referred 
last year to the building extensions, made in 1926, 
to meet this demand, and before the present Fair 
opened it was found necessary to add a further 
105,000 sq. ft. of exhibition space. The Fair 
buildings are now the most extensive of their kind 
in the British Isles, and apart from their distance 
from Birmingham, which cannot well be altered, the 
ast serious criticism which could be made against 
them has been removed by the elimination of the 
two long and draughty corridors between the two 
main blocks, with which regular visitors were only 
too painfully familiar. We have frequently com- 
mented on the unsatisfactory nature of the train 
Service from Birmingham, which offers the only 
alternative to a somewhat tedious motor-’bus jour- 
hey, and it is satisfactory to note that this year the 
London, Midland, and Scottish Railway Company 
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bridge from the station at Castle Bromwich direct 
to the Fair buildings. 

Turning now to the actual exhibits, there 
will be a noticeable reduction, as compared with 
the last Fair, in the number of firms exhibiting 
woodworking machinery, and this is certainly 
regrettable, in view of the developments that have 
taken place in this class of machinery in the past 
12 months. Of the firms actually exhibiting, 
Messrs. Wadkin and Company, Green Lane Works, 
Leicester, have a particularly interesting display of 
machines in operation, including the two entirely 
new models which we illustrate in Figs. 1 to 4, 
on Plate XIX. The machine illustrated in Figs. 1 
and 2 is an automatic cross-cutter, arranged with 
individual direct-connected motor drive. We have 
previously commented on the particular advantages 
of direct drive for wood-working machinery, which 
is usually driven by belt from shafting housed in 
trenches, making the drive very inaccessible. 
Generally speaking, cross-cutting operations are 
usually regarded as approximate only, but the 
machine illustrated has been specially designed for 
accurate work. This has been accomplished by 
the rigid mounting and special construction of the 
saw carriage, ensuring that the saw moves. in a 
perfectly straight line. It may be mentioned, in 
this connection, that the timber remains stationery, 
the saw moving through the cut. The machine is 
entirely automatic in operation, the operator merely 
having to press the foot lever to cause the saw to 
move forward. A quick return is provided, and 
the slide stops automatically on completion of the 
back stroke. 

The main frame, of which the general form can be 
clearly seen in Fig. 1, is a heavy casting, accurately 
machined to receive the saw carriage and the feed 
motion. The saw carriage is provided with strong 
square slides of ample width, provision being 
made to take up wear. The length of stroke may 
be varied, by means of a screw and hand lever, 
to suit the different widths of material to be cut 
off, the exact width being indicated by a scale. 
The carriage is bored out to receive the motor 
trunnion. The motor has been specially designed 
for the machine, and is of 5 h.p. It is fitted with 
a roller bearing close to the saw, and a ball bearing 
at the opposite end, with provision for taking end 
thrust. 

The power-feed motion is mounted on the main 
frame, and drives the crank, operating the saw 
carriage, through the medium of a worm and worm- 
wheel. This gear is totally enclosed, and runs in 
oil. The feed shaft is mounted on ball and 
roller bearings, and is provided with two speeds 
to give suitable rates of feed to the saw carriage, 
according to the width and class of timber which 
is being cut. The crankshaft is mounted on extra- 
heavy type ball bearings. A clutch is fitted to the 
shaft, the clutch being automatically thrown out of 
gear at the end of each stroke of the saw carriage. A 
ball thrust washer is fitted to the clutch to take 
end thrust. The whole of the crank mechanism 
is totally enclosed inside the main frame. At the 
same time all parts are accessible through a door. 
When cutting timber which is light and can be 
quickly manipulated, the throw-out motion can be 
put out of operation immediately, so that a con- 
tinuous backward and forward motion is given to 
the saw carriage. 

The saw guard is arranged to give maximum 
protection to the operator, and is hinged for con- 
venience in changing and sharpening the saws. 
A dust hood is fitted to the main frame, and is 
provided with a nozzle for connecting up to an 
exhaust system. The saw table is of metal prac- 
tically throughout, the frame work being of heavy 
section steel angle, securely bolted to cast-irom legs. 
The anti-friction rollers are mounted on totally 
enclosed ball bearings, so that they easily revolve 
as the timber is passed over them. The table sur- 
face between these rollers consists of stout sheet 
metal plates secured to the steel framework. A 
steel fence, accurately machined, is fitted at the 
back of the left-hand table, and is adjustable to 
or from the saw. The standard table is made in 
two sections, each of which is 8 ft. long. An auto- 
matic stop bar can be supplied as shown in Fig. 2. 
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This fitting dispenses entirely with the necessity 





of marking out, and has special advantages for 
repetition work. This attachment is supplied as 
standard with three automatic stops, but any number 
of additional stops can be supplied if required. 
The standard saw fitted is 18 in. in diameter, 
giving a cut 20 in. wide by 4} in. deep. The saw 
spindle runs at 2,800 r.p.m. The top of the table 
is 2 ft. 84 in. from the floor, the length being 16 ft. 
The machine weighs 154 cwt. 

The other new machine shown by Messrs. Wadkin, 
illustrated in Figs. 3 and 4, is a 36-in. roller-feed 
circular saw. The machine is of the under-driven 
type, and embodies a number of interesting features, 
of which perhaps the most striking is the provision 
of a change-feed gear box in place of the usual 
‘belt gear. The feed can be started, stopped, or 
changed while the timber is being fed through the 
machine. 

The main frame is a one-piece casting, designed 
to give full protection to the operator from the part 
of the saw below the table. The latter is fitted with 
anti-friction rollers at the front, as shown in 
Fig. 3, and the front portion of the table can be 
drawn back for convenience in changing saws. 
The saw spindle runs in three heavy-type ball bear- 
ings. Two of these are mounted in the main 
frame, while the third is carried in a pedestal 
bolted both to the main frame and to the floor. The 
feed motion incorporates a belt drive from the main 
driving shaft to a horizontal shaft mounted at the 
base of the main frame, at the left-hand end as viewed 
in the first illustration. This shaft in turn drives 
a vertical spindle, enclosed in the casing visible in 
the figure, through worm gearing, and this spindle 
in turn is coupled to the primary shaft in the gear 
box by bevel pinions. The box is totally enclosed, 
and three rates of feed are provided, the required 
feed being engaged by the lever visible in Fig. 3 
above the handwheel. 

The feed rollers are of steel with machine-cut 
teeth. They are keyed to the driving shaft, and are 
adjustable vertically to suit varying depths of 
timber. They are carried on a circular slide, as 
shown in Fig. 3, and can be adjusted horizontally 
to suit the size of saw being used, the motion being 
controlled by the handwheelshown. The feed rollers 
can be canted up to 15 deg. in either direction as 
shown in Fig. 4. The pressure of the rollers is re- 
gulated by weights, the latter being controlled by a 
hand wheel and pedal. The controlling gear is 
clearly visible in Fig. 3. When desired, the feed 
rollers can be swung clear of the table, and the anti- 
friction rollers detached from the fence, leaving 
the machine clear for hand-feed work. 

The fence is of very rigid construction, and is 
moved across the table by means of the hand lever 
visible on the right in Fig. 3. Avscale is provided 
on the table to facilitate accurate setting. The 
fence can be canted up to 48 deg. for bevel sawing, 
and the front plate is adjustable horizontally to 
suit different diameters of saws. As shown in 
Fig. 3 anti-friction rollers are provided on the fence, 
and these can be adjusted in height to suit the depth 
of material being sawn. The machine is provided 
with the usual saw guard and swage knife. The 
guard is raised or lowered by a screw, so that it is 
impossible for it to drop accidentally on to the 
saw. 

The table is 5 ft. 6 in. long by 2 ft. 9 in. wide, 
and the surface is 2 ft. 74 in. from the floor. The 
maximum depth of cut, using the largest saw, is 
13} in. ; the distance between the front of the table 
and the saw is 103 in., and the maximum distance 
between the saw and the fence is 12in. The machine 
can be supplied with a cone pulley, fitted to the saw 
spindle, to give two speeds. In this case rates of 
feed of 33, 50, 56, 84, 94 and 140 ft. per minute 
are available, while if the machine is arranged for 
one spindle speed only, the corresponding rates of 
feed are 33, 56 and 94 ft. per minute. The normal 
saw spindle speed is 1,200 r.p.m., the alternative 
speed available with the cone pulley being 1,800 
r.p.m. The machine weighs 37 cwt., and can be 
supplied with direct motor drive if required. 
Although the position of British firms manufac- 
turing large oil engines, particularly for marine use, 
cannot be considered altogether satisfactory, the 
reverse is the case as regards engines of moderate 
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engines, whether running on light or heavy fuels, 
and the display which will be made at the Fair by 
the leading makers suggests that we are fully main- 
taining our position in this direction. Practically 
all the designs exhibited can be relied upon to give 
good economy with low upkeep costs, and the ex- 
perience gained in their use has been so extensive 
that they have become practically standardised. 
In the great majority of cases, the examples to be 
exhibited do not differ materially from those shown 
at previous exhibitions, and already described in our 
columns. To quote a few typical examples, Messrs. 
Ruston and Hornsby, Limited, Lincoln, will be show- 
ing a 20-b.h.p. horizontal cold-starting oil engine, and 
a 57-b.h.p. three-cylinder vertical engine of the same 
type. Several of Messrs. Ruston and Hornsby’s 
horizontal engines have been described in our 
columns in the past, while a description of the three- 
cylinder vertical engine will be found on page 230 
of vol. cxxi. The same firm are showing a two-stage 
air compressor, belt driven from an alternating 
current motor, for changing air reservoirs. 

Messrs. Crossley Brothers, Limited, Openshaw, 
Manchester, will be exhibiting oil engines built at 
each of their four factories. Among those with which 
we have already dealt may be mentioned one of their 
vertical two-stroke engines, similar to that described 
on page 231 of vol. cxxi of ENGINEERING, and a 
3 b.h.p. paraffin engine, similar to that described 
on page 732, of vol. cxxii. An engine shown by this 
firm, with which we have not previously dealt, is illus- 
trated in Fig. 5, on Plate XX. This engine is manu- 
factured by their affiliated company, The Premier 
Gas Engine Company, Limited, Sandiacre, and is 
of the three-cylinder horizontal pattern, having a 
normal rating of 150 brake horse-power at 275 r.p.m. 
The cylinders are 12 in. diameter, and the stroke of 
the piston is 20 in. The bedplate is of box pattern, 
and is heavily ribbed and cast in a single piece. 
The main bearings have cast-iron shells, which are 
white metal lined. The water-jacket casting 
carries the three-cylinder liners. It is attached to 
the main bedplate by a broad flange, and is sup- 
ported below on cast-iron stools. The liner, and 
the breech end of the cylinder, form one casting, 
so that the usual joint, which often gives trouble, 
between the liner and the breech-end piece is 
entirely dispensed with. A circular plate closes the 
water spaces at the back end of the cylinder, and 
when this is removed, full access is given to all parts 
of the cylinder water space. 

The crankshaft is a solid forging, and in accordance 
with usual practice, is drilled for crankpin lubri- 
cation, the oil from the lubricating pump being 
delivered by oil rings fastened to the crank-cheek. 
Hinged oil guards of planished steel entirely cover 
the crank-pits, and these guards may be thrown back 
onto supporting castings mounted on the bedplate. 
After a further sliding oil guard in front of the 
liner end is lifted, the whole of the crank-case is 
open to inspection, as well as the connecting rods 
and the piston ends. The fuel pumps are directly 
over the back camshaft, which is driven by gearing 
from the crankshaft through a side shaft com- 
pletely encased, as shown in Fig. 5. All the gears 
work in oil baths, so that silent operation may be 
obtained. The arrangement is such that the fuel 
cams, which are secured to a disc keyed on to the 
camshaft and are adjustable, operate the fuel pump 
plungers by means of rollers fitted to a swinging 
lever. These levers, in turn, press against a guided 
sliding piece, so that a direct central thrust is 
obtained on the plunger. Each pump is provided 
with two suction and two delivery valves. Hand- 
priming levers are also fitted to all the fuel pumps. 
The amount of fuel which is actually delivered to the 
cylinder is determined py a mechanically-operated 
by-pass. vaive, which is wedge-controlled by the 
governor. From the governor, which is direct driven 
from the crankshaft, a tension rod is carried along 
the side of the engine, and operates an oscillating 
shaft, which runs parallel to, and above, the cam- 
shaft. 

Oil is delivered to the main bearings by an oscillat- 
ing valveless pump, visible in the illustration, driven 
from the side shaft already referred to. The pump 
draws its supply from an oil tank immediately below 
it, and delivers oil into a pipe system supplying the 
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estal well above the main bearings. The delivery is 
effected through needle valves, which are adjustable, 
and a glass cover enables the oil supply stream to be 
clearly seen. The discharge pipes reach nearly to 
the top of the oil-box, and oil is delivered to them 
through syphon wicks, which serve to intercept any 
grit or dust, and at the same time, in the event of the 
oil supply from the pump ceasing, will lubricate the 
bearings for a considerable time from the supply of 
oil already contained in the distribution boxes. 
Visible oil feeds are arranged for each of the main 
bearings, for the governor, and also for each of the 
crank-pins. The oil drained from the crank-pit 
passes out into one of two filters, either of which can 
be served by a swinging discharge pipe, enabling one 
to be cleaned while the other is in operation. The 
pump is provided with a small cylinder containing a 
spring-loaded piston, which helps ta maintain a 
constant pressure of lubricating oil in the system 
supplying the sight-feed lubricators. It operates by 
opening a port in the cylinder, by-passing the oil 
back to the storage tank when the pressure rises 
above the desired amount. 

The electric-generating plant illustrated in Fig. 6, 
on Plate XX, will be shown by Messrs. Petters, 
Limited, Westland Works, Yeovil. It has an output 
of 8 kw., and is therefore suitable for lighting fairly 
large buildings such as factories or institutions, or 
for small vessels. The engine is of the maker’s 
well-known S type, designed for working on crude 
or residual oils, although it should be stated that 
these engines operate equally- satisfactorily on 
paraffin or gas oil. We have described these engines 
on more than one occasion in the past, and it will 
therefore be sufficient to recall that they operate 
on the two-stroke cycle, with direct fuel injection. 
The cyclic variation does not exceed 1 in 80. They 
are started either by means of a torch or an elec- 
trically-heated coil, as may be preferred, and a 
compression-relief valve is fitted to give an easy 
turnover. The main crankshaft bearings are 
lubricated from oil wells by floating rings, and all 
other bearings, together with the piston, are supplied 
from a positive sight-feed lubricator, which can be 
clearly seen in the illustration. The fuel consump- 
tion is in the neighbourhood of one-half pint per 
brake horse-power hour. The design is very 
compact, and an exceptionally large flywheel is 
fitted to ensure steady running. 

Messrs. Petter will be showing a variety of other 
engines in addition to that illustrated. These 
include 18 to 21 b.h.p. and 12 to 14 b.h.p. single- 
cylinder units of the same type as that described, 
an 18-b.h.p. twin-cylinder marine engine, a 3-kw. 
electric-lighting set, small petrol and paraffin engines, 
and a 70-b.h.p. heavy-oil engine. The majority of 
these exhibits have been previously described in 
our columns, and we may refer particularly to the 
portable horizontal engine described on page 70 of 
vol. cxx, the 24 b.h.p. marine set, and the 1-kw. 
lighting set, dealt with on page 315 of vol. cxxiv, 
and the 70-b.h.p. marine unit described on page 510 
of vol. eviii. 

The firm of Messrs. Marshall, Sons and Company, 
Limited, Britannia Ironworks, Gainsborough, will be 
showing a new 60 brake horse-power two-cylinder 
heavy-oil engine, together with one of their standard 
horizontal engines of 16 brake horse-power. The 
new engine is illustrated in Fig. 7, on Plate XX, from 
which it will be seen that many of the characteristics 
of their earlier vertical models are retained. The 
engine operates on the two-stroke cycle, and is 
capable of carrying an overload of 10 per cent., for 
short periods, when working on fuel oils having a 
calorific value of not less than 19,000 B.Th.U. per lb., 
and a specific gravity not exceeding 0-9. The 
general construction of the engine will be clear from 
the illustration, the cylinders being cast separately, 
and fitted with detachable heads. Removable liners 
are fitted made from special close-grained iron. 
The usual provision is made for expansion by means 
of a packing gland. A cast-iron piston is employed, 
with a hardened-steel gudgeon pin. The connecting 
rod is a mild-steel forging, machined all over, and 
the crankshaft is also machined from a mild-steel 
forging. The main bearings are adjustable and are 
white-metal lined. The flywheel is of cast iron, 
machined on the face and edges of the rim. A 





oil-distributing boxes, which are mounted on a ped- 


governor of the spring loaded centrifugal type is 


[FEB. 17, 1928. 


mounted on the end of the crankshaft, and operates 
by regulating the quantity of fuel supplied to the 
atomisers. The fuel pumps are mounted behind the 
governor, and are driven from the crankshaft. 
The circulation of the cooling water through the 
jackets is assisted by a centrifugal pump, belt- 
driven from the crankshaft. The electrical plug 
method of starting is employed, the batteries being 
maintained fully charged from a suitable dynamo. 
We understand that engines of this type will be 
built in a series of varying horse-power. 

In arranging their display at this year’s British 
Industries Fair, the General Electric Company, 
Limited, of London, W.C.2, have selected certain 
typical examples of the products of their various 
factories and have thus included traction plant 
and motors for industrial work, cables, domestic 
electrical appliances and wireless equipment, as 
well as models of a Fraser and Chalmers impact 
pulveriser, connected to a Lancashire boiler, and of 
the heavy-oil engine, made by the same firm, among 
the equipment shown. 

From the engineering point of view, probably the 
most interesting of the exhibits is the all-electric 
two-motor control equipment and 240 h.p. direct- 
current motor, a combination which has recently 
been the basis of a large contract between the firm 
and the London Electric Railways Company. This 
control equipment, mounted on a frame for exhibi- 
tion purposes, is shown in Fig. 12, on Plate XXI. In 
this connection it may be recalled that the trains on 
the London Underground Railways are made up of 
three, six or seven-car units, of which one, two or 
three cars are fitted with motors. The service is one 
of the heaviest in the world, and the conditions of 
endurance and reliability, which the plant used 
must obviously fulfil, is increased by the collection 
of highly conductive dust, which is produced by 
braking. Each motor car is equipped with two 
240 h.p. motors, which during the accelerating 
period are controlled by the ordinary resistance 
and series-parallel arrangements. The power cir- 
cuits are closed, altered and opened by contactors, 
which are in turn energised from a master controller 
in the driver’s cab. The acceleration is entirely 
automatic, and is controlled by relays in the main 
motor circuit. The control circuits, which actuate 
the contactors, pass through these relays, correct 
operation being ensured by a series of sequence 
interlocks. The contactors are also provided with 
change-over interlocks, which change the contactor 
coil circuit from the lead passing through the relay 
to a “retaining” lead, which is connected direct 
to the master controller. The circuit-breakers are 
normally controlled from the driver’s cab and are 
provided with an overhead release. They can also 
be tripped and set by hand. The reverser is of the 
ordinary drum type and is also electrically operated, 
being so interlocked with the rest of the equipment 
that unless it is thrown into a position corresponding 
with that of the master-controller the main motor 
circuits cannot be energised. 

Including the “off” position, there are five 
positions on the master-controller. The first con- 
nects the motors and all the resistance in series and 
is mainly used for shunting and depot work. On 
the second, or “series,” position, the resistance is 
gradually cut out, the motors still being in series. 
The next position puts the motors in parallel with 
all the resistance in circuit, while in the last the 
resistance is gradually and automatically removed, 
until full parallel working is obtained. In normal 


position at once, the above operations being then 
effected automatically in the correct sequence. 
The high torque squirrel-cage motor, illustrated 
in Figs. 8 to 10,on Plate XXI, which is being 
shown on the same stand, has been placed on the 
market to take advantage of the greater lati- 
tude now allowed by supply authorities in the 
matter of the amount of current taken at starting. 
Its characteristics enable it to be used where 
previously a slip-ring machine would have been 
necessary. When switched direct on to the 
supply, its starting torque is stated to be twice 
the full-load torque with four to five times the full- 
load current, while an ordinary squirrel-cage motor 
only gives 120 per cent. of the full load torque with 
six times the full load current. With star-delta 
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Fie. 11. Contactor Type Star-Detta Fig. 12. 
STARTER; Messrs. THE GENERAL 
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LESSRS. THE British THomMson-Hovuston CoMPANY, 
LIMITED. 


TRACTION ConTROL EQuirpMENT; Messrs. THE GENERAL ELECTRIC COMPANY, 
LIMITED. 
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Fic. 14. WetprEp-STEEL Case Crrcuit-BREAKER FOR MINING WorK; 
Messrs. GEORGE ELLISON. 
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18. Avromatic TEMPERATURE INDICATOR; Messrs. A. 


REYROLLE AND Company, LIMITED. Vide 
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starting, the high starting torque motor has a start- 
ing torque of 60 per cent. of the full load torque with 
one and a-half times the full load current, while the 
squirrel-eage motor, under the same conditions, 
only gives 40 per cent. of the full load torque and 
takes twice the full load current. 

The design of the motor is generally in accordance 
with that of the firm’s standard machines with the 
important exception that the rotor has two windings. 
One of these, consisting of comparatively small bars 
of high-resistance is placed near the rotor periphery ; 
the other, which is made up of larger bars with as 
low a resistance as possible, is arranged lower down 
in the rotor core. The effect of placing the first 
winding close to the periphery is to reduce its 
reactance to a minimum. On the other hand, 
the reactance of the second winding is intentionally 
increased by providing a leakage path between it 


and the outer periphery. The effect of this arrange- | 


ment may be explained by first considering a squirrel 
cage motor with a high-resistance winding. The 
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As in former years, the British Thomson-Houston 
Company, Limited, of Rugby, will be showing a 
representative range of both alternating and direct- 
current motors, an important feature of which is 
that the essential dimensions are identical in the 
two cases. They are designed for both vertical 
and horizontal operation, and for the widest range 
of outputs. At this year’s Fair, a special exhibit 
of fractional horse-power motors will be made, 
but as the details of these machines are well known, 
and were dealt with by us in our account of the 
1927 Fair, we may pass on to the control equip- 
ment that is to be shown, among which, in 
addition to various improvements in standard 
patterns, some novelties will be found. 

Mention may first be made of an ironclad oil- 
immersed triple-pole thermal circuit breaker which 
is illustrated in Fig. 13, Plate X XI, and in Fig. 19, 
below. This is provided with push-button control, 
and is primarily intended for use with three- 
phase induction motors, operating on pressures not 
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tact is ensured by a wiping action, and no arcing 
takes place on the contact faces when the circuit is 
broken. If required, a moving-iron ammeter 
can be mounted on the top of the cable connection 
chamber. As already stated, the breaker is operated 
by push-button switches with spring release, the 
switches, as shown in Fig. 13, Plate XXI, being 
mounted on the base of the breaker. The push 
buttons themseives are fixed on the case, or at one 
or more distant points, to permit of remote control. 
A third possible arrangement is to incorporate these 
switches on the rotor starter, so that when the first 
contact on the latter is made, the breaker is closed 
automatically. Pressing the “on” button, see Fig. 19, 
energises the closing coil, which is connected across 
two phases of the main circuit. This causes the 
appropriate armature to operate, and to bring about 
a quick positive action between the fixed and moving 
contacts through a toggle mechanism. At the moment 
the breaker is closed, the circuit of a retaining coil 
is also closed through an auxiliary switch on the 





























Fic. 19. O-IMMEerRsepD THERMAL Circuit BREAKER; MEssrs. 
British THomson-Houston Company, LIMITED. 


characteristics of such a machine are similar to those 
of a slip-ring motor with a resistance permanently 
connected to the slip rings. The starting current 
of such a motor is comparatively low, but its slip 
is large, and its efficiency poor. On the other hand, 
a squirrel-cage motor with a low resistance and high 
reactance winding has a low starting torque, but 
its slip is low and its efficiency satisfactory when 
it has reached full speed. The object of the high 
starting torque motor is to combine the favourable 
characteristics of both these machines. The results 
are that the speed alters very little between no load 
and 25 per cent. overload, and that above the latter 
load the characteristic is similar to that of a 
direct-current series motor. Instead of falling out 
of step on a heavy load, as does an ordinary 
induction motor, the speed of this motor is, it is 
claimed, automatically reduced to suit the prevail- 
ing a conditions, and it is quite stable at all 
Speeds, 

A contactor type star-delta starter with push- 
button control for use with this motor is also being 
exhibited, and is illustrated in Fig. 11, on Plate XXI. 
The panel on which this equipment is mounted 
18 of slate, and is contained in a steel plate case, 
the apparatus comprising a triple-pole “delta ” 
contactor, a double-pole “star” contactor and a 
timing relay. The various contactors are mechani- 
cally and electrically interlocked, and a small fuse, 
as well as three time-limit overhead relays, is pro- 
Vided in the operating coil circuits. 
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exceeding 600 volts. The conditions under which 
such motors frequently run nowadays make it 
desirable that they should be able to sustain 
considerable overloads for short periods. At the 
same time, arrangements must be made so that they 
will be disconnected if the overload is continuous, 
or if any irregularity, either on the motor itself 
or on the supply circuit, occurs. This breaker is 
so arranged that five to six times the normal current 
can be carried at starting without tripping occurring. 
On the other hand, it will operate if an overload 
persists sufficiently long to cause risk of injury to 
the insulation, or if a breakage on one phase or a short 
circuit on the motor windings or leads takes place. 
An important feature is that the motor cannot be 
started, except by hand, when any of the above 
causes of failure is removed. 

In designing the breaker, special attention has 
been paid not only to the mechanical and electrical 
details, but to accessibility and compactness. The 
latter feature may be illustrated by saying that the 
30-ampere size measures only 8} in. high by 72 in. 
deep by 6 in. wide. The mechanism is mounted 
on an insulating base, which is secured to the connec- 
tion chamber. This chamber, to which the oil 
tank is also attached, is designed so that there is 
ample room for the connecting cables, the oil tank 
itself being further held in place by the metal top 
cover of the circuit-breaker. Both the fixed and 
moving contacts are of the contactor type, and 
are provided with renewable sparking tips. Con- 


O1-IMMERSED DovusLe-BREAK CiRcUIT BREAKER; 
Messrs. British THomMson-Houston Company, LimIrep. 


middle moving contact, so that the closing arma- 
ture is retained in position. When the “off” 
push-button is pressed, the energising coil is discon- 
nected from the main circuit, and the breaker 
contacts are separated with a quick-break action. 
The actual position of the breaker contacts is shown 
by an indicator. 

The discriminating action of the breaker on 
overloads, to which reference has been made above, 
is due to a combination of a three-phase magnetic 
overload element and a thermostatic device. The 
overload element is energised by one series turn per 
phase, so that when the current exceeds a pre- 
determined amount, an armature is attracted and 
actuates the “ off ’’ push-button switch, thus causing 
the breaker to trip. The thermostatic device 
consists of a bi-metallic strip in each phase, the 
bending characteristic of this strip being propor- 
tional to the current. The bending of these strips, 
in excess of a certain curvature, causes them to 
engage with the armature of the overload element 
and to decrease the air-gap between this and its 
operating coil. Quick action is assisted by the 
overload current itself. The standard sizes of this 
type of breaker are 30, 60 and 100 amperes., and 
calibration within a wide range to meet particular 
cases is possible. 

Mention may also be made of a second new type 
of circuit-breaker which this firm will be showing. 
This is of the ironclad oil-immersed, double- 





break type, for three-phase circuits up to 660 
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volts, and is illustrated in Fig. 20, on page 205. 
This, like the breaker we have just described, is 
suitable for mounting either on the motor itself 
or on a wall or pedestal, and, for control purposes, 
can be provided with a mechanically interlocked 
isolating switch, two or three overload trips, with 
or without adjustable time lags, and a low-voltage 
release, which can be electrically interlocked with 
the motor starter. As regards design, each set of 
contact blocks for the fixed contacts is attached 
to a bar of insulating material, which is held rigidly 
in position by hexagonal posts. These posts are 
secured to the breaker frame. The fixed contacts are 
of the contactor pattern, their contact resistance 
being reduced by the use of strong compression 
springs. A useful feature is the extension strips 
between the cable socket and the contact blocks. 
These strips, which are locked in position, obviate 
the use of flexible leads. The moving contacts 
are of the self-aligning inverted U-type, the sparking 
fingers of which are reinforced by steel backing 
springs. The renewable sparking tips, with which 
these fingers are fitted, engage with similar tips on 
the fixed contacts. A single motion of the operating 
handle is sufficient either to open or close the switch, 
and the latter cannot be left in any intermediate 
position. The travel of the handle is limited by 
a stop, so that there is no danger of the contacts 
being overstrained. On the other hand, strong 
accelerating springs, assisted by gravity, ensure a 
high initial speed of break. The operating handle is 
fitted with a roller catch, so that the free-handle trip 
is effective throughout the complete stroke, and also 
with a device so that it can be locked in the “ off ” 
position. The rating of the overhead series trip 
coils, which can be fitted to a breaker of this kind, 
varies from 3 to 200 amperes. 

The pioneer work done by Messrs. George Ellison, 
of Perry Bar, Birmingham, in the development 
of metal-clad switchgear for industrial purposes 
is well known to electrical engineers, and the 
display given at this year’s Fair will enable a 
wider public to see something of the essential 
features of the equipment designed by them. The 
high-pressure units exhibited will be of the steel 
cubicle, truck, drop-down and draw-out types, and 
other apparatus will include switches and circuit- 
breakers for general industrial purposes, as well as 
for mining and other specialised work. 

The new designs shown at this year’s Fair for 
the first time, include a truck-type 11,000-volt 
switchgear unit, the general arrangement of which 
will be clear from the drawing reproduced in 
Fig. 16, Plate XXII. The circuit-breaker used, 
Fig. 15, Plate XXII, differs in some respects from 
the orthodox back-of-panel oil-switch. Above the 
oil tank there is a gas chamber, which is pro- 
vided with a vent so that any gas generated 
is discharged outside the cell. The bottom of 
this chamber is dished, so that it dips into the 
oil tank, the latter being completely filled when 
in use. In this way, any air cushion above the 
oil is eliminated, and any gases formed when the 
circuit is broken are discharged into the upper 
chamber. Other features are that there is no bare 
live metal in the gas chamber itself, and that gas 
cannot accumulate in any other part of the unit. 

The truck proper is of steel construction, and 
is fitted with a self-aligning plug, which connects 
the movable electrical portion to the fixed ’bus- 
bars. All live metal connections and ’bus-bars 
are entirely covered with insulating material, but 
in determining clearances this covering has been 
ignored, and the full distances laid down in the 
British Standard Specification are provided. In 
addition, safety is ensured by the use of a complete 
system of interlocking, combined with the usual 
automatic releases. 

The increasing use of electricity in mines has 
led to the design of much special apparatus, which 
can be relied upon to operate under the somewhat 
trying conditions there present. Messrs. Ellison’s 
contribution to this range of equipment includes 
the welded-steel-cased circuit breaker shown in 
Fig. 14, Plate XXI. This is intended for use at gate 
ends, and, as shown, is carried on a skid cradle 
frame. The gas vent consists of a pile of baffle plates 
fitted in the ventilating attachment. The breaker 
is of the air-break type, with a magnetic blow-out, 
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and its handle is interlocked with the trailing- 
cable plug. This design, it is claimed, has the 
advantage of lightness over the cast-iron cased 
type. 
Limitations of space, and probably also considera- 
tions of the type of visitor attending the Fair, have 
precluded Messrs. A. Reyrolle and Company, of 
Hebburn-on- Tyne, from showing examples of the 
larger sizes of their armour-clad switchgear, though 
the opportunity will be taken to exhibit a quarter- 
scale model of one of these products, which will illus- 
trate all the essential features. The value of this 
model will be increased by the fact that it can be 
taken apart, while sectional diagrams attached to the 
dividing planes will give a clear idea of its details. 
As is well known, switchgear of this type has been 
constructed for pressures up to 50,000 volts and 
rupturing capacities up to 1,500,000 kv.-a. The 
essential features are that all the conductors, in- 
cluding the ’bus-bars, are adequately insulated and 
enclosed in earthed metal enclosures, the spaces 
between them being filled in with solid insulating 
compound. 

On the other hand, examples of the switch- 
gear which the firm has designed for industrial 
use, including the switch pillars illustrated in 
Fig. 17, Plate XXII, will be shown. Both these 
pillars are of the flame-proof metal-clad draw- 
out type, the one on the left having a capacity 
of 400 amperes, and being designed for three-phase 
circuits, while that on the right, also for three- 
phase circuits, has a capacity of only 200 amperes. 
Each is fitted with a single-phase potential trans- 
former, mounted in the hood, and with flame-proof 
measuring instruments. The tank of the former 
switch, being lowered, allows a good idea of the 
contacts and operating mechanism to be gained. 
The various points in the design of this equipment 
to which attention may be called are the following : 
The breakers themselves are oil-immersed and are 
enclosed in robust cast-iron tanks. These tanks are 
suspended from the castings on which the operating 
handle is mounted. The enclosure can be made 
flame-proof by using wide machined flanges at all 
essential points, including the surfaces between the 
instrument covers and the main frame. Overload trips 
are provided. The tripping range of these devices 
is wide and they can be arranged to operate quickly 
or with a delayed action. In the latter case, the 
necessary time element is provided by a dash-pot. 
When such equipment is mounted on the wall, as 
is often done when it is used in single units, the 
whole of the gear is suspended from the top casting 
in such a way that the tank may be lowered con- 
veniently for the inspection of the circuit-breaker. 
This top casting also carries the dividing boxes, 
which are fitted with suitable glands for the entry 
of the cables. On the other hand, when several 
units have to be combined to form a switch board 
the pillar-type floor mounting pattern, as illustrated 
in Fig. 17, Plate XXII, must be used. In this case 
the circuit-breakers are of the draw-out pattern, with 
a continuous *bus-bar chamber running the whole 
length of the board. When this arrangement is 
used, interlocks are provided to prevent wrong 
operation and to ensure safety in handling. 

The increasing use of automatic sub-stations 
necessitates the employment of devices whereby 
the temperature of the machinery may be indicated 
at a distance, so as to ensure that attention is at 
once called to any dangerous overheating. The 
apparatus designed by Messrs. Reyrolle and Com- 
pany for this purpose, though it has other applica- 
tions, is illustrated in Fig. 18, Plate XXII. It 
depends for its operation upon the change in shape 
of a bi-metallic strip, which, in this case, is in the 
form ofa spiral anchored at one end. The otherend 
of strip transmits a torsional motion to a brass rod 
to which a lever is attached. As the temperature 
of the strip rises, the rod and lever rotate, the 
motion being used to open or close circuits as may be 
required. Both the bi-metallic strip and the brass 
rod are contained in the tube of the instrument, 
the operating mechanism being in the cylindrical 
portion. Connection is made to the external elec- 
trical circuit by wires enclosed in a flexible metallic 
tube. When the instrument is employed to indicate 
the temperature of a transformer, or of rotating 
machinery, it is immersed either in the cooling or 





lubricating oil and shuts down the plant should 
trouble occur. It is also combined with a hand re- 
setting device, so that the faulty equipment must be 
inspected before it is again put on circuit or run 
up. When it is employed for overload protection, 
on the other hand, the temperature of the strip is 
made to depend on the increase or diminution of the 
current in the machine, so that the latter can either 
be cut out or attention called to its dangerous 
condition. The device used, in this case, is usually 
self re-setting and operates by closing or opening 
the contacts of a relay circuit. 
(To be continued.) 





UNIVERSITY COLLEGE, Lonpon.—The annual dinner 
of the Engineering Society of University College, Gower. 
street, London, W.C.1, will be held, at 7.30 p.m., on 
February 23 next, in the College refectory. Mr. Roger 
Smith will occupy the chair. Old students who desire 
to be present are asked to communicate with the 
honorary secretary of the Society. 





THE IRon AND STEEL InstrTUTE.—The annual meeting 
of the Iron and Steel Institute will be held on May 3 and 4 
next, in the hall of the Institution of Civil Engineers, 
Great George -street, London, S.W.1. At this meeting 
Mr. Benjamin Talbot will assume office as the president 
for the year 1928-29. The annual dinner of the Institute 
will be held on May 3, at the Connaught Rooms, Great 
Queen-street, London, W.C.2. The autumn meeting will 
this year be held at Bilbao, Spain, from September 24 
to October 2 next. Further particulars regarding the 
above meeting, and full information concerning the 
general activities of the Institute, may be obtained from 
the secretary, 28, Victoria-street, London, S.W.1. 





THe WatTER PowER oF THE WoRLD.—According to 
estimates made by the Geological Survey of the United 
States Department of the Interior, the developed water 
power of the world was about 33,000,000 h.p. at the 
end of 1926, compared with 23,000,000 h.p. in 1920, and 
29,000,000 h.p. in 1923. About three-quarters of the 
increase in the last three years has taken place in the 
English-speaking section of North America. The 
potential water power of the world is estimated at 
454,000,000 h.p., of which 190,000,000 h.p. is in Africa. 
Only 14,000 h.p. of this has, however, yet been developed. 
The water powers of South America and Oceania are 
also largely untouched, but of the 58,000,000 h.p. in 
Europe, 13,100,000 h.p. has been developed, the corre- 
sponding figures for North America being 66,000,000 h.p. 
and 16,800,000 h.p. 


THE Baver-WacH ExnHavust TURBINE DRIVE.—Messrs. 
William Beardmore and Company, Limited, Dalmuir, 
have received an order from the Anchor Line for the 
conversion of the vessel Britannia to the Bauer-Wach 
system of exhaust turbine drive. The Britannia, which 
has only been in service for about two years, is oil-fired 
and fitted with a quadruple-expansion engine, supplied 
with superheated steam, and developing about 4,800 
ih.p. It will be recalled that the new system was fully 
discussed in our issue of December 23 last, on page 813. 
One of the great advantages of the system is that it can 
be fitted to existing vessels at relatively small expense, 
and a considerable increase in power, or, alternatively, 
a reduction in fuel consumption, can be attained. We 
may remind our readers that the turbine, which is a small 
high-speed unit, drives the propeller shaft through 
toothed gearing, in which is embodied a hydraulic clutch. 
This turbine and clutch are only in operation when the 
vessel is steaming ahead on a long, uninterrupted run ; 
they are put out of action in astern running and 
manceuvring, when steam from the main reciprocating 
engine passes directly to the condenser. It is anticipated 
that the new equipment will reduce the fuel consumption 
of the Britannia, already an economical vessel, by 15 per 
cent, 








PERSONAL.—We learn from Paris that a combine, 
comprising the Ateliers et Chantiers de Bretagne, the 
Ateliers et Chantiers de la Seine Maritime (Worms et 
Cie), and the Société Générale de Constructions Mécan- 
iques (formerly Etablissements E. Garnier et Faure 
Beaulieu), has been formed. A research department 
has been established at 55, Boulevard Haussmann, 
Paris (8 e). Among the products of the combine are 
Rateau turbines and M.A.N.-type Diesel engines.— 
Messrs. Joseph Foster and Sons, Soho Foundry, Preston, 
have recently purchased the engineering works of Messrs. 
Yates and Thom, Limited, known as Canal Foundry, 
Blackburn.—Mr. G. W. Volckman, M.Inst.C.E., is on his 
way to India to take up the appointment of chief engineer 
and representative, in India and the East, of Messrs. 
Sir Alexander Gibb and Partners, Queen Anne’s Lodge, 
Westminster, London, S.W.1, in place of Mr. C. G. Stile- 
man, M.Inst.C.E., who has had to resign the position on 
medical advice.—The business address of Messrs. Garra 
Gears, Limited, is now 8, New-square, Lincoln’s Inn, 
London, W.C. 2. All communications, other then in- 
quiries for the supply of gears, should be sent there. 
Inquiries for the supply of gears should be addressed to 
Mr. C. G. Garrard, 76, Crouch-hill, London, N. 8.—The 
undertaking of Messrs. Padley and Price, Limited (late 
of Sheffield), of Blackheath, near Birmingham, has been 
acquired by Messrs. Thos. Firth and Sons, Limited. 
The business will in future be carried on under the 
name of Messrs. Thos. Firth and Sons (Birmingham), 
Limited. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS ; NORTH - WESTERN 
BRANCH. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held on 
Thursday, February 2, at the Engineers’ Club, Albert- 
square, Manchester, when the Fifth Report of the 
Steam-Nozzles Research Committee was presented 
by Dr. P. Telford Petrie. The chair was occupied by 
Professor W. H. Watkinson. This report was re- 
printed in abridged form on pages 116 and 147 et seq., 
ante., the discussion in London being reported in our 
issue of January 27, page 109, ante. 

Mr. K. Baumann, in opening the discussion, after 
some general remarks on the work done by the Nozzles 
Committee, said that the results of its experiments had 
had a great influence on turbine development. It 
had also been shown that, in spite of apparent difficul- 


were obtained for two of the nozzles, but for the largest 
nozzle they had obtained results which gave the lower 
curve, shown in Fig. 2. It would be seen that whereas 
nozzle 83 had a coefficient of over 96 per cent., actually 
| the largest nozzle could only show initial coefficients 
of 94 percent. On each of the two smaller nozzle blocks 
they had cut a groove close to the actual nozzle. That 
had been done to avoid the flapping effect, which had 
been found in connection with other tests of the Nozzles 
Research Committee, but particularly in connection 
| with that occurring at the end of the nozzles. When 
| the investigations were started it was found that there 
was a considerable flapping effect if there were a big 
space next to the nozzle exit. The groove had been 
cut on two of the blocks to minimise this. In the 
next test, the larger block was used after the groove 
had been cut, and the results obtained were shown by 
the upper curve of Fig. 2. This indicated a very big im- 
provement in efficiency, though it was still not quite so 
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ties, it was possible to obtain results which were 
reasonably consistent, provided the necessary care 
were taken. These might not be perfectly accurate 
80 far as absolute values were concerned, but were 
teasonably accurate as to relative values. The realisa- 
tion of this had been largely responsible for the great 
interest which had been shown by turbine manu- 
facturers, and, as had been pointed out at a previous 
discussion, as a result, a nozzle tester of the same 
type had been installed at Trafford Park and had 
n in operation for several years. A similar tester 
had been installed by a well-known firm in Sweden. 
To emphasise the need for the great amount of 
accuracy and care which were necessary, mention 
might be made of certain tests at Trafford Park to 
try to determine the size effect with actual turbine 
nozzles. Three sets of nozzle blocks had been made, 
different in size, but otherwise identical. The larger 
nozzles, as was expected, were the more efficient, but did 
hot so appear at first. The built-up nozzle used was as 
shown in Fig. 3 and the final results in the diagram re- 
Produced in Fig. 1. The relative sizes of the nozzles 
Were 100, 83, and 67. When the nozzles were first 
tested, the two curves marked 83 and 67 in Fig. 1 
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good as the 83 nozzle. The shapes of the nozzle 
passages were then examined and were found to be 
not as accurate as they were on the two smaller 
nozzle blocks. It was decided not to correct them, 
but to make a new nozzle block. After cutting the 
groove and finding that this had a big effect, the ques- 
tion arose as to whether it would be possible to get the 
same result after filling the groove up. They had found 
exactly the same result. After making a new nozzle 
block, the final result, which was consistent, as shown 
in the top (100) curve in Fig. 1 was obtained. 
The result of the three curves should be of great 
interest to turbine manufacturers, as it showed an 
improvement in efficiency, which was obtainable. 

Mr. Norman Elce said he wished to comment on the 
correlation of ratio of convergence and curvature. A 
nozzle had to convert heat energy into velocity, and 
also to direct the jet in a particular direction. Tests 
showed that heat energy could be converted to velocity 
with almost no loss, but whenever curvature was 
introduced, the losses increased very rapidly. Fig. 4 
showed results of tests published by the Committee, 
and also of others, which the Metropolitan- Vickers Com- 


top curve was for the 14-in. diameter straight converg- 
ent nozzle, tested by the Committee. The lowest curves 
were the Committee’s 20 deg. and 12 deg. thin plate 
nozzles. The intermediate curves were tests made at 
the Metropolitan- Vickers works, on nozzles with 24 deg. 
and 34 deg. outlet angles, respectively. There were minor 
differences between the different nozzles, and the two 
middle curves were from tests on the Metropolitan- 
Vickers tester. They might be relatively about 1 per 
cent. high. Ignoring the differences and comparing the 
curves at, say, 350 metres per second, it would be seen 
that the energy loss was least with the straight jet, and 
greatest with the jet of maximum curvature or deflec- 
tion. The intermediate nozzle outlet angles lay 
between, and in the order anticipated, if curvature were 
taken as the controlling factor. 

In turbines there seemd to be three alternatives : 
(1) The jet could be turned at the point of highest steam 








pany permitted him toshow, by way of illustration. The 


velocity ; (2) it could be turned at the lower steam 





Fia. 3. 


velocity and the steam velocity developed afterwards ; 
(3) the turning could be carried out continuously with a 
continuous increase of velocity. Nozzles designed for 
the first and second alternatives would probably not 
lend themselves to inclusion in any turbine design. 
But if it were correct that curvature was the chief 
cause of steam turbine nozzle losses, then the subject 
should be investigated. This could be done by examin- 
ing limiting designs and some intermediate forms. 
The curves shown were selected more or less at random. 
Dr. Petrie had shown a nozzle which was very long 
but perfectly straight. Even in that case, although the 
amount of the area washed by the steam jet was very 
large in proportion to the area of the jet, the losses 
were exceedingly low. 

Mr. B. Hodkinson thought it was important that re- 
sults should be checked where possible. The apparatus 
had two thermometer pockets for taking the initial tem- 
perature and presumably the platinum thermometer was 
checked against a mercury thermometer. There were 
two tappings for initial pressure, and so here also a check 
was possible. In the high-pressure tests a check was 
made by the differential gauge. The cage-weighing lever 
would not change and required no check. There re- 
mained the quantity of the condensate. A measuring 
orifice or nozzle might be interposed somewhere in the 
steam line. If the pressure drop through that were made 
greater than the critical, the steam condition before 
it only was required. A thermometer and pressure 
gauge then provided a usefully accurate estimate of 
steam quantity, since the coefficient of discharge of 
the measuring nozzle soon became stabilised. The 
actual specimen nozzles tested should have unquestion- 
able uniformity of workmanship. The Committee’s 
1} in. high chamfered nozzle with a 3/1 throat 
seemed better if anything than its old one 2 in. 
high, but the thin plate type 1} in. high, with 3/1 
throat, did not appear so. The 0/1 throat seemed to be 
noticeably worse. It might have been thought that 
all the 1}-in. high nozzles would have been slightly 
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worse than the corresponding 2-in. nozzles. The 
superheat had hitherto not been controllable, though 
it was stated in the Committee’s Second Report* 
that the initial steam temperature was maintained 
steady to within 1 deg. C. for half an hour before tests. 
Variation of superheat had resulted in interesting 
discoveries. It was indicated in the Committee’s 
Fourth Report} that the effect of increase of temper- 
ature was not only to lower efficiency, but to move 
the curve bodily to the left. That needed careful 
substantiation, since the curve shapes possessed few 
features for identification, and if it should turn out 
that, in the changes of temperature and pressure 
range, the various maxima and so forth occurred at 
velocities which depended, say, on the critical velocity, 
then, since this increased with temperature, the effect 
would be in the opposite direction to that stated, that 
was, increase of temperature would move the curve 
to the right. The curve might have been expected to 
move to the left if the losses were appreciably affected 
by Reynolds’ function. Soon after the Committee’s last 
report, a turbine had been tested in the experimental 
department at the Metropolitan-Vickers Works, at 
varying superheat. It was a ten-stage machine, and 
the steam temperature in all comparisons had been so 
high as to ensure that there was still from 70 deg. to 
170 deg. F. superheat at exhaust. The conclusion 
arrived at had confirmed that of the Committee, namely, 
that higher superheat gave greater losses, but the effect 
was only small in amount. 

Mr. Hodkinson said he would be glad to have clear 
definitions of the terms ‘nominal,’ ‘‘ geometrical,” 
and ‘‘reference” angle. Presumably the first two 
terms were synonymous and the symbol 8 for the refer- 
ence angle was only by a misprint used for the chamfer 
inclination in the Third Report of the Committee.} 
Higher back pressures were stated to give the same 
results as the lower pressures, or at least it was not 
taken as proved that they were worse ; but in present- 
ing experimental results, it was honest to do as the 
Committee had done and give the actual points plotted, 
so that individual opinions might be formed about the 
probable curves or widths of the accuracy bands. The 
impression given by comparing points distinguished by 
squares and crosses respectively in curves 35 and 36, 
Figs. 7 and 14, of the present report, was that higher 
back pressure gave a lower result. Curve 34 (Fig. 7) 
had no points at atmospheric pressure, whilst the half- 
dozen points on Curve 26a (Fig. 8), were for a nozzle 
with very small loss. It was mentioned that the old 
0/120 degree thin plate nozzle had been tested at 
higher back pressures, but the actual test results seemed 
not to be given in that Report. The matter was one 
which would become clearer as further testing was 
undertaken, as it might then be possible to leave a 
test nozzle undisturbed and change only the steam 
conditions. 

With regard to the efflux angles in Fig. 11, of the 
present report, was it by a slip that the dotted curve 
there given was the 0/1 ratio instead of the 3/1 ratio 
which would have been the natural comparison ? Even 
if the 3/1 throat ratio had been inserted from Fig. 16 
of the Fourth Report, the agreement would not have 
been perfect. Dr. Petrie had frankly admitted that 
slight lack of agreement in the recent London discussion. 
In passing, again, the 0/1 throat nozzle was referred to 
in the Fourth Report as having an efflux angle 54 degrees 
different from the setting, and it would seem that in 
not treating seriously the correction of 4 per cent. or 
even smaller fractions of a per cent. on occasion, the 
Committee took too modest a view of the precision of 
their curves. 

Cage design had been investigated by the Metro- 
politan- Vickers Company and by going to such extremes 
as 8-in. and to 0-9-in. cage distance a slight effect had 
been indicated, as appeared in Mr. Guy’s communica- 
tion, which he (Mr. Hodkinson) had read at the 
London meeting on January 20. Any errors due to 
vortices as described in the valuable paper of Dr. T. B. 
Morley in 1916§ seemed almost completely eliminated 
in the present apparatus. The radial streams on the 
plate which in large measure maintained them were 
buried under the mass of wire netting, and the various 
further devices, such as a shield under the cage and 
so forth, which his company were developing were in 
the nature of refinemenvs, 

The Committee, in irvestigations of the conditions 
outside the cage, had found no variation of pressure, 
anywhere in the body of the tester, of as much as ,',-in. of 
water. The Metropolitan-Vickers Company had gone 
over the same ground again, with a similar result. Search 
tubes, with the end blocked and a hole in the side, were 
pushed in at A, B, C, and D as shown in Figs. 5 and 6. 
With the tube passed in at C a cone-shaped region under 
the cage could be swept over, but however swiftly it 
was drawn in or out, moved left and right, or up and 





* Proc. I. Mech. E., 1923, vol. i, page 316. 

t Proc. I. Mech. E., 1925, vol. ii, page 769. 

t Proc. I. Mech. E., 1924, vol. i, page 469. 

§ See ENGINEERING, vol. ci, pages 91 and 102. 





down, or turned over to make the hole face in different 
directions, nothing had been observed at the water 
gauge, though a movement of ;}, in. of water would 
easily have been seen. Short strings tied on the laths 
of the cage were blown about by the steam, and glass 
windows had been fitted for observation. Most of the 
steam left immediately above the plate, but at some 
inches higher up there was a current of steam flowing 
into the cage, and higher still the flow was again out- 
wards, as shown by arrowheads. This was confirmed 
later when the cage was used in the open and a piece of 
string at the end of a thin wooden rod was held at various 
points. Some steam had been seen to be flowing out 
of the top of the cage. The exhaust opening, though 
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passing steam at only from 10 ft. to 40 ft. per second, 
had such an effect on the steam that it had not been 
possible to detect any outward flow from the cage, 
by such means as were in use, on the side remote from 
the exhaust flange, although it was a turbine nozzle 
which had been tested and the oblique face of the pipe 
faced away from the exhaust. 

Mr. G. E. Bailey pointed out that in the case of the 
nozzle with serrations these serrations had been cut at 
right angles to the flow of the steam. It was possible 
to imagine that condition from corrosion, but hardly 
by erosion. Had the Committee done anything with 
grooves in the direction of the flow of the steam ? 
Also, had it included in its activities the shape of 
nozzles purely from the efficiency point of view, or 
had it taken into consideration that nozzles on a 
turbine had to last more than 12 months and that the 
initial efficiency was not everything ? It was the final 
efficiency and the length of time that the nozzle would 
remain efficient that really counted on large units. 
Had the Committee given any thought to materials for 
nozzles, having in mind the fact that it had already 
thought it sufficiently important to consider the effect 
of erosion on nozzles ? 

Mr. F. B. Tucker said that the Committee did not 
include discharge coefficients in its reports, but they 
could be calculated from the data given. At the Metro- 
politan-Vickers Works, it was found that the discharge 
coefficients gave curves as definite as those of velocity 
coefficients. Quite apart from the value of the dis- 
charge coefficients in themselves, their importance 








when drawing curves of velocity coefficients should be 
considered. In scrutinising a series of tests, a test 
giving a high discharge coefficient and a high-velocity 
coefficient should be checked for a negative error in 
the adiabatic velocity, and vice versa. Again, if a 
test gave high discharge and low velocity coefficient, a 
positive error in the measured steam quantity should 
be looked for, and vice versa. That was clearly so, 
considering that the adiabatic velocity was in the 
denominator of both discharge and velocity coefii- 
cients, while the measured steam quantity was in the 
numerator of the discharge, but in the denominator of 
the velocity coefficient. ww 

While examining the tests on the 1{-in. diamete 
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straight convergent nozzle of Table XLII of the present 
Report, for comparison with a test of their own, Mr. 
Tucker said he had been led to suspect inaccuracy in 
some of the results tabulated. He thought the follow- 
ing corrections would be found to be necessary :— 
TaBLE XLII. 
Test No. Cy ft. per sec. ¢ insteadof ¢ 
8 522- 


7 101-13 99-97 
11 1671-4 99-26 98-88 
5 1671-6 99-19 98-06 


After making those corrections a curve could reason- 
ably be drawn as shown in Fig. 7. There were three 
further points on the diagram open to question regard- 
ing the measured steam quantity, two of them giving 
high discharge coefficients with low velocity coefficients, 
the other a low discharge with high velocity coefticient. 
Ignoring those three, the remainder lay very closely 
round the curve drawn in the figure, which, it was 
contended, was more satisfactory than covering all 
the points with a band. Mr. Hodkinson had already 
mentioned the desirability of installing a measuring 
orifice in the steam supply line to give a check of the 
measured steam quantity. Such a provision would 
probably have given conclusive confirmation of their 
deductions regarding those three points. 


Mr. H. L. Guy said that it might be of some advantage _ 


to touch on one or two points to see how far, if at all, 
the work that the Committee had set out to do had 
been checked in all those ways which even adverse 
criticism might suggest as desirable. One of the 
criticisms made in the past had been that in the 
original experiments for establishing the validity of 
the mode of testing adopted by the Committee— 
that of the impulse plate with a cage above it—the 
test upon which the Committee had appeared to depend 
had been carried out first in surroundings on the dis- 
charge side of the cage, which were different from the 
surroundings in the actual casing of the tester. 
Secondly, it had been said that the nozzle which had 
been used in the test was a very small one, he thought 
about } in. in diameter, and therefore the forces measured 
might have been very much smaller than they would 
have been had the test been carried out with nozzles 
of the area which the Committee had used in their 
actual researches. Those were perfectly legitimate 
questions, and until they were answered the door for 
criticism remained open. At Trafford Park they had 
felt the desirability of investigating that matter a little 
further, not because they had any reason to doubt the 
conclusions to which one naturally arrived as a result 
of the work of the Committee. In fact, a very sub- 
stantial proof of the general accuracy of the results 
emerged. Conclusions reached with earlier testers by 
previous workers—principally tests of the reaction 
type—had resulted in establishing forms of character- 
istic curves for an efficiency of nozzle flow which h 

immediately caused designers to change the mode of 
arrangement of a turbine internally in the effort to get 
higher efficiency. The direction in which the designers 
had turned had, however, proved to be disappointing, 
and the results predicted from those earlier experiments 
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had not been obtained in the actual turbine. The 
direction in which turbine development had gone 
as a result of the Committee’s work had actually given 
results such as were to be expected on the basis of its 
tests. That was the most substantial confirmation of 
the general accuracy of the Committee’s work which 
one could hope to get. 

Mr. C. E. Stromeyer said he had not followed the 
Research Committee’s inquiries, but one of the speakers 
had mentioned discrepancies in comparing the different 
sizes of nozzles. The lessons of such discrepancies 
should not be thrown away. These experiments were 
deserving of very close study, but the difficulty was 
how to study them, He believed that that study 
could be carried out by considering the reflections which 
occurred. 

It was not generally known that in elastic medium 
any change of motion or position took place imme- 
diately. Movements took place as though there were 
no mass to move. He had made use of that know- 
ledge on one occasion where there had been trouble 
with the initial pressure in a reciprocating engine. 
Apparently the pressure wave, which was caused by the 
slide valve shutting off, travelled the length of the 
steam pipe, was reflected at the boiler end, and 
travelled back to the slide valve, which was reached 
just as it was opening. Under those conditions, there 
was an excessive initial pressure. If the vacuum wave 
reached the slide valve just when it was opened, the 
pressure was too small. That had seemed to him to 
explain the reason for the discrepancy which had been 
noticed in the engine. With regard to the nozzle space, 
there ought to be a ridge at the bottom of the nozzle. 
With the steam going straight through there would be a 
reflection which would meet the steam entering at the 
top, and this would create an artificial resistance. With 
the short nozzle there was an image of the end of the 
nozzle at the top end. That reflection or image would 


be more important and far more complicated in the | 


grooved nozzle, but it might help in the case of the 
discrepancies which were discovered. 

Dr. Petrie then replied briefly, and said they had 
drawn some very useful ideas from the various dis- 
cussions, and legitimate criticism was welcomed. 
Work of that kind carried out openly by the Committee 
and under a large body like the Institution of Mechanical 
Engineers was bound to be as public as possible. That 
was one of the reasons for printing the figures at the 
end of the report in detail. He looked forward to 
studying Mr. Hodkinson’s remarks in more detail 
at leisure ; the criticisms he offered seemed to be valu- 
able and helpful to the committee. As to superheat, 
they were now undertaking tests to find the effect of 
superheat on a nozzle. This had been done by the 
Metropolitan- Vickers Company, but the Committee had 
only attempted it in an indirect way. It now formed 
part of its future programme. 

With reference to Mr. Hodkinson’s remarks about 
angles, Dr. Petrie said the Committee had made efflux 
tests from their own point of view. They had chiefly 
been interested in determining how much the jet devi- 
ated from the normal in order to find how it affected 
the settings in the cage. That was why in some cases 
angles had been used which did not appear to be 
experimentally correct. He believed that a good deal 
of work could usefully be done in that connection 
by others. Mr. Bailey’s suggestion of longitudinal 
serrations instead of transverse was valuable; the 
Committee were undertaking further work of that 
nature at the present time. The question of materials 
had not been considered, but that suggestion might 
receive due consideration in time. The Committee’s 
programme was, at present, rather overloaded, and 
naturally it had to select the work that seemed to be 
of most general interest. 

Dr. Petrie, in conclusion, mentioned the names of 
Mr. Ashworth, Mr. Barton, Mr. Burke and Mr. Oakden, 
who had all contributed as research assistants to the 
very considerable work involved in the actual carrying 
out and calculating of those tests. 








Tue InstiruTion or MECHANICAL ENGINEERS.—The 
annual general report of the Yorkshire branch of the 
Institution of Mechanical Engineers, for the year ending 
December 31, 1927, shows that the branch has a total 
membership of 649. Ten successful meetings are held, 


and two well-attended visits to works are made during 
the year, 





. THE RoYAL AERONAUTICAL SocieTy.—We are informed 

tat the trustees of the Daniel Guggenheim Fund for the 
Promotion of aeronautics have, for the second year in 
Suecession, made a grant of 5,000 dols. to the Royal Aero- 
et aged aaeaney with which the Institution of Aeronaut- 
fade eineers is now incorporated. The trustees of the 
rd pe also offered 150,000 dols. in prizes in a safe- 
— . competition, open to the whole world, and it is 
oe sting to note that the first five entries received 

ere from British inventors. The closing date for 


i. to the competition is October 31, 1929, and the 
es were given in full in the Journal of the Royal Aero 
nautical Society for June last. ; 
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In a paper read before the Indian Section of the 
Royal Society of Arts on January 20, Mr. Maurice G. 
Simpson, director-in-chief, Indo-European Telegraph 
Department, said that this organisation was in the 
unique position of having its headquarters in London 
and being administered directly by the Secretary of 
State for India. In the course of an historical sketch, 
he showed how this position arose, and why it was 
necessary to maintain it. 

In 1861, a line from Constantinople to Bagdad was con- 
structed by the Turkish Government, with the help of 
British engineers, while routes from Bagdad to Khanikin 
and Bagdad to Fao, shown in the accompanying map, 
were completed in 1864 and 1865, respectively. Mean- 
while, the Government of India had laid cables from 
Gwadur to Bushire, Fao and Karachi, and a land line 
from Gwadur to Karachi. The line from Khanikin 
to Teheran and thence south to Bushire was com- 
pleted, but was never really opened, and the Bagdad- 
Teheran section is not used for international traffic. 
The completion of the Bagdad-Fao section enabled tele- 
graphic connection to be established between Europe 
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that country. Fora comparatively small outlay, Persia 
has, therefore, 700 miles of telegraph line maintained 
free of expense, and an annual revenue. On the other 
hand, India has the control of an essential link in the 
Indo route. The Gwadur-Jask line was erected and 
is worked by the British Government, subject to an 
annual payment to Persia. The cost of the mainten- 
ance of the line between Teheran and Mashad is shared 
by the Indian and Persian Governments, the former 
having the exclusive use of it for a short time daily. 
Before the war, the line from Mashad to Seistan was 
under the control of Russia. 

In 1901, the construction of a three-wire line from 
Teheran through Yazd and Kerman to the Perso- 
Baluchi frontier at Rohat, to meet the line from Quetta, 
was begun, and a branch line was also erected from 
Nok Kundi to Karachi, so providing an alternative 
route between that place and Teheran. One of these 
wires is used by Persia for local traffic, the others 
being mainly employed for international purposes 
under similar conditions to those noted above. As 
a quid pro quo for the concessions detailed, the recon- 
struction of the lines running westward from Bushire 
to Mohammerah, Shuster and Dizful were undertakem 
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and India, the average time occupied in transmitting 
a message being 6 days, 8 hours, 44 min., compared 
with the month taken by a letter. In December, 1865, 
2.365 messages were transmitted, the charge being 
51. for 20 words. As the result of the delays that 
occurred, an English company, called the Indo- 
European Telegraph Company, was formed to take over 
the concessions obtained in Germany, Russia and 
Persia by Messrs. Siemens and Company, with the 
result that the section from London to Teheran was 
worked by it, and the section from Teheran to Karachi 
via Bushire by the Indo-European Telegraph Depart- 
ment. This route was opened for traffic on January 1, 
1870, when the average transit time was reduced to 
6 hours 7 min., compared with 1 day 6 hours and 20 
min, by the Turkish route. To meet the expected 
increase in traffic, the line from Teheran to Karachi 
was duplicated by extending the land line from Gwadur 
to Jask and laying a new cable from Jask to Bushire. 
A few months after the completion of the Indo over- 
land route, the Eastern Telegraph Company completed 
their cable route from England to Bombay, so that in 
1871 there were three telegraph routes between 
England and India :—the Turkish via Constantinople, 
the Indo-European via Germany, Russia and Persia, 
and the Eastern cable route to Bombay. This position 
continued until 1914. 

As regards the lines in Persia, in 1863 the Govern- 
ment of that country agreed to erect a line from Khani- 
kin to Bushire under British supervision, and to allow 
our Indian messages to be transmitted by that means. 
The arrangement was unsatisfactory, and when a second 
wire was projected in 1865, the materials were paid for 
by Persia, but the erection was undertaken by the 
British staff direct. This second wire was to be used 
solely for international messages in European languages. 
Another wire was erected, under the same conditions, 
in 1872, to cope with the increasing international traffic. 
The present arrangements, which will continue in force 
until 1945, allow Persia the exclusive use of one line 
for local traffic, while the other two carry the inter- 
national traffic in addition to a certain amount of local 
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in 1913, with money advanced by the British Govern- 
ment. 

On the outbreak of war, in 1914, the Company’s 
lines through Europe were at once put out of action, 
but the then director-in-chief, Sir Rayner Banker, 
realising the importance of the roundabout route via 
Bombay, Karachi and Teheran, in establishing com- 
munication between Russia and her allies, suggested 
the provision of an additional link to those already 
existing by erecting a line from Seistan to Rohat. 
This proved of invaluable service, especially when 
enemy activity interrupted the Teheran-Bushire line. 
To supplement the line between Fao and Bushire 


‘during the Mesopotamian campaign, a submarine cable 


was laid between those two places and a short length 
of cable was also laid between Jask and Charbar to 
replace the line which was destroyed by the turbulence 
of the tribes in the interior. Thus the Department 
were able to provide two comparatively safe lines to 
carry the traffic between Mesopotamia, the Persian 
Gulf and Persia and India and England. This traffic 
was extremely heavy, and was carried without serious 
breakdown and undue delay. 

At the end of the war, immediate steps were taken 
to restore the line through Germany, Poland and 
Russia. This was effected in 1923, after an interrup- 
tion of nine years. 





German Wacon-BuiLpErs’ AssocraTion.—As already 
stated in our columns, the Association of German 
Wagon-Builders (Deutsche Wagenbauvereinigung) was 
formed in December last. The Association comprises 
about 30 firms, and its members are guaranteed, by 
contract, to receive 90 per cent. of the orders placed by 
the German State Railways (Deutsche Reichsbahn). 
We now learn that, in order to obtain the most favourable 
terms for the purchase of iron, the Association has 
decided to act as buying agent for its members, and, in 
connection with this, the Association of Dealers for the 
Supply of Iron for Railway Wagons (Wagenbaueisen- 
Vereinigung) has been constituted in Berlin. The new 
Association comprises 11 firms and includes Vereinigte 
und Mitteldeutsche Stahlwerke; Friedr. Krupp, A.G. ; 








traffic. A royalty is paid on all international traffic 





passing through Persia, together with a share of the 


Gutehoffnungshitte; Kléckner-Werke, A.G.; and 
Eisen und Stahlwerk Hoesch, A.G. 
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THE CONSTITUTION OF ALLOYS OF 
ALUMINIUM WITH SILICON AND 
IRON.* 

By A. G. C. Gwyer, B.Sc., Ph.D., and H. W. L. 
Puiuies, B.A., A.C. 


(Concluded from page 182.) 


The Binary System Iron-Silicon.—The most recent 
diagram of this system is that due to Phragmén,f 
based upon thermal data of Tammann, Kurnakow, 
and Urasow, and modified in the light of his own 
X-ray data. Whilst the authors have not attempted 
an investigation of this system, they have prepared 
a few of the binary alloys containing 40 per cent. of 
silicon and over, and although their arrest temperatures 





THE LIQUIDUS SURFACE, 0-30 


Fig. 51. 








X, and frequently with other iron constituents also, 
all of which differ only in degree in their resistance to 
attack by chemical reagents. It would therefore 
appear to be impossible to isolate 8 by chemical 
means for the purpose of analysis. 

It is possible to obtain a range of alloys containing 
X, aluminium, and silicon only, and an attempt was 
made by one of our colleagues, Mr. A. N. D. Pullen, 
A.LC., to isolate X from these chemically. The results 
of the analyses were widely divergent, and this was 
proved to be due to the fact that X itself was slightly 
attacked by the soda solution used to dissolve out the 
aluminium and silicon, whatever strength was employed, 
and to the fact that some slight hydrolysis of the sodium 
aluminate occurred, forming alumina, which contami- 
nated the X residue. The X phase field is in the form 
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deposition of eutectic silicon; on annealing, these 
silicon crystals, in their turn, serve as nuclei for the 
deposition of the excess silicon contained in the super- 
saturated X. The graphical method of studying the 
composition of the liquid phase during solidification 
confirms the conclusion that X is a solid solution, but 
it is not possible to give any figures for the composition 
range or to state whether the iron content is also 
variable. 

Equilibrium Conditions.—In these alloys, equilibrium 
is rarely, if ever, attained under cooling-curve condi- 
tions. As already pointed out, the various reactions 
which occur below the liquidus proceed, without 
exception, with small velocity, and are never completed 
during solidification. Further, in a large number of 
cases, a constituent first deposited is surrounded by 


CONSTITUENTS PRESENT AT ROOM TEMPERATURE. 
ALLOYS (a) AS CAST, & (b) ANNEALED 100 HOURS 


AT 500°C. & QUENCHED. 
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are lower than those shown by Phragmén, they confirm | 
that this portion of the system is eutectiferous, the 
eutectic point being at about 63 per cent. of silicon. 
The constituent FeSi, is easily recognised in an 
unetched section, possessing a characteristic golden- 
yellow colour. 

The Liquidus Surface.—The liquidus surface is shown 
in perspective in Fig. 51. It will be seen from this 
that, of the constituents present in alloys containing 
0 percent. to 20 per cent. of iron, and 0 per cent. to 30 per 
cent. of silicon, only aluminium, silicon, and FeAl, 
are binary. The remainder, 8, X and 8, do not extend 
to the binary faces of the model, and may be classed 
as ternary. There are no maxima on the liquidus sur- 
face, and all the alloys in this range are heterogeneous. 
Two new constituents are met with: namely, ¢ and 
FeSi,. The constituent ¢ crystallises in well-defined 
prisms, and is rather darker than 8. It may be distin- | 
guished from FeAl, by its behaviour towards etching | 
reagents ; it is unattacked by caustic soda, and only | 
slightly attacked by hydrofluoric acid. The boundaries | 
between the ¢ and adjacent primary-phase fields contain | 
four invariant points :— 


FeAl;, ¢ 8, at 25 per cent. Fe, 
23°5 





18-5 per cent. Si ; 870°C, | 
27-0 


> 8,5, 4 ” ” » 9» 3 865°C | 

(6, Si, ,, 22.0 ,, » 375 » 95 5 880°C | 
FeSiz, & Si, », 22-5 » 39-0 » 9» § 885°C: | 
Notes on the Constituents.—FeAl, was readily 


identified, and an examination of a few alloys contain- | 
ing 40-7 per cent. of iron, with varying silicon, showed | 
that it was incapable of dissolving an appreciable | 
amount of silicon, other constituents appearing when | 
the total amount of this element present exceeded | 


0-3 per cent. 


(276.4) 
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REDUCED BY ONE QUARTER IN REPRODUCTION. 


8, as already stated, is most probably | of a rounded hill, with a maximum at approximately | a layer of a second, so that any reaction in which the 


a solid solution capable of existence over a wide range | 13 per cent. of silicon, 7 per cent. of iron ; this point lies| primary body is concerned can only take place by 4 


of composition. Utilising a graphical method, based | 
on the fact that the locus of points representing the | 
composition of the liquid phase during solidification, | 
as plotted on the base of the ternary model, is a curve, | 
such that the tangent to it at any point passes through | 
the point the co-ordinates of which represent tie instan- | 
taneous composition of the solid then separating from | 
the liquid, it was found that, roughly, the composition | 
of 8 varies from 42-5 per cent. of iron, 18 per cent. of | 
silicon, to 25 per cent. of iron, 18 per cent. of silicon. | 
No variation in the silicon could be detected, though, 
of course, the methcd is not very sensitive. At the | 
iron-rich end of this range, 8 is resistant to attack by | 
caustic soda; at the aluminium-rich end it is some- | 
what readily attacked. It is invariably associated with | 
| 

* Paper read before the Institute of Metals, Derby, on | 
September 7, 1927. Abridged. 





t See ENGINEERING, vol. cxxii, page 369. 


on the boundary between the X and £ primary fields, 
and the alloy of this composition is heterogeneous, 
consisting of massive X with traces of B, and a con- 
siderable quantity of ternary eutectic of X, aluminium, 
and silicon. The etching properties of X depend 
upon the composition of the alloy, but, as it never 
shows coring, the observed differences may be electro- 
chemical in origin, due to the presence of other iron 
constituents. There is, however, no doubt that 
X is a solid solution containing dissolved silicon ; in 
a chill-casting it is frequently supersaturated with 
respect to this element, and on annealing the excess 


silicon crystallises out. An example of this is shown | 


in Fig. 54, which depicts a 4 per cent. iron, 17 per 
cent. silicon alloy, chill-cast and annealed for 100 
hours at 500 deg. C. The section is unetched and 
shows X with reprecipitated silicon (the half-tone con- 
stituent). During the process of solidification, the 
X crystals frequently function as nuclei for the 





process of diffusion through the outer sheath of the 
second constituent—necessarily a slow process. Three 
of the constituents are known to be solid solutions: 
namely, aluminium and X, which are capable of taking 
up appreciable amounts of silicon, and 8, in which 
the iron content may vary. In addition, to the lack 
of chemical equilibrium, therefore, it is almost certain 
that these bodies are not, in a casting, in equilibrium 
with their respective solutes. There is a third type of 
metastability which may occur, and this is due to 
phenomena that may be broadly classed as under- 
cooling. If a constituent possesses a low power 0 
spontaneous nucleus formation, or alternatively, a low 
linear velocity of crystallisation, it frequently happens 
that the rate at which the constituent in question 
separates is not sufficiently rapid to maintain equili- 
brium conditions, with the result that the liquid 
becomes supersaturated. In these circumstances, the 
excess constituent may be deposited in the form ° 
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a labile shower, or another constituent may be 
deposited. 

On annealing, the various chemical reactions tend 
towards completion, and the present investigation 
confirms that of Rosenhain, Archbutt, and Hanson,* 
that the stable reaction product is the constituent X. 
In addition, the various solid solutions tend to become 
saturated and homogeneous. For the purpose of 
studying the changes quantitatively, small chill-cast 
samples were prepared for micro-examination, covering 
the range of composition 0 per cent. to 2 per cent. of 
silicon, 0 per cent. to 2 per cent. of iron, in steps of 
0:25 per cent. of each element, and series of test-bars 
were also prepared, for resistivity determinations, 
covering the range 0 per cent. to 20 per cent. of silicon, 
0 per cent. to 10 per cent. of iron ; these, after various 
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§ to X proceeds during any anneal will depend not only 
upon the temperature and time, but also upon the 
size of the crystals and their nature. In Fig. 56 
is shown a portion of a large crystal of FeAl;, which 
has been only partially converted to X. The specimen 
has been slowly cooled, after being annealed at 500 deg. C. 
for 48 hours. The section, which has been etched with 
caustic soda, shows FeAlg (dark constituent), and X 
(half-tone constituent). The same area, prior to 
annealing, is shown in Fig. 33, page 180, ante. The 
most stable crystals are those which consist of a core 
of FeAl, with a sheath of 8. The latter constituent 
protects the FeAl, very effectively, and is itself 
comparatively resistant to attack. 

The Aluminium Corner of the Model.—Aluminium 





of ordinary commercial purity is essentially a ternary 








interest is that, probably owing to the partial suppres- 
sion, by undercooling, of an earlier constituent, the 
® and X arrests are rarely invariant, and frequently 
occur at temperatures rather higher than the normal. 
For instance, in the alloy containing 0-25 per cent. 
of iron and 0-75 per cent. of silicon, the X arrest 
occurs at 622 deg. C. instead of 611 deg. C.; quenching 
experiments readily show that the arrest is correctly 
interpreted. The constitution of the alloys is, as 
would be expected, largely dependent upon the rate 
of cooling, though the variation lies generally in the 
relative amounts of the phases present rather than in 
the complete suppression of any given constituent. 
With rapid cooling, a certain amount of supercooling 
occurs in the cases of FeAl, and 8, with the result 





that the iron present is largely in the form of X. 
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heat-treatments, were polished and examined. The 
constituents presené at room temperature in alloys, 
as cast, are shown in Fig. 55a. The constitution of 
the alloys after annealing for 100 hours at a temperature 
of 500 deg. C., followed by quenching in cold water, 
18 given in Fig. 55 6. Traces of residual 6 and 8 
were found in the alloys, represented by points lying 
within the respective dotted lines, but there is no doubt 
that a longer time of annealing would have reduced 
the area of these four-constituent fields. An attempt 
was made to anneal certain of the test pieces for 
2,000 hours, but an accidental overload occurred during 
the last day’s annealing, resulting in the test-pieces 
being melted. The position of the boundary repre- 
gam the limit of silicon solubility was determined 
Y Microscopic examination, using a 2-mm. objective 
Sap 1-30), and confirmed by chemical analysis. 

© extent to which the conversion of FeAl,, 8, or 





E> * “Eleventh Report of the Alloys Research Committee 
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REDUCED BY ONE QUARTER IN REPRODUCTION. 


alloy of aluminium, silicon and iron, and contains 
the same constituents and exhibits the same phenomena 
of metastability as the definite ternary alloys described 
in the preceding columns. 

For the purpose of examining the structures at 
this corner of the model in detail, further alloys were 
prepared, consisting of series in which the iron content 
was kept constant, and in which the silicon varied 
in steps of 0-25 per cent. up to 1-50 per cent. The 
iron content of the different series varied also in 
steps of 0-25 per cent. From the cooling curves 
and microsections, @ wire model was constructed, and 
Figs. 61 to 64 represent sections parallel to the 
aluminium-silicon face. Fig. 65 has been constructed 
from these sectional diagrams, and represents the 
phases present in the various alloys as cast. These 
sectional diagrams differ in one important respect 
from those for the higher iron-silicon alloys previously 
described; the particles of constituent are so fine 
that the 8 and X reactions proceed to a comparatively 
greater extent, frequently going to completion during 
solidification, and thus the phase boundaries shown 
in Fig. 65 are appreciably different from the limits 





oi the various peritectic arrests. A further point of 


With very slow cooling, FeAl, and 8 separate, but 
the X reaction tends to proceed to completion, so 
that again the iron present is largely in the form of X. 
With intermediate rates of cooling, FeAl, and 8 are 
not completely converted to X, with the result that 
the liquid is left unusually rich in silicon; in these 
circumstances the alloy will contain, when solid, 
duplex or even triplex crystals, with appreciable 
quantities of free silicon. Figs. 66 and 67 show alloys 
containing 0-25 per cent. of silicon, 0-75 per cent. of 
iron, and 0-75 per cent. of silicon, 0-50 per cent. of 
iron, respectively, cooled at an intermediate rate and 
possessing complex structures. In Fig. 66, the con- 
stituents visible in the micrograph are FeAl, (dark) 
and £ (half-tone), whilst X and silicon were also 
present. This specimen was etched with caustic 
soda. In Fig. 67 the constituents present are § 
(half-tone), X (dark) and ternary eutectic of silicon, 
X, and aluminium. In this case, the etching 
medium was hydrofluoric acid. The labile shower 
phenomenon is of comparatively frequent occurrence ; 
the globules—probably consisting of X pseudomorphic 
after FeAl, or 8—appear as little clusters like rosettes, 
which can only be resolved with difficulty under the 
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highest powers of the microscope. On annealing, 
any residual FeAl, and 8 tend to become converted 
to X, whilst free silicon is taken into solid solution 
or enters into combination. The phase boundaries, 
after annealing for 100 hours at a temperature of 
500 deg. C., are shown in Fig. 68. On annealing, 
FeAl, and £ will be converted—superficially at any 
rate—into X whilst some redistribution of the free 
and dissolved silicon will take place, depending on 
the hot-rolling and annealing temperatures. The 
structure of ordinary annealed aluminium is thus 
extraordinarily complex. 





SURFACE TENSION AND SOLDERING. 


In spite of the variety of methods available for the 
measurement of surface tension, our knowledge of these 
phenomena remains in an unsatisfactory state, and 
many of the data published are unreliable. Estimates 
have been based upon measurements connecting the 
curvature of a liquid surface at a given point with the 
difference in the hydrostatic pressure on the two sides 
of the surface, and upon observations connecting the 
velocity of propagation of a deformation of the surface 
and its frequency with the volume, shape and density 
of the liquid, and with the forces in question. All 
these methods, however, are subject to serious experi- 
mental errors, and the interpretation of the results is 
controversial.- Since liquid surfaces are easily con- 
taminated, rapid methods are desirable, but in order 
to obtain comparable results, certain experimental 
conditions should be strictly adhered to, and when this 
is done the risk of systematic errors is enhanced. 

The surface tension of a substance is not a property 
of that substance alone. What is really meant by 
the surface tension of a liquid, is the surface tension 
of that liquid in contact with its own vapour at 
the same temperature. The purity of the surface 
separating two fluids is different from the purity 
of the fluids in bulk. When one of the fluids is a gas, 
the disparity in the densities of the two fluids will, in 
general, be so great that the nature of the overlying 
gas, if inert, should be of little importance. Near the 
critical point of the gas, however, this consideration 
will no longer hold. When absorption and chemical 
action of the gas are possible factors, as is the case with 
air, progressive contamination will reduce the surface 
tension. Thus, the superficial viscosity of mercury 
increases greatly on exposure to air in the course of a 
few hours, while the surface tension diminishes. 
Similar effects will be observed when the fluid is not a 
single substance, but a solution. The surface tension of 
freshly-prepared soap solution differs but little from that 
of water, but it decreases considerably in the course of 
a few seconds as the soap accumulates in the super- 
ficial layers. The observed surface tension and its 
variation with concentration changes will depend upon 
the rate of diffusion, and as this rate is very slow in 
some colloidal solutions, the surface tension of colloids 
may continue to decrease for hours to half its initial 
value. For these reasons, the maximum surface 
tension observed is generally accepted as the charac- 
teristic value. 
4x Critical surveys of the methods of measurement of 
surface tension, like that recently published by Mr. 
N. Ernest Dorsey,* show that most of the modern 
methods are modifications of the methods applied over 
half a century ago by Quincke (1858, weight of drops, 
sessile drops, and contact angle), Guthrie (1864, bubbles 
and drops), Tate (1864), Kelvin (1871, ripples), 
Rayleigh (jet vibrations) and others, not to go back 
to the fundamental researches of Laplace, Gauss, 
and Poisson. In recent years, preference has been 
given to methods not involving the determination of 
the angle of contact. Sentis (1887) measured in his 
capillary tube the diameter of the drop forming at 
the bottom of a tube full of the liquid, brought up a 
vessel containing the same liquid from below, and raised 
this vessel until the height of the meniscus, appearing 
in the upper portion of the tube, was restored. The 
pendant drop methods rely upon direct measurement 
of the drops. Sessile drops or bubbles are formed upon 
the upper and lower surfaces of flat plates. F. M. 
Jaeger dips a capillary into the liquid (eg., a fused 
metal), forms a bubble of an inert gas at the end of the 
capillary, and increases the gas pressure until the 
bubble bursts. He can thus also measure the surface 
tension of a bubble of one liquid within another, but 
the influences of the shape of the capillary orifice, the 
depth of immersion, and other factors are difficult to 
estimate, and Jaeger’s formule have been criticised 
by Schrédinger and by Verschaffelt. The drop-weight 
measurements involve undetermined factors. The 
apparatus by which Dr. du Noiiy determines the pull 
on a metal loop dipped into the liquid, was described 
on page 23 of our issue of January 7, 1927. Many 
other methods have been applied in recent years. 


* Measurement of Surface Tension. By N. Ernest 
Dorsey. Scientific Paper, No. 540, Bureau of Standards. 
Washington. Price 15 cents. 
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NOZZLE FOR PETROL. 


CONSTRUCTED BY MESSRS. ZWICKY, LIMITED, ENGINEERS, SLOUGH. 
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In 1921, Mr. A. A. Ladon suggested that surface tension FILTER NOZZLE FOR PETROL 
would influence the soldering process directly, and not FILLING 


merely indirectly, owing to the contamination of surface 
films. Fluxes are used to remove the oxide films and to 
ensure direct contact between the metals. But Ladon 
observed that copper would not take the solder when 
cleaned mechanically and then soldered in a nitrogen 
atmosphere, and that a drop of molten solder remained 
spherical when placed on a clean metal plate, but 
began to spread as soon as flux was placed on it. Ladon 
thought that the surface tension might be reduced by 
other means without the use of fluxes. Recently, 
Messrs. As W. Coffman and S. W. Parr (Industrial and 
Engineering Chemistry, December, 1927) determined 
the surface tension of solder, in vacuo, by a drop-weight 
method. The metal or alloy to be fused was placed in 
a lateral branch of a U tube of pyrex glass, to the open 
limb of which was attached a horizontal drop-discharge 
tube, which was bent down at the tip. In order to be 
able to measure the orifice of the tip accurately, they 
filled this tube with Wood’s metal, ground the end 








ALTHOUGH every reasonable precaution is usually 
taken to prevent the access of dirt to the tanks in 
which petrol is stored for distribution to motor 
vehicles, either at roadside filling stations or in 
omnibus depots, a certain amount of foreign matter is 
often present and may get into the tanks on the motor 
vehicles unless steps be taken to prevent it from doing 
so. For this reason, strainers are usually incorporated 
in the filling connection to the storage tank and also in 
the pump by which it is delivered. It is still desirable, 
however, to filter the petrol immediately before it 
enters the tank on the vehicle, as only in this way is it 
possible to trap any dirt which may collect in the 
delivery hose or may pass the other strainers. For this 
purpose, the filter nozzle made by Messrs. Zwicky, 
Limited, of Slough, should be useful. A photographic 
illustration of this nozzle is given in Fig. 1, above, and 
details of its construction can be followed by examin- 


down carefully, and then fused out the Wood’s metal. | ing the sectional drawings reproduced in Figs. 2 and 3. 


The drops fell into a closed cylinder which was | 


connected to a mercury pump, as also was the whole 
apparatus. 

Experiments with mercury made at temperatures up 
to 25 deg. C. having given results in agreement with 
other determinations, they measured the surface 
tension of tin, lead, and solders at 350 deg. C. The 
values found, in dynes per centimetre, were 524 for tin 
and 446 for lead. The additions of lead to tin lowered 
the surface tension, whilst the reverse operation, the 
progressive addition of tin to lead, had at first very 
little effect. A few per cent. of lead hardly affected 
the surface tension of tin either, but the results were 
not particularly concordant. As hydrochloric acid 
seems to be the active constituent of the common fluxes 
(zinc chloride and ammonium chloride), experiments 
were also made in dry hydrochloric-acid atmospheres. 
The surface tension of a solder was found to be 482 
degrees in a vacuum, 391 in HCl gas, and 497 in nitro- 
gen. It was further observed that the spreading of a 
solder took place in two steps. At first, the tension de- 
creased, but it afterwards increased, there being around 
the outer edge of the spread portion an extended area 
where the solder had actually alloyed with the copper. 
The experimenters support a suggestion made by Mr. 
Sydney Smith in a paper on the surface tension of 
molten metals, read before the Institute of Metals in 
September, 1914, that the decrease in the surface tension 
resulting from the alloying of two metals should be the 
greater, the more these metals differ in their atomic 
volumes and surface tensions. Thus thallium should 
give good solders when alloyed with bismuth, antimony, 
or tin, but this has not yet been tested. 





Tue InstirvTe or PATENTEES.—We have received 
from the Institute of Patentees, 39, Victoria-street, 
London, S.W.1, a copy of the second edition of What's 
Wanted and Advice to Inventors. The pamphlet, which 
is priced at 6d., contains, among other data, information 





regarding patent law and procedure. 





The device embodies a removable filter, which is 
visible in Fig. 2, an adjustable valve, and a nozzle 
designed so as to give a stream-line jet. The nozzle is 
kept covered and clean by a dustproof cap, when not 
in use, and is also provided with a cowl to prevent rain 
entering the tank. The particular pattern of nozzle 
shown is screwed to suit a 14-in. bore hose adaptor, but 
the device is made in several sizes to suit bores be- 
tween lin. and 2in. The body of the filter is made of 
petrol-resisting aluminium or gunmetal, and a special 
pattern has been designed to allow aircraft tanks to 
be quickly filled. 

The filtering grid itself is cylindrical, the frame 
being covered with wire cloth of 180 mesh. The 
supporting gauze has a mesh of 30, the arrangement 
being completed by a 4-in. perforated plate. The 
filter is easily accessible for cleaning purposes, being 
provided with a three-legged spider, which is sprung 
into the cage. This falls out of position when the 
small, knurled nut, visible in Fig. 2, is slacked back. 
The whole cage can be withdrawn or secured in position 
by the wing nut shown in Figs. 1 and 2. The valve, 
which controls the flow of petrol, is worked through 
levers in the manner illustrated in Figs. 1 and 3. The 
internal lever presses directly on to the end of the valve 
spindle. The valve is returned to its off position by a 
spring when the pressure of the thumb is withdrawn. 





BELGIAN CoMBINE.—The Department of Overseas 
Trade informs us that they understand that a Belgian 
company, called the Société Anonyme Davum-Exporta- 
tion, with offices at 25, Quai Jordaens, Antwerp, has been 
formed. The company is to act as the sales organisation 
of the Compagnie des Forges et Aciéries de la Mazine et 
D’Homécourt, France ; the Société des Hauts Fourneaux 
et Aciéries de Differdange, Saint-Ingbert, Rumelange 
(Hadir group), Luxemburg; the Société Lorraine des 
Aciéries de Rombas, France ; and the Société des Aciéries 
de Dilling, Sarre District. This powerful combination W 
enable the Davum Exportation Company to offer for sale 
a complete line of iron and steel products. 
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DETERMINATION OF THE MOMENT |Meruop I.—The Rotor is Removed from its Bear- 
OF INERTIA OF AN ELECTRICAL | 


ROTOR. 
By T. F. Wat, D.Sc. 


A KNOWLEDGE of the value of the moment of 
inertia of the rotating member of an electrical 
machine is of considerable importance in an investi- 
gation of the performance of the machine. For 
example, the measurement of the losses of the 
machine by the “ running-down ”’ method requires 
an accurate knowledge of the moment of inertia. 
Further, the performance of alternators in parallel 
is largely dependent on the magnitude of the 
moment of inertia of the rotating members of the 
respective machines. The calculation of the moment 
of inertia of a composite structure like the rotor of 


an electrical machine is a very laborious process, | 
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ings and Arranged with its Shaft Supported on 
Horizontal Knife Edges. 
In Fig. 1 is shown, diagrammatically, the rotor R, 
| arranged with its shaft freely supported on a pair 
| of horizontal knife edges, one of which is shown at 
| AB. Rigidly fixed to the shaft is a relatively 
small mass, of m gms., by means of, say, a strip of 
hard wood, the distance of this mass from the 
| centre of the shaft being acm. When this system 
‘is at rest, the mass m will, of course, set vertically 
under the axis of the shaft. If the mass m is now 
displaced by the angle § from this equilibrium 
| position, and is then left free to move, the system 
will oscillate and the equation of motion may be 
| obtained as follows : 
The potential energy of the system will be 


(ma — ma cos @) gm.-cms., 
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and cannot be expected to yield accurate results ; that is, 


without a very great deal of arithmetical work. 

Several methods are available for measuring the 
moment of inertia of the rotating parts, and these 
methods may be divided broadly into two groups, 
viz.: (1) Methods of oscillation; and (2) Methods 
depending on an analysis of the ‘“ running-up ” 
and ‘‘ running-down ” curves of the machine. 

In the following, several methods of oscillation 
will be considered, and actual numerical values for 
the moment of inertia obtained by means of some 
of such measurements will be given and compared. 
The methods covered by group (2) are useful in 
cases in which it is impracticable to remove the 
rotating member, and more especially concern large 
machines. A method devised by Professor G. Kapp* 
for direct-current machines has been published, and 
a method applicable to induction motors, and in 
certain cases to alternators, has been developed 
by the writer. 





_* G. Kapp, Journal of the Institution of Electrical 
Engineers, 1909, page 248, 
Tt T. F. Wall, Electrician, June 21, 1907. 






































mga (1 — cos @) dyne-cms., or ergs. 


where g = 981 cm. per second per second, and is 
the acceleration due to gravity. 

If the moment of inertia of the rotor about the 
shaft axis is J, measured in gm.-cm.? units, the 
kinetic energy of the system will be 


[4 J 62 + 4ma? 62] ergs, 
due to the rotation of the system about the axis of 
the shaft, and, 
$ (M+ m) r? 62 ergs, 

due to the motion of translation of the shaft axis 
with the velocity 7é, where r cm. is the radius of the 
shaft and M gms. is the mass of the rotor. 

Since the sum of the potential and kinetic energies 
is a constant, the energy equation may be written 
mga(l—cosé)+ 4 [J + ma? + (M + m) 2] 6? = aconstant: 


Differentiating this equation with respect to @ 
gives, 








If the angle of oscillation 6 is kept small, sin 6 
is very approximately equal to 6*, so that, 
y i a: mag 
[J + ma? + (M + m) r°| 
The time of one complete oscillation of the system 
will therefore be 
Ta a0,/Ct eee 


mag 





seconds. 


If now, the radius of the shaft, 7 em., is small com- 
pared with the radius of the rotor, the kinetic energy 
of translation may be neglected as compared with 
the kinetic energy of rotation. Further, if the mass 
m gm. is small compared with the mass of the rotor, 
and the radius a is not very great, the kinetic energy 
of rotation of m may be neglected in comparison 
with that of the rotor. The expression for T then 
becomes 


r Ks 
a af seconds, 
mag 


so that the moment of inertia is 


Mm @ J mo Pa 
J = — g T? in gm.-ems.? units, 


47 
= [me9 T? in kg.-m.? units, 
107 _4 mr? 


9 
= “4 [m49]| 7: in Ib.-ft.2 units. 
107 | 4 3? 
In all the foregoing expressions the gravitational 
constant g is 981 cm. per second per second. 


Metuop II.—The Rotor is Caused to Oscillate in 
Ball Bearings about its Shaft Axis. 


If the rotor is mounted in the machine in ball 

bearings, this method provides a means for measur- 
ing the moment of inertia of the rotor in situ, 
thus avoiding the trouble and delay of removing 
the rotor. This method is, in effect, the limiting 
case of Method I, when the shaft radius r cm. in 
Fig. 1 is negligibly small. — 
Suppose the bearing friction is sufficiently small 
(which will usually be the case when the rotor is 
mounted in ball bearings), and let a small mass of 
m gm. be fixed to, say, the rim of the pulley, as shown 
in Fig. 2. Then, if the system is displaced slightly 
from its position of equilibrium, it will oscillate 
about this position, and a measurement of the time 
of oscillation will give the moment of inertia of 
the system. Hence, by precisely similar reasoning 
to that given in Method I, the time of oscillation 
will be given by the expression 


J 
T=<2¢4 / —— seconds 
Nl mga = 


where a cm. is the distance of the added mass of 
m gm. from the axis of the shaft. The moment of 
inertia is thus given by 





mga ; ; 
——, T? in gm.-cms?. units. 


- &n* 
If the pulley to which the added mass m has 
been attached has an appreciably large moment of 
inertia, the value of this must be subtracted from the 
value of J given in the above expression, in order to 
obtain the true moment of inertia of the rotor alone. 
For many purposes, however, the moment of inertia 
of the total rotating parts, inclusive of the pulley, is 
required. 


Metuop III.—The Rotor is Suspended by Means of 
Two Ropes or Wires, and Oscillated under Gravity 
Control. 
The mode of suspension for this method is shown, 
diagrammatically, in Fig. 3. The two hempen ropes 
A exert no torsional control on the movement of 
the rotor. Suppose the rotor is twisted through a 
small angle 6 in the horizontal plane, and let ¢ be 
the corresponding angle through which each of the 
suspension ropes A will be turned. Then it follows 
(see Fig. 4) that 
gl=a0 
or, 

a 
dat 


If 1 is large compared with a, the angle ¢ will be 
small compared with 8. When the rotor is twisted 





Deg. Radian. 
*If@= 5, thatis, 0 = 0-08726, sin 0 = 0-08716 
6 = 10, that is, 9 = 0-17452, sin @ = 0-1736 








mgasin @+ [J + ma? +4 (M + m)r2] 6 = 0 


6 = 20, that is, 9 = 0-35904, sin @ = 0-342. 
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through the angle 6 in the horizontal plane, it will 
rise through a vertical distance, 

rs =1(1— cos d) cms., 
Hence the increase of potential energy due to twisting 
the rotor through an angle @ radians is 

M/1(1— cos ¢) gm.-cms., 


or 
Mgl(1 — cos @) ergs, 


where M gm. is the mass of the rotor, and g = 981 cm. 
per second per second is the acceleration due to 


gravity. 
The kinetic energy of rotation is then 


3 J 6 ergs. 
There will also be a small kinetic energy due to the 
motion of translation of the rotor in the vertical 
axis. This term, however, will be negligibly small 
in comparison with the kinetic energy of rotation. 
The equation of motion will then be 


Mgl(l—cos ¢) + 3J 6 = a constant, 
that is, 
Mgt (1— cos ¢ 0) + 43 @ =a constant. 
Differentiating with respect to 6 gives, 
a a ee 
pMglsinj;o+J¢@ = 0 
If 6is small, ; 6 will be very small, and sin ( F é ) = 
+6 very approximately. Hence 
a \? - 
(+) Mgl#@+J30=0 
or, 
= M g @ 
dabei 5 


The time of oscillation will then be 





T=2 */< d 5 seconds, 
ga 
and consequently 
Mga, cae 
J= = i ie in gm.-cms.? units, 
moe i. . 
“jrlin- im kg.-m? units, 
24Mga?_., . . 
= 4531 107 T° in Ib.-ft.2 units, 


Example.—In order to check the accuracy of this 
formula, a solid cast-iron disc was prepared of the 
following dimensions :— 

Diameter of the disc = 9 in., ¢.e., 22°8 cms. 
Thickness of the dise = 2 in,, ¢.e., 5° 1 cms. 

The weight of the disc complete with spindle was 
34 lb. 64 0z., that is, 15,600 gms. When suspended 
by two cords by the method shown,in Fig. 4, it was 
found that the mean time of one complete oscillation 
was 1-26 secs. The free length of each suspending 
cord was 27{ in., that is 71 cm., and the distance 
apart 2a of the two cords was 8§ in., that is 21-9 cm. 

Applying the formula given above for Method IIT, 
in which 

M = 15,600 gms., 


a= 10-95cms., 1 = 71 cms., 


T = 1-26secs., g = 981 cms. per sec. per sec. 
gives 
24Mga? ree 
=4rillorr im ib, -ft®, units, 
that is, 


J = 2-48 in lb.-ft®. units. 

For this very simple form of symmetrical solid 
body, the moment of inertia about the spindle axis 
can be at once calculated from the dimensions, 
viz : 

J=ME 


2 
= M > in lb.-ft2. units, 


where M = 34-405 lb. and r = 4:5, in., that is, 
0-375 ft. Hence, the calculated value of the 
moment of inertia about the axis of the spindle is 

J = 2-41 in lb.-ft*®. units. 


which is in close agreement with the measured 
value. 


Metnuop IV.—The Rotor is Suspended by a Single 
Steel Wire and is Allowed to Oscillate Torsionally 
about the Axis of the Shaft. 

The method of suspension, in this case, is shown 
in Fig. 5. Care must be taken to ensure that the 


the weight of the rotor R without straining it 
beyond the elastic limit. 

It is shown in books on physics* that the relation- 
ship between the twisting couple and the angle of 
twist @ for such a wire is given by 


0 
T =}n7 a‘ ;,in dyne-cm. units, 
where 1 cms. is the length of the suspension wire, 


6 radians is the angle of twist of the lower end of 
the wire, 

a ems., is the radius of the wire, and 

n is the coefficient of rigidity of the material of 
the wire in dynes per sq. cm, 

Let J be the moment of inertia of the rotor in 
gm.-cm.2 units. Then, when the rotor is turned 
through an angle 6 radians, the potential energy 
stored in the twisted wire will be 


4 T 6, in dyne-cm. units, that is, ergs, 


and the kinetic energy of rotation of the rotor will 
be 





3 J 6 ergs. 
Hence, 
470+4J9 6 =a constant, 
that is, 
ee : 
tna FA 4 J 6 = a constant, 
so that, 
0 # 
tna 7 +J@g= 0, 

and 

<3 n «ot 

@= —-i-jz7 8. 


The time of one complete oscillation will then be 








T=27 2d seconds, 
nr a 
or, 
J 
T=2r / — seconds, 
NA 
where 
nt at 
A=} + 


The value of the constant A may be calculated 

from the dimensions and coefficient of rigidity 
of the steel wire suspension. It is, however, usually 
preferable to eliminate the constant A by making 
an additional measurement. Two methods are 
available for this purpose, viz : 
(i) A known twisting couple may be applied to the 
rotor and the consequent angle of twist measured. 
Thus, if the couple is T dyne-cm., and if the con- 
sequent angle of twist is 9 radians, then 


r=A0 
or, 
Keolh 
0 


(ii) The time of oscillation may be measured when 
a symmetrical mass of known moment of inertia 
is added to the rotor. For example, suppose a 
flat solid disc is fitted to the shaft of the rotor, 
and let J, be the known moment of inertia of this 
disc. The value of J, may be at once calculated 
from the radius and mass of the disc, viz : 


My 7? 
Jo = —5— gm.-cms?,, 


where M, is the mass of the disc in gm. and r is the 
radius of the disc in cm. If T! is now the time of 
torsional oscillation when the disc is fitted to the 
rotor shaft, then : 

J + Jo seconds. 





Tli=2r / 
\ 


If T is the time of torsional oscillation of the rotor 
when the disc is removed, then 


T=2r v2 seconds, 
A 


mH? THh 
(r) = 


Hence, 


or, 
T? 
J = (ees = =) Jo. 








* For example: Poynting & Thomson, Properties of 





suspension wire A is sufficiently strong to support 





Matter, chapter vii. 


Although this last method can be made to yield 
accurate results, it is to be observed that, since 
the constant A is proportional to the ratio 


(radius of the wire)4 
length of the wire’ 


the value of this constant will not be precisely the 
same when the rotor is oscillating alone as when it 
is oscillating with the attached mass of known 
moment of inertia J,. For example, the cast- 
iron disc of Example I was suspended by a single 
iron wire of diameter 0°079 in. and length 21 in. 
The time of one complete oscillation, when the rotor 
alone was suspended from the wire, was 





Tl = 4°15 seconds. 


When a straight bar of iron, of weight 4-125 lb. 

and length 2 ft., was fixed centrally to the cast- 

iron disc, the time of one complete oscillation was 
T! = 5°2 seconds. 

The calculated moment of inertia of the bar about 

an axis through its centre was 


Jo = MP 


l= rele 


X 4°125 x 4 


to 


it 
= 1°38, in lb-ft.? units. 
Hence, 
( 17-3 ) 
t= (7-1-3) 
2°45 in lb.-ft?. units. 


as compared with 2-48 lb.-ft.? units as found in 
Example I. 





THE POST OFFICE TUBE RAILWAY, 
LONDON. 


(Continued from page 157.) 


THE equipment which has been provided for 
bringing the trains out of the sidings at the various 
stations is operated on the camshaft control prin- 
ciple in a way similar to that described in the last 
article for the railway itself. The arrangement is 
shown diagrammatically in Fig. 86, on page 215. 

The sidings are, with one exception, single line, 
and in order to accommodate as many trains as 
possible the berths, which are in series, are of the 
minimum possible length. This renders it necessary 
to keep the speed of the train low. Accordingly 
the train comes to a stand on the first berth (WS,) 
before proceeding to the next. It runs into the 
siding on the inwards line (WS), and out over a 
different line (ER,). The points joining these two 
lines are normally set for the outgoing road and are 
completely automatic, being operated by the rela- 
tive positions of trains on the entry line and in the 
siding. On entering a siding a train runs right down 
to the last unoccupied berth, stopping on each berth 
on its way. 

When a train is despatched from the station to 
the siding, it runs on to the entry section (WS) and 
stops. If there is a berth free the points reverse, 
when the train enters the entry section, and the 
camshaft runs up, and energises the conductor rail 
in that section. The train then runs on to the first 
berth (WS,) and stops. The first berth being 
occupied and the points clear, the latter set them- 
selves to normal. If the second berth (WS,) is 
clear, when the train has run on to the first berth 
clear of the preceding points section, the camshaft 
starts to run up and energises the conductor rail 
in the first berth. It, however, takes longer to 
run up than the train takes to stop, thus ensuring 
that the train comes to a standstill in each berth. 
The train now runs on to a second berth. With 
the first and third berths clear and the second 
berth occupied, the camshaft again runs up, and 
the train proceeds in a similar way to the last 
unoccupied berth (WS,). The camshaft then runs 
back to its off position. 

To bring a train out of the sidings a switch 
in the control cabin is closed. This energises 4 
relay, which allows the camshaft to run up t 
the position where it energises the conductor rail 
in the first occupied berth. The train, which has 
previously had its reversing switch operated by 
hand, then runs out in a similar way to that in 
which it entered, and comes to a stand on the 
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THE POST OFFICE TUBE RAILWAY, LONDON. 


MR. A. M. SILLAR, M.INST.C.E., CONSULTING ENGINEER, WESTMINSTER. 
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siding exit section. It is received from here into 
the station by a normal lever movement. 

A Similar arrangement to this is necessary when 
Withdrawing trains from the car depot at Mount 
Pleasant, owing to the long 1 in 20 down grade 
into the station. The incline is divided into four 
Sections, and the train is brought to a stand on 
each. Owing, however, to the mechanical progres- 








Car Depot at Mount PLEASANT. 


sion of the camshaft contactors, once a train has 
begun its journey down the grade, a second train 
cannot be started until the first has reached its 
berth. 

When it is required to send a battery locomotive 
down the grade, an isolating switch is operated. 
This prevents the camshaft from notching up, but 
allows the receive lever to be pulled. 
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The ascent of the incline is effected in the 
normal way, but the line at the top is dead, so 
that the train comes to a stand just at the crest of 
the gradient. From here it is shunted into the 
shed by a hand switch. The first pair of trailing 
points in the car depot on the up road are spring- 
operated, so as to obviate the danger of trains 
running back down the grade, while at the bottom 
of the up road there are spring-operated catch 
points. 

As shown in Fig. 87, the car-depot has three main 
tracks, together with the necessary cross-overs. 
Fach of these tracks is spanned by a double trolley 
wire, which is supported on H joists secured 
to the walls of the building. Each of the trolley 
wires is supplied at 150 volts from one of two motor- 
generators. The current from one of these wires 
passes direct to the motors for operating purposes, 
while the other wire is in a control circuit, the 
object of which will be explained later. The rigid 
supporting arrangement is necessary owing to the 
use of a travelling carriage, two views of which are 
given in Figs. 88 and 89, on page 216, and details 
in Figs. 91 to 94, on page 217. From this carriage 
two flexible wires are suspended, one is led to 
a plug, through which a connection is made to the 
wagon (Fig. 88), while the other terminates in a 
press-type switch, for control purposes, as shown in 
Fig. 95, on page 217. A 4-in. hemp rope is also 
secured to the carriage, a turn of the lower end of 
which is taken round the wagon, so as to relieve the 
pull on the flexible leads. Contact is made with 
the trolley wire by cup-shaped contacts, which are 
free to move laterally and are kept in position by 
springs. Buffers are provided to check the move- 
ment of the carriage at the ends of the run. The 
socket used for connecting the wagon to the flexible 
lead, and thence to the overhead conductor, is the 
same at that employed for coupling the wagons 
together to form a train, so that connection is made 
direct to the overhead conductor without the inter- 
position of the train resistance. 
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COLLECTOR SHOE IN CAR DEPOT. 
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As is clear from the diagram (Fig. 95) two methods 
of contro] can be used when the wagons are being 
moved about the car depot. In the first method, 


the 150-volt supply from the motor-generator passes | 


through a circuit-breaker to a contactor and then 
to an ordinary controller. This set of equipment is 
provided for each of the three car depot tracks, all 
the sets being mounted together on a raised plat- 
form, from which a good view of the whole depot 
is obtainable. This platform is visible in Fig. 87. 
As shown in the diagram (Fig. 95), the operating coil 


of each contactor is in series with a small change- | 


over switch, which is normally held in position B 
by a spring. When the switch is in this position 
the control circuit is through the contactor coil, 
change-over switch and one trolley wire to the press 
switch, mentioned above, and thence to earth. If 
then the controller is on one of the four running 
notches, the wagon can be operated from the floor 


of the car shed by operating the press-button and | 


thus closing the contactor. This enables ‘ inch- 
ing” movements to be conducted, thus facilitating 
movement over the curves. 


If, however, the change-over switch is moved on | 


to position A against the spring, the contactor coil 
is put direct to eartl. 
operated in the ordinary way and the wagons be 


manceuvred from the control platform. In_ both | 


cases the operating circuit is through the controller 
and the second trolley wire to the wagon motors. 

All the points are operated by hand levers and 
have been specially designed to secure a very posi- 
tive spring action. When not in use, the levers 
are sunk in the depot floor, as shown in Fig. 90. 
These points and overhead equipment we have just 
described was constructed by Messrs. Robert W. 
Blackwell and Company, Ltd. 

It may be added that this depot will be mainly 


FLEXIBLE LEAD IN CaR DEPOT. 


The controller can then be | 


! 

| used for repairs and periodical overhauls, and not 
}as a running shed. It is, therefore, equipped with a 
| complete range of tools. The building itself, which 
was built to the designs of Mr. Dalrymple-Hay, is 
a double-barrelled brick structure. It is on the 


basement level of the Mount Pleasant Post Office | 


Buildings, and was constructed on the cut-and-cover 
method, except for an arch of 40 ft. span at one end. 
The arrangement is shown in Fig. 96 on page 217. 

As has already been stated, special rolling-stock 
has been designed for use on this railway ; and the 
general arrangement and construction of the wagons 
employed is shown in the illustrations given in 
Figs. 102 to 105, on page 228, while Fig. 97, on 
page 218, shows a three-wagon train, such as will 
form the normal unit. The bodies of these wagons 
| were manufactured by the Kilmarnock Engineering 
Company, Limited, and their electrical equipment 
by the English Electric Company, Limited. 

As regards design, great care has been taken to 
ensure easy access to all parts, and to admit of the 
| rapid inspection and replacement of such important 
portions as the motors, wheels and axles, journal 
boxes, brake gear and collector shoes. The general 
|dimensions of the wagons are: Total length of 
body, 12 ft. 6 in.: total length over buffers, 13 ft. 
5in.: total width over axle boxes, 3 ft. 6in.; and 
total height above rail level, 4 ft. 114 in. The 
wheel base is 7 ft. 3 in., the diameter of the wheels 
2 ft., while the gauge is also 2 ft. 

The under frame of each wagon is of channel 
steel, the body being built up of steel angles securely 
braced and riveted together and secured to the 
underframe by bolts. The flooring sides and ends 
are constructed of mild open-hearth steel plates. 
The electrical apparatus can be inspected through 
flush trap doors without removing the flooring. 
Lugs are cast on to the horn plates, so as to 
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|permit of the whole truck being lifted. The 
|wagons are divided into three compartments, 
|the two end compartments being 3 ft. 4 in. 
iby 2 ft. 10 in. by 2 ft. 3 in. high, and the middle 
| compartments, 4 ft. 6 in. by 2 ft. 10 in. by 3 ft. 7} in. 
high. Each of these compartments is fitted with 
| sliding shutters on each side, and the centre com- 
| partment has also a flap door, which is held verti- 
|eally by the shutter coming down outside it, so 
'that easy access is obtainable. The aggregate load 
|that can be carried in the three compartments is 
/1,120 Ib. The weight of each wagon, exclusive of 
' the electrical equipment and brakegear, is 2,600 |b. 
|The wheels have cast-steel centres and steel tyres. 
|The diameter of the wheel over the tyre is 2 ft., 
and the breadth of the tyre on the tread is 2} in. 
|The axles, on to which the wheels are pressed 
| hydraulically, are of acid open-hearth steel and are 
fitted with roller bearings. After assembly the 
|wheels and axles were carefully balanced and 
| tested to ensure that they run smoothly and with- 
‘out vibration at a speed of 500 r.p.m. The axle 
boxes, of the roller-bearing type, are self-lubricating 
|and dustproof. The wagons are coupled by links, 
| which are fitted to spring buffers. 

| The horn plates are of steel, their sliding surfaces, 
/and the corresponding sliding surfaces of the axle 
| boxes, being machined and arranged so that they 
j}can be lubricated. Two vertical helical springs are 
| fitted over each journal to take the weight of the 
| wagon body under all conditions of service. These 
| springs are of acid open-hearth steel, and have 
been specially designed to render the running of 
the wagon as smooth as possible. both when empty 
|and when loaded, and to prevent undue pitching 
|and rolling. The collector shoes, shown in Figs. oF 
| and 101, are carried on frames which are suspende¢ 
from the axle boxes. 


| 
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The electrical equipment of the wagons offers 
some points of interest. Each vehicle is driven by 
two 22 h.p. 440-volt series interpole traction motors, 
Operating through single-reduction spur gearing 
enclosed in an aluminium case. These motors have 
only three auxiliary poles, and give a running speed 
of 30 m.p.h. on the level. As will be seen from 
Fig. 99, on page 218, there is no control gear on the 
Wagon itself, with the exception of a series resist- 
ance of about 7-6 ohms, which, however, remains 
Permanently in circuit with each motor, and the 
braking equipment and reverser. The two series 
Motors, which form the driving unit of each wagon, 
are also permanently connected in parallel and 
receive their supply from the conductor rail 
through two separate shoes, one at each end 
of the wagon. Reversal is effected by a hand 


Witch, w hich changes the direction of the fields 
*gative brushes of each motor are connected 


The ne 
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;}to a common bar, which in turn is connected 
| through the brake solenoid to earth. The equip- 
ment of the wagons forming one train are paralleled 
by means of a bus line and electrical couplers on 
the negative side of the permanent resistance, as 
shown in the diagram, Fig. 98 on page 218. 

When a wagon is standing on a de-energised track, 
no current passes through the brake solenoid, and 
the springs therefore hold the blocks against the 
wheels. As soon as current is supplied to the 
conductor rail, the solenoid is energised, the brakes 
are released, and the motors start up, the current 
rush being damped by the resistances. The charac- 
teristic of the series motor is, of course, such that 
the current falls as the speed increases, so that 
after the starting period, the power absorbed in 
the resistances is small. On entering a dead section, 
current ceases to pass through the solenoid, and 
the brakes are immediately applied. 

This arrangement enables the direct-current series 
motors to be operated on what is virtually an alter- 





nating current characteristic, when giving their 
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specified output of 22 h.p. The arrangement has 
the great advantage, from the operating point of 
view, that as little as possible control equipment is 
carried on the wagons themselves. 

Each motor is slung from the wagon axle in 
bearings, and from the wagon frame by springs. 
The suspension generally is designed, so that there is 
sufficient relative motion between the motor frame 
and wagon to reduce shock, and so that the failure of 
a suspension spring does not interfere with the free 
running of the motor or of the wagon. The motor 
is totally enclosed, and generally complies with the 
English Electric Company’s standard design for 
traction work. The armature shaft bearings are 
carried outside the frame, and are of the roller 
pattern. Driving is effected through spur gearing 
of the single-reduction type, the ratio of reduction 
being 3°33 to 1. Like the motor, the gearing is 
totally enclosed. 

The brake gear consists of a compensated system of 
four brake shoes, which are pressed against the tyres 
of the wheels in the ordinary way. Provision is 
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made for adjustment to compensate for wear in 
the wheels and shoes, and to take up slackness in 
the springs. The shoes are fitted with Ferrodo 
bonded asbestos. The brakes are applied by the 
springs, directly the current is cut off for any reason. 
The system is designed to give a minimum retarda- 
tion of 3-5 m.p.h. per second with a fully-loaded 
wagon travelling at 8 m.p.h. Hand-releasing gear 
is provided to free the brakes when that is necessary. 
This is operated by a hand wheel, which is inter- 
locked with the reverser. This wheel is only free 
when the reverser is in neutral, and in that position 
no current can pass to the motors. Similarly, the 
reverser cannot be moved from neutral, unless the 
brakes are hard-on. 

The reverser is of the four-pole double-throw type 
and enables the wagon to be drawn automatically 
out of a siding in which it has been placed, as des- 
cribed in detail above. 

The general arrangement of the collector shues, of 
which there are two on each wagon, is shown in 
Figs. 100 and 101. These have been designed to pre- 
vent fouling and to ensure good contact with the 
conductor rails under all running conditions. Each 
shoe is capable of collecting 150 amps. with a 
current density not exceeding 50 amps. per square 
inch on the effective area of contact and is 77 in. by 
3 in. by } in. thick. Adjustments are provided, 
so that the wear of the journals, rails, wagon 
wheels and of the shoes themselves can be com- 
pensated. The rubbing portion of the shoes is of 
steel and the collecting surface is chilled and 
arranged, so that it is easily replaceable. 

As already stated, it is proposed that the wagons 
shall be connected together in trains of three. For 
this purpose a twin-core train cable with a twin 
coupling at each end is used. Each core of this 
cable has a sectional area of 0-66 sq. in. A general 
diagram of connections of the circuits on a train 
is given in Fig. 98. The train couplings are inter- 
changeable at both ends, and are fitted with a 
locking device so as to prevent them from working 
loose. 


(To be continued.) 


THE DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. 


From some points of view an annual report can only 
be regarded as a necessary evil, both to those who 
prepare it and those who are expected to read it. 
When it relates to bodies whose proceedings are also 
chronicled in reports issued during the year, it 
must contain, inevitably, a great deal of matter 
which has appeared already, and considerations of 
space make it impossible to give anything like an 
adequate account either of that matter or of a good 
deal more. In two respects, however, the annual report 
serves a purpose which is not fulfilled by any other 
document. The less important of these is that it 
brings the history of the work up to the date when the 
report was written, and thus may disclose a good deal 
that would otherwise not appear until the possibly much 
later dates when individual reports would be published. 
The more important is that it shows not by prophesy 
but by retrospect the tendency of the work and the 
policy under which it is conducted. The details it 
records plot out curves which by inspection show what 
has been done, and by a natural extrapolation can 
thus give a fair idea of what may be expected. 

It is in this spirit that the Annual Reports of the 
Department of Scientific and Industrial Research are 
most usefully read, and in which it may be profitable 
to give some short account of the Twelfth Annual 
Report, which has just been published.* It has no 
very sensational changes to record. In one way its 
operations may be summed up in the fact that it has 
spent something uncer 5 per cent. more money than 
in the previous year. and has reduced its apparently 
not extravagant headquarters’ charges by about 10 per 
cent. Rather more than in the previous year has been 
spent in its own research stations, and rather less on 
external grants, but the differences are not large, 
and exhibit the Department as working in very much 
the same way as before. As is well known, the Depart- 
ment is a Committee of the Privy Council, and acts 
under the advice of an Advisory Council, the members 
of which, at present all distinguished men of science, 
are appointed for definite terms and retire at the end 
of them. It is, in fact, a Government Department 
acting under the advice of a body of private persons. 











* Report of the Committee of the Privy Council for 
Scientific and Industrial Research for the Year 1926-27. 
Cmd 3002, H.M. Stationery Office. [Price 3s, net.] 
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In the year under notice it has by the operation of the , Frank Heath, and it is easy, therefore, to hanes so 
retirement rule lost the services of some distinguished | as the Committee of Council states, that his retirement trial 
men, and has gained those of others. It is evident, | is regarded as a great loss. His successor, Mr. H. ; of t 
however, that under such a constitution much responsi- | Tizard, F.R.S., was for some years previously — mad 
bility must rest upon the chief permanent officers of | Secretary. Many of our readers are familiar with : quai 
the Department, and in the present year the most | distinction as a scientific man, and his eppointae tea 
notable change has been found in the retirement of | will confirm the confidence with which the Departmen und 
the Secretary, Sir Frank Heath, who in that capacity | proceedings are watched by engineers as a whole. " resu 
has been identified with the Department’s work, as Of the new developments which have been bc ‘s addi 
the Committee of Council states, from the beginning. | in the year under notice perhaps the most notable oa | 
It appears from the Report of the Advisory Council | the institution of a Water Pollution Research bie mea 
that the burden of the solution of the many and | To civil engineers this will be a matter of considera . an ¢ 
difficult problems which the Department had to face, | interest. It is recognised that, owing to . the 
both when it started and as it grew up, fell on Sir| personal habits and other reasons, the consump! 
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of water per head of population is constantly growing, 
and there can_be little doubt that communities in 
increasing numbers will in the future have to draw 
their water supplies from sources which at the present 
time would be condemned for their pollution. The 
grave aspect of this situation is that as yet the 
measures which can be taken to purify an effluent, 
whether of sewage or of trade refuse, are mainly, if 
not entirely, empirical. Such a basis is unsatisfactory 
even for the treatment of isolated cases, but when there 
is a prospect that the isolated cases will become 
numerous, the matter becomes one of serious public 
importance, which calls for active investigation by 
the State. It is estimated, moreover, that over 70 per 
cent. of the present damage to fisheries is caused by 
sewage, and serious injury is also done to fish by trade 
effluents, which, in addition, are liable to interfere 
with the final purification of the effluents from some 
types of sewage works. The complexity of the 
problem and the large amount that remains to be done 
in regard to its chemical and biological aspects can 
only be faced with any prospect of success if the work 
is undertaken on an adequate scale, and those who, 
whether as engineers or otherwise, are concerned with 
water supplies will welcome the announcement that 
comprehensive enquiry is to be made into their 
protection. 

A beginning has also been made of a research into 
the practical possibility of detecting underground 
deposits by geophysical methods. The electrical 
conductivity of the earth, its magnetic field, and other 
phenomena are known to vary with the nature of the 
sub-strata, and have each been suggested as offering 
a possible means of detecting the presence of hidden 
deposits; but in the present investigation the first 
trials have been made on the gravitational method, 
developed as far back as 1887 by Eétvés. In this 
method the horizontal components of the earth’s 
gravitational attraction are measured by means of a 
delicate torsion balance, and in order to ascertain how 
far variations produced in this instrument can be 
correlated with the presence of subterranean deposits 
having a different specific gravity from that prevailing 
generally in the area in question, trials were 
made over ground below which a concealed dyke had 

en independently surveyed. The results of these 
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accurate trials under the general control of the 
Australian Commonwealth Council for Scientific and 
Industrial Research of some of the methods for 
detecting deposits of metallic ores. It is possible 
that the British Research Department may take 
part in the investigations. If the present hopeful 
prospect of practical results are realised, and the 
accuracy of such methods is demonstrated by 
unexceptionable evidence, they will have obvious 
importance in future mine prospecting and working. 

Among the increased facilities which have been 
placed at the disposal of the Department may be 
mentioned a new laboratory for Forest Products 
Research, which has been provided at Princes Ris- 
borough, a position convenient both to the Imperial 
Forestry Institute at Oxford, with which the Labora- 
tory is conducting a good deal of joint work, and for 
industries using home-grown timbers at High Wycombe. 

The equipment of the Fuel Research Station has now 
been increased by the completion of the coal-washing 
and cleaning plant, by the use of which it is hoped to 
obtain indications of the best type of purification plant 
to be used with the various seams of coal investigated 
in the Physical and Chemical Survey of the National 
| Coal Resources, and also to obtain improvements in 
|existing methods of purification or to develop new 
/ones. An important event of the year has been the 
| arrangement that a simple system of low temperature 
|carbonisation developed at the Fuel Research 
| Station, which, after investigation of the various 
| systems available in this country and on the Continent, 
was found by the Gas Light and Coke Company to be 
the most suitable for use in a gas works, will be tried 
|commercially by that company for three years. 

The work of the National Physical Laboratory is so 
| various, and its results so important and so detailed, 
|that it will be best considered in our usual account of 
|the next Annual Report of the Laboratory. It may 
| be remarked in the meantime that in spite of industrial 
| depression the demand for the Laboratory’s work by 
|firms and outside bodies has been substantially un- 
| diminished, while its services to the various Boards 
| and Committees of the Department has increased. 

A notable development during the year has been 
| the formation of a committee under the chairmanship 
|of Sir William Bragg to investigate the application of 





trials indicated clearly the presence and direction | X-Ray methods to industrial problems. This work has 
of the dyke, and the necessary calculations are being | begun by applying X-Ray analysis to magnet steel, 
made to ascertain how closely the results also give | especially tungsten steel, a large part of the material 
quantitative indications, such as the width of the dyke, |for which has been supplied by the Brown-Firth 
its angle of dip, and its depth below the surface. It is | Research Laboratories. The investigations are expected 
understood that further work has given qualitative | to throw light on the conditions necessary for high 
results equally promising, and it is expected that | coercive force and high remanence, and other investiga- 
additional tests will be made on this method, as well|tions are under consideration for applying X-Ray 
a possibly investigations on other lines. In the|methods to problems of notched-bar brittleness, 
meantime, the Australian Government are sending | clays, and refractories, and possibly dielectrics. In 
&n expedition to Australia, to the expense of which | all departments of the Laboratory the investigations 
the Empire Marketing Board is contributing, to make | in progress appear to have been carried considerably 





further than has yet been published. It is interesting 

to observe that, in addition to the various investiga- 

tions that are being conducted with the help of the 

Froude tank, the number of ship models tested in it 

during the year was 63 as against 36 for the previous 
ear. 

The Board’s various committees for co-ordinating 
research in chemistry, fabrics, engineering, physics 
and radio work, continue to report extended investiga- 
tions in subjects on which reports have been published 
already. Among those which are in their early stages 
may be mentioned a comprehensive programme of 
investigation into the possibility of improving the 
quality of steel castings, which is being conducted at 
the Research Department, Woolwich, at the same 
time as some examinations of steel ingots on behalf of 
a committee of the Iron and Steel Institute. The 
effect upon steel of gases held in solution on solidi- 
fication is also being investigated at the National 
Physical Laboratory. Under the Physics Co-ordinating 
Board considerable progress has been made in acous- 
tical research, including measurements of sound 
absorption, the testing of sound signals, screening and 
silencing for aircraft, meteorological acoustics, and other 
matters. A practical result of the acoustical work which 
has been done at the National Physical Laboratory 
is that the Laboratory is now prepared to measure the 
efficiency of materials as absorbents of sound, and to 
test the acoustical properties of existing or proposed 
buildings. 

An announcement of some importance is that the 
tests on bridges in respect of the stresses imposed on 
them by live loads and their impact were completed 
during the year. It is stated that the results have 
been deferred for certain computations to be made 
which are necessary before satisfactory tables of impact 
allowances can be completed. This statement seems 
to imply that the effect of the results, when analysed 
and interpreted, is to give a definite basis for such 
allowances, and if this be so the report embodying 
the results and conclusions will be awaited with 
much interest. 

The policy of the Department in regard to its external 
grants remains unchanged, but in an interesting passage 
the report of the Advisory Council seems to define it 
a little more sharply than before. The provision of 
grants in aid of appropriate researches by individual 
workers is regarded as likely to be a permanent function 
of the Department. In the year under notice grants 
were renewed to the Cavendish Laboratory in aid of 
investigations under the direction of Sir Ernest Ruther- 
ford into intense magnetic fields. The difficulties of 


| designing not only the dynamo but also coils strong 


enough to resist the field without bursting have been 
overcome, and under certain circumstances fields can 
now be produced up to as much as 900,000 gauss. 
Among the remarkable phenomena which the use 
of this equipment has disclosed is the rise of resistance 
in bismuth when subjected to such fields. In a 
field of about 300,000 gauss its resistance is increased 
at normal temperatures some fifty times, and at the 
temperature of liquid air 1,000 times. The work on 
X-rays and crystal structures at the Royal Institution 
is another example of the application of the Depart- 
ment’s grants, and it is remarked that practically all 
the investigators who were appointed to work under 
Sir William Bragg in the researches from which grants 
were made are now engaged in developing X-ray 
methods in other institutions, a result which was one 
of the chief objects in view in making the grants. 
Another substantial grant has been made to the 
Imperial College for providing research assistants to 
Professor Bone for work on chemical reactions at high 
pressures, the expensive equipment for the purpose 
being provided by Imperial Chemical Industries. 
While there are always likely to be researches 
such as these, of which the scope is wide enough to 
call for the assistance of the State where it is required, 
the work of an industrial research association, is in 
normal times the business of the industry. Excep- 
tions are being made for the time being for reasons 
and to extents which in regard to research associations 
were explained sufficiently in the previous report. 
The present report announces that the Department 
will temporarily continue its practice of giving grants 
for the maintenance of research students, so as to 
assist in providing for the supply of scientifically- 
trained workers who will be required as manufactur- 
ing industries extend their employment of such men. 
These grants are made, however, only to a small 


total, and from an inspection of the figures it looks 


as though even this total is being more rigidly scrutinised 
than in previous years. On the other hand, whether 
as the result of the Department’s policy or not, the 
annual contribution from other sources towards the 
support of students recommended to the Department 
has nearly doubled since 1921. It is satisfactory to 
find that the work and subsequent careers of students 
who have received grants has in practically all 
instances justified the awards. 
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THE BRITISH INDUSTRIES FAIR 
AT BIRMINGHAM. 
(Continued from page 206.) 

Tue British Industries Fair was opened officially 
on Monday last, at both London and Birmingham. 
Both sections have been very considerably enlarged 
since last year, the enterprise in Birmingham in 
this connection being particularly noteworthy. The 
Birmingham section now claims, we believe, to 
possess the largest single roofed-in area in the 
British Isles, and has made arrangements for 
further expansion should this prove necessary. The 
exhibition is truly national in character, the actual 
number of Birmingham firms showing being only | 

{ 





a relatively small proportion of the whole. 

The usual Government banquet was held at the | 
Mansion House, London, on Monday evening, when | 
H.R.H. the Duke of York attended, and in the | 
course of the function proposed the toast of the | 
British Industries Fair. His Royal Highness had | 
already, earlier in the day, visited the London 
section, and he spoke with enthusiasm of the 
enhanced importance this annual exhibition is | 
acquiring in the eyes of other nations. Sir Austen | 
Chamberlain, who proposed the toast of “ The | 
Guests,” remarked that the commercial prosperity 
of all was the best assurance of peace in the world, 
and the High Commissioner for Australia, in his 
speech in reply, drew attention for the need of 
closer personal contact between the parts of the 
Empire. The remark made during the evening by 
Sir Stanley Machin that he hoped that the Govern- 
ment would some day be induced to erect a building 
worthy of the Fair, was met by a demonstration of 
approval on the part of those present which can 
hardly, we think, fail to have some effect in the 
proper quarters, while Mr. G. N. Guest, speaking | 
for Birmingham, thought that larger sums should | 
be allotted to making the Fair known. | 

In our issue of last week, we commenced dealing 
with exhibits at the Birmingham section, in which 
we are, of course, more particularly interested, and 
we now continue our account of a further selection 
of exhibits to be found there. With the constant 
increase in the size of the exhibition, it is not to be 
expected that we can deal with more than a fraction 
of the appliances to be seen, and, as far as possible, 
have to confine ourselves to plant not previously 
dealt with in our columns. 

A new press, specially designed for the produc- 
tion of hot pressings in steel and yellow metals, is 
being shown by Messrs. John Hands and Sons, 
Limited, Cardigan Works, Belmont Row, Birming- 
ham. ‘This press, which is of the percussion type, 
is capable of exerting a pressure of 125 tons; the 
stroke is 14 in. We understand that, apart from 
its use for hot pressings, it can be employed with 
entire success on any work requiring concentrated 
heavy pressure, such as cold stamping or embossing. 
The machine is illustrated in Fig. 21, annexed, 
from which it will be seen that it is built up with 
separate side frames joined by the anvil and nut 
bracket. The side frames and slide are made of 
toughened solid cast steel, and the slide works on 
adjustable guide strips, so that it can be accurately 
set. The screw is a steel forging, of special composi- 
tion to withstand the stresses to which it is subjected. 
As will be clear from the illustration, the drive is by 
belt, to fast and loose pulleys, on a horizontal shaft 
on which two flat discs are mounted. The discs are 
of cast iron, and are spaced slightly wider than the 
horizontal steel wheel mounted at the top of the 
spindle. Either disc may be brought into contact 
with the edge of the horizontal wheel, which is 
faced with leather, by means of the lever mechanism 
visible at the right-hand end of the top horizontal 
shaft. The leather facing is easily renewable, as it | 
consists simply of a flat belt terminating in a 
tensioning device. The pivoted lever on the end of 
the driving shaft is connected through a suitable 
link mechanism, which can be seen in the figure, to 
a hand lever provided with a balance weight, and 











| roller arm mounted on the back of the main frame. 


provided with two adjustable stops, and for hand 
working the stops are fixed clear of an arm project- 
ing from the die head. For automatic working, 
they are set to make contact with this arm, thus 
reversing the head after any desired degree of 
travel. The vertical rod of the link mechanism 
also passes through an adjustable brake, consisting 
simply of a fibre pad which can be brought into 
contact with the rod by screwing in a sliding block 
connected with the handwheel visible above the 
hand reversing lever. This brake provides sufficient 
grip to prevent the balance weight on this lever 
throwing the machine into the reverse position, but 
does not prevent the operation of the automatic 





from the design then described, we illustrate the 
engine exhibited at the Fair in Figs. 22 and 23, on 
Plate X XIII, with this week’s issue of ENGINEERING, 

The essential feature of the engine is that the 
pressure generated by the expansion of the gas in 
each cylinder is transmitted directly to a swash- 
plate, with the elimination of both crank and con. 
necting-rod. The cylinders are arranged with their 
axes parallel to that of the shaft carrying the swash- 
plate, and the thrust is transmitted to the latter 
through a Michell pad, a spherical joint being inter- 
posed between the pad and the piston. The motion 
is such that oil is drawn into the spherical bearing, 
in which it attains a high pressure, ensuring effective 
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control. 
spring contacts to give a gradual reverse action. 

The ejector gear is of the usual type, and may be | 
operated either by foot or automatically. For the | 
former, it is connected by a suitable link mechanism | 
to the foot lever shown. When it is required to 
render the ejector gear automatic, this lever is 
connected up, by a quickly-detachable link, to a 


The roller arm is raised or lowered at the required | 
point by making contact with a cam mounted on the 
back of the die head. 

The National Gas Engine Company, Limited, 
Ashton-under-Lyne, are showing a 100-brake horse- 
power twin cylinder heavy-oil engine, similar to that 
described on page 52, vol. cxxii of ENGINEERING, 
a petrol-paraffin engine, particulars of which will 
be found on page 43 of vol. cxx, and other exhibits 
which have also been already described in our 
columns. This firm have taken up the manufacture 
of the Michell crankless engine, under licence, and 





carried on the front of the main frame. It will be 
clear that when this lever is raised or lowered, one 
or other of the friction wheels will be brought into 
contact with the wheel on the top of the spindle, 
thus either raising or lowering the die head. The 
vertical rod forming part of the lever mechanism, is 


are exhibiting an example, under the title of the 
National-Michell, on their stand. We described the 
original engine, made by Messrs. Crankless Engines, 
Limited, Melbourne, in ENGINEERING, vol. cxix, 
page 104, but as the model shown by the National 
Company differs in a number of important particulars | 





The adjustable stops are provided with | lubrication. 
| plate, perfect dynamic balance can be attained, and 


Messrs. JoHN HAnps AND Sons, LIMITED. 


By suitably proportioning the swash 


as the engine has been proved to have a high mech- 
anical efficiency, it compares very favourably with 
those of more conventional design. A reference to 


‘the illustrations accompanying our earlier article 
| will show that the engine there described, which 


developed 50-h.p., was an eight-cylinder model, the 


cylinders being arranged in two opposed groups of 


four on either side of the swash-plate. In the model 
shown in Figs. 22 and 23, which develops 10-h.p., 
only three cylinders are employed. These are sym- 
metrically arranged, all on the same side of the plate; 
The latter feature has facilitated a marked simplifica- 
tion of the valve gear. It will be seen from Fig. 23 
that an internally-toothed ring is bolted inside the 


| fixed casing to the right of the swash plate, and that 


pinions engaging with this ring are mounted on pins 
secured in a cam plate. Rollers bearing in the cam 
are mounted in horizontal sliding tappets, and the 
motion of the latter is transmitted to the valves by 
rocker arms, one of which can be seen in profile 
above the centre line. The section of the engine, 
given in Fig. 23, is taken through the exhaust 


/passage. The gas inlet is at the back of the cylinder 


casing, the gases passing through an internal passage 


to the inlet manifold in the cylinder head. 
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Fias. 22 AND 23. CRANKLESS Gas Enaine; Messrs. Nationat Gas ENGINE Company, LIMITED. 
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Fias. 26 anp 27. Truck Type SwitcHGEAR CuBICLE; Messrs. METROPOLITAN-VICKERS ELECTRICAL Company, LIMITED. | 






































Fie. 28. Fur. Economtser; Messrs. E. GREEN AND Son, Fia. 29. ANNEALING FurNACE: Messrs. METRO- 
LIMITED. POLITAN Furi Company, LIMITED. 
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Fig. 37. 


Fias. 35 to 37. Rotary AtR Compressor; Messrs. REAVELL AND COMPANY, LIMITED. 
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Fre. 38. Hanp-OPpERATED AIR COMPRESSOR ; 
Messrs. REAVELL AND CoMPANY, LIMITED. 
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Fies. 39 to 41. Dust Cottector; Messrs. Davipson AND ComMPANyY, LIMITED. 
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Fie. 42. Dust CoLLector; Messrs. DAvipSON AND CoMPANY, LIMITED. Fic. 43. SreamM-Driven NH, Compressor ; Messrs. 
PULSOMETER ENGINEERING CoMPANY, LIMITED. 
































Fic. 44. Bett-Driven NH, Compressor; Messrs. PULSOMETER ENGINEERING Fie. 45. Torrent Fitter; Messrs. PULSOMETER 
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In the earlier design the starting handle engaged 
with the end of the main shaft, epicyclic gearing 
being introduced behind the handle to increase the 
mechanical advantage. In the National engine, on 
the other hand, the handle is mounted on the side 
of the cylinder casing, as shown in Fig. 22. The 
handle engages, through the medium of the usual 
dogs, with a shaft carrying a skew-gear wheel, 
shown above the main shaft in Fig. 23. This wheel 
engages with a second skew pinion mounted on the 
shaft. Immediately to the left of this wheel, there 
is another which serves to drive two vertical shafts 
passing through the casing. The governor mecha- 
nism is coupled to one of these shafts at the upper 
end, while the lubricating-oil pump is driven from 
the lower end of the same shaft. The second vertical 
shaft, not shown in the figure, drives the coil dis- 
tributor. Pressure lubrication is employed through- 
out, the oil being sprayed on to the Michell blocks 
through the two nozzles shown below the centre 
line in Fig. 23. The pistons are extended beyond 
the swash plate, to give more effective support to 
the Michell blocks, as shown in the same figure. 
The engine shown at the Fair is arranged to drive 
a generator manufactured by Messrs. Electro- 
motors Limited, Openshaw, Manchester, a flexible 
coupling being introduced between the two units, 
as shown in Fig. 23. The engine develops its rated 
output of 10 brake horse power at 1,200 r.p.m., 
operating on town gas. 

An extensive range of indicating and recording 
draught gauges and thermometers is displayed on 
the stand of Messrs. Negretti and Zambra, 38, 
Holborn-viaduct, E.C.1, and of these we may first 
refer to a new electrical temperature recorder, which 
isillustrated in Fig. 24 on Plate XXIII. This instru- 
ment is of substantial design and is enclosed in a 
cast-metal case, which is practically fume and water- 
tight ; it is suitable for bench or panel mounting. 
The movement is of the high-resistance, dead-beat 
type, with spring control, and the coil is mounted 
on double pivots in spring jewelled bearings, so 
that no special levelling of the instrument is neces- 
sary. The pen arm is “T ” ended, one point in- 
dicating the temperature on an engraved scale and 
the other marking the chart with inked dots at one- 
minute intervals. The pen arm, it should be ex- 
plained, is normally free to take up the correct posi- 
tion, and not in contact with the chart, but an inked 
pad is brought forward at intervals by the clockwork 
mechanism until it comes between the pen and 
the paper. The mechanism next depresses the 
pen on to the pad, which is then drawn back, and 
the pen is afterwards pressed down on to the chart 
on which an inked dot is marked. The complete 
record, of course, consists of a series of dots suffi- 
ciently close together to form a line. When it is 
desired to obtain two records on the same chart, a 
switch, operated by the clockwork gear, is provided, 
and the second record is made up of double dots, 
instead of single ones, so that the two records are 
easily distinguishable. As will be seen from Fig. 24, 
the chart drum is horizontal. It is usually arranged 
to make one revolution a day, giving a time scale of 
} in. per hour, the temperature scale being 5 in. in 
width. The clockwork gear is of a special design, 
with a lever-winding device inside the case, and is 
capable of running for eight days with one winding, 

The only other instrument exhibited by the firm 
with which we can deal on this-occasion is the dial 
thermometer and signal device, illustrated in Fig. 25 
on Plate XXIII. The thermometer is of the mercury- 
in-steel distant-reading type, and the indicator is 
arranged so that a white light is shown while the 
correct temperature is maintained to within 1 or 
2 deg. C., and a red or green light is shown when the 
temperature rises above or falls below this limit. 
The particular instrument illustrated has a range 
from 390 deg. C. to 470 deg. C., and the scale, it 
will be seen, has a central zero where the pointer 
would be for the correct working temperature of 
430 deg. C. If the temperature fell, a green light 
would be shown by the signal device, and a glance 
at the indicator would show the extent by which the 
temperature was below the normal, up to 40 deg. ; 
an increase in temperature would, of course, be 
Similarly indieated, the signal device then showing a 
red light. For switching on and off the lamps in 
the signal device, a special form of commutator, 





with ‘‘ Vee” rollers working in square grooves, is 
fitted in the dial. The rollers are operated by the 
pointer and the segments of the commutator, 
which can be adjusted from outside the case, are 
connected to the red, white and green lamps. It 
is stated that the work involved in operating the 
rollers is so slight that no perceptible errors in the 
temperature indications are introduced by their use. 
Alternating current, at 6 volts, is used for the lamps, 
the current being supplied from the mains through 
a transformer. The signal device can, of course, be 
placed at any desired distance from the dial. 

We dealt with a number of the switchgear exhibits 
in our issue of last week, but mention may be made 
of a new pattern of ironclad starting and control 
panel for direct-current motors up. to 50 h.p. and 
pressures up to 500 volts, shown by Messrs. 
Metropolitan Vickers Electrical Company, Limited, 


Cement. F wg. 30. 
Joint Flameless Red Hot Incandescent Suriéace. 
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Fig. 31. 


Fics. 30 anp 31. Surrace-ComMBusTION APPa- 
ratTus; Messrs. THE MetTROPOLITAN FUEL 
ComMPANyY, LIMITED. 


of Manchester. The actual panel shown at Bir- 
mingham is designed for a 15-h.p. variable-speed 
motor. It includes a protected-type starter, which 
is fitted with adjustable overload and no-volt 
releases, and a rheostat which enables the speed 
to be regulated between half and full speed. In 
addition, there are ironclad combined switches and 
fuses, the latter only being accessible when the 
former are open. A considerable degree of protec- 
tion can thus be obtained, while the motor can also 
be isolated as required by the Home Office regula- 
tions. If an ammeter is fitted, it is mounted on a 
steel panel with a bushed cable entry, and all the 
live metal is entirely enclosed. 

The truck-type switchgear cubicle also shown, and 
illustrated in Figs. 26 and 27, on Plate XXIV, is 
a new design of a class of equipment which is 
now widely used in substations and for industrial 
purposes. The particular cubicle exhibited is 
arranged to carry 300 amperes at 6,600 volts, and 
will include an oil switch with one shunt-trip and the 
usual auxiliaries. Compared with earlier patterns, 
the construction of the cubicle itself has been 
simplified, so as to reduce weight and cost and to 
facilitate the work of erection and maintenance. 
For instance, the carriage is mounted on wheels 
borne on roller bearings, and the contacts are self- 
aligning. Interlocks are provided to prevent the 
carriage from being removed or replaced unless the 
oil switch is in the “‘ off” position, and automatic 
shutters ensure that contact cannot be made 
accidentally with live metal. Special hinged doors 





over the cable boxes allow an inspection to be made 
without removing or disturbing any apparatus. 
Messrs. E. Green and Son, Limited, of Wakefield. 
are exhibiting a model of their vertical economiser 
with automatic scraping gear. This economiser 
has been on the market for some considerable time, 
and is too well-known to require description. It 
may be mentioned, however, that although the 
makers have since introduced a number of alter- 
native models, they still recommend the standard 
vertical economiser where space is not of paramount 
importance, and where the working pressure is 
normal. In modern power houses, the conditions 
frequently call for a compact and relatively light 
economiser capable of withstanding high pressures, 
and for this reason, Messrs. Green have introduced 
the new model illustrated in Fig. 28, on Plate XXTV. 
This economiser has tubes of smaller bore than the 
standard type. with a corresponding increase in 
strength, and closer spacing in the headers gives 
greater rigidity and compactness. Owing to the 
smaller size of the tubes, the water travels at a higher 
velocity than in the older type. As will be seen 


from the illustration, the tubes are provided with 


gills. These are of cast iron, and are cast on the 
tubes ; they, of course, greatly increase the heating 
surface presented to the gases. Although the 
economiser is constructed of cast-iron, a special 
mixture is used, and the makers state that it will 
safely withstand the highest pressures used in 
modern practice. A steam soot blower is shown on 
the same stand, designed for use with the type of 
economiser described. In this blower, radial arms 
direct the steam to all parts of the economiser, and 
fixed jets are provided to prevent the soot again 
falling on to the tubes. 

Considerable attention has been directed in the 
last few years to the process of surface combustion, 
in which the basic feature consists in mixing any 
combustible gas with air, the mixture being then 
passed through a porous refractory medium and 
burned on the surface. The resulting combustion 
is without flame, no oxygen is withdrawn from the 
surrounding atmosphere, and only the surface of 
the refractory medium becomes incandescent. A 
number of applications of the principle to different 
processes are being shown at the Fair by Messrs. 
The Metropolitan Fuel Company, Limited, Mill- 
bank House, Wood-street, Westminster, S.W.1, 
the proprietors of Cox’s Ignite Combustors. The 
apparatus shown includes soldering-iron heaters, 
melting pots, annealing furnaces, and enamelling 
ovens, but the firm also manufacture units suitable 
for a wide variety of processes, of which sugar 
boiling, biscuit baking and die casting will serve as 
typical examples. 

The essential part of each apparatus is the 
burner, illustrated in Fig. 30, on this page. These 
burners are made in various forms, such as circular, 
rectangular or tubular, according to the require- 
ments of the plant, but the different forms all 
embody the essential features shown in the figure, 
which is self-explanatory. It may be pointed out, 
however, that the Cox combustor enables the heat 
to be regulated to any desired degree by simply 
varying the mixture of gas or air, an operation which 
can be carried out either by hand or automatically 
according to circumstances. It is stated that, 
as no carbon monoxide is formed, stoves can be 
installed without the expense and inconvenience 
of a ventilation system, and, in addition, a high 
degree of cleanliness can be readily assured. A 
soldering-iron stove exhibited at the Fair is shown in 
Fig. 31, on this page, and this stove will serve to 
illustrate the economy of the method of heating em- 
ployed. The stove shown is double-sided, so that 
four or five irons can be introduced on either side. 
The heating area is 7} in. by 10 in., and the con- 
sumption of gas averages from 45 to 60 cub. ft. per 
hour. A smaller stove, designed to heat two irons, 
consumes from 13 to 15 cub. ft. of gas per hour. 
Another exhibit is the annealing furnace illustrated 
in Fig. 29, on Plate XXIV. The normal working tem- 
perature of 850 deg. C. can be obtained in this furnace 
when running on town gas with a pressure of 4 in 
water gauge. Higher temperatures can be obtained 
by utilising high-pressure gas or air. The heating 
elements are arranged in two groups of four on each 
side of the furnace, the gas and air supply to each 
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element being independently adjustable. The gas 
and air supply pipes can be clearly seen in the 
figure, the air pipe being the one above the mixing 
chambers. In addition to the main gas cock, 
visible in the lower part of the figure, each branch 
pipe is provided with a separate cock to give the 
independent control already referred to. 

The exhibit of Messrs. Reavell and Company, 
Limited, Ranelagh Works, Ipswich, includes a 
number of stationary and portable air compressors, 
some of which have been previously dealt with in 
our columns. These, and several other compres- 
sors shown, are of the reciprocating type, but 
another interesting exhibit is a rotary compressor 
of the rolling-drum type, which can also be used 
asanexhauster. One of these compressors, arranged 
for belt driving, is illustrated by the photograph 
reproduced in Fig. 37 on Plate XXV, and its con- 
struction is clearly shown by the longitudinal and 
transverse sections given in Figs. 35 and 36, respec- 
tively. From the latter it will be seen that the 
compressor is of the well-known crescent type, in 
which a drum provided with radial sliding plates 
rotates eccentrically in a cylindrical casing. As 
ordinarily designed, however, this type of com- 
pressor is not suitable for high-speed running, since 
the centrifugal forces on the radial plates gives rise 
to excessive wear of the casing. In the design 
illustrated, on the other hand, a perforated cylin- 
drical liner, capable of rotating freely about its 
axis, is interposed between the casing and the rotor, 
as shown in Figs. 35 and 36. When the rotor begins 
to revolve, the blades are pressed against the inner 
surface of the liner by centrifugal force, and the 
liner is thereby carried round with the rotor. When 
rotation is in the direction of the arrow shown in 
Fig. 36, air enters on the left, a definite volume 
being drawn in at each revolution. The air passes 
freely through the perforations in the liner and 
is compressed by the reduction in the volumes 
of the spaces enclosed between the rotor, blades 
and liner, in exactly the same manner as it would 
be if the edges of the blades made direct contact 
with the inner surface of the stationary casing. 
It is delivered through the opening on the right 
at any pressure up to 20 lb. per square inch; if 
used for exhausting, vacua up to 18 in. of mercury 
can be produced in continuous working, or up to 
24 in. if running intermittently. The mechanical 
lubricator shown on the right of Figs. 35 and 37, 
is a standard fitting and comprises a positive-type 
pump driven from the shaft and located in a reser- 
voir which holds a supply of oil. A hand-priming 
device is provided, and also a sight-feed glass. 

The machines are suitable for any purpose for 
which a supply of low-pressure air is needed and 
can also be used for compressing gas ; as exhausters 
they can be employed for operating vacuum brakes 
on trains, for priming centrifugal pumps, for gulley 
emptying, and for many other purposes. The 
various standard sizes made range from one capable 
of delivering 51 cub. ft. of free air per minute at 
5 lb. per square inch when running at 3,000 r.p.m., 
to one of which the capacity, running at 750 r.p.m., 
is 1,700 cub. ft. of free air per minute at 20 lb. 
per square inch. The power required to drive 
the latter, at the output stated, is 210 brake 
horse-power. 

Of the other compressors exhibited by the firm 
our space will only permit us to mention the small 
hand-operated machine illustrated in Fig. 38 on 
Plate XXV, which can be used for charging the start- 
ing cylinders of internal-combustion engines, inflat- 
ing motor-car tyres, and for other purposes where a 
small quantity of compressed air is required at 
pressures up to 200 lb. per square inch. As will be 
clear from the figure, the piston is reciprocated by a 
hand lever, the fulerum of which runs in horizontal 
guides cast on the cylinder. The fulcrum, it should 
be mentioned, is provided with rollers, and the 
arrangements are such that the maximum leverage 
is obtained towards the end of the down stroke, 
since the fulcrum has then moved up close to the 
axis of the cylinder. This compressor is made in 
two sizes, of which the piston displacements are 
1-15 cub. ft. and 2-04 cub. ft., respectively, when 
operated at 70 strokes per minute. With the 


smaller size, a pressure of 200 lb. per square inch 
can be obtained by one man, while in the larger size, 
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the maximum pressure obtainable is 100 Ib. per 
square inch. 

Before leaving Messrs. Reavell’s exhibit, reference 
should be made to the pneumatic tools for concrete 
breaking, &c., of which examples are shown. The 
design of pneumatic concrete breakers presents 
some difficult problems, owing to the severe condi- 
tions under which they are employed, coupled with 
the fact that their weight must be kept within 
reasonable limits if undue strain is not to be imposed 
upon the operator. In the “John Bull” concrete 
breakers, formerly made by the Howard Pneumatic 
Engineering Company and now manufactured by 
Messrs. Reavell at their Ipswich works, it is claimed 
that the necessary strength and durability have 
been combined with comparatively low weight, 
efficiency and simplicity, and of these qualities 
the last mentioned will be apparent from the 
photograph and drawings reproduced in Figs. 
32 to 34, on this page. In this tool, the handle is 
a single drop forging fitted with rubber grips and 
provided with a connection to suit either }-in. 
or }-in. hose. The air supply is controlled by 
a mushroom valve, operated by a trigger. and 
the air passes through this valve into a heavy 
forged valve chest bolted between the handle forging 
and the barrel. The valve, which is of a special 
steel, hardened and ground, works in a hardened 
renewable bush, in which the necessary ports are 
cut to allow the air to pass into the barrel for the 
working and return strokes of the piston. The 
latter, which it will be seen is of one diameter only, 
is of special steel, hardened and ground, and the 
barrel in which it works is hardened in the bore and 
ground to fine limits. An exhaust deflector, visible 
in Figs. 32 and 34, is fitted to the barrel, and is 
arranged so that it can be turned in any conven- 
ient direction. The anvil block, on which the 
blow of the piston is first received, is of similar steel 
to that used for the piston, and is suitably heat- 
treated and ground. It works in a drop-forged 





sleeve, which is hardened and ground in the bore 





Fie. 34. 
Figs. 32 to 34. Pneumatic ConcrETE BREAKER; MEssrRs. REAVELL AND CoMPANyY, LIMITED. 


and spigoted on to the barrel and the nose-piece. 
This is also a drop forging with a hardened hexagonal 
bore to accommodate the end of the pick, which is 
held in position by a flexible yoke constructed of 
silico-manganese steel, heat-treated to withstand 
the shocks imposed upon it in operation. The 
standard pick for concrete breaking is of 1} in. 
hexagonal steel, 24 in. long, but various forms of 
tools can be provided for cutting asphalte, digging 
clay, tamping trenches, &c. The weight of the tool, 
without the pick, is 72 lb., and its overall length, 
also without the pick, is 23 in. 

It has long been known that industrial chimneys 
emitted a certain amount of dust and grit, but 
attention was mainly centred upon the abolition of 
black smoke as the main cause of atmospheric 
pollution, and grit was regarded as a lesser evil 
which did not call for special consideration. Never- 
theless, attempts were made to check the emission 
of grit, and a number of different methods and 
apparatus were tried, among which may be men- 
tioned intercepting baffles, large settling chambers, 
and spray chambers. None of these has been found 
satisfactory in all respects, the amount of dust 
caught being often comparatively small. 

In recent years there has been a steady increase 
in the use of low-grade fuel for steam-raising pur- 
poses. This fuel, containing a high percentage of 
ash, produces consequently a large amount of dust 
and grit, which is discharged by the chimneys, and 
has accentuated this particular form of atmospheric 
pollution. This, together with the higher rate of 
combustion now being employed, have made it 
necessary to reconsider the question of grit emission, 
and in the Smoke Abatement Bill of 1926 the 
emission of dust and grit from industrial chimneys 
is specifically referred to and made a punishable 
offence. 

The firm of Davidson and Company, Limited, of 
Belfast, are showing examples of the Davidson 
flue-dust collector, which was first tried under 
actual working conditions at the Shoreditch power 
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house. It was found that the collector caught 
14} tons grit in four months, representing 0-4 per 
cent. of the total fuel fired during that period. 
Such a result could only be regarded as exceedingly 
satisfactory, and the plant was subsequently 
installed in many of the principal power stations, 
not only in Great Britain, but in the United States, 
China, India, and other countries of the world. 
Over 400 of these collectors have already been 
supplied, and it is claimed that they have an 
aggregate collecting capacity of well over 200,000 
tons of dust per annum. 

The Davidson collector is made in three different 
forms, the direct, shunt-pressure and shunt-suction 
types, all of which work on the same general 
principle of separation by centrifugal action. The 
direct-type collector consists of a main casing 
of volute shape, through the inlet of which the 
whole bulk of the dust-laden flue gases enters 
tangentially. Below the volute, a series of alter- 
nating truncated cones and cylinders is arranged, 
terminating in a dust outlet at the bottom, from 
which the dust extracted from the flue gases falls 
into an airtight receiver. The cleaned gases leave 
at the top through a central flue, and pass through 
the chimney. The gases which enter the collector 
inlet under the action of the induced-draught fan 
are forced to follow a path represented by the 
shape of the volute casing. Due to centrifugal 
force, the dust particles, which, of course, are 
heavier than the gases, are forced out against the 
Periphery of the volute casing, and as the radius 
decreases, the force increases until it attains a maxi- 
mum at the minimum radius. In addition to moving 
centrifugally outwards, the dust is forced down- 
wards, partly by gravity and partly by the conical 
formation at the bottom of the casing, and leaves 
the volute in a downward direction, following a 
spiral path to the dust outlet at the bottom. The 
cleaned gases, meantime, form a vortex in the centre 
of the collector and pass upwards through the 
cleaned-gas outlet, from which they are led to the 
chimney, 

The shunt-pressure type of collector consists of 
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collector. The primary separator, of volute shape, 
can either be built round the chimney, as shown in 
Fig. 41, on Plate XXV, or arranged separately 
from the latter. The separating action in this 
portion of the apparatus is similar to that in the 
first part of the direct type, already described. At 
the point of minimum radius of the volute, a 
tangential vertical slot in the casing communicates 
with a pocket, from which a duct passes to the 
secondary collector. This is identical in form with 
the direct-type, and consists, as explained, of a 
smaller volute followed by a series of truncated 
cones of diminishing size, separated by cylindrical 
sections, and terminating in a dust receiver. The 
secondary collector can be clearly seen in Fig. 41, 
the smaller pipe at the top being the return trunk 
for the cleaned gases to the chimney. The installa- 
tion shown in this figure is at the Gouda power 
station, Holland, while Fig. 42, on Plate X XVI, 
shows a somewhat similar installation at the 
Stafford power station. The third installation, 
shown in Figs. 39 and 40, on Plate X XV, is at the 
Grove Road Station of the London Power Company. 
In this case, two shunt-pressure type collectors are 
installed on each chimney, and the different parts 
will be recognised without difficulty. 

The shunt-suction collector is similar to the shunt- 
pressure type, except that the primary separator is 
arranged on the inlet side of the induced-draught 
fan, and the shunt current, after being cleansed in 
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the secondary collector, joins the main current 








flowing into the fan suction inlet. The dust collec- 
tion, under actual working conditions, varies from 
0-4 per cent. to 13 per cent. of the total fuel fired, 
dependent upon the actual furnace conditions, 
amount of ash slagged down, and amount of dust 
deposited on baffles in flues and economisers. In 
power stations using coal of average quality, the 
percentage of dust caught to the total fuel fired is 
usually in the neighbourhood of 0-4 per cent. to 
0-6 per cent., but where the ash content in the fuel 
is high the percentage is higher. In boiler plants 
using coke breeze, the dust collected is often as much 
as 3 per cent. to 5 per cent., while in pulverised-fuel 
plants, though the variation is wider, 6-5 per cent. 
may be taken as an average figure, with coal having 
an ash content of 15 per cent. to 17 per cent. 

The Pulsometer Engineering Company, Limited, 
Nine Elms Ironworks, Reading, are showing a 
variety of pumping, refrigerating, and filtration 
plant. Practically all the pumps exhibited have 
been previously dealt with in our columns. On this 
occasion we may refer to two refrigerating plants 
which are shown. One, a steam-driven unit shown 
in Fig. 43, on Plate X XVI, is specially designed for 
installation on board ship, and can be supplied to 
operate on either the carbon-dioxide or ammonia 
systems. As will be clear from the illustration, the 
machine is of the totally-enclosed type, and forced 
lubrication is employed throughout. The condenser 
constitutes the base of the unit, on which the com- 
bined crank case, together with the brine and water 
circulating pumps, are mounted, thus giving a very 
compact arrangement. The two pumps, which can be 
seen in the figure, the water-circulating pump being 
in front, are driven by eccentrics from an extension of 
the crankshaft. Both pumps are of the Pulsometer 
ring pattern described in ENGINEERING, on page 217 
of vol. exv. All working parts, with the excep- 
tion of the compressor piston, are lubricated by a 
plunger pump located inside the crank-case, and 
driven by another eccentric from the crankshaft. 
The compressor piston is lubricated with special 
oil from a hand pump mounted on the side of the 
cylinder, which is visible in the illustration. The 
delivery valves are located in the cylinder cover and 
the suction valves in the piston head, and both are 
fully exposed for inspection by taking off the cover. 
All valves are of forged steel, and are mounted in 
cages, so that in the event of fracture, the head 
cannot enter the space above the piston. The 
piston construction is of interest, pinch and bull 
rings being employed to avoid the necessity for 
springing the rings over the piston. 

The second compressor, shown in Fig. 44, on Plate 
XXVI, is belt driven, and operates on the ammonia 
system. It is of the enclosed, self-oiling, medium- 
speed type, and is particularly suitable for small 
cold stores and ice making. These machines are 
made as either twin or single-cylinder units, one 
of the former being shown in the illustration. The 
arrangement of the valves is similar to that of the 
steam-driven unit already described, and forged- 
steel valves, together with a pinch-ring piston 
assembly, are also employed in these machines. 
The cylinder bore and piston stroke are both 5 in. 

The filtration plant, which the firm are also show- 
ing, consists of a 7-ft. Torrent filter unit, which 
is particularly useful to manufacturers who make 
use of large quantities of stream or river water. 
The model exhibited, which is illustrated in Fig. 45, 
on Plate XXVI, is of cylindrical shape, but the 
same type of filter can be supplied in square or 
rectangular form where space is very restricted or 
the facilities for access to the site are such as to 
prevent the cylindrical type being installed. The 
square or rectangular filters are built up from cast- 
iron plates, which can be passed through a narrow 
opening. The filter is of the pressure type. The 
unfiltered water enters at the top, through the 
branch shown on the left in the illustration, and 
after passing to the centre of the filter through a 
horizontal pipe, overflows from a bell mouth on 
to the filtering medium. The latter is graded in 
the usual way, and is laid on a strainer plate 
mounted near to the bottom of the filter. After 
percolating through the filtering medium, the water 
is drawn off from the space below the strainer plate 
through a valve box. The cleaning of the filter is 
effected by means of air agitation and a reverse flow 
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of filtered water. If there be sufficient pressure 
in the filtered-water main, this can be utilised for 
forcing the washing water through the filter, but 
otherwise it is necessary to install a centrifugal 
pump for this purpose. The air agitation is effected 
through a separate system of nozzles in the strainer 
plate, by means of which the air is equally dis- 
tributed over the whole area of the filter bed. The 
air nozzles being entirely separate from the strainers, 
it is possible to pass the air simultaneously with the 
reversed flow of water during the process of cleaning. 
The compressed-air main is carried above the filter 
to avoid any possibility of its becoming obstructed 
by water. After entering the casing, it is carried down 
to a point below the filtering medium by a central 
pipe. The filter is provided with a manhole door 
at the top, in the centre of which an air-escape valve 
is located. A pressure gauge is fitted to show the 
loss of head in the filter, and this gauge shows when 
cleaning is necessary, as the accumulation of 
impurities in the filtering medium increases the 
pressure difference between the two sides. A water 
gauge is provided to show the level of water in 
the filter during cleaning operations. 

When dealing with the exhibits at the 1927 Fair, 
we described a hydraulic hot-plate press, shown by 
Messrs. Hollings and Guest, Limited, Thimble 
Mill Lane, Birmingham. This machine, of which a 
description will be found on page 196 of our 123rd 
volume, is again being shown, together with tyre 
and bundling presses, hydraulic pumps, valves 
and fittings. An entirely new exhibit shown by 
this firm is a series of positive-action rotary pumps. 
Sections through one of these pumps are given in 
Figs. 46 and 47, on Plate XX VI, from which it will 
be seen that they are of very neat and compact de- 
sign. The spindle, to which the central disc is keyed, 
is eccentric with the bore of the casing. Four slots 
are cut in the circumference of the disc, and these 
serve as guides for the plungers, or buckets. The 
latter are provided with a slotted hole at right angles 
to their longer axes, and a bolt, having the central 
portion squared, passes through these slots. The two 
ends of the bolt are carried in bushes in two outer 
discs, mounted on the covers concentrically with the 
bore of the casing. The three discs are held in 
contact by through bolts, as shown in the lower half 
of Fig. 47, a clearance hole being provided in the 
central disc to allow for the different centre of 
rotation. The inlet and exhaust passages in the 
casing are about the same width as the central 
disc, and the fluid being pumped is prevented from 
reaching the outer sides of the two outer discs by 
the contact of the buckets with the casing, oil 
grooves, shown in Fig. 47, rendering the seal more 
effective. 

The action of the pump is generally similar to 
others of the same type, but the design is the result 
of careful experimental work undertaken with the 
object of producing a pump with high efficiency 
and reliability. The pump is equally suitable for 
dealing with fluids of low or high viscosity, and can 
be used for water on the one hand, or such viscous 
fluids as tar or molasses on the other. A continuous 
delivery is, of course, obtained, while the power 
regulation is similar to that of a reciprocating pump 
of conventional design. The pumps can be supplied 
in non-ferrous metals for use with sea water or 
chemicals, and buckets of special design can be 
fitted to meet abnormal conditions. 

When using a hand barrow there are many 
occasions on which it becomes necessary to employ 
planks to prevent the wheel from sinking into clay 
or soft earth, but such a provision is claimed to be 
quite unnecessary when the work is done with an 
Oxford roadless barrow. These barrows, one of which 
is illustrated in Fig. 48, on Plate X XVI, are being 
shown on the stand of Messrs. John Allen and Sons 
(Oxford), Limited, Cowley, Oxford, and, as will be 
clear from the illustration, their special feature is 
the substitution of a short creeper track in place of 
the ordinary wheel. The plates constituting the 
tread of the track are formed so as to lock together 
when they reach a certain angle, with the result 
that the portion of the track below the wheels 
assumes the form of an are of a circle about 10 ft. 
in diameter. The track, which is 3} in. wide, is of 
light but strong construction. It is self-cleaning, 
grit or small stones being automatically ejected 


from the joints. The two arms carrying the wheel 
spindles are free to pivot on the central triangular 
brackets fixed to the barrow forks, so that the track 
accommodates itself to obstacles and to rough 
ground, It is stated that the effort required to 
push the barrow is appreciably less than that 
required for one of the ordinary type if the surface 
is at all soft. The barrows can be supplied in 
either wood or sheet steel, and in various forms to 
suit different classes of work. 

Those who are particularly interested in press 
work are afforded an exceptional opportunity at 
the Fair for studying the latest developments, as 
the majority of the leading press makers are show- 
ing their machines in operation. An entirely new 
power press, designed by Mr. A. H. F. Perl, is 
shown on the stand of Messrs. Oldfield and Schofield 
Company, Limited, Boothtown, Halifax. This 
press, which is illustrated in Figs. 49 and 50, page 
223, has an adjustable stroke, and is capable of ex- 
erting a pressure of 8 tons at a speed of 120 r.p.m., 
but other models embodying the same principle 
are available to suit different requirements. As will 
be clear from the figures, the die head is connected 
by a short link, with a ball joint at the bottom, to 
the shorter arm of a lever. The latter is pivoted at 
the top of the main frame, and the longer arm ex- 
tends backwards and is provided with a curved slot. 
The connecting rod from the main crank bifurcates 
at the top, and is pivoted on a block which can be 
locked in any desired position in the slot. The 
remainder of the machine follows normal practice, 
the drive being engaged by a clutch in the flywheel. 
The stroke of the ram is adjustable for any move- 
ment between 1} in. and 23 in., the lowest position 
remaining the same at any setting. 

In the lowest position of the die head, the con- 
necting link is in line with the shorter arm of the 
lever, so that a toggle action is obtained, resulting 
in a slow and powerful pressure in this position, 
with a period of dwell. The action is clearly brought 
out in the curve reproduced in Fig. 51, which 
shows the relation between the ram stroke and the 
revolution of the crank. From this curve, it will 
also be clear that the ram gradually slows down as 
the draw becomes deeper. In addition to the feature 
mentioned, the mechanism enables the speed of 
draw to be varied by simply altering the stroke of 
the machine. ‘Tools can be designed without special 
attention to the stroke of the press, as the stroke can 
be readily and accurately adjusted to the most 
advantageous length when the machine is being set 
up. The press should prove particularly useful on 
continuous production work, as a group of machines 
can be set up, the stroke of each being readily 
adjusted to suit the particular operation which it 
is designed to perform on the work. 

The range of exhibits which are being shown by 
Messrs. Metropolitan-Vickers Electrical Company, 
Limited, of Trafford Park, Manchester, and Messrs. 
Metro-Vick Supplies, Limited, of London, is so 
large that we must ignore their domestic apparatus, 
lighting fittings and wireless equipment, and con- 
centrate on the more purely industrial devices. 
These include examples of various types of electric 
motors. Among these the wound-rotor alternating- 
current motor, illustrated in Figs. 52 to 54, on 
Plate XXVII, may be mentioned. The particular 
motor shown in these illustrations is designed for 
use on a 440-volt, 50-period, three-phase circuit, 
and is of the enclosed ventilated slip-ring type. 
It has an output of 12 h.p. and runs at 960 r.p.m. 
As will be seen, it is fitted with flame-proof brush- 
gear and ball and roller bearings. The latter feature 
is an interesting development, especially as the 
bearings can be dismantled and _ re-assembled 
without disturbing the press fit. Jt is claimed 
that the facility thus given in regard to inspec- 
tion and cleaning brings the advantages of ball 
and roller bearings within the reach of all users, 
since the necessity for skilled labour in refitting 
is avoided. A further feature of interest in the 
design of these motors is the use of a standard 
system of end brackets. These can be adapted or 
converted to any desired type of enclosure and 
ventilation system. Ball bearings are also used 
on the U-type motors shown. These are being 
employed for a number of industrial purposes, 








the repulsion type being specially suitable for such 








drives as pumps, refrigerators, &c., in which a high 
torque is required for starting under load. A motor 
of similar type, but with an output as low as 
vs h.p., is also made for use in connection with 
recording tape machines, dentists’ drills, and other 
similar work. 

In our account of the Fair last year, we gave an 
account of a semi-portable welding unit, which this 
firm were then exhibiting. On this occasion, the 
set shown is of the portable single-operator 
pattern. This new set, which is illustrated jn 
Fig. 55, on Plate XX VII, consists of a 175-ampere, 
25/80-volt, self-stabilising generator which is driven 
by a suitable motor, the two machines being mounted 
in one casing to which the necessary control gear 
is also fixed. The whole unit is only 51 in. long 
by 34 in. wide by 39 in. high, and weighs 1,400 Ib, 
It is carried on a small truck, so that it is very 
portable and can be used for work where the space 
is small or cramped. The generator has the same 
characteristics as those of the other Metropolitan- 
Vickers welders. 

The electric generator in which the magnetic 
system consists of a permanent magnet, after being 
much used in earlier years and then suffering a 
period of eclipse, is now very widely employed on 
magnetos of all kinds. Its application is likely 
still further to widen as the demand for wireless- 
transmitting apparatus grows. The advantages 
obtained by the use of permanent magnets in 
small electrical machines are numerous. For in- 
stance, the entire absence of field windings not 
only tends to reduce the risk of breakdown but 
makes it possible to increase the efficiency. The 
use of a permanent field also enables the design to 
be made much more compact than in the usual 
wound-field machine. A number of examples of 
magneto-electric generators made for such purposes 
as battery chargers, electrically-operated tacho- 
meters and the supply of power to wireless sets are 
to be found on the stand of Messrs. The M-L Magneto 
Syndicate, Limited, of Victoria Works, Coventry. 
The type E machine, illustrated in Figs. 56 to 58, on 
Plate X XVII, has been designed to meet the demand 
for a unit which will supply a considerable plate 
current at a fairly high voltage and is thus suit- 
able, among other things, for operating the gramo- 
phone amplifiers and band-repeater equipments 
which are now in common use. These machines 
have been developed as the result of the firm’s ex- 
perience in incorporating cobalt steels in ignition 
magnetos. In the original machines, which were in- 
troduced some three or four years ago under the 
name of anode converters, ignition magneto frames 
were used, and they were primarily intended 
for supplying current to the valves of ordinary 
wireless-receiving sets. These machines were 
mounted in aluminium boxes to provide electro- 
magnetic and electrostatic shielding and to cut off 
noise. The current generated was passed through a 
smoothing circuit. The new machine is of the 
same general type and can be supplied in a number 
of forms; for instance, to take direct current from 
a convenient source and to supply high-tension 
current or as a plain, high-tension generator driven 
by any suitable motor. A third alternative is to 
employ the apparatus as a dual-purpose machine 
furnishing both high- and low-tension current simul- 
taneously, the former feeding the plate circuits and 
the latter the filaments. In this case, the machine 
is also motor driven. The output of the machine 
illustrated in Figs. 56 to 58, which is the largest size 
but one, is about 100 to 120 watts, at any voltage 
up to 600, and has been used to operate the trans- 
mitting sets on Sir Wilfred Grenfell’s Labrador 
stations. The same equipment is easily adaptable 
to reception and public address work, as it can 
be wound for running from a 12-volt supply. 

The vertical cold-starting, heavy-fuel-oil engine, 
recently introduced by Messrs] Davey, Paxman 40 
Company, Limited, Colchester, after two years 0 
testing and developments, shows that steam-engine 
practice can be combined with internal-combustion 
engine performance with very satisfactory results. 
Of this engine, which is exhibited in the form ° 
a six-cylinder unit at the Fair, we give variow 
illustrations in Figs. 59 to 72, on Plate XXV TIT, and 
on page 225. 


The cycle adopted in the engine is the four-stroke 
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PLATE XXVIII. 








OIL ENGINE AT THE BRITISH INDUSTRIES FAIR. 


‘MAN ANp COMPANY, LIMITED, ENGINEERS, COLCHESTER. 


Description, see Page 220.) 
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‘ia. 68. GOVERNOR .GEAR ‘AND FuEL Pumps or Six CYLINDER ENGINE. 











PLATE XXIX. ENGINEERING, Fes. 24, 1928. ‘e 





EXHIBITS AT THE BRITISH INDUSTRIES FAIR, BIRMINGHAM. 


(For Description, see Page 220.) | | Bx 




















Fia. 73. Semi-DresEL Or, ENGINE; Messrs.& FIELDING AND Pratt, LIMITED. 
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as used on the modern 
Blackstone engine, and, 
for the exhaust valve, the 
Paxman - Lentz quick - 
acting valve, employed so 
successfully on the steam 
engine. A first general 
comment which may be 
made on the engine is 
that it is designed on the 
unit type. This is clear 
from Fig. 59, the two 
cylinders and columns be- 
ing identical. In Fig. 63, 
a three-cylinder engine is 
shown, and in Fig. 69 a 
six-cylinder one. This 
system permits of the 
fullest use of jigs, thus 
ensuring both accuracy 
and economy in produc- 
tion, and, by having only 
seven different sizes of 
cylinders, the engine may 
be assembled in no less 


with airless injection, and two already well-known | than 32 different sizes, giving normal brake horse- 
devices have been modified and embodied in the powers ranging from 25 to 900. 


ralve avate ee rae ‘se ° - ° . : . - eo 
valve system. These are the spring-injection gear,|_ The cylinder casing is of simple and symmetrical 





design and the crank chamber is liberally provided 
with covers. At the front and back these are 
splash covers, of aluminium, at the sides they are 
made with louvres and serve the double purpose 
of ventilation and of affording access to the main 
bearing caps. The bearings themselves, which are 
of the round-backed pattern, can be readily removed 
both top and bottom halves, without disturbing 
the crankshaft. The casing is coupled to the bed- 
plate by fitted bolts, and, at the top end, carries long 
studs, shown in Fig. 72, by which the head is held 
down, this, in turn holding the liner in place. 
The collar of the liner is held on to the casing on an 
efficient joint, and water-tightness is ensured at the 
bottom by rubber rings. The liner is free to expand 
longitudinally. The joint between the liner and 
the cylinder head is a metal to metal one, in a ground 
groove in the former. 

The cooling-water passages between the cylinder 
head and casing are in the form of nipples fitted with 
rubber rings which prevent any leakage of water 
into the combustion chamber. The exhaust port 
is well water-jacketed, as is the ‘cylinder head 
generally. As shown in Figs. 61 and 62, the injector 
block with the entire spring-injection device, is 
separate from the cylinder head and may be detached 
by removing three nuts. Similarly, the complete 
unit comprising the air passage, inlet valve and lever, 
as shown in Fig. 70, can be removed by unscrewing 
four nuts. Special attention has been paid to acces- 
sibility in the design, and interchangeability and 
accuracy have been secured by the use of special jigs 
and limit gauges, so that adjustment is reduced to a 
minimum. An example of the special appliances used 
is in the centring of the cylinders over the crankshaft. 
Here a dummy piston with a prolongation fitting 
accurately between the crank webs is employed to 
locate the cylinder casting during erection in lieu 
of the more customary centres. 

The pistons are of great length and have ample 
skirts. They have nine narrow Ramsbottom-type 
rings at the top, and a scraper ring at the bottom 
of the skirt. The gudgeon pins are a driving fit in 
the pistons, which are ground after they are fitted. 
As will be seen in Fig. 59, these pins are both 
locked and keyed in the pistons, but the fact 
that they are hollow cannot be seen. Lubricating 
oil is picked up in them and conveyed by holes 
to the small end of the connecting rod, which has 
adjustable bearings of phosphor-bronze. The con- 
necting rod has a big end of the marine type with 
white-metal-lined bearings lubricated by centrifugal 
oilers on the crankshaft. The main bearings are 
ring-oiled. The bedplate is closed in way of the 
crank pits and has an external oil channel all 
round, to prevent oil from reaching the foundations 

We may now refer to the details of the valve mecha- 
nism. Due to the adoption of the Blackstone spring- 
injection device, the fuel pump, valves and pipes 
are subjected to a low pressure only, viz., about 15 Ib. 
per square inch. These parts are, therefore, rela- 
tively simple in design, and the fuel pumps, of 
which there is one to each cylinder, are easily corre- 
lated with the governor without putting a heavy 
load on the latter, thus making for sensitiveness. 
This arrangement is shown in detail in Figs. 64, 
65 and 66. The governor is mounted on a continua- 
tion of the vertical shaft by which the camshaft is 
operated, and the fuel pumps are given their dis- 
charge stroke by a bell-crank lever actuated by 
eccentrics on a small secondary shaft driven by 
spring gearing from the camshaft. The suction 
stroke, on the length of which the amount of fuel 
delivered to the cylinder depends, is produced by 
the spring shown in Fig. 64, but the length is 
determined by the plunger coming into contact with 
the wedge in line with it. This wedge is capable 
of vertical movement under the control of the 
governor through ordinary lever mechanism, a rise 
of the rotating mass, through an increase of speed, 
depressing the wedge and therefore shortening the 
stroke of the pump plunger, in this way decreasing 
the quantity of oil delivered. 

Each pump has an independent wedge which 
permits of individual adjustment, though simul- 
taneous motion is given to all of them by the 
link and lever system, shown in the above-mentioned 
figures and more clearly seen in Fig. 68, which 
is a view of the governing system of the six- 
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cylinder engine. The governor is of the centrifugal 
spring-loaded enclosed type, and is continuously 
lubricated. The speed may be altered while the 
engine is running, and from full load to no load, 
or vice versa, the range of control lies within 
3 per cent. permanent variation, with a 6 per cent. 
momentary variation. 

The spring-injection device is shown in Figs. 
61 and 62. It differs from the well-known Black- 
stone design only in some minor points. The 
fuel oil is delivered in measured quantity to the 
fuel chamber. There it is subjected to a pressure 
of about 1,000 lb. per square inch from the 
compression of a spring on the injector plunger 
set up by the movement of the injector lever. 
Fig. 61 shows the gear when the charge of oil 
has just been received in the fuel chamber and 
has pushed out the injector plunger and the main 
spring and cap. The fuel valve is held down 
directly by an internal spring on its spindle and 
indirectly by an external one acting through a 
bell-crank lever. The relation of the injector 
lever to the camshaft is shown in Fig. 60. In 
Fig. 61, its end is clear of the main spring caps. 
In Fig. 62 it is in contact with the cap, and has 
forced in the spring-loaded injector plunger, 
closing the non-return valves and putting the 
oil under pressure. A fraction of a second later 
than this contact, a projection on the end of the 
injector lever, by depressing the external spring 
on the bell-crank system, relieves the injector 
valve of sufficient of the closing pressure to allow 
it to lift. The oil is then discharged under constant 
pressure through the fine holes in the valve nozzle 
into the conical combustion space of the cylinder 
head. This action is, of course, quite independent 
of the load under which the engine may be 
working. The valve closes immediately the 
pressure on the oil falls. 

The exhaust valve and its operating gear are 
shown in Fig. 67. Its cardinal feature is that 
the ordinary cam, which is usually extremely 
noisy in action, has been abandoned and_ its 
place taken by a rocking cam operated by 
an eccentric on the camshaft. The valve itself, 
the spindle of which is protected by a sleeve in 
the exhaust port, is attached to a cylindrical 
block sliding in a guide by a screwed portion on 
the spindle locked with a nut. The guide is formed 
in a bracket which carries the rocking cam. The 
block is forked at its outer end, and is fitted with 
a pin carrying steel rollers and having ends 
projecting beyond the bracket at the side. Two 
light springs, the tension of which is adjustable, 
are anchored to the bracket at one end, and, at the 
other end, hooked on to the pin. This arrangement 
keeps the valve closed, and is shown in Fig. 60. 
The rocking cam bears upon the roller and is so 
shaped that, on first contact with it, a rolling 
motion only is given, which eventually eases the 
valve from its seat. The profile for the subsequent 
motion is so designed that the valve is opened 
almost instantaneously and held open. The 
reversal of the cam causes a very rapid closing, 
followed by a silent and shockless seating of the 
valve. The rocking cam dips into an oil-bath 
on its return stroke, and so keeps the mechanism 
lubricated. The valve may be removed through 
the opening for the inlet valve, as may be gathered 
from Fig. 71. 

Messrs. Fielding and Platt, Limited, Atlas Works, 
Gloucester, are showing two semi-Diesel engines 
of their latest design, in which the special feature 
is the provision of a dual combustion chamber, 
enabling the engines to give off their rated powers 
at low pressures. Owiag to the turbulent effect 
produced by the dual chamber, it is not necessary 
to ensure a very fine oil spray to obtain complete 
combustion. One of the engines exhibited is shown 
in Fig. 73, on Plate XXIX. The rated output is 
55 brake horse-power, working load, and 60 brake 
horse-power, test load, but the engine will carry an 
overload of 65 brake horse-power for 30 minutes 
without difficulty. 

The oil is injected by a plunger pump actuated 
by a cam on the side shaft. The end of the plunger 
is drilled longitudinally and transversely to form 
a piston valve, the opening of the ports being 
regulated by the movement of a concentric outer 








sleeve controlled by the governor. The atomiser 


is exceptionally simple, the nozzle being provided 
with a single central hole. A non-return valve is 
fitted between the pump and the atomiser. As 
regards the main working parts of the engine, the 
piston is of cast-iron and the crank and connecting 
rod are machined from solid forgings. The crank 
is machined all over and is fitted with balance- 
weights. The big-end bearings are of the marine 
type, while the small end is fitted with an adjustable 
gunmetal bearing. The valves are of the usual 
mushroom type, and are of large area. The exhaust 
valve is fitted with a renewable guide, with separate 
lubrication. The inlet valve is of mild steel, and 
seats in a cast-iron housing located above the 
exhaust valve. The camshaft is driven from the 
crankshaft through spiral gearing, the latter being 
totally enclosed, as shown in the illustration. The 
shaft is carried in three long bearings bushed with 
gunmetal. The lubricator, which can be seen in 
the figure near to the centre of the engine, is driven 
by an eccentric on the camshaft. This lubricator 
supplies oil to the piston in the usual way. The 
main crankshaft bearings are fitted with ring oilers, 
feeding from wells cast in the engine bed, and the 
crank-pin is lubricated by means of a centrifugal 
oiling ring bolted to the crankshaft and conveying 
the oil to the bearing by means of a hole drilled 
inthecrank-web. The gudgeon-pin is lubricated by 
means of a wiper fitted on the piston. The engine 
is fitted with a single flywheel, which is made 
especially heavy if the unit is to be coupled to an 
electric generator. The fuel consumption on crude 
oil is in the neighbourhood of 0-42 Ib. per brake 
horse-power per hour. 

The firm of Messrs. Robey and Company, 
Limited, Globe Works, Lincoln, have had a very 
extensive experience in the construction of both 
steam and oil engines, and particular interest there- 
fore attaches to their latest crude-oil engine, which 
has several features usually only found in steam 
practice. It may be mentioned, in particular, that 
the valve gear is operated by an eccentric in place 
of the more usual cam, and that the rocker gear is 
totally enclosed, these features producing exception- 
ally quiet running. The engine exhibited at the 
Fair is of the horizontal type, as shown in Fig. 74, 
on Plate X XIX, and solid injection is employed. 

The main frame is a single-piece casting, with the 
side pieces of box section, and supports the cylinder 
along its entire length. It will be noticed from the 
illustration that the top of the frame between the 
crankshaft and the cylinder is well above the 
centre line of the latter, thus ensuring great rigidity. 
The cylinder liner is a separate casting of close- 
grained cast iron, and is secured in such a way as to 
allow of free expansion. The crankshaft is machined 
from a forging, and is fitted with separate balance 
weights. An outside bearing, not visible in the 
figure, is provided beyond the flywheel. The 
cylinder head is detachable, and is symmetrical 
about the vertical centre line. There are no 
ties between the walls of the jacket and of the gas 
passages, so that temperature stresses should be 
reduced to a minimum. An unusual feature is 
that the cover plate is of steel, instead of cast iron. 
The valves are mounted in cages, and are operated 
through totally-enclosed rocker arms. The cases 
containing the rocker gear for the inlet and exhaust 
valves, above and below the cylinder, respectively. 
can be seen in Fig. 74. The drive for the rockers 
is taken from an eccentric mounted on the cam- 
shaft, as already mentioned. The eccentric sheave 
is clearly visible in the illustration. A further 
point of special interest is that the inlet-valve 
seating is formed on a sliding sleeve, normally held 
down by a strong spring. Should the pressure in 
the combustion chamber become excessive, however, 
this sleeve lifts and presents a large opening for the 
escape of gas. 

The piston is of cast iron, ground on the outside 
and in the ring grooves, while the connecting rod 
is a solid-steel forging of circular section. Both 
the big-end and small-end bearings are adjustable. 
The big-end shells are made from semi-steel, and 
have linings of anti-friction metal, while the small- 
end bearings are of phosphor-bronze. The fuel 
pump is of the usual plunger type, the stroke 
being regulated by a sliding-roller mechanism con- 





trolled from the governor. The latter is of the 
normal spring-loaded type, and is driven by means 
of a silent chain and spiral gears from the camshaft. 
Both the chain and gears run in oil. The main and 
camshaft bearings are lubricated by oil rings. The 
piston is supplied with oil from a mechanical 
lubricator, as shown, while a centrifugal oiling 
ring is fitted for supplying the big-end bearing. 
The small-end bearing is wiper lubricated. The 
engine is fitted with compressed -air starting gear 
and a cast-iron heater, visible in the illustration, 
is fitted to the exhaust pipe for running on highly 
viscous oils. 

Messrs. Robert Boby, Limited, St. Andrew’s 
Works, Bury St. Edmunds, are exhibiting refriger- 
ators of both the automatic and non-automatic 
types, of which those illustrated in Figs. 75 and 76, 
on Plate XXIX, may be regarded as typical. The 
automatic unit, shown in Fig. 76, is driven by a 
}-h.p. motor, either direct current or alternating 
current, as may be required. The motor runs at 
1,500 r.p.m. and drives the compressor through a 
6 to 1 reduction gearing. The latter consists of 
skew pinions, totally enclosed and running in oil, 
The compressor is of the twin-cylinder type, and is 
provided with a high-pressure cut-out, operated 
by a Mercoid switch in the refrigerator cabinet. 
The set can be supplied either for water or air 
cooling, and a thermostat temperature regulator 
is fitted in either case. The compressor valves are 
in cages and can readily be withdrawn for inspec- 
tion ; the expansion valve is of the automatic type. 
The set can be supplied with an automatic switch 
if required, which switches on a fan in the cold 
chamber when the machine stops. The unit 
operates on sulphur dioxide. 

The second compressor, illustrated in Fig. 75, 
is of the non-automatic type, running on ammonia 
gas. The compressor cylinder has a bore of 4 in. 
and a stroke of 6 in., and the unit is single-acting, 
with a trunk piston. The suction valves are 
mounted in the piston, and the delivery valves in 
the cylinder-head, and all valves are readily acces- 
sible by removing the latter. There are no pipe 
joints to be broken in order to inspect the valves. 
As will be seen from the illustration, the hand 
wheels on the control-valve spindles overlap, thus 
forming a simple safety device, since the lower wheel, 
controlling the delivery valve, must of necessity 
be opened first. The working valves are in cages, 
so that should one of them break, the head cannot 
fall and foul the piston. The cage for the suction 
valve is held on to its seating by a strong spring, 
providing a safety device in case of excessive pressure 
above the piston. Careful attention has been given 
to accessibility and ease of maintenance throughout 
the unit. The packing gland on the crankshaft is 
tightened up by the hand wheel shown instead of 
by the more usual method. Suction lubrication is 
employed throughout, the lubricator being visible 
in the illustration mounted on the crankcase end 
cover. The machine is of 3-ton capacity, and is 
suitable for a good-sized butcher’s plant, or for 
ice or ice-cream manufacture. 


(To be continued.) 





TriaL Trip or THE M.S. ‘“ Kine Joun.”—After 
running satisfactory trials, the single-screw motor 
cargo vessel King John was handed over to her owners on 
Thursday, February 16. A brief description of the vessel, 
which is the fourth of the nine motor vessels ordered 
from Messrs. Harland and Wolff, Limited, by the 
King Line, Limited, will be found in our issue of 
January 30 last, on page 30. 





HIGH-PRESSURE BOILER PLANT FOR BILLINGHA u.—In 
our issue of September 24, 1926, page 351, we described 
in detail the boilers and pulverised-fuel plant erected 
by International Combustion, Limited, London, at the 
Billingham works of Synthetic Ammonia and Nitrates, 
Limited. The same contractors have now received an 
order for a further extension, in which steam will be 
generated at 800 lb. per square inch and superheated to 
840 deg. F. There will be six boilers, each capable of 
generating 269,000 lb. of steam per hour. The boilers 
will have no riveted joints, solid forgings or drawn 
tubing being used throughout. The tubes will be 
arranged vertically, and every wall of the combustion 
chamber is to be water cooled. Owing to the develop- 
ment of a new type of burner, it has been found possible 
to effect a substantial reduction in the size of combustion 
chamber hitherto required. The coal-handling plant 


will have a capacity of 3,800 tons afday. 
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LETTERS TO THE EDITOR. 
SCIENCE AND ENGINEERING. 


To THE EpitTor OF ENGINEERING. 


Str,—I have just seen the leading article of your 
issue of February 10, in which you refer to a state- 
ment said to have been made by me in my Christmas 
lectures at the Royal Institution. The statement 
certainly does not convey the point which I wished to 
make in the lecture. Whether, as is quite possible, 
I am myself to blame for the wrong impression I 
cannot say, as unfortunately I am unable to remember 
sufficiently well my exact words on an occasion some 
weeks old. As, however, the phrase which you quote 
does not, in any case, represent my actual opinion, and 
as it would seem to argue in me a lack of appreciation 
of the achievements of great engineers which I am 
very far from feeling, you will, perhaps, allow me to 
express what I was then trying, however unsuccess- 
fully, to convey. 

One of my objects in these lectures to youngsters 
was to show how certain simple physical and mechanical 
principles underlie the construction of all successful 
engines, and how necessary a clear understanding of 
these principles is to the engineer. Whenever possible, 
I drew attention to achievements which have been 
attained by physical modes of attack. It was far 
from my wish to suggest that the use of mathematical 
and physical methods is the prerogative of the physicist. 
No one with the slightest acquaintance with the work 
of, say, W. J. M. Rankine, Osborne Reynolds, or Sir 
Charles Parsons can reasonably be supposed to have 
wished to imply that. I cited Mr. Michell’s work on 
lubrication as an example of the success of the mathe- 
matical and physical method of attacking engineering 
problems, as contrasted with the empirical methods of 
the self-styled ‘‘ practical” engineer. I had, and have, 
no desire to disparage any kind of engineering achieve- 
ment, but I consider that the value of the scientific 
method in practical problems is frequently underrated, 
and that it is particularly important that the younger 
generation shall be brought up to realise the important 
part which physics (not physicists) plays in engineering. 

In my last lecture I specifically urged upon all young 
people who wanted to be engineers the necessity of 
studying mathematics and physics. I even ventured 
to suggest that too much stress was occasionally laid 
by the heads of engineering concerns upon shop experi- 
ence, which can be acquired comparatively easily at 
any time, and not enough upon the sound basis of 
physics which is only acquired in youth. It is possible 
that I may be attacked for expressing this view, but, 
if this come to pass, I shall be suffering for an opinion 
which I hold, and not for one attributed to me by a mis- 
understanding of which I myself have possibly been the 
unwilling cause. 

I am, Dear Sir, 
Yours very truly, 
E. N. pa C. ANDRADE. 

The Royal Institution, 

21, Albemarle-street, London, W.1. 
February 17, 1928. 








VIBRATION ON SHIPS. 
To THE Epiror oF ENGINEERING. 


Str,—With regard to your leader in this week’s 
issue on the above subject, in which reference is made 
to my recent paper before the North-East Coast 
Institution, there are one or two points on which I 
should like to comment, and I will take these in the 
reverse order. 

First, with regard to the influence of high elastic- 
limit steel, it is, I think, obvious from the paper that 
I do not actually share the view, which I quote, to the 
effect that the substitution of this material for ordinary 
mild steel, with the consequent reduction in scantlings, 
Is necessarily disadvantageous from the vibration 
point of view, as this must depend on whether it is 
desired to reduce or to increase the frequency, with a 
view to avoiding synchronism. The effect of the 
substitution is, of course, to reduce the frequency, 
as would probably be desirable in the larger class of 
vessel, but it would not be safe to argue from the 
freedom from vibration of the Saturnia that the 
special material should be adopted in smaller ships, 
without consideration of the individual case. 

The figure of 15 per cent. mentioned in the paper as 
the effect of longitudinal framing on the frequency 
is that derived by calculation in a particular case, but 
whatever the increase due to this method of construc- 
tion, the figure is a definite one, and there is no question 
of nickel, as your remark would seem to 
Imply. 

Finally, with regard to the method of estimatin 
the frequency, this, of course, cannot be done from 
first principles in any case, but in deducing the fre- 


is important that the method selected should have as 
sound a basis as possible. It is understood that motor 
propulsion is under consideration for one of the pro- 
jected large Atlantic liners, and one can hardly imagine 
that those responsible will be content to apply the 
Schlick constant derived from one of the present 
liners, implicitly neglecting all variations in weight 
distribution, and in structural arrangement (except 
as shown on the midship section) as compared with the 
basis ship. 

It may be of interest to mention that the actual time 
taken in calculating the frequency by the method pro- 
posed in the paper does not exceed an hour or two, 
once the weight and moment of inertia curves have 
been obtained. The former has in any case to be 
obtained, if longitudinal strength calculations are to 
be performed, as will presumably be done for a vessel 
of large size, and the determination of the latter is also 
a comparatively short process. 

Yours, &c., 
J. Lockwoop Taytor. 

Rossend Castle, Burntisland, Fife. 

Feb. 18, 1928. 





OLp CENTRALIANS’ ANNUAL DINNER.—The annual 
dinner of the Old Centralians, the old students’ associa- 
tion of the City and Guilds Engineering College, Imperial 
College of Science, London, will be held at the Imperial 
College Union, Prince Consort-road, London, §S.W.7, 
on March 2 next, at 7.15 for 7.30 p.m. Full particulars 
may be obtained from the honorary secretary, Mr. W. F. 
Simonson, 7, Belmont-grove, Lewisham, London, S.E.13. 





LAUNCH OF THE §S.S. ‘CEyton But-But.’’—The 
first vessel to be built for the new company formed to 
carry out deep-sea fishing in Ceylon waters, and known 
as the Ceylon Fisheries, Limited, of Colombo, Ceylon, 
was successfully launched on Wednesday, February 8, 
by Messrs. Cochrane and Sons, Limited, Ouse Ship- 
building Yard, Selby. The vessel, which has been 
named the Ceylon Bul-Bul, is a steel screw trawler of 
the following dimensions: length, 125 ft.; breadth, 
23 ft. 6 in.; and depth, 12 ft. 6 in. An insulated and 
refrigerated fish hold is provided, with a CO, refrigeration 
plant supplied by Messrs. J. and E. Hall, Limited, of 
Dartford. The propelling machinery, which is being 
constructed by Messrs. C. D. Holmes and Company, 
Limited, of Hull, will consist of a set of triple-expansion 
engines having cylinders 12}-in., 21}-in. and 35-in. 
in diameter, and a stroke of 24-in., working.at a normal 
pressure of 180 Ib. : 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the department at the above address, 
the reference number given below being quoted in each 
case :—Specifications have been received from Bogota 
relating to a call for tenders by the Colombian Ministry of 
Public Works for supplies for various undertakings under 
its charge. The required material includes the following : 
—15 lighters for the transport of piles, &c., 35-ft. piles to 
cover a length of 606 metres; three motor-driven and three 
hand-operated concrete mixers; 518 steel barrows; 1,800 
barrels of Portland cement; seven tip lorries; four 
petrol locomotives ; 20 side-tipping trucks; one metal 
bridge with span of 18 m., two scarifiers and a road- 
roller. The closing dates vary from March 20 to April 16, 
and local representation is in all cases essential. (Ref. 
No. C.X. 2658).—The Municipality of Koono is inviting 
tenders for the supply of passenger omnibuses. (Ref. 
No. A.X. 5929).—The Ministry of Public Works, Egypt, 
is inviting tenders in connection with the drainage of 
Kafr el Zayat for the supply, laying, jointing and testing 
of a cast-iron main about 3,200 m. long, with all acces- 
sories. Tenders to reach Cairo by March 3. Local 
representation is essential. (Ref. No. A.X. 5945.) 





Prersonat.—Mr. Charles L. Mason, lately divisional 
carriage and wagon superintendent of the London 
Midland and Scottish Railway, has been appointed a 
director of Messrs. Cammell Laird and Company, Limited, 
and managing director of their Sheffield and Penistone 
works.—It is reported that Messrs. Black and Decker, 
Limited, Astor House, Aldwych, London, W.C.2, have 
acquired the factories, land and all assets of the Van 
Dorn Electric Tool Company, Cleveland, Ohio. There 
will be no change in personnel or general activities of the 
two organisations.—Messrs. Leeds, Tozzer and Company 
Inc., 75, West-street, New York City, have been ap- 
pointed sales representative for the Thew Shovel Com- 
pany, of Lorain, Ohio, and the Universal Crane Company, 
of Elyria, Ohio, for the Eastern Railways of the United 
States.—Mr. H. H. Broughton, 33, Henrietta-street, 
Strand, London, W.C.2, has been appointed agent, 
for the British Empire, by the Briinner Turbine and 
Equipment Company (Erste Briinner M-F-G), Brno, 
Czechoslovakia. Mr. Broughton will continue to practise 
as a consulting engineer.—Messrs. Thomas Smith and 
Sons (Rodley) Limited, Steam and Electric Crane works, 
Rodley, Leeds, inform us that Mr. W. R. Wheeler of their 
head office staff has been appointed their representative 
on the North-East Coast; Messrs. Beard Huddart and 
Company, of Stockton-on-Tees, will therefore, no longer 
act as their agents.—Mr. H. Scott-Dennington has ceased 
to be connected with Messrs. Kryn and Lahy Metal Works, 
Limited, of which he was formerly chairman and manag- 





quency from that observed for an existing vessel, it 


ing director. 





NOTICES OF MEETINGS. 





INSTITUTION OF PROFESSIONAL CIVIL SERVANTS.— 
To-night, 5.30 p.m., Central Hall, Westminster, S.W.1. 
Lecture: ‘‘ Admiralty Floating Docks,” by Mr. S. V. 
Goodall. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. 
Exhibition of Industrial Kinematograph Films. Glasgow 
and West of Scotland Branch: Thursday, March 1, 
7.30 p.m., Royal Technical College, Glasgow. ‘‘ The 
Spinning of a Cotton Thread and the Machinery Used,”’ 
by Mr. W. Watson. 


INSTITUTION OF PRODUCTION ENGINEERS.—To-night, 
7.30 p.m., Society of Motor Manufacturers and Traders, 
Limited, 83, Pall Mall, S.W.1. ‘‘ Modern American 
Practice in Machining with Special Reference to Broach- 
ing and Honing,” by Mr. J. G. Young. 


INSTITUTION OF ENGINEERING INsPECTION.—To-night, 
7.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. “‘The Inspection of Public Service Vehicles,” 
by Major R. V. C. Brook. 


JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. “The Applications of 
Electro-chemical Deposits of Metals to Engineering,” 
by Mr. C. H. Faris. Friday, March 2, 7.30 p.m. ‘“ Some 
Notes on a Recent Visit to the United States of America,”’ 
by Mr. A. Abbey. 


INSTITUTE OF BRITISH FOUNDRYMEN: Newcastle and 
District Branch.—Saturday, February 25, 6.15 p.m., 
Neville Hall, Newcastle-on-Tyne. ‘A Talk on Cylinder 
Tron,” by Mr. F. J. Cook. Birmingham, Coventry and 
West Midlands Branch: Saturday, February 25, 6.30 
p.m., Engineers’ Club, Waterloo-street, Birmingham. 
‘*Some Foundry Considerations of Moulding Sand,” 
by Mr. A. Logan. London Branch: Thursday, March 1, 
8 p.m., Engineers’ Club, Coventry-street, W.1. “A 
Talk on Cylinder Metal,” by Mr. F. J. Cook. 


INSTITUTION OF ELECTRICAL ENGINEERS: North 
Eastern Centre.—Monday, February 27, 7 p.m., Armstrong 
College, Newcastle-on-Tyne. ‘“‘The Domestic Applica- 
tions of Electricity,” by Mr. A. J. Milne and Mr. R. H. 
Rawll. ‘‘ Modern Electric Wiring: Particularly as 
Applied to Small Houses,” by Mr. D. 8S. Munro. South 
Midland Centre: Wednesday, February 29, 7 p.m., 
The University, Edmund street, Birmingham. ‘ The 
Transatlantic Telephone Circuit,’ by Mr. E. H. Shaugh- 
nessy. London: Thursday, March 1, 6 p.m., Victoria- 
embankment, W.C.2. Faraday Lecture : “ Electricity in 
the Service of Man,” by Dr. 8S. Z. de Ferranti. 


Royat Soctety or Arts.—Monday, February 27, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture : 
‘Fatigue Phenomena, with Special Reference to Single 
Crystals ” (Lecture III), by Dr. H. J. Gough. 


SHEFFIELD METALLURGICAL SocieTy.—Tuesday, Feb- 
ruary 28, 7.30 p.m., 198, West-street, Sheffield. ‘* Prac- 
tical Steam Measurement,” by Mr. H. C. Armstrong. 


INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, February 28, 8.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Flame Characteristics 
of Pinking and Non-Pinking Fuels,” by Prof. R. V. 
Wheeler and Dr. G. B. Maxwell. 


LIVERPOOL ENGINEERING Soctety.—Wednesday, Feb- 
ruary 29, 6 p.m., 9, The Temple, Dale-street, Liverpool. 
“The Chain as a Medium of Power Transmission,” by 
Mr. R. Coulson. 


INSTITUTION OF CIvIL ENGINEERS: Manchester and 
District Association.—Wednesday, February 29, 6.45 p.m., 
Manchester Literary and Philosophical Society, 36, 
yeorge-street, Manchester. ‘‘ The Design of Road Slabs 
and Foundations,” by Mr. G. L. Goulden. 


BELFAST ASSOCIATION OF ENGINEERS.—Wednesday, 
February 29, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Properties and Practical Use of Stainless 
Steel,” by Mr. H. Brearley. 


RoyaL AERONAUTICAL Socrety.—Thursday, March I, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘‘ Experiences on the Cairo-Baghdad Air Mail,” 
by Wing-Commander R. M. Hill. 


HU. AssociATION oF ENGINEERS.—Saturday, March 3, 
7.15 p.m., Technical College, Park-street, Hull. ‘‘ Theory 
and Practice in the Engine and Boiler Rooms,’’ by 
Mr. A. W. Purchas. 








THe AMERICAN COMMERCIAL VEHICLE INDUSTRY.— 
A confidential report, based on information received from 
the commercial counsellor at Washington, has been pre- 
pared, by the Department of Overseas Trade, on the 
commercial vehicle industry in the United States 
during the year 1928, and issued to}firms whose names 
are entered on its special register. United Kingdom firms, 
desirous of receiving a copy of this report, should com- 
municate with the Department of Overseas Trade, 35, 
Old Queen-street, London, 8.W.1. 





New DESTROYERS ror H.M. Navy.—It was announced 
on Wednesday last, that the Admiralty had placed con- 
tracts for the construction of seven new destroyers, of 
which one is to be built by Messrs. Vickers-Armstrong, 
Limited, at Barrow, and two each by Messrs. Scott’s 
Shipbuilding and Engineering Company, Limited, Green- 
ock, Messrs John Brown and Company, Limited, Clyde- 
bank, and Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne. A flotilla leader 
is also to be built by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, Wallsend-on-Tyne, 
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HIGH-SPEED HEAVY-OIL ENGINES. 


THE present position in the development of the 
heat engine is particularly interesting, and this 
no less in the field of the small high-speed unit than 
in connection with those developing higher powers 
Apart, however, from the purely technical interest 
of the position, it is also highly desirable from the 
national standpoint to examine the question of the 
small high-speed engine, and to consider our 
activities with relation to those of other countries. 
For units developing a large power in proportion to 
their weight, and therefore necessarily running at 
high speeds of revolution, the petrol engine has 
long been paramount. But, as far as the next 
step in progress is concerned, there appear to be 
several possibilities: some modification of the 
present cycle, e.g., supercharging, may lead to an 
increase of practical efficiency; the use of other 
fuels than petrol with the present cycle is not 
without promise; or, with the advances to be 
expected in metallurgy, the gas turbine may be 
brought to practical success. 

At present, for speeds up to 1,500 r.p.m. the 
engine using heavy oil as fuel, and working with 
what is fundamentally a Diesel cycle, appears to 
be the most formidable competitor of the petrol 
engine. The practical progress made in the last 
five years in connection with the high-speed heavy- 
oil engine has been such that to-day it definitely 
challenges the petrol engine in this field. Outside 
of this country there are some score of firms who 
have produced successful engines of this type, and 
the greater part of these are actually engaged in 
production, having left the preliminary stage behind. 
In addition, it is certain that, from the experience 
in service that is now being accumulated, and from 
careful research into the basic principles of com- 
bustion in this type of engine, further improvements 
in performance are to be expected. 

Development has followed two main lines; in 
one type, the engines have a single combustion 
chamber in which the injection and combustion 
of the fuel follows the general lines of the slow- 
running Diesel engine, using, of course, airless 
injection; in the other type, the combustion 
chamber is divided into two parts, an ante-chamber 
and a main chamber. In this engine the fuel is 
injected into the ante-chamber in a state not so 
finely divided as in the first type, and a pressure 











is built up in the ante-chamber by the combustion 
of that part of the fuel which can find there suffi- 
cient oxygen. The remainder of the charge is 
forced by this pressure through holes in the plate 
separating the two chambers, with such velocity 
as to cause it to combine readily with the air in 
the main chamber, where the combustion is com- 
pleted. Both types of combustion have been success- 
ful in practice, the latter, however, being applied 
mostly to small and simple units intended to be 
operated without skilled attention. In the former 
method the combustion can be controlled more 
closely than in the latter, but the pressure of the 
oil fuel needs to be three to four times as high to 
secure satisfactory atomisation; the manufacture 
of the fuel pumps and injection nozzles must, 
therefore, be carried out with greater care. 

‘The firms who have been responsible for this 
progress are, in general, of two kinds—those 
successful builders of slow-speed Diesel engines 
who have gradually increased the speed of their 
units, and builders of petrol motors who have 
turned their attention to high-speed heavy-oil 
engines as the next step in development. The 
chief advantage of the heavy oil engine is that, by 
reason of the present higher efficiency of the cycle, 
it consumes a, smaller weight of fuel per brake 
horse-power than the petrol engine, using a fuel 
whose price is, in the present state of the oil 
market, but a small fraction of that of petrol. 
Savings of 70 per cent. have been effected in the 
fuel bill by firms employing heavy-oil engines in 
commercial goods transport. The engine weight 
per horse-power is higher than that of a water- 
cooled petrol engine, and the first cost is, in the 
present stage of production, higher. The risk of 
fire is much less with heavy oil as fuel. From the 
mechanical point of view, the magneto and spark- 
ing plugs may be said to be replaced by the fuel 
pump, and the carburettor by the injection nozzles. 
One important advantage of the heavy oil engine 
is that its efficiency does not fall off under reduced 
loads to nearly the same extent as that of the petrol 
engine. 

We were very interested to learn from the paper 
recently read by Mr. H. B. Taylor, before a combined 
meeting of the Institution of Automobile Engineers 
and the Royal Aeronautical Society, of the excep- 
tionally good results, both from the points of view 
of power output and thermal efficiency, that have 
been obtained on an experimental unit at the Royal 
Aircraft Establishment. It must be admitted, 
however, that the progress made in this field by 
private firms in this country shows a state of affairs 
that is far from satisfactory, and it is to this position 
that we would draw attention. 

There are two courses to pursue if this type of 
engine is to be built here—either to embark on 
lengthy and costly experimental work, or to obtain 
licences from foreign firms who themselves have had 
the foresight and courage to carry out this work. 
In commenting recently on the lecture of Professor 
Hawkes on the Marine Diesel Engine we took 
occasion to emphasise the fact that it is, in general, 
wrong for firms in a country such as ours, with a 
high reputation for engineering products, to acquire 
licences from abroad instead of developing our own 
ideas. We hope that in the field of the high-speed 
heavy-oil engine our engineering firms will not 
adopt this short-sighted policy, but will, in spite 
of the present difficulties, take the bolder and wiser 
course of developing their own designs. The 
financial outlay in this connection, although con- 
siderable, is not to be compared with that incurred 
by the manufacturer who wishes to develop a large 
slow-running engine. 

The drawbacks of manufacturing to the designs 
of a foreign firm are many and, from the point’ of 
view of the future of this country as a manufac- 
turer of engineering products, very far-reaching. 
In the first place the hands of the licence holder 
are tied: his engineers have had no opportunity 
to gain experience during the development stage 
of the product, and—this is a~personal matter— 
have less incentive to make further progress with 
a design which is not their own ; further, any success 
that may be achieved by them is credited more to 





the parent firm than to themselves. Moreover, 
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it is damaging to the prestige of a firm that it 
should look to foreign engineers to provide it with 
designs. In proportion, also, it adds to the impor- 
tance of the foreign firms—who are, in the nature of 
things, competitors in the international market— 
that they are in a position to grant licences to British 
engineering firms. And, generally, out of the last, 
it must follow that the national prestige of this 
country as a manufacturing one must suffer. 





THE SOUTH-EAST ENGLAND 
ELECTRICITY SCHEME. 


AFTER a period of external calm, if not of 
quiescence within, the Central Electricity Board 
have published the scheme of re-organisation 
adopted by them for South-East England, in pur- 
suance of Section 4 of the Electricity (Supply) 
Act of 1926. It will be remembered that the draft 
scheme prepared by the Electricity Commissioners 
for this important area was issued in October last, 
and that a somewhat longer period than that allowed 
by statute was given to authorised undertakers and 
others interested to make representations, and to 
secure, if they could, modifications in the portions 
that affected them. It is common knowledge that 
full advantage was taken of this latitude. Not 
only were the representations numerous, but many 
of them were accompanied by a flow of thermal 
energy, which showed a genuine, if misplaced, fear 
of what the future might have in store. A further 
result of this fear was a demand for a public 
inquiry, a demand which, as we have already 
pointed out, was either ingenuous or advanced 
with a manifest desire to obstruct. At best such 
a tribunal could bring to light little information 
which could not be obtained in some other way, and 
at worst it would have led to delay, the raising of 
false issues, and bad feeling. Fortunately, the 
Central Electricity Board took the wise course of 
ignoring this demand. They did not, however, 
neglect any opportunity of meeting those who 
had pertinent representations to make or of fully 
discussing the points at issue with them. The out- 
come has been the issue of the final scheme at a 
date earlier than seemed likely a few weeks ago. 
This scheme is in many ways an improvement on 
the original draft, and bears evidence that there has 
been a painstaking examination of the electrical 
problems of what is probably the most difficult of 
the areas with which the Central Electricity Board 
will have to deal. It indicates, too, what is perhaps 
more important, that the Board believes in practical 
co-operation with those whose destinies they are to 
control. 

In a recent issue of ENGINEERING we carefully 
analysed the criticisms that had been advanced 
against the draft scheme. It will be remembered 
that these were mainly directed to two points: The 
uncertain position of those stations which were to 
operate under the orders of the Board for a period, 
without being actually selected, and the alleged 
undue bias, which had been displayed in selecting 
stations, for those owned by private companies. 
With regard tc the first criticism we pointed 
out that a class of station had been created which 
was not contemplated in the Act, and that the pro- 
cedure adopted was a not altogether successful 
attempt to avoid the two rocks of selecting too 
many stations and of selecting too few. The Board 
have made a gallant attempt to steer a middle 
course and, while pointing out that they do not con- 
sider the fears expressed well founded, have modified 
the scheme by reducing the 135 existing stations to 
31, instead of to 13 as was originally the case, and 
of including four instead of the five new stations 
originally scheduled. The most important omission is 
the proposed new station at Chiswick, around which 
much controversy has raged, its place virtually 
being taken by the existing municipal station at 
Fulham, which is excellently sited, while the stations 
at Maidstone and Bedford also obtain an increase 
in status. One result, perhaps unintentional, of 
this re-arrangement, is that the municipally-owned 
stations are now better represented than they were. 
Another is that the argument that the Act was to 
bring about great concentration of generation is 
weakened. In addition, the Board have adopted 


existing stations, as was done in the original scheme, 
believing that that work should be carried out 
on the basis of the experience gained in the actual 
growth of the load and its location, especially 
since as is stated in a memorandum issued with the 
scheme, there is a possibility that the future elec- 
trical consumption in the district will be in excess 
of the Commissioners’ estimates. This view has in 
turn led the Board to think it wise to have under 
their control a greater margin of spare plant than 
was at first provided. This disposes of another 
of the criticisms against the original document. 
Certain variations have been made in the routes 
of the main and secondary transmission lines, both 
as a consequence of the modifications in the scheme 
itself and as a result of representations based on 
technical considerations. These, however, involve 
no change in principle. It seems, therefore, that 
at last a new and much more propitious chapter 
has been opened in the chequered history of elec- 
tricity supply in London. We hope that the 
work necessary to bring this to fruition will be 
quickly started and quickly brought to a conclu- 
sion. It is gratifying to be able to note in this 
connection that the London Power Company is 
already engaged on an extensive programme of 
interlinking, and we trust that the other main 
authorities in London will soon follow suit. 








CANADIAN STANDARDS. 


THE subject of standardisation is a familiar one 
to all engineers, and its importance is generally 
acknowledged. The story of how the subject 
was taken up here is well known, as also is the 
fact that the parent body, now the British 
Engineering Standards Association, has affiliated 
to a large family of associated bodies operating in 
various parts of the world. One of the bodies in 
the Empire Overseas taking this matter seriously 
in hand is the Canadian Engineering Standards 
Association, already with over 20 standards speci- 
fications to its credit, and to whose recently- 
published Electrical Code we have more than 
once referred in these columns. This code, we 
understand, is being very favourably received. 
It is meeting with commendation in countries 
outside Canada, and it is interesting to note that 
it has already been officially adopted by 
the Department of Telephones, Saskatchewan ; 
approved by the Department of Telephones, 
Manitoba ; and has been sent up to the Lieutenant- 
Governor in Council for adoption in Ontario. 
It is under consideration by the Provincial 
Governments of British Columbia, Nova Scotia 
and Quebec, and we gather from the Canadian 
Engineering Standards Bulletin that further autho- 
rities are likely to take it up. 

The code has already formed the subject of com- 
ment. The conditions its introduction brings about 
make, we believe, the present moment opportune 
for British manufacturers to enter the Canadian 
market with good prospects ahead of them. It 
must of necessity require departure from practice 
hitherto ruling in certain connections, of its 
introduction would scarcely have been necessary. 
This carries with it the possibility of British 
manufacturers obtaining a new start in this field, 
which they have largely lost to the United States. 
The importation of electrical fittings and equip- 
ment by Canada from this country is absurdly 
low, compared with that from the United States, 
while the use of electrical plant and the proportion 
of wired houses to the total, are so high that the 
market is very attractive. That there are possi- 
bilities of the kind we refer to if attractive material 
is put forward can be substantiated, but it must 
not be imagined that anything which will sell 
here will suit in the Dominion. The point may 
be illustrated by citing two small departures very 
obvious to the visitor. For the ordinary tumbler, 
wall switches of the push-button type are very 
commonly adopted, while Jamp-holder switches are 
almost always of the spring-chain type. With the 
study of the country’s actual requirements, coupled 
with prompt action, makers of equipment here 
should be able to assure themselves of some share 
of the market. 


while. on account of Canada having adopted 


standards differing from ours, such as the 
American thread, and that this is a fatal handicap 
to business. Although this will undoubtedly intro- 
duce a handicap in certain lines, such as pipe 
conduits and so on, it does not follow that the 
effect will be decisive in a great deal of such plant 
as electrical fittings and equipment. While 
it may be matter for regret that it has not 
been possible for Canada to adopt the much more 
widely-used British threads, it must be admitted 
that things have gone so far as to make a change 
now one of some difficulty. Whether it would 
be more difficult than the changes which countries 
have had to face in the past—such, for instance, 
as the adoption of a standard coupler in the 
United States—it is hard to say ; but, if the matter 
is sifted to the bottom, we would hazard the guess 
that it has been largely due to the supineness of 
this country and of our manufacturers that the 
Sellers thread has acquired the hold it now has. 
Whether this be so or not, the situation can surely 
still be met by firms large enough to embark upon 
the enterprise. 

Recently this subject of the difference in screw 
threads has been raised in the British Engineers’ 
Association Bulletin. A correspondent therein 
tells of his experiences in endeavouring, without 
much success, to market valves and fittings in 
Canada. We have no information as to the firm 
involved, but the letter prompts certain reflections 
which it may not be out of place to record 
in this connection. Assuming for present pur- 
poses that small valves are in question, it would 
appear to us to be essential, if any respectable bid is 
to be made for business, for a stock of such articles 
to be carried in Canada. If this be not done there 
is little chance of sentiment living up to the strain 
of the delays which would certainly be involved. 
If such a stock be carried the question of production 
here is at least partly solved, as the work can be 
put through shops in batches and to a large extent 
when convenient. Again, one is faced with the fact 
that business is done by our firms in countries 
where the American thread prevails, and also that 
if the goods are of outstanding merit they find their 
way into the United States itself, against what the 
correspondent we refer to describes as an “‘ utterly 
prohibitive tariff.” Further, we have reason to 
believe that certain United States firms contrive to 
do business here and in countries where the British 
standards are used, although it would seem that 
the thread question must similarly inconvenience 
their shops to some extent, or that they must have 
ways of getting over the difficulty. One possibility 
which presents itself in connection with small 
standard parts is that of finishing a certain amount 
of stock up to the screwing stage, and leaving it to 
be completed to order. If this were carried out here 
it would still involve delays, but, with the substantial 
tariff in our favour, such half-finished parts might 
well be imported into Canada, to be finished and 
stocked there, without the inconvenience of occa- 
sionally turning over to American threads in works 
here. 

The fact must be accepted that now-a-days all 
markets are becoming more difficult for us to work. 
Unless, therefore, we are reconciled to the abandon- 
ment of our overseas trade, we must expect to find 
obstacles of one kind or another confronting us 
wherever we go. In many cases it is a tariff, in 
some cheap labour, but in Canada the tariff is with 
us, and it remains to organise our business on lines 
which will make trading with the Dominion 
practicable. It is quite possible that the small 
concern cannot face the expense of carrying stock 
and embarking in publicity on the scale demanded 
by the Canadian market. The reply to this surely 1s 
that in the interests of the private individual no 
less than of the industrial community, which cannot 
continue to exist unless trade does come its way; 
the individualistic spirit of the past should be 
relaxed, with a view to combination, so that at least 
some of the expenses of marketing abroad might 
be reduced relatively to the goods offered. It 
appears to us that trade must ultimately fall into 
the hands of parties strong enough to seek it in the 
face of difficulties to which small concerns would 








the wise course of not scheduling extensions to 


It may be objected that the effort is not worth 


probably succumb. 
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THE LATE MR. ALEXANDER SIEMENS. 


In more than one way the death of Mr. Alexander 
Siemens, which occurred at Westover, Milford-on- 
Sea, on Thursday, February 16, at the age of 81, 
marks the close of an era in electrical engineering. 
For though members of the family are still living 
in Germany, and have a more or less close con- 
nection with the great Berlin firm, which bears 
their name, the similarly titled organisation in this 
country has been partly absorbed into another 
firm, while the connec- 
tion between the family 
and the remaining por- 
tion has, for some years, 
been slight, and is 
now completely severed. 
When, however, the his- 
tory of electrical progress 
comes to be written on 
international lines, it will 
be found that among the 
names of those who have 
had the greatest influence 
on its development, Sir 
Charles Siemens, Werner 
von Siemens, and Alex- 
ander Siemens, secure an 
honoured place. 

It is often stated that 
the science and industry 
of electricity is still in its 
infancy. Yet within a 
short time we shall be 
celebrating the centenary 
of Faraday’s discovery of 
the principle of electro- 
magnetic induction, and 
as long ago as 1843, 
William Siemens came to 
England to discuss a 
process of electro-deposi- 
tion with the firm of 
Elkington. In 1856, 
Werner von Siemens in- 
vented the shuttlé-wound 
dynamo armature, and 
about the same time his 
brother was manufactur- 
ing and superintending 
the laying of submarine 
cables for telegraphic 
communication. He was 
also taking an active part, 
both technically and com- 
mercially, in developing 
the use of electricity for 
lighting and industrial 
purposes, and with great 
foresight realising that 
there would be advan- 
tages in establishing a 
factory for the production 
of electrical equipment in 
this country. The result 
was, of course, the well- 
known and still existing 
works at Woolwich. 

To assist him in these 
activities, William Sie- 
mens invited his nephew, 
then a young man of 
twenty, to this country. 
Like other members of the 
family, Alexander Siemens was a Hanoverian, and 
had he been born some ten years earlier would have 
as such, owed allegiance to the King of England. As 
\t was, when that country was annexed by Prussia 
in 1866, he automatically acquired Prussian nationa- 
lity, and though, when in 1868, he was called up for 
military service, he was rejected on account of defec- 
tive eyesight, he afterwards served in the Franco- 
German war. As a private in an infantry regiment 
he was present at the fall of Metz and received the 
fron Cross, after being wounded at the battle of 


Beaume-la-Roland, in the Orleans campaign. Before 
is 


engaged in the erection of the Indo-European tele- 
yrs 4 2 . . . . 
graph line in Persia, an historical account of which 





of dynamos. Machines of this kind, produced under 


London, the British Museum, and the Albert Docks, 
while the firm also undertook the contract for 
lighting the streets of Godalming, in Surrey, this 
being the first town in which a public supply of 
electricity was given in this country. 
period of active service, however, he had been| connected with the electrification of the tramway 
between Portrush ani the Giant’s Causeway, in 
Ireland. 
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was given on page 209 of our last issue, and in 
laying cables in the Black Sea. 

In the autumn of 1871, he returned to Woolwich, 
and was employed for the next few years in the 
design and erection of those regenerative furnaces for 
various purposes with which the name of his uncles 
will always be connected. In September, 1875, he 
again took up telegraphy and joined the cable ship 
Faraday, during the time she was stationed at 
Halifax, N.S. He was still closely connected with 
furnace work, however, assisting in the erection 
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THE LATE Mr. ALEXANDER SIEMENS. 


of blast and steel furnaces, both for the Steel Com- 
pany of Canada and at Pittsburg. After his 
return to this country in 1879, Alexander Siemens 
was appointed manager of that branch of the works 
at Woolwich, which was engaged in the manufacture 


his direction, were used for lighting the Albert Hall, 


He was also 





After the death of Sir William Siemens in 1883, 
Alexander Siemens assumed a much more important 
position in the firm, of which he became first a 
director and subsequently managing director. Soon 
after his appointment to the latter position, the firm 
secured the contract for laying the third Atlantic 
cable for the Commercial Cable Company, and also 
for a cable which extended 1,000 miles up the 
Amazon River. At the same time, the use of 
electricity for power purposes was increasing, and 
the firm took their full share in these activities, 
one of the more important 
contracts undertaken by 
them, though at a later 
date, being the complete 
electrical equipment of 
the Waterloo and City 
Railway. 

Soon after the begin- 
ning of the century the 
business of the firm had 
increased so much that 
no further extensions on 
the Woolwich site were 
possible, and for this and 
other reasons it was de- 
termined to divide the 
telegraph and cable work 
from the manufacture of 
machinery, and to esta- 
blish new factories at 
Stafford for the produc- 





tion of the latter. Fur- 
ther, the firm was 
divided into two, the 


Woolwich branch retain- 
ing the original name of 
Siemens Brothers and 
Company, while the Staf- 
ford section became 
known as Siemens Broth- 
ers Dynamo Works. The 
two, however, worked in 
the closest co-operation, 
and Alexander Siemens 
was the chief permanent 
director in England of 
both. 

Though this important 
position naturally meant 
that a good deal of his 
time was devoted to com- 
mercial activities he did 
not neglect the technical 
side of electrical engi- 
neering and, like his uncle 
before him, was particu- 
larly interested in the 
work of scientific societies 
and a frequentcontributor 
to their proceedings. We 
need only mention that 
he was a founder mem- 
ber of the Institution of 
Electrical Engineers and 
was appointed a member 
of its council in 1880. 
He was elected vice-presi- 
dent in 1890, and became 
president in 1894 and 
again in 1904, thus follow- 
ing his uncle, who had 
occupied the same chair 
in 1872 and 1878. He was 
also a member of the Institution of Mechanical 
Engineers, the Iron and Steel Institute, the Physical 
Society and the Society of Engineers. He served 
as president of the Junior Institute of Engineers in 
1894 and was secretary of the Royal Institution 
from 1913 to 1915, in succession to Sir William 
Crookes. He was a member of the Committee 
appointed in 1897 to enquire into the desirability 
of establishing the National Physical Laboratory, 
and later served on the executive committee of 
that institution. He was also connected with the 
formation of the London Association of Engineering 


and Shipbuilding Employers, and was its first 
president up to 1901. 
a member of the British Admiralty Committee to 


About the same time he was 
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consider the question of utilising electrical energy FATIGUE PHENOMENA. 
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an engineer but a thinker of some originality as well, endurance limit existed under the conditions of 
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The resistance of metals to repeated impacts had 








H.M. Cruiser ‘“‘Svssex.”——-On Wednesday last, 
February 22, Messrs. R. & W. Hawthorn, Leslie and 


Company, Limited, launched from their Hebburn ship- | attracted the attention of a few investigators only. 


building yard, the cruiser H.M.S. Sussex, which they 
are constructing to the order of the British Admiralty. 
The vessel, which has a displacement of 10,000 tons and 
a designed speed of 32} knots, is one of the four cruisers, 
provided for in the 1925-6 Naval programme. The pro- 
pelling machinery consists of geared turbines and is 
designed to develop 80,000-h.p. This, together with 
the boilers. which are oil-fired, has been constructed 
at the engine works of the builders. The armament of 
the Sussex will comprise eight 8-in., four 4-in., high- 
angle, and 22 smaller guns, and, in addition, eight torpedo 
tubes. The vessel was ordered in March, 1926, but 
owing to the coal stoppage the keel was not laid until 
February, 1927 ; the Sussex has, therefore, been launched 


This was probably due to the fact that the funda- 
mental aspect of the subject had been so thoroughly 
investigated by Stanton and Bairstow,7 in 1908. 
that impact fatigue phenomena and their relation to 
other forms of test were established on a sound basis. 

The first accurate study of the stress-strain rela- 
tions obtaining during a fatigue test had been made 
by Bauschinger, and first published in 1881. He had 
used a machine in which specimens were subjected 


See ENGINEERING, vol. civ, page 315 (1917). 


to cycles of repeated tensile stresses. By means of 
a mirror extensometer he had ascertained the initia! 
elastic limit of the material and the elastic limit 
acquired by repetitions of stress. He found that, 
when the acquired elastic limits ‘were equal to or 
greater than the maximum stress of the cycle, a 
very large number of repetitions was required to 
fracture the specimen, while, if the acquired elastic 
limit was less than the maximum stress of the cycle, 
the specimen broke with a few repetitions only. 
Bairstow’s research, published in 1910, in which 
he investigated experimentally the theory of the 
natural elastic limits, was one of the most important 
and instructive studies of fatigue phenomena ever 
produced. Bairstow employed cycles of direct stress, 
of which the range and mean stress could be 
adjusted to predetermined values. By means of an 
extensometer, changes in length of the specimen, at 
various stages of the test, were measured, as were 
also the stress-strain relations obtaining in individual 
cycles of stress. 

One of the more interesting of fatigue phenomena 
was the fact, now regarded as definitely estab- 
lished, that a metal subjected to repetitions of a 
safe range of stress finally achieved a state in 
which, although no further permanent set would 
appear, strain hysteresis was present, and would 
persist indefinitely without causing fracture of the 
material. The form of the stress-strain loop had 
been accurately determined by various investiga- 
tors and complete agreement had been secured. 
The term “elastic hysteresis,” probably first used 
by Hopkinson and Williams in 1912, was employed 
to denote such a cyclic state. He (Dr. Gough) had 
found this state to persist unchanged in Armco 
iron for 100,000,000 reversals of stress. 

The first epoch in the history of fatigue testing 
was associated with the names of Galton, Fair- 
bairn, and Wohler ; the second, equally significant, 
was marked by the work of Ewing, Rosenhain, and 
Humfrey, who applied the metallurgical microscope 
to the study of the effects of strain upon the struc- 
ture of metals, and thereby opened up an entirely 
new line of attack upon the problem of fatigue. 
The Ewing and Humfrey attrition theory marked 
a great advance in the knowledge of fatigue and 
became very popular, being simple and employing 
the familiar conception of friction. The subject 
received no further detailed attention until 1920, 
when it became apparent at the National Physical 
Laboratory that the time had arrived for further 
comprehensive research. Accordingly an investiga- 
tion was commenced in that year by Professor Hanson 
and himself, which aimed at the study of changes 
of microstructure of metals, namely, Armco iron, 
various steels, copper, &c., under safe and unsafe 
ranges of stress, including alternating and repeated 
direct stresses, reversed bending stresses, and 
reversed torsional stresses. In all cases, the fatigue 
ranges of the materials were determined by endur- 
ance tests on a very lengthy reversals basis (up to 
250 million reversals). The subsequent research 
showed that slip bands resulted from cycles of 
stress ranges, the magnitude of which was con- 
siderably less than the fatigue range. No marked 
difference could be detected between the slip bands 
due to safe and those due to unsafe ranges. 

These and other observations seemed to lead to 
the inevitable conclusion that plastic deformation, 
caused by fatigue stresses, must be a strengthening 
or hardening influence. That similar hardening 
was caused by severe statical stressing was, of 
course, well known; it now appeared certain that 
the same effect could be produced by fatigue 
stressing. Moreover, such hardening occurred when 
the applied range of stress was less than, equal to, 
or greater than the safe range of stress. The initia- 
tion of the fatigue cracks was ascribed to the 
capacity of the material for cold working having 
been exceeded locally at various places throughout 
the mass. It was sufficient to say, remarked Dr. 
Gough in conclusion, that the predicted hardening 
had since been proved both by means of ball hard- 
ness determinations, by Dr. Aitchison, and also by 
tensile tests made on specimens previously sub- 
jected to safe and unsafe ranges of stress. Owing 
to the lack of continuity of structure existing @ 
the aggregate, it was not until large single crystals 
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slip plane was hardened by slip had also been clearly 
established. 

The third epoch in the history of fatigue testing 
was reached when it became possible to carry out 
tests on large metallic specimens, each consisting 
of a single and continuous crystalline structure 
throughout, and, by means of X-ray analysis to 
correlate the deformation of the crystal with the 
crystalline structure. In making possible this 
third and latest development, homage was due to 
Von Laue, who predicted that X-rays should be 
diffracted by crystals, acting as three-dimensional 
gratings, and to Bragg, firstly for the enunciation 
of the fundamental law governing this diffraction ; 
and, secondly, for the wonderful series of investiga- 
tions into the actual structure of metals, alloys, and 
other crystalline substances. The honours for 
devising methods of preparing large metallic single 
crystals rested with Czochralski and Gomperz, 
Carpenter and Elam, and, more recently, with 
Bridgeman, and Edwards and Pfeil. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THE annual general meeting of the Institution of 
Mechanical Engineers was held on Friday, Feb- 
ruary 17, at Storey’s Gate, Westminster. The 
chair was occupied during the early part of the 
proceedings by the retiring president, Sir Henry 
Fowler, and later by Mr. Daniel Adamson, senior 
vice-president, acting on behalf of the new president, 
Mr. Richard W. Allen, who, owing to illness, was 


unable to be present. 
ANNUAL REpPort. 

The ordinary formal business having been des- 
patched, Sir Henry Fowler moved, and Mr. Daniel 
Adamson seconded, the adoption of the Annual 
Report. The motion, on being put to the meeting 
was carried unanimously. The following is a sum- 
mary of the Report :— 

The eighty-first annual report showed a net increase 
on the roll of membership of 139 names, the total now 
having reached 10,256. The additions during the year 
numbered 726, and comprised 1 honorary member, 109 
members, 251 associate members, 1 companion, 11 
associates, 159 graduates, and 194 students. Of the 
deductions from the roll, a total of 587, transfers 
accounted for 220, the remainder being due to deaths and 
resignations. 'There was a net decrease of 9 in the full 
members, and of 2 in the companions, but all other 
grades showed an increase. In the grade of students 
there was a considerable decrease over last year, but 
as formerly, the greatest increase of the several grades. 
Among the losses by death the following names appeared : 
Lieut.-Col. G. R. H. Bowden, Sir A. Seale Haslam, 
Mr. Eliot Howard, Sir'J. H. R. Kemnal, Sir Gerard A. 
Muntz, Sir John Turney, Commodore Sir F. W. Young. 
Sir Gerard A. Muntz was, at the time of his death, 
senior Vice-President. He had been a Member of Council 
from 1912 to 1920, and a Vice-President from 1921, 
subject to a period of retirement owing to ill-health. 
Mr. Eliot Howard had been a member since 1864. The 
accounts for the year showed a balance of revenue 
over expenditure of 711/., as compared with 443/. in 
the previous year. For the year under review, the 
revenue was 31,924l., a decrease of over 1,900/. on that of 
1926. A legacy of 5001. had been left to the Institution 
by the late Mr. Herbert Akroyd Stuart, in trust for the 
award of a prize triennially, for a paper dealing with 
heavy-oil engines. Research work for the Alloys of 
Tron Research Committee was continued at the National 
Physical Laboratory, under Dr. Walter Rosenhain, 
and four papers had been published. The Cutting Tools 
Research Committee, under Sir John Dewrance, had 
presented a report by Mr. E. G. Herbert. Further 
investigations were being made by Professor Dempster 
Smith and Sir Thomas E. Stanton. The Hardness Tests 
Research Committee under the Chairmanship of Sir 
Robert A. Hadfield, had presented a report, prepared at 
the National Physical Laboratory. Research work for 
the Steam-Nozzles Research Committee under the chair- 
manship of Mr. W. H. Patchell, had been carried out at 
Manchester, and the fifth report had been presented. 
esearch work for the Wire Ropes Research Committee, 
\ nder the chairmanship of Mr. Daniel Adamson, had been 
continued by Dr. W. A. Scoble, and a third report would 
be shortly issued. A sub-committee under the chair- 
manship of Professor W. E. Dalby, had been formed 
and investigations had commenced in several University 
Laboratories, on boosting in high-speed petrol engines, 
airless injection of liquid fuels into cylinders of oil-engines, 
and the distortion of steel on hardening. A grant of 
5001, had been made to the British Engineering Standards 
‘Association. The Thomas Hawksley Gold Medal had 
been awarded to Mr. H. L. Guy, and T. Bernard Hall. 
Vrizes to Pri fessor A. L. Mellanby, Professor W. Kerr, 
Dr. W. R Onaandy, and Mr. Lawford H. Fry. 


PRESENTATION OF PRIZES. 


The prizes awarded during the past year were 
then presented to the various recipients, as follows :— 
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Thomas Hawksley Gold Medal awarded to Mr. H. 


L. Guy; T. Bernard Hall Prizes to Professor 
A. L. Mellanby, Professor William Kerr, Dr. W. R. 
Ormandy and Mr. Lawford H. Fry. Graduates’ 
Prizes: to Mr. E. L. Diamond, Mr. F. C. Johansen, 
Mr. R. M. Hayes, Mr. H. W. Cadman, Mr. R. 8S. 
Clarke and Mr. W. Harmer. Students’ Examination 
Prize : Mr. Norman Davidson. 


ELECTION OF OFFICERS, &C. 


The result of the ballot for the election of officers 
was as follows :—President, Mr. Richard W. Allen. 
Vice-presidents: Mr. A. E. L. Chorlton, and Lieut.- 
Col. E. Kitson Clark. Members of council: Mr. 
James Brown, Major 8. J. Thompson, Professor 
E. G. Coker, Colonel A. E. Davidson, Mr. J. H. 
Barker, Professor A. L.. Mellanby. Major W. Gregson 
(associate member). 

Sir Henry Fowler, on vacating the chair as retiring 
president. expressed his regret that Mr. R. W. 
Allen had been prevented by illness from assuming 
the position to which he had been unanimously 
elected. In accordance with the rules of the In- 
stitution, he called upon the senior vice-president, 
Mr. Daniel Adamson. to occupy the chair. 


THE UTILISATION OF WASTE HEAT. 


After a vote of thanks to the retiring president, 
a paper entitled ‘‘ Waste Heat Recovery” was 
read in brief abstract by Major W. Gregson. We 
commence to reprint this, in abridged form, on 
page 241 of this issue. 

Mr. R. C. Macdonald opened the discussion, 
first referring to the earliest waste-heat boiler of 
which he had had experience. This was on a 
strip heating furnace in a tube works, and was of 
the Cornish type about 8 ft. in diameter and 28 ft. 
long, with a flue 5 ft. in diameter. Though an 
inefficient type, the boiler supplied the steam for 
generating the hydraulic power of the entire works. 
He had also seen an old locomotive type portable 
boiler on a large gas engine, which gave very satis- 
factory results. As to heat transference he thought 
that it did not matter very much whether a water- 
tube or a fire-tube boiler were used so long as the tubes 
were kept clean. Waste gases were, as a rule, 
charged with a considerable amount of dust or other 
matter, but provided the water supply was fairly 
pure there was no doubt but that the fire-tube 
boiler presented advantages in the ease with which 
the tubes could be cleaned. Where the waste 
gases were fairly clean the water-tube boiler would 
be equally satisfactory. Formerly, the water side 
of a boiler was looked upon as the most trouble- 
some; now, with water softening down to zero 
the same trouble was not encountered. He would 
ask Major Gregson what method of softening had 
been found best for London water with waste-heat 
recovery boilers when softening to zero. He felt 
Major Gregson was rather optimistic in estimating 
the annual saving that might be effected by the adop- 
tion of waste-heat recovery in gas works by assuming 
that all the steam required could be provided by 
waste heat, and he had apparently failed to appreciate 
the very big fluctuations in the load. In commenting 
on one of the illustrations shown, of a waste -heat 
installation on vertical retorts, the author had 
mentioned 5 |b. of steam as being obtained per |b. 
of fuel in the producer. From the chart, Fig. 4 
of the paper, it would appear that the maximum at 
600 deg. C.—a common temperature for waste gases 
—was between 3 lb. and 4 lb. He thought Major 
Gregson would agree that somewhere about these 
figures would be correct for a properly designed 
carbonising plant. It seemed clear that if 5 lb. of 
steam per pound of fuel were obtained at the 
producers, the retorts must have been very leaky 
and have been pulling a good deal of the gas through 
the boiler. 

Mr. F. H. Livens confirmed some of the figures 
given by Major Gregson ; about 2} lb. of steam per 
brake horse-power, he thought, could be obtained 
by utilising the exhaust from a gas engine. As a 
matter of fact, in some of his own tests the amount 
was greater. Still, 24 lb. was a fair figure, considering 
the numerous variables. The closer the heater was 
placed to the cylinder, the better. In an installation, 
for which his firm was responsible, of some 500 h.p., 
and consisting of two engines of 150 h.p. each and 








another of 200 h.p., two of the engines were coupled 
to exhaust heaters. In this case a supply of hot 
water was desired. Roughly speaking, the exhaust 
was 650 deg. F., and approximately 1,070 B.Th.U. 
were recovered per brake horse-power, the engines 
working at about 66 per cent. to 70 per cent. full 
load. The water had a discharge temperature of 
about 84 deg. There was a difficulty in storing it, 
however, and it had to be well protected against 
radiation. The greatest power might be given out 
by the engine at a time when the least amount of 
hot water was required, or vice versa. When the 
engine was working on low load, say, quarter load, 
the heat obtainable was of very little service. 
About 13 Ib. of hot exhaust gas could be depended 
on per brake horse-power in the gas engine. With 
an exhaust temperature of 950 deg. F. the steam- 
pressure might rise to 100 lb., but probably 60 Ib. 
would be a more practical figure. Tests were not 
easy to carry out; a very little desposit on, or in, 
the tubes, quite upset the results, and means must 
be provided for keeping them clean. 

Mr. James W. Reber, who spoke next, said the 
author did not appear to favour auxiliary fired 
boilers. Data recently published in relation to a 
boiler installed on horizontal retorts at Redditch, 
showed that the capacity when evaporating about 
2,500 lb. of water per hour from surplus heat from 
the settings, had been doubled by an auxiliary 
gas producer and was capable of raising another 
2,500 Ib. easily. The author had relied for 
specific heats on the tables by Mallard and Le 
Chatelier. Research work in recent years had 
shown, however, that these specific heats were too 
high. In the chart shown in Fig. 2 of the paper, 
the sensible heat for water vapour was taken as 
54 B.Th.U. per cubic foot at 1,000 deg. C., and 
57 B.Th.U. for carbon dioxide at 900 deg. C. More 
recent research work gave corresponding values of 
44 B.Th.U., for H,O and 52 B.Th.U. for CO, for 
the same temperature range. 

Mr. W. H. Patchell, stated that ten years ago, 
he had put up at Chelmsford a producer gas plant, 
including 500 h.p. Premier gas engines with small 
fire-tube waste-heat boilers made by Ruston and 
Proctor. He had given particulars of these boilers 
in a paper read in 1920 before the Institution of 
Electrical Engineers.* Mr. Cooper, managing 
director of the works, had just corroborated the 
figures given in that paper. Mr. Cooper stated 
that one of the gas engines gave 2-15 |b. of steam 
per brake horse-power, two others 2-9 lb., and 
another 1-92 lb. per brake horse-power. In the 
case of two Diesel engines which were tried, the 
figures were 2-07 lb. Differences were accounted 
for by the difference in the position in which the 
heaters were placed ; some of the boilers had water- 
heaters in series with the boiler. He was particu- 
larly interested in Mr. Cooper’s statement, with 
regard to repairs, showing that No. 1 boiler was 
re-tubed after 30,100 hours running, the others 
after 28,391 hours, 35,057 hours, and 33,840 hours, 
respectively. There had been no other expense. 

Mr. Thomas Clarkson remarked that he was 
particularly interested in the third section of the 
paper—which the author appeared to have some- 
what neglected—namely, waste heat recovery on the 
marine oil engine. In fact, only one example of 
waste-heat recovery from the marine-oil engine had 
been given, and the paper was virtually devoted to 
heat recovery in steel works and carbonising works. 
He submitted that the recovery of heat from these 
processes was an entirely different proposition from 
heat recovery from the exhaust of internal-combus- 
tion engines. In the steel and gas works, the range 
of temperature was very high, viz. 400 deg. to 
1,000 deg. C., and it was a simpler matter to 
recover heat from such gases. When dealing with 
low-temperature gases, the highest temperature of 
which was not so much as the lowest temperature 
in the case of steel and gas works, a different type 
of boiler was necessary. The fire-tube boiler gave 
a large amount of surface, but, in order to get the 
required transmission, it was, as Major Gregson had 
pointed out, desirable to have the tubes abnormally 
long in relation to diameter ; otherwise there would 
not be the essential intimate association between the 
gases and the heating surface. The whole crux of 
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waste recovery lay in this intimacy. One important 
point in waste-heat recovery from marine-oil engines 
was that the boiler should make an effective silencer, 
and if it were properly designed no other silencer 
should be required. In some cases on board ship, 
as well as in land installations, a very large 
amount of steam or hot water was required at 
times. It was in such a case as this that the 
thimble-tube boiler was so useful, as it did not seem 
to matter whether it had water or not. Many of 
these boilers were in operation, running dry all the 
summer, and, when, in the cold season, water was 
put in they worked normally. The reason was 
that the temperature of the exhaust gases was 
insufficient to cause burning. As the tubes were only 
held at one end, they were under unrestrained 
thermal expansion, and there was no risk of leakage. 

Mr. H. A. D. Acland recalled that in his early 
days he had been connected with a steel works, 
and had experience with the Blake boiler, which 
it was the practice to put on the top of the reheating 
furnace in forges. Regarding the marine oil engine, 
he was pleased to find that Major Gregson had 
made an attempt to lay the acid-corrosion ghost. 
In the case of the engines with which he had been 
associated, it was asserted that everything would 
be corroded by sulphuric-acid gas, for the reason 
that steam was connected with the engine. This 
was a great fallacy, provided that the temperatures 
did not drop below the dew point of the moisture 
contained in the air taken in by the engines or in the 
steam produced by the hydrogen content of the oil. 
The author had rather made light of the preheater, 
partly, perhaps, on account of acid formation. 
At the outlet end of the feed heater, no doubt the 
temperature would fall, and the greater the con- 
centration of water vapour in the gases, the more 
probability there would be of the production of 
moisture and of its combination with the SO,, form- 
ing sulphuric acid. If the tables of the marine trials 
carried out by the Institution, conjointly with the 
Institution of Naval Architects, were referred to, 
it would be found that the waste-heat recovery 
in the feed heater was 11,300 B.Th.U., in com- 
parison with 39,000 B.Th.U. in the exhaust gases. 
He thought the commercial advantage to be 
gained—even when dealing with relatively low- 
temperature gases such as those from the oil engine 
—by the addition of a cheap element like the feed 
heater, was not to be neglected. He also recognised 
that it was more difficult to deal with oil-engine 
exhaust gases, because of their lower temperatures, 
but thought the author had made these tempera- 
tures rather lower than they actually were. Also, 
he thought that Major Gregson had slightly exag- 
gerated the percentage of excess air in the case of 
the two-stroke engine. 

Mr. A. E. L. Chorlton said he would have liked 
to have had more description of the boiler itself ; 
he thought, from the engineering point of view, 
there was something lacking in the paper. He 
had formerly spent some time in designing waste- 
heat boilers for internal-combustion engines, and 
he thought the plant Mr. Livens had referred to 
was one of his efforts. The first installation 
which he saw carried out, over twenty years ago, 
was very effective. The boilers were mounted 
immediately under the engines, which were 
Premier and Crossley machines of 500-h.p. The 
boiler was a series boiler, which was quite an 
important thing in connection with the lower 
temperatures that had been mentioned, and had 
weirs placed along the tubes so that when the 
water was fed in, it flowed, as it were, over the 
weirs in the opposite direction to the heat. 
Professor Nicolson had discovered a good deal in 
regard to high-speed flow. He discovered how 
very small the boiler really needed to be. The 
older boilers were much too big, and had too 
low a temperature either in the side tubes or 
at the end of certain of the tubes, and many of 
them corroded for that reason. Mr. Clarkson 
avoided those difficulties. He thought members 
would have appreciated a fuller description of how 
problems had been met in designing these waste-heat 
boilers, and thought the author might have said 
in the paper more about the series type and the 
need to create a greater gas flow and a contra-flow 
circulation. 








Mr. W. Taylor said that previous speakers 
had mentioned that there was little information 
as to exactly what the boilers would do from the 
technical point of view. Some years ago Mr. 
Lawford H. Fry had solved that problem, and he 
thought the work Mr. Fry had done had scarcely 
received the recognition it deserved, especially in 
this country. Mr. Fry had read a paper, pub- 
lished, he thought, in the Journal of the American 
Society of Mechanical Engineers, and _repro- 
duced partly in one of the journals in this 
country* in which he set out the law of the flow 
of heat through the surface of gas tubes. He 
had had occasion to test Mr. Fry’s law on waste- 
heat boilers on which he had made some very 
careful experiments. He had calculated the 
temperature which he ought to obtain according 
to that law, and had found that the actual figures 
always came very near to it indeed. He, therefore, 
recommended any member who desired to obtain 
information to follow the same practice. If he 
knew how much gas he had got and its tem- 
perature, he could work out from Mr. Fry’s law 
exactly the results that would be obtained. 

The Chairman, Mr. Daniel Adamson, in closing the 
discussion, said that there could be no doubt but 
that commercial results were being obtained in 
all parts of the world from the use of waste-heat 
boilers. He had ascertained that in this country 
waste-heat boilers were saving about 250,000 tons 
of coal a year, which was quite an appreciable 
amount. It must also be borne in mind that this 
country had only just begun to take up the question. 
In the United States, one boilermaker alone claimed 
that the boilers he had supplied were saving 200,000 
tons of coal per annum. Some figures published 
in regard to practice in the United States showed 
that 1,600 lb. of steam were obtained per ton of 
steel in steel works, which was an interesting 
confirmation of the figures given by the author 
in his paper. Germany claimed to be raising 
1,000,000,000 kw.-hours per annum from the use 
of waste heat inthat form. It seemed to him that it 
would be very desirable if those who controlled 
steel-making in particular in this country would 
grasp the economic possibilities which improved 
plant would enable them to achieve. 

Major W. Gregson, in reply, said that owing to the 
limited time available he would have to be brief, 
and would deal more fully with the points raised in 
writing. With regard to Mr. Macdonald’s remarks 
on the employment of the water-tube boiler or 
the fire-tube boiler he could say no more on this 
than he had said in the paper. His own practice 
when softening to zero hardness was always to 
by-pass a certain amount of hard water, so as to 
avoid any difficulty due to pitting. He had not 
experienced any wasting on the fire side of the 
tubes. On the question of load fluctuations, a 
large number of gas works in this country were now 
running entirely on waste-heat boilers, ¢.e., allowing 
for a fluctuating load in the daytime when they 
were working their coal and _ coke-handling 
machinery. As to the chart referred to, 600 deg. C. 
would not give 5 lb. of steam unless there was over 
200 per cent. excess air. The general rule with hori- 
zontal retorts was to get about 3} Ib. with 600 deg. 
C., but 5 lb. were obtained on vertical retorts, 
because they were more efficient than horizontal 
ones. They, however, rejected more of the waste 
gases, because they took up heat from the hot coke, 
and had an entirely different heat-balance sheet 
than that obtained with horizontal retorts. The 
crux of the situation was set out in the paper. As 
there stated, the only criterion of furnace or retort 
efficiency is the amount of fuel used per unit of the 
primary product. Provided the retort was using 
more coke per ton of coal carbonised than a retort 
giving 24 lb., they were both equally efficient from 
the carbonising point of view, but the one with 
the higher temperature gave the higher recovery. 
Personally, he had experienced no difficulty with 
tests, and considered that present-day instruments 
made it possible to obtain an accurate test of any 
type of plant. He had based his calculations on 
actual figures obtained in practice. 

Referring to Mr. Reber’s remarks with regard 
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to the subject of auxiliary-fired boilers, his own 
comment in the paper was a general statement 
only. There were always exceptional cases, and 
Mr. Reber had referred to a particular case which 
happened to be one in which auxiliary firing had 
been justified. Unless it was used for week-end 
purposes at a steel works, or occasionally to give 
extra steam, he favoured a separate boiler, because 
a better overall efficiency was obtained by having 
a fuel-fired boiler entirely separate from the waste- 
heat boiler. As regards specific heat, he realised 
that in the higher ranges of temperatures Mallard 
and Le Chatelier’s figures were not correct, but 
he submitted that in the lower ranges, which were 
the temperatures met with in the paper, they were 
accurate enough. Mr. Clarkson had complained 
because he had given in the paper only one 
example of a marine oil engine boiler. That 
was because he was limited as to amount of 
space. As he had said in the paper, he quite 
agreed that the thimble boiler, Mr. Clarkson’s 
boiler, was an excellent boiler on marine oil engines 
owing to the intense turbulent effect obtained, but 
it was obtained at a certain expense. Excessive 
turbulence could not be obtained without high 
back pressure. It was only necessary to refer to 
the publications of the Joint Committee of the 
Institution and the Institution of Naval Architects, 
to realise the very big normal back pressures which 
were set up with ordinary Diesels. The result was 
that Mr. Clarkson’s boiler did not have any deleter- 
ious effect, but he obtained his results at the 
expense of back pressure. (Mr. Clarkson here 
interpolated the remark that it was a fact that 
there was no back pressure, as had been shown 
by Mr. Gilbert Cook.) Resuming, Major Gregson 
said he desired to point out that what actually 
occurred was that the boiler was of itself an effi- 
cient silencer, because the velocity of the gases 
was reduced. 

With regard to running a boiler dry, he had seen 
fire-tube boilers running dry on internal-combustion 
engines, but he thought it was a bad policy. 
Supposing, for instance, water was admitted to 
the boiler. (Mr. Clarkson again interpolated a 
statement that this had been done in the Ad- 
miralty tests and nothing had happened.) Major 
Gregson said he knew of the tests to which 
Mr. Clarkson referred, but that did not alter his 
view that it was bad practice. He thought that 
in Mr. Clarkson’s boiler the steam liberating surface 
was very small, and that he was not getting steam 
off but a mixture of steam and water. He had 
met this trouble on a vertical type of boiler, and 
in consequence always favoured the horizontal 
boiler. He agreed with Mr. Acland about the Still 
principle. He had referred to the possibility of 
adding a heater to the boiler. One would only put in 
a heater large enough to heat up the actual amount of 
water required for the boiler ; otherwise there was 
a surplus of hot water for which there was no use. 
One of the main features of the Still principle was 
that it was able to use that extra heat effectively 
as steam. Both Mr. Chorlton and Mr. Taylor 
had asked for a further description of the boiler, 
but the subject of the paper was waste-heat recovery 
and not waste-heat boilers. The same remark 
applied to the question relating to the flow of gases. 

There was one final point he desired to refer to, 
namely, that it was a fact that waste-heat recovery 
was even nowadays apparently not acceptable to 
a very big percentage of practising engineers. 
He noticed, when he went abroad, that manu- 
facturers had re-organised their industries on a 
post-war basis, whereas in this country people were 
agitating all the time to get back to pre-war condi- 
tions, which could not be reproduced. He did not 
claim for waste-heat recovery that it would get 
back entirely our foreign markets, but he submitted 
that it was one of several methods of improving 
industry generally. 

The Chairman terminated the proceedings after 
announcing that an informal meeting would be held 
to-night, at 7 p.m., at which some industrial 
kinematograph films would be shown. The next 
ordinary general meeting would take place on 
Friday, March 16, at 6 p.m., when a paper on the 
‘Reorganisation of Crewe Locomotive Works, 
by Captain H. P. M. Beames, would be read. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—In the Scottish steel trade dull- 
ness is very general and the current demand is not heavy. 
The latest move on the part of the associated makers is 
the advancing of the price of plates, sections and joists for 
home delivery by 5s. per ton, and the increasing of the 
amount allowed under the rebate scheme. In the latter 
connection, plates and sections will be subject to the 
increased rebate of 10s. per ton, and joists 12s, 6d. per 
ton. These changes came into force on all new orders, 
and all deliveries, against existing contracts, on and from 
February 15. The idea behind this change is the 
encouragement of the use of home steel as well as an 
inducement to those not yet participating in the rebate 
scheme to consider enrolling under its banner. During 
the past few days the latest move has been the subject of 
much talk, but producers are very hopeful that their 
concession will be the means of largely increasing the 
demand all round. The inducement now given to 
local consumers to place all their orders at home may 
result in a much needed improvement at the various 
works, as shipbuilders, at any rate, will be in a better 
position when offering for new tonnage. In the black 
sheet trade there is rather a better feeling at the moment, 
although the heavier gauges are moving very slowly. 
Light and galvanised sorts are in better demand, and there 
are indications of a general improvement. The following 
are the current quotations :—Boiler plates, 10/. 10s. per 
ton; ship plates, 87. 7s. 6d. per ton ; sections, 7/; 17s. 6d. 

er ton; and sheets, 4 in., 8. 12s, 6d. per ton, all 
delivered Glasgow stations. 


Malleable Iron Trade.—Little change has taken place 
in the West of Scotland malleable-iron trade and fresh 
business is as scarce as ever. Buyers are not much in 
evidence these days, either for bar iron or for re-rolled 
steel bars, which are very quiet. The current prices are 
as follow :—‘‘ Crown ”’ bars, 10. 5s. per ton for home and 
10]. 10s. per ton for export, and re-rolled steel bars, 
71. 15s. per ton for home, and 7/. per ton for export. 


Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade have altered little over the week. The 
demand is limited and is lacking in enthusiasm, and stocks 
continue to increase. Prices are unchanged and are 
quoted as follow :—Hematite 74s. per ton, delivered at 
the steel works ; foundry iron, No, 1, 75s. per ton, and 
No, 3, 70s. per ton, both on trucks at makers’ yards. 





Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, February 18, only amounted to 
317 tons. Of that total 311 tons went overseas and 
6 tons coastwise. For the corresponding week of last 
year the figures were 195 tons overseas and 91 tons 
coastwise, making a total shipment of 286 tons. 





NOTES FROM THE SOUTH-WEST. 


CarRDIFF, Wednesday. 
_ The Coal Trade.—A distinct improvement has occurred 
in the shipping position this week with the result that 
loading activity has been much more pronounced. Vessels 
which had been delayed by the bad weather have reached 
port, and individual collieries, which were compelled to 
effect temporary stoppages on account of the lack of empty 
trucks caused by the non-arrival of expected shipping, 
have been able to resume work. The improved position 
was reflected in the foreign exports, which reached 458,030 
tons in the past week, or 110,000 tons more than in 
the preceding six days. At Cardiff, shipments were 
raised from 227,730 tons to 316,530 tons, at Newport from 
68,070 tons to 75,710 tons, at Port Talbot from 18,950 
tons to 37,130 tons, and at Llanelly from 4,150 tons to 
4,750 tons, but at Swansea reduced from 28,950 tons to 
23,910 tons, Clearances were increased to Argentina, 
Brazil, France, Italy, Portugal and Spain, but reduced to 
Egypt and Greece, The improved shipping position and 
loading activity has had no material influence on prices 
in view of the fact that stocks were heavy and had to be 
cleared before any appreciable change could be expected. 
At the same time the potential output of the coalfield 
has been enormously increased since the return to the 
eight hours’ working day. Best Admiralty large ruled 


from 19s. to 19s, 3d., with other qualities at relative 
levels. The best smalls were tight at 12s. 6d. to 13s., 


Hm the inferior grades were plentiful from 10s. 6d. up. 
Size 


d coals, too, were scarce and tight. 


The Stabilisation Scheme.—Further efforts have been 
made this week towards composing the differences of 
°pinion amongst colliery owners in respect to the 
stabilisation of prices scheme, under which collieries are 
ov. and a schedule of minima prices drawn up for 
mio of the different classes of coal. The Deed which 
hag - ¢ = Secouey to draw up, binding the collieries, 
ps ag r3 inally approved and circulated amongst 
the sn), companies, but no date has yet been fixed for 
ae peration of the scheme, though the idea is to make 
|. berative from March 19. The matter is, however 
still under consideration, ; , 


BS phe Steel.—Exports of iron and steel in the past 
tin axe —s 21,307 tons compared with 7,997 tons in 
slots ne week. Shipments of tinplates and terne- 
a " ry raised from 6,057 tons to 8,592 tons, black- 
Sinete = sheets from 459 tons to 726 tons, galvanised 
steel Bali 1,143 tons to 7,758 tons, and other iron and 
tin 5 as Irom 338 tons to 4,231 tons. Enquiries for 

Plates continued satisfactory, but prospective buyers 


were “ bearing ” i 
be bearing” prices; makers, on the other hand, 
ered to recent levels, 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.——Much of the output of 
Cleveland pig-iron continues to go into direct use at 
producers’ own consuming plant, and the surplus avail- 
able for disposal on the open market is well taken up. 
Stocks are low, and little improvement in demand is 
needed to create difficulty in fully meeting needs. Sales 
are still chiefly to home firms and to consumers in 
Scotland, but odd parcels are being disposed of to 
customers abroad. Makers’ recent sales to Belgium and 
to France have been followed by further Continental 
inquiries that encourage the hope of expansion of export 
transactions. Confidence in steady home trade develop- 
ment continues. Makers’ fixed prices for Cleveland pig 
iron are very strong, but they do not apply to sales 
beyond the Tweed. No. 1 grade of iron is quoted 
67s. 6d.; No. 3, g.m.b., 65s.; No. 4, foundry, 64s., and 
No. 4, forge, 63s. 6d. 


Hematite.—Accounts given of conditions in the East 
Coast hematite trade are less satisfactory than are those 
of any other branch of the staple industry. Supply is 
very plentiful, and makers are unable to book orders 
except on terms well below cost of production. Unless 
there is speedy unexpected improvement in demand, the 
make is likely to be curtailed by the blowing out of two or 
three furnaces in the near future. Market rates continue 
to be ruled by mixed Nos. at 70s. 





Foreign Ore.—There is a little more doing in ore, but 
consumers are still disinclined to negotiate for supplies 
beyond June, though sellers declare that in the fall of 
the year there is likely to be scarcity of supply. Best 
rubio is fully 21s. 6d., c.i.f. Tees. News from Sweden 
is to the effect that there seems no promise of early settle- 
ment of the strike of ore miners there. 


Blast-Furnace Coke.—While sales of Durham blast- 
furnace coke are on a slightly improved scale, the values, 
though still unprofitable, tend upward. Local users con- 
tinue to hesitate to enter into heavy contracts. Good 
medium qualities are 18s. to 18s, 3d., delivered to con- 
sumer’s works in this district. 


Manufactured Iron and Steel.—Finished iron manu- 
facturers are fairly well sold, and they adhere firmly to 
quotations that have ruled of late. Rise in prices of 
semi-finished Continental steel bars opened out markets 
for producers here, and there is more doing in finished 
steel with prices of foreign material approaching 
nearer levels ruling for Tees-side commodities. <A 
welcome announcement is that the Highways Committee 
of the London County Council have recommended 
acceptance of the tender of Messrs. Dorman, Long and 
Company, Limited, of Middlesbrough, for 38,6531. 10s., 
for supply of track rails and bolts in connection with 
London tramways. The tender was the lowest except that 
of 30,7471., made by the Anglo-Belgian Steel Corporation 
of Brussels. Among the principal quotations are: 
Common iron bars, 101. 5s.; best bars, 101. 15s.; best 
best bars, 11l. 5s.; packing (parallel), 7/. 10s. ; packing 
(tapered), 10/.; steel billets (soft), 7J. 28s, 6d.; steel 
billets (medium), 7/7. 12s, 6d.; steel billets (hard), 
81. 2s. 6d.; steel ship plates, 8/. 7s. 6d.; steel angles, 
7l. 17s. 6d, ; steel joists, 71. 17s, 6d.; steel rivets, 111. ; 
heavy steel rails, 8/. 10s.; and galvanised corrugated 
sheets (No. 24 gauge), 131. 





TRIAL Trip OF THE §.S. ‘‘ EastBorovucn.’—The cargo 
steamer Eastborough, built by Messrs. Craig, Taylor 
and Company, Limited, Stockton-on-Tees, for Messrs. 
Humphries (Cardiff), Limited, Cardiff, recently under- 
went successful trials at sea, during which a speed of 
11-6 knots was maintained. The vessel has a length 
of 414 ft., a breadth of 53 ft. 6 in., and a depth, to the 
shelter deck, of 35 ft. 6 in. The propelling machinery, 
constructed by Messrs. Blair and Company, Limited, 
Stockton-on-Tees, comprises triple-expansion engines 
having cylinders 25} in., 42 in. and 70 in., and a piston 
stroke of 48 in. Steam is supplied by three large boilers 
operating at a pressure of 180 lb. per square inch. 


ComPpaANy REGISTRATION DuRING 1927.—According 
to the annual statistical report compiled by Messrs. 
Jordan and Sons, Limited, company registration agents, 
116 to 118, Chancery Lane, London, W.C.2, the public 
and private companies registered during 1927 totalled 
7,797, and the capital involved aggregated 203,498,414. 
Engineering Companies to the number of 431 were 
registered, representing a total capital of 21,642,9901., 
the latter figure being higher than that of any other 
class of company. Next in order of value were mines 
companies, of which there were 319, involving a capital 
of 19,134,432/7. Twelve railway companies were together 
responsible for 6,057,1401., and 238 electricity, gas and 
water undertakings had a total capital value of 1,368,494. 





WrovuGut-STEEL PuLLEYs.—Our attention has been 
drawn to the form of steel rim pulley manufactured by 
Messrs Henry Lowe and Sons, Limited, of Royton, 
Lancashire, under the name of the Victory wrought steel 
pulley. In this pulley the spokes are based just inside 
the rim, and the ends are riveted over into countersunk 
holes. The chief feature of the design, however, is a 
steel cross bar through which each spoke passes, the 
bars being riveted across the rim on the inside and held 
to it by four rivets. The presence of these cross bars 
distributes the load over a much greater width of rim 
and adds stiffness to the pulleys, the design being specially 
suitable for fluctuating and unsteady drives, high speeds 
and heavy loads. The pulleys are made in sizes from 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—There is evidence of a somewhat better 
tone in crude steel manufacture, where the maintenance 
of surplus plant has aggravated trading losses. More 
foreign inquiries are reported, and Continental prices 
are hardening. At the same time, arrivals of billets, 
bars and rods from foreign sources are heavy, and are 
keeping idle machinery that has to bear a great weight 
of local taxation. High-grade steels are making good 
progress. Ground lost in this country is being regained, 
while exports are encouraging. Increased activity is 
common to the production of railway steel and ship 
steel. Electrical engineers are prominent buyers. of 
special materials and tools. Incidentally, the use of 
electrically-driven machinery in the local iron and steel 
trades is steadily increasing. Where plant renewals are 
made, electricity is more and more replacing steam for 
power purposes. Building trade slackness is reflected 
at iron foundries. Inland sales of tools are suffering 
from increased imports of foreign origin, though business 
in twist drills has taken a turn for the better. Saw 
makers feel acutely the decline in trade with Eastern 
markets. 


Quality before Cheapness.—Great interest has been 
aroused by the scheme to organise an exhibition of the 
craftsmanship employed in the local staple industries. 
The idea is hailed with special heartiness by those 
reputable manufacturers who are trying to promote the 
popularity of high-quality products. The modern craze 
for cheapness has stimulated internal competition and 
price-cutting, and in some quarters has resulted in the 
output of goods which, as advertising media, do. con- 
siderable harm to the reputation of the industries 
concerned. By the scheme which is now being arranged 
through the collaboration of the Sheffield Chamber of 
Commerce, the Cutlers’ Company of Hallamshire, Shef- 
field University, and the Sheffield Trades Technical 
Societies, the exhibition will afford visitors a unique 
opportunity of viewing examples of highly skilled work, 
will encourage craftsmanship, and will be of sound 
commercial value in bringing. Sheffield’s name more 
prominently before the public in association with high- 
quality goods, 


South Yorkshire Coal Trade.—Dullness in export 
buying is primarily attributed to uncertainty respecting 
the effect of the Five Counties’ Coal Scheme. Consumers 
and distributors alike are inclined to mark time until 
more definite pointers are available as to the trend of 
prices and volume of supplies. At the moment there is a 
good deal of free coal on the market at varying rates, 
and where contract deliveries fall short of requirements, 
consumers are augmenting supplies through this medium. 
Industrial fuel is a quiet market, with supplies in excess 
of the demand, despite short-time working. Secondary 
grades are abundant, though without quotable change. 
The demand for gas coal is tapering off, and there is 
keen competition for business in smalls. House coal is 
passing what is usually its business season without sales 
having reached normal volume at any period, Quota- 
tions :—Best hand-picked branch, 27s. 6d, to 29s. 6d, ; 
Derbyshire best brights, 20s. 6d. to 21s. 6d. ; best house 
coal, 19s. to 20s. 6d. ; screened house coal, 16s. to 17s. 6d. ; 
screened house nuts, 15s, to 16s.; Yorkshire hards, 
14s. 6d. to 15s. 6d. ; Derbyshire hards, 14s, to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s. ; 
smalls, 38. to 4s. 6d. 





FarapAy’s NotEeBooks.—Opening a course of three 
lectures, entitled ‘‘ From Faraday’s Notebooks,” at 
the Royal Institution, on February 2 last, Sir William 
Bragg remarked that the Institution had resolved to 
publish these notebooks. Faraday had not only carefully 
written out and numbered his experiments and observa- 
tions, but he had explained, in those laboratory notes, 
the reasons which had guided him in his work. Being 
struck, in 1842, for example, by the observation that a 
lump of ice would melt on the surface and yet freeze to 
another piece of ice brought in contact with it, he started 
his research on Ice and Regulation (the subject of Sir 
William’s first lecture), and observed that two pieces of 
ice would freeze together in warm and cold water, and 
in lukewarm petrol, but not in cold petrol, and not at 
all in alcohol. Furthermore a piece of ice would stick 
to a woollen glove, but not to tinfoil. Faraday tried a 
multitude of other experiments before he discoursed on 
the problem of the motion of glaciers, in 1850. 


BritTISH STANDARD SPECIFICATION FOR THE ELECTRICAL 
PERFORMANCE OF RoTaRy CONVERTERS.—The final 
issue of a new series of specifications, which are to 
replace B.S.S. No. 72—1917, relating to the perform- 
ance of electrical machinery, has been published by the 
British Engineering Standards Association as No. 172 
—1927. The machines dealt with are rotary converters, 
for industrial purposes and tramway traction, of 
50 kw. direct working, or 50 k.v.a, inverted working, 
and upwards, having windings insulated with class A 
material which is defined in an appendix, Rotary 
converters for railway service, however, are not included, 
As usual, the publication opens with a list of definitions 
relating to the characteristics of the machines deait with, 
but in this case a definition of standard wave-form of 
direct-current voltage is also included. Subsequent sec- 
tions deal with rating, limits of temperature-rise, 
overloads, commutation, &c. Copies of the specification 
may be obtained from the Publication Department, 
B.E.S.A., 28, Victoria-street, Westminster, London, 








12 in. upwards, 


S.W.1; price 2s. 2d. each, post free. 
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LABOUR NOTES. 


AT a joint conference on the wages question, held at 
Carlisle, on Thursday, last week, the Shipbuilding 
Employers’ Federation made a conditional offer to 
the representatives of the shipyard trade unions. Pro- 
vided the unions agreed jointly to consider with the 
employers (1) the formulation of an index scheme for the 
automatic regulation of wages, and (2) certain matters 
arising out of Part I. of the Joint Inquiry Report, the 
employers were prepared, it was stated, to increase 
the restored bonus of 7s. granted by the Court of 
Arbitration in 1924, to 10s. in the case of timeworkers. 
The exact terms of the offer were as follows :—‘‘ That 
time-workers, 21 years of age and over, in receipt of 
the restored bonus of 7s., should have 3s. added to their 
bonus, making it 10s. per week, and in the case of 
certain of the lower-paid classes who are paid bonuses 
slightly in excess of 7s., such bonuses should be increased 
to 10s. per week. Certain men who have for a number 
of years been in receipt of a special bonus of 3s. in excess 
of the bonus paid to other workmen in the industry, 
would not participate in the increased bonus.” 


As to the date from which the proposed increase in 
bonus should apply, the employers suggested that it 
should be payable in equal instalments at the beginning 
of July and September, explaining that time was 
necessary in order to clear off work which was in pro- 
gress, and had been taken on a price basis that did not 
cover the possibility of a wages increase. The interval 
was needed also to give firms an opportunity to estimate 
for future contracts on the basis of the higher labour 
cost. Having regard to the high level of the present 
earnings of pieceworkers, it was added, and also to 
the circumstances of the industry at present, the 
employers could not see their way to grant any increase 
of bonus to men paid by results, or on other than plain 
time rates. Returns collected from federated firms, 
it was stated, showed that the actual weekly earnings 
of all piece-workers in the industry were approximately 
41. 10s. for 41 hours worked, or the equivalent of 5/. 
for a full week of 47 hours. 





Mr. Sherwood, speaking for the Federation of 
Engineering and Shipbuilding Trades, intimated that 
the offer would be submitted to the executives of the 
affiliated unions. It was, of course, to be understood, 
he said, that by doing so, they did not commit them- 
selves in any way to acceptance of the offer. Mr. Nichol, 
on behalf of the six craft unions which are not now 
units of the Federated Trades, viz., those of the ship- 
wrights, plumbers, painters, electricians, woodworkers, 
and boilermakers, stated that they also would report 
the offer to their executives, but as conditions had been 
attached to it which had no relation to a general wages 
application, they could not recommend it. 


The Ministry of Labour Gazette states that following 
the sharp decline which occurred immediately after 
Christmas, employment showed a steady improvement 
on the whole, throughout January. At the end of 
the month, however, employment in most industries 
remained worse than in the third week of December. 
There was a further seasonal decline in the building 
trade, in public works contracting, and in their 
ancillary industries of brick, tile and cement manu- 
facture. In a number of other industries, including 
most of the textile and clothing trades, food, drink 
and tobacco manufacture, the saw-milling, furniture 
and other woodworking trades, and the miscellaneous 
metal industries, employment at the end of January 
was also below the level recorded immediately before 
Christmas. In coal-mining there was an increase in 
the numbers of workpeople temporarily stopped from 
the service of their employers. On the other hand, 
there was a slight improvement in employment in 
the cotton textile industry, in the pottery trade, in 
hat and cap manufacture, and in ship repairing. 





Among the workpeople (aged 16 to 64 inclusive 
and numbering approximately 11,800,000) insured 
against unemployment under the Unemployment 
Insurance Acts in Great Britain and Northern Ireland, 
the percentage unemployed (including those tempo- 
rarily stopped as wel! as those wholly unemployed), 
in all industries taken together, was 10-7 at January 
23, 1928, as compared with 9-8 at December 19, 1927, 
and 12-0 at January 24, 1927. The percentage wholly 
unemployed was 8-3 at January 23, 1928, as compared 
with 7-7 at December 19, 1927; while the percentage 
temporarily stopped was 2-4, as compared with 2-1. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
wages reported to have come into operation during 
January resulted in a net reduction of 16,350/. in 





the weekly full-time wages of about 245,000 work- 
people, and in an increase of nearly 9,000/. in those 
of nearly 150,000 workpeople. The largest group 
of workpeople affected by reductions were coal miners 
in Yorkshire, in whose case the percentage addition 
to basis rates was reduced by an amount equivalent 
to about 3 per cent. on current wages. There were 
also reductions in the wages of iron miners and blast- 
furnace workers in Cleveland and Cumberland, shale 
miners and shale-oil workers in Scotland, iron puddlers 
and millmen in the North of England and West of 
Scotland, and textile bleachers, dyers, &c., in Scotland. 
Lower rates of pay were introduced for new entrants 
in the case of certain classes of railway traffic workers 
in Northern Ireland. 


Textile bleachers, dyers, &c., in Yorkshire and 
Lancashire received small increases under cost-of-living 
sliding scales (less than $ per cent. on current wages 
in Yorkshire, and 3d. and 2d. per week for men and 
women, respectively, in Lancashire), and men employed 
by electricity supply undertakings received an increase 
of Id. per hour in most districts in Great Britain, 
outside the North-East Coast and East Midlands areas 
of England. Increases also occurred under cost-of- 
living sliding scales in the wages of bobbin and shuttle 
makers in England and Wales, waterworks employees 
in various districts in England, felt hat makers, seed 
crushers and oil millers, and men employed by public 
works contractors in London. 


The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in January, was 31. In addition, 10 disputes which 
began before January were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in January (including work- 
people thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was about 10,000; and the 
aggregate duration of all disputes during January was 
about 50,000 working days. These figures compare 
with totals of 7,600 workpeople involved and 38,000 
working days lost in the previous month, and with 
15,300 workpeople involved and 130,000 days lost in 
January, 1927. 


In the summer of 1924, the Polish Government, 
owing to the critical position of the metal, mining and 
engineering industries in Polish Upper Silesia, authorised 
as a temporary measure the introduction of a working 
day of 10 hours for persons employed in iron and steel 
and lead foundries. The trade unions agreed to this 
measure only on the condition that the question should 
be submitted for revision immediately after an improve- 
ment in the industry had taken place. As the improve- 
ment which became noticeable at the beginning of 
1927, has been maintained, certain modifications, 
which are intended to lead up to the general reduction 
of the 10-hour working day, have been introduced by 
agreement between the employers and workers, with 
the approval of the Government, and embodied in a 
decree. As from January 1, 1928, the working time 
of certain workers in iron, steel and lead foundries 
exposed to excessive heat, dust or poisonous fumes, 
may not exceed 8 hours a shift. The question of 
introducing the 8-hour day on Saturdays for certain 
categories which remain temporarily on the 10-hour 
basis, was to be considered before February 15, 1928, 
by a special commission. All the works were requested 
to submit to the Labour Commissioner, by February 1, 
1928, plans for bringing the remaining categories of 
workers exposed to excessive heat, dust and poisonous 
gases, within the scope of the 8-hour day by August 1, 
or in exceptional cases, by November 1, 1928, at 
the latest. 


The Ministry of Labour states that on February 13, 
1928, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,159,800, of whom 830,100 were wholly un- 
employed, 262,900 temporarily stopped, and 66,800 
persons normally in casual employment. Of the 
total number, 925,600 were men, 37,600 boys, 160,100 
women, and 36,500 girls. On February 6, 1928, the 
number of unemployed persons was 1,162,153. Of 
these, 836,560 were wholly unemployed, 260,595 tem- 
porarily stopped, and 64,998 persons normally in 
casual employment; 921,060 were men, 39,026 boys, 
164,364 women, and 37,703 girls. The total number of 
unemployed persons on February 14, 1927, was 
1,270,217, of whom 1,005,372 were men, 36,355 boys, 
190,253 women, and 38,237 girls. 


The Bureau of Statistics and Information in the 
Department of the Industrial Commissioner for New 
York State, records, that in December last, employment 


in the factories of the State fell to its lowest point ! 





since the end of 1921. That conclusion is drawn, the 
compilers say, from the regular monthly reports of 
approximately 1,650 firms which, in December, 
employed more than 450,000 workers. Compared with 
a year ago, there was a net decrease of 66,000 in the 
number of wage earners. The number of workers 
laid off during the year was even greater, but the total 
decrease was partly off-set by the engagement of new 
workers in a few industries. The metals group of 
industries continued downward in December. The 
largest reductions took place in railroad equipment 
factories, steam and hot-water heating plants, and 
radio firms. Railroad repair shops did not repeat the 
decline in the railroad equipment factories; instead 
of a decline employees were added in December. 





Although most metal industries reduced their 
forces from November to December, the manufacture 
of machinery, cutlery and agricultural implements 
showed a decided gain. The iron and steel mills also 
showed a small but definite increase in employment— 
an increase that was especially significant, because, in 
1926, the steel mills reduced their forces towards the 
end of the year. Makers of automobiles and _ parts 
curtailed activity again, and employment dropped 
by more than 5 per cent. Notwithstanding that, firms 
here and there, making sheet metal, automobile hard- 
ware and parts, by increases of the number of their 
employees or rises in pay-rolls, indicated some improve- 
ment in allied industries. Reports from State Employ- 
ment offices showed, it is added, that since September 
the surplus of workers had risen steadily. Calls from 
employers began to fall off in October, and probably, 
in anticipation of a decline in opportunities of employ- 
ment, registrations from workers also decreased, 
although not so rapidly as the drop in employers’ 
demands. Unemployment, apparently, was more 
widespread in December than it had been for some 
time. 

The notice given by the association of German 
steel makers of their intention to declare a national 
lockout unless the strikers in the Central German area 
return to work, has been suspended until February 29. 
When the parties to the Central German difference 
failed to agree, the Minister of Labour issued an award 
increasing the wages of the men by 5 pfennigs an hour. 
This was rejected by the representatives of the employers 
and also, in effect, by the representatives of the men. 
On Tuesday, Dr. Brauns formally declared the award 
to be binding, and both parties are, it is understood, 
preparing to obey. At the time of writing, there is 
some doubt as to what the attitude of the rank and file 
of the Central German workers will be. If, however, 
they return to work before February 29, the national 
lockout notices will automatically cease to have effect. 





The situation in the Lancashire cotton trade was 
discussed at a conference in Manchester on Tuesday, 
between representative spinners and manufacturers 
and representative trade unionists. At the close of the 
meeting, it was stated that the trade union representa- 
tives had submitted the following :—‘‘ We cannot agree 
that there is any justification for either reduction of 
wages or increased hours, and we do not believe that 
any improvement in trade will result by such proposals. 
We are favourable to an inquiry in order to ascertain 
all the facts with regard to costs of production and 
distribution. We believe that a statutory committee 
appointed by the Government is the most satisfactory 
method of ascertaining all the facts.” The reply of 
the employers was as follows :—‘‘ We are not 
favour of the setting up of a statutory committee, as 
the present serious position of the industry requires 
immediate action. We desire to know whether you 
are willing to meet the employers in conference, con- 
sisting of 12 representatives from each side to consider 
what goes to make up the cost of production of yarn 
and cloth, such conference to report within a month, 
in what way production costs can be reduced so as to 
secure a greater volume of trade for the industry. We 
are prepared to sit continuously to accomplish this 
end.” According to the official report, the operatives 
representatives thereupon asked for time in which to 
consult their executive committee in regard to the 
employers’ note, and the conference was adjourned in 
order to comply with this request until Monday next, 
at 2 o'clock. 





THE INSTITUTE OF MARINE ENGINEERS.—At the annual 
general meeting of the Institute of Marine Engineers. 
held on February 17 last, Sir Alan G. Anderson wa 
elected president. The new vice-presidents elect 
were Messrs. A. H. Mather, R. S. Kennedy, T. -\. John- 
son, John McCallum, and A. Watt, and Engineer Rear- 
Admiral W. M. Whayman, Engineer-Captain 
Brown, and the senior chief engineer of Messrs. me 
Holt and Company, Limited. The new members i 
Council are Messrs. R. T. Clarke, H. G. Dixon, ©.“ 
Flower, John Nicol, and R. T. Wilson. 
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PRECISION VARIABLE AIR | 
CONDENSER. 


In our account of the exhibition of scientific instru- 
ments and apparatus held at the Imperial College of 
Science, South Kensington, and organised by the 
Physical and Optical Societies, we referred, on page 68 | 
ante, to a precision variable air condenser designed 
by Mr. W. H. F. Griffiths, of Messrs. H. W. Sullivan, 
Limited, Leo-street, S.E.15, and known as the Sullivan- 
Griffiths condenser. This instrument is intended for 
use in connection with sub-standard wavemeters, 
which would fill the existing gap between good com- | 
mercial wave-meters of the heterodyne type, the | 
accuracy of which is of the order of 0-2 per cent., 
and the modern standard multi-vibrator wavemeters, 
such as that designed by Dr. D. W. Dye, of the 


and C 6, being in series, as also are C7 and C 8, and the 
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capacity between the terminals T1 and T 2 is mainly 
| composed of four capacities, C5, C 6, C7 and C 8, be- 


tween the fixed and moving plates, the capacities C5 


two groups being in parallel. They thus form the arms 
of a Wheatstone bridge, as shown in Fig. 3, and the total 
capacity of the complete condenser is made up of similar 
bridge groups connected in parallel. The capacities be- 
tween the moving plates and the spindle, between the 
fixed plates and the spindle, and between adjacent fixed 
plates, are represented by C 11 and C 12, C 13, and C 10, 
respectively, in Fig. 3, and a moment’s consideration will 
show that the effect of an axial displacement of the 
moving system relatively to the fixed system will disturb 
the balance of the bridge. For instance, if the spindle 
and moving plates are moved downwards, C 5 and C7 
will diminish, and C 6 and C 8 will increase, so that the 





National Physical Laboratory, and also manufactured | bridge will be unbalanced, and there will be a difference 
by Messrs. Sullivan. A full account of the multi-| of potential between MP 1 and MP 2. This, however, 
vibrator wavemeter will be found on page 727 of our! would have no effect on the total capacity between 
119th volume. Tl and T 2, except for the existence of any direct 

The object of the design of the condenser, with which | capacities between the moving plates or of the smaller 
we now propose to deal, is to overcome the inaccuracies capacities C11 and C 12 between the moving plates 





Fig. 2. 
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introduced by wear and to eliminate the effects of any | 
irregularities in the rotational movement about the 5 yy, 
axis, and this is accomplished by employing a number of | 7 7 


screening elements in the air gaps above and below 
each of the moving plates, and connecting the gaps 
electrically in series instead of in parallel, as they are 
connected in a condenser of ordinary construction. Curve} C — 
Fig. 1 shows the condenser partly removed from its a 10 
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casings, and Fig. 2 is a diagram showing the arrangement (550.0) Percentage Axial Displacement 
of a pair of moving plates with the corresponding “ENGINEERING” 


fixed and screening plates in a simplified form. The 
moving plates, lettered MP 1 and MP 2 in the diagram, | and the spindle. If, therefore, these capacities can all 
are mounted on semi-circular sheets of insulating | be eliminated, or made negligibly small, the axial dis- 
material attached to the spindle, and their form, in| placement of the moving system of the condenser will 
plan, is that of half an annulus. The fixed plates, | have no effect upon its capacity. 
FP 1, FP 2 and FP 3, are also semi-annular in plan,| In the Sullivan-Griffiths condenser, the electrostatic 
but the screen plates, § 1, S 2 and S 3, are complete | fields between the moving plates are intercepted by the 
annuli, mounted concentrically with the spindle carrying | screening plates 81, S2 and 83, and the capacities 
the moving plates. The latter, it should be explained, | between those parts are, therefore, practically elimi- 
are arranged so that the successive plates are displaced | nated, while the capacities C1l and C12 are ren- 
180 deg. in plan, and the fixed plates are similarly dis- | dered negligible by suitable dimensioning of the 
posed in order to obtain mechanical and electrical parts in the design. The effect of this method of 
Symmetry. The actual arrangement of the plates is | construction is strikingly demonstrated by the curve 
shown in Fig. 1, in which the pairs of comparatively |C in Fig. 4, which shows the percentage frequency 
thin plates represent the fixed plates and screening | change resulting from axial displacements up to 10 per 
plates between each pair of moving plates. The | cent. of the total dielectric gap in the case of a Sullivan- 
latter, it will be noticed, are considerably thicker than | Griffiths condenser. For a 10 per cent. axial dis- 
the former, and the fact that they are successively | placement, the frequency change amounts to only 
displaced by 180 deg. will at once be apparent. 0-014 per cent. Curves A and B, which are included 
_To follow the principles involved, however, it is|in Fig. 4 for comparison, show the effects of similar 
simpler to regard the plates as being arranged in| axial displacements of the moving systems of con- 
ge with Fig. 2. From this it will be seen that | densers of the ordinary parallel-gap type, curve A 
alternate groups of fixed and screening plates are con- | representing the case with an initial displacement of 
— to opposite terminals of the condenser, there | 2 per cent., and curve B showing the result for the 
The’, Ba electrical connection to the moving plates. | same condenser after all the gaps had been adjusted 
ron is ation of the latter, however, varies the capacity | to be exactly equal. It will be seen that, in the latter 
ween the terminals by varying the proportion of | case, an axial displacement of 10 per cent. produced 
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latter were demonstrated at the Physical and Optical 
Societies’ exhibition by an actual displacement of the 
moving system of the condenser, while the heterodyne 
wavemeter, of which it formed a part, was oscillating. 
An axial displacement amounting to 5 per cent. of the 
total dielectric gap produced a change of heterodyne 
beating with the 20 kilocycle harmonic of a standard 
multivibrator wavemeter of from 5 beats to 6 beats 
per second. The beats were recorded on the tape of 
a syphon recorder, on which seconds were also recorded 
from a pendulum. The change in the beats produced 
was equivalent to a frequency change of 5 parts in 
100,000. 


ITALIAN WATER-POWER PLANTS. 

FoLLow1ne upon the failure of the Gleno dam, a 
committee was appointed in Italy in December, 1923, 
with a view to inspecting the dams in course of con- 
struction throughout the country, together with those 
already in service and forming part of the various 
hydro-electric and other installations. Particulars 
concerning the more important dams being built or 
nearing completion on April 1 of last year have been 
recently issued by the committee and published in 
the Journal of the Italian Ministry of Public Works, 
the Annali dei Lavori Pubblici; from this we have 
abstracted the brief data given below. The informa- 
tion relates to the condition of the works in the early 
part of 1927. 

Piedmont.—In the Cuneo province the Societd 
Forze Idrauliche della Maira was completing the San 
Damiano dam, to form a reservoir having a capacity 
of about 275,000 cub. m. (60-5 million gallons), for 
the production of a total of over 6,700 h.p. By means 
of this dam the whole of the flow of the Maira torrent 
is to be utilised for current generating purposes. 

With a view to insure a winter water supply to the 
Sotto Frua generating station, and other generating 
stations located further down stream along the course 
of the Toce, in the Novara province, the Societa 
Serbatoi Alpini in Val Toggia planned the construction 
of three storage reservoirs, one in connection with 
Lake Kastel, to increase its capacity by about 
5,000,000 cub. m. (1,100 million gallons), the second, 
near the outlet of Lake Schwarz, having a capacity of 
1,100,000 cub. m. (244 million gallons), the third being 
in connection with the Fisch or Toggia Lake, to secure 
a storage of 7,000,000 cub. m. (1,540 million gallons). 
Of the above, work on the second was suspended in 
1924, and had not been restarted last spring. In regard 
to the third, the class of dam to be built still had to 
be finally decided. Work on the Lake Kastel dam 
was being proceeded with. 

In the same province, the Oberseo Lake dam for 
the Societa Imprese Elettriche Conti, for which the 
committee have insisted upon increased strength, to 
meet the new standards, had been given a thickness of 
16-50 m. (54 ft.) at the base, whilst the crown had been 
heightened by 1-50 m. (about 5 ft.). Owing to these 
measures, it had been possible to raise the storage level 
by 1 m. (3 ft. 3 in.), the volume of water available 
being 1,200,000 cub. m. (264 million gallons). 

Still in the Novara province, the Alpe Cavalli dam 
for the Societ), Anonima Forze Idrauliche Valle Antrona, 
which had been completed and tested under partial 
storage conditions with water level 12 m. (39 ft. 5 in.) 
below the overflow level, was subjected to a further 
test with storage level at 6 m. (19 ft. 8 in.) below over- 
flow level. The tests having proved satisfactory, the 
company has been authorised to increase the storage 
up to 2 m. (6 ft. 6 in.) below the overflow level as a 
final test. The lower Alpe Campliccioli dam, on the 
Troncone stream (Ovesca Toce), for the same com- 
pany, has been increased in height. While this dam 
was in course of construction, the company requested 
to be allowed to work it under partial storage, in 
order to meet their obligations with the Italian Edison 
Electrical Company. Permission for this was granted 
subject to the carrying out by the company concerned 
of various works of detail, and the provision by them 
of a set of apparatus for recording the behaviour of 

the dam under load and its impermeability. Work 

on two other dams for the same company was, at 
the time of the Report, still in the initial stages ; these 

were the Cingino dam, to form a storage reservoir 
of about 5,000,000 cub. m. (1,100 million gallons), and 

the Camposecco dam, intended to impound approxi- 

mately 5,700,000 cub m. (1,254 million gallons). 

In the Turin province the building of the Rochemolles 

dam for the Italian Railways has proceeded satis- 

factorily. The Chinsella dam, for the Officine Energia 

Elettrica di Novara had recently been completed 

and brought into service under conditions of partial 

storage; operations were, however, still in progress 

with a view to increase the capacity of the surface 

discharge. The tests so far carried out at different 


air and metal in the gaps between the alternate pairs|a frequency change of 0-5 per cent., as compared | Storage levels had given good results, particularly in 


of fixed plates. 


Considering now the two sections of | with 0-014 per cent. for the Sullivan-Griffiths condenser. | Tegatd to leakage through the arch, which was found 





the condenser shown in Fig. 2, it will be seen that the 


The extremely small frequency changes of the | practically non-existent. 
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The Main Cignana dam for the Societa Idroelettrica 
Marmore was commenced in the summer of 1926. In 
the same year the Ussin barrage, on the Marmore torrent, 
for the Societa Idroelettrica Piemontese Lombarda E. 
Breda was completed. This provides a small amount 
of storage, about 180,000 cub. m. (39-6 million gallons), 
below the Maen generating station, where the intakes 
for the Couvalon and Chatillon generating stations are 
situated. Work on the Orco stream, near Ceresole 
Reale, in connection with an enterprise of the Turin 
Municipality was still in the initial stages. 

Lombardy.—In the Bergamo province, work had been 
continued for the Azienda Elettrica Crespi and Com- 
pany, of Valgoglio, on the Nero Lake dam, the masonry | 
in the early part of last year having reached a height 
of 14 m. (46 ft.) below the maximum storage level, | 
and 1,600,000 cub. m. (352 million gallons) of water 
were impounded and being used under heads of 1,030 m. | 
and 320-70 m. (3,380 and 1,050 ft.) in the Aviasco 
and Gromo generating stations; a number of other | 
generating stations distributed along the Serio were | 
also being supplied. The Sernello Lake dam had been | 
almost completed, and furnished a total water storage of | 
about 190,000 cub. m. (41-8 million gallons) for working 
the same generating stations. 

Of the three dams forming part of the works of the | 
Societa Idroelettrica del Barbellino, in the Alto Serio, | 
the Biondine, or Val Morta dam alone had been com- | 
pleted ; this only impounds a comparatively small | 
quantity of water, about 100,000 cub. m. (22 million | 
gallons). The work on the Barbellino Lake dams had | 
not been carried very far. | 

Among the several dams forming part of the Carona | 
installations for the Societa Forze Idrauliche Alto | 
Brembo, only the two smaller, of Marcio Lake and 
Piano del Becco, had been completed. Work had | 
proceeded on the Sardegnana Lake dam, and partial | 
storage of about 1,300,000 cub. m. (286 million gallons) | 
was available under a head of 600 m. (about 1,970 ft.). | 





| and Badana Lake dams, whilst strengthening buttresses 


|The Giacopiane dam, for the Consorzio Idroelettrico di 


Venice.—In the Udine province, work was in progress 
on the foundations of the Cosa torrent dam intended 
for the operation of the Tul plant. In the Trento 
province, storage works at the Piazze Lake, in the Piné 
Valley, for the Societa Generale Elettrica Tridentina, 
had been completed, with a view to raise the lake level 
by means of a dry-filled rock dam. The masonry work 
had proved entirely successful, but some small leakage 
having been noticed in the ground formation on the 
downstream side of the dam, the installation was still 
under test. 

Liguria.—In the Genoa province, and in connection 
with the Ferrari-Galliera aqueduct, strengthening 
operations had been carried out on the Lungo Lake 


had also been built at the back of the Lavezze dam. 


Monte Aliona, was completed ; it had been taken over 
and was under full capacity. Certain losses of water 
having been noted, steps were being taken to reduce 
them. There being a head of about 40 m. (130 ft.) 
available between the reservoir and the Piano Sapejo 
forebay, a small generating station was to be built 
to take advantage of this. 

The construction of the Sanguineto dam for the 
new Genoa aqueduct in Val Noci, for which dams of 
the committee’s new gravity type have been adopted, 
had made considerable progress, but storage had not 
commenced. The completion of the work was to take 
at least two more seasons. 

Emilia.—In the Bologna province, the work on the 
Pavana dam, of the combined multiple arch and gravity 
type, across the Limentra di Sambuca, for the Italian 
State Railways, was completed in 1926. The reservoir 
was filled and the behaviour of the dam was found to be 
satisfactory from every standpoint. The excavations 
for the foundations of the Suviana dam on the Limentra 
di Treppio were making satisfactory progress. In the 
Modena province, the works in hand for the Consorzi 


Work on the Colombo Lake dam had reached an | delle Bonifiche Parmigiana-Moglia, Crevalcore, Dosolo 
advanced stage and a preliminary supply of about |e Bentivoglio, included the Muschioso dam across the 
1,650,000 cub. m. (363 million gallons) had been made | Dolo torrent, a tributary of the Secchia, of which three 
available for delivery through the conduit connected | piers and part of the bracing had been built. The 
with Lake Sardegnana. The other works were still in| concrete filling for the base of the arches and other 
quite an early state. foundation work had also been carried out. The 
In the Brescia province, two large reservoirs are | Braglie dam on the Dragone had not yet been put 
being constructed in connection with the Avio and | in hand. 
Salarno Lakes, for the Societa Generale Elettrica In the Parma Province, the earth dam on the Zola 
dell’Adamello. In regard to the Avio Lake dam, the } river, in connection with the Torrente Parma Irrigation 
state of the works at the time dealt with, had made | Works, had reached, at the end of 1926, a height of 
storage of 10,000,000 cub. m. (2,200 million gallons) | 3-50 m. (11 ft. 6in.) below coping level, while in the 
available at the Temi generating station, under a head | Piacenza Province, work was proceeding steadily and 
of about 760 m. (2,490 ft.), the water operating also | satisfactorily on the Molato dam for the Consorzio di 
further successive stations distributed along the course | Irrigazione Val Tidone. The Mignano dam on the Arda, 
of the Oglio. Great progress had been made with the | for the Consorzio Irriguo Val d’Arda, had not yet been 
Salarno Lake dam, the available storage corresponding | started. Preliminary measures such as deviation of 
to the state of the works having been 9,500,000 cub. m. | streams and the preparation of working sites had been 
(2,090 million gallons). This is utilised for operating | carried out. The building of the dam on the Boreca 
the Isola and Cedegolo generating stations and others |for the Alfredo Torresi installation, was completed 
lower down on the Oglio. |in 1926, and the work stood satisfactorily up to the 
The Vacca Lake dam for the Societa Elettrica ed | tests. 
Elettro-Chimica del Caffaro had only proceeded! Marches.—In the Ascoli Piceno Province, the Cas- 
slowly, owing to the high altitude at which opera-| teltrosino Works for the Societa Industriale Italiana, 
tions had to be carried out and the restrictions| which includes a dam on the main course of the 
thus imposed. No new installations had been /| Castellano, had been almost completed. It was ex- 
undertaken in the Como province; the dam on the pected that the installation would be put into service 
Varrone torrent (Societi Idroelettrica Briantea) and at | in the course of 1927. 
Delio Lake (Societ’ Varesina per Imprese Elettriche)| Forebay works for the Societa Forze Idrauliche 
had undergone sundry repairs, with a view to improve | Italiane, having a capacity of about 100,000 cub. m. 
their water-tightness. | (22,000,000 gallons), to supply the Gerosa generating 
In the Sondrio province, operations on the Cancano | station, had been completed. — 
di Fraele dam, for the Azienda Elettrica Municipale| Latium.—The heightening of the Fiumerotto dam in 
di Milano, had been continued, and partial storage of | the Aniene, for the Consorzio Idroelettrico dell’ Aniene, 
about 2,200,000 cub. m. (484 million gallons) had | was completed ; the work was undertaken with a view 
been rendered available, and was being utilised for | to compensate for variations in the flow of the river, 
several generating stations along the course of the|an increased discharge having been granted to the 


Adda. 

The large dam on the Venina Lake had been com- 
pleted for the Societ’ Anonima Acciairie e Ferrerie 
Lombarde ; the works had not been finally taken over, 
but leave had been granted for effecting a preliminary 
storage up to within 3 m. (9 ft. 10 in.) of the overflow, 
corresponding to storage of about 8,700,000 cub. m. 
(1,914 million gallons) out of a total capacity of 
approximately 10,000,000 cub. m. (2,200 million 
gallons). The water will operate, under various heads, 


a number of generating stations along the Adda. | 


The operations on the Truzzo Lake dam, for the 
Societa Interregionale Cisalpina, had been pushed 
forward actively, notwithstanding the difficulties 
encountered, on account of the high altitude. Partial 
storage of 10,000,000 cub. m. (2,200 million gallons) 
available, had not been utilised to the full extent, 
since the Campodolcino and Mese generating stations, 
to which the water was to be supplied under heads of 
1,000 m. and 750 m. (3,280 and 2,460 ft.), respectively, 
were not completed. No great progress could be made 
on the Tartano dam, for the Societa Idroelettrica 
Comacina, owing to the unsatisfactory character of 
the rock at one end of the dam site. 





Castelmadama generating station, the object being 
further to allow a maximum diversion of 30 cub. m. 
(6,600 gallons) for the new Fiumerotto Arci plant. The 
work at the Gregoriano tunnel, near Tivoli, was well 
advanced. 

Abruzzi.—In the Aquila Province, the most interest- 
ing phase in the construction of the San Domenico 
dam on the Sagittario was completed, namely, the 
filling-in of the wide and very deep gulley eroded 
by the torrent—a depth of over 50 m. (164 ft. 2 in.). 
This was effected by placing in position masses of con- 
crete 8 m. (26 ft. 3 in.) in thickness and by injecting 
cement or mortar under pressure. The work, carried 
out for the Italian Railways, is destined to form a 
storage reservoir to supply the Anversa-Scanno generat- 
ing station. 

Campania.—In the Caserta Province, work in pro- 
gress and work nearing completion included the Sant’ 
Eleuterio dam on the Liri, near its junction with the 
Cancello stream; the Cancello and the San Giacomo 
dams, all for the Societa Mediterranea di Elettricita. 
The Cancello dam was completed, work on the two 
others and on the conduits was being proceeded with 


For the Fontana Liri installation, the dam also on 
the Liri, on the down stream side of the old Cerasoli 
dam, was nearing completion. 

Calabria.—-In the Cosenza Province, two dams were 
being built for the Societa Forze Idraulische della Sila, 
on the Ampollino river, namely, the Trepido dam form. 
ing a reservoir which had been partly filled, and a dam 
at Orichella which was expected to be completed in the 
current year. Water was to be supplied under a 
head of 537 m. (1,760 ft.) to the large Timpa Grande 
generating station. 

Sardinia.—In the Cagliari Province and for the 
Societa Idroelettrica del Tirso, the Santa Chiara d’Ula 
dam, completed in 1925, was taken over in the spring 
of 1926. Till that time it had not been possible to 
carry out a complete examination of the work under 
full water conditions, the reservoir not having been 
filled owing to the insufficiency, so far, of the supplies, 
compared with the demands upon the generating 
station. This filling was, however, about to be com- 


| pleted, following upon the completion of the Coghinas 


installation, which is connected electrically with the 
Tirso plant. The latter, in the Sassari Province, 
comprised the Coghinas dam, which had been finished 
and duly handed over. In vol. cxviii, of ENGINEERING, 
page 632, we gave a complete illustrated description of 
the Tirzo plant, which had then been just completed. 





THE BUILDING RESEARCH BOARD. 


Bumping is among the most ancient of the arts, 
but only in quite recent years has it begun to be a 
science. It has, indeed, a large volume of traditional 
practice, which enables its operations to be conducted 
empirically, but as yet few of them have a scientific 
basis. The precise changes occurring during a process 
are not always known, and still less often the reasons 
why they happen and the chemical or physical mecha- 
nism by which they are produced. The empirical 
practice, therefore, may cease to be sufficient whenever 
any change occurs in the materials used in the process, 
or in the conditions under which it goes on, and in 
buildings such changes are often known to occur long 
after the work has been completed. The absence of a 
scientific foundation has always been a source of loss and 
of technical difficulty, and as the building industry has 
grown, the fact that much or most of its practice has 
no scientific foundation has attracted increasing 
attention. 

Of all the industries, however, which in these days are 
seeking the aid of science, none is probably less able or 
less disposed than the building industry to delay its oper- 
ations while the required information is being procured. 
This led in 1920 to the institution of the Building 
Research Board of the Department of Scientific and 
Industrial Research, which has tackled a large number 
of subjects from the time of its foundation. It began 
in a modest way, and the economic circumstances of 
the time prevented its operations from expanding as 
might otherwise have been thought desirable. Fresh 
problems, however, continued to present themselves in- 
cessantly, both from within the Department and from 
the many branches of the building industry, and about 
two years ago it was decided to set up at Garston, near 
Watford, a Building Research station on what seemed 
to be an adequate scale. The Board has now published 
its first Annual Report, dealing with its operations until 
the end of 1926.* 

The main division of the station’s work is devoted 
to what is defined as general research, in which 
the supply of missing knowledge is the first object, 
and discoveries of immediate practical importance are 
not deliberately sought. Side by side, however, with 
this branch is the branch of intelligence and special 
investigation, in which the station, either with or 
without experiment ad hoc, gives the best answer it 
can to the questions addressed to it, and collects, 
collates, catalogues, and distributes such information 
as can be gained at home and abroad. The extent to 
which a given inquiry falls into the one or the other 
group depends, among other things, on the time the 
applicant can wait for his answer. 

Before describing in outline the various kinds of 
work which have been undertaken, it may, perhaps, ! 
desirable to draw attention to the fact that an essential 
part of the station’s procedure is to give special atten- 
tion to the problems reaching it from the practical side 
of the industry, and in particular to such investigations 
as it can make of individual difficulties met with in 
practice. The Board expresses particular anxiety 
that when building failures occur, information shoul 
be communicated as promptly as possible to the 
Building Research Station, so that, if possible, 4 
thorough first-hand investigation may be made. 

‘As yet no accurate method has been devised for 
determining in advance the probable resistance of 6 
specific material to weathering. The work of the statio® 


in this respect has been concentrated on the endeavour 
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* H.M. Stationery Office. [Price 2s. net.] 
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to determine the meaning of weathering, and as the 
knowledge of this meaning increases, to take advantage 
of it, in order to devise quick tests for measuring 
weathering resistance. 

The work done for the Board by Professor C. H. 
Desch and Mr. A. Scott Russell, as described in a report 
of the Board’s Stone Preservation Committee published 
last year, has thrown considerable light on some chemi- 
cal processes which go on in weathering, and the same 
method has been applied to a large number of other 
building stones. The transmission of solutions from 
point to point in the structure of a building is also 
being studied, and variations from one point to another 
in the ease with which such solutions evaporate has 
been shown to be a source of what may be destructive 
crystallisation. This may, indeed, be induced by 
repairs being done too well. With many old buildings, 
for example, repointing with a rich and impermeable 
cement mortar has been found to stop evaporation 
through the mortar and thus to increase it through the 
more pervious stone, leading in this way to decay of 
the stone, while the new impermeable mortar remains 
unattacked. The trouble may, however, be caused 
by lime set free on hydration of the cement itself, for 
which the use of pozzuolanas is suggested as a remedy. 

Among the physical causes of weathering, consider- 
able information has been, and is being, collected in 
respect to the movement of solutions in materials, 
brought about by temperature and moisture changes. 
Building materials generally are considered as falling 
into three classes, distinguished as crystalline, amor- 
phous, and colloidal ; the last being substances, such as 
timber, cement, and some natural stones, of which the 
physical properties vary with such changes in their 
moisture contents as the external humidity conditions 
may determine. Observations have been made on 
materials of each of these classes, but the chief work 
has been done on those of the third class. While these 
observations are not yet complete, they suggest expla- 
nations of known phenomena in regard to the behaviour 
of cement and concrete, and in particular confirm the 
necessity for controlling the amount of mixing water, 
and generally the moisture gradient in the process of 
maturing of concrete. So far the chief deterioration 
in this class of material, including both cements and 
some natural building stones, seems to arise through 
differential movements in various parts of the mass, 
following on unequal expansion or contraction through 
movements of moisture. Until now, the assump- 
tion so often made, that frost is among the more 
serious causes of disintegration in building materials, 
has not yet been supported, at least so far as concerns 
this country. The matter is under investigation both for 
its intrinsic importance, and in the hope of obtaining 
further light on problems relating to the colloidal 
structure of the third class of building materials. 

In the examination at the station of the properties 
and structure of various building materials, the most 
striking results have been those to which reference has 
been made above in regard to the third group of mate- 
rials. A characteristic property of these is that on 
absorbing moisture they expand and become weaker, 
and the purpose of the investigations made was to ascer- 
tain whether, in other respects also, they could be com- 
pared with the colloidal substances, in which water is 
“ sorbed ” or held more firmly than free water and less 
firmly than chemically combined water, forming a 
gel with the solid mass. The difficulty in the way of 
the assumption was that, whereas non-rigid gels, such 
as gelatine, were known to swell enormously on the 
addition of water, no appreciable swelling had been 
observed in rigid gels. Professor J. W. McBain, with 
the assistance of Dr. Ferguson, undertook to investi- 
gate the matter for the Board at Bristol University, 
and succeeded in showing by measurements of physical 
properties other than expansion, that many building 
materials are rigid gels. A research at the Building 
Research Station showed, moreover, that charcoal, 
which is a typical rigid gel, expands when it absorbs 
gas, and it was found in addition that the relation 
between expansions, pressure and temperature were 
similar to those between the gas “‘ sorbed,’ the pressure 
and the temperature. From the results as a whole it 
is inferred, therefore, that many building materials must 
be regarded as rigid gels, in which changes of humidity 
are a fundamental factor of physical properties. 

Investigations are being conducted by the Board into 
the structure and strengths of materials. One series, 
conducted partly at the National Physical Laboratory 
and partly at the Building Research Station, is directed 
to measuring and analysing the vibrations set up in 
agg by traffic outside buildings and by machinery 

side, 

The vertical vibrations of the ground produced under 
varying conditions are measured by means of an instru- 
ment devised by Mr. J. H. Hyde, working at the 
National Physical Laboratory under Sir T. E. Stanton. 
This measures the relative motion between a spring- 
Suspended mass and a supporting frame resting on 


mechanical means, is recorded by a fine needle on 
a smoked-glass plate, and this record is afterwards 
projected to fifty times its full size, giving in all a 
thousand-fold magnification. 

A second series of observations was made by 
Professor C. F. Jenkin at the University of Oxford, 
on the effect of repeated loading upon building 
materials. Hitherto, as the report remarks, such 
work has been confined almost entirely to metals, 
but in the present investigation the observations 
were made on building materials such as stone, 
concrete and brick. The first tests were made on 
a Wohler machine with a cylindrical test piece of 
much the same shape as the usual steel specimen. 
A preliminary difficulty encountered was that the 
concrete test pieces broke when being extracted from 
the mould, whether it was made of brass, aluminium 
or wood, and however coated. Ultimately satisfactory 
results were obtained by the use of indiarubber 
moulds. Specimens were carried in a spherical bear- 
ing by a thick conical bush, it having been found 
impossible to turn a cement specimen to run true 
in ball bearings of any kind. Collars were cast on the 
test piece, to be used for a tensile test after the 
|fatigue fracture occurred. The machine is run at 
speeds up to 4,000 r.p.m. For compression tests 
a machine has been designed in which the load is 
applied by means of a mass vibrating on a spring 
at its natural frequency. The machine is completely 
balanced and driven electrically, somewhat in the 
same way as the Haigh machine, the forces, however, 
being due to inertia and not to the magnets. The 
load is constant at constant speed, a special voltage 
control being fitted, and the motion slightly damped 
by eddy-current brakes. A steel weigh-bar is fixed 
to one end of the test piece to measure the load, the 
elastic extension and compression being measured 
by a modified Martens extensometer. The machine 
is designed for about 1,000 applications of the load 
per minute, and duplicate samples are tested statically 
in direct compression, in order to afford a basis of 
comparison. 

In the course of a number of different determina- 
tions of the stress-strain ratio for various materials 
under different conditions of temperature and moisture, 
it is again shown that materials of the third group 
become weaker as their moisture or their temperature 
increases, and it is pointed out that in practice the 
expansion due to a rise in temperature is usually more 
than offset by the contraction arising from increased 
dryness. For such materials, in fact, the stress-strain 
ratio ceases to be a constant, but varies with the 
moisture conditions, and its determination is worth 
little unless they are known. 

A number of investigations have been made and are 
in progress in respect to adhesion and shear in reinforced 
concrete, the data at present available having been 
obtained before the control of concrete mixing had 
reached its present stage, and in the absence of rapid- 
hardening cements. The purpose of the investigations 
was to ascertain how concrete adheres to steel, the 
relative importance of the several causes for its doing 
so, and the influence of the factors by which the 
adhesion is affected. In addition, it is sought to deter- 
mine how stress is transmitted between concrete and 
steel in reinforced-concrete members, and, on an 
examination of existing methods of shear design, to 
improve the present means of designing shear rein- 
forcements. Separate determinations have been made 
of the force, acting against the adhesion, due to chemical 
or physical action between concrete and steel, required 
to separate the two materials when under no radial 
pressure, and independently the pressure set up on 
bars, round which the concrete has shrunk. Consider- 
able difference has appeared between the behaviour of 
different cements. So far, for instance, as adhesion 
is concerned, rust is advantageous to Portland cement, 
but not too high an alumina cement. In a series of deter- 
minations made in order to decide whether tension or 
compression should be used, and what ratio should be 
taken for the diameter of bar to the length of embed- 
ment, one remarkable result was that storage in water 
and storage in air gave much the same figures, which 
seems curious in view of the known large difference 
between the results of these methods in shrinkage and 
consequently in initial distribution of stresses. The 
determinations in progress include not only the values 
of the load on final failure or first slip, but also the 
initial distribution of stress before the commencement 
of the experiment. The determination of the initial 
stress distribution in reinforced concrete members of 
many kinds is also under investigation, in order to 
ascertain to what extent concrete serves to relieve 
internal stresses, and whether the internal stresses set 
up by shrinkage or swelling are purely local. 

A good deal of attention has been given to discrepan- 
cies bearing on compression, and abrasion tests and on 
brick testing, and in the determination of Young’s 
modulus. The precise signifiacnce of tests to determine 


and other materials is not understood, and the usual’ 
assumption that a high absorption figure may denote 
relatively low durability may be misleading. 

An important routine practice adopted at the station 
is to lay down for each cement and concrete tested, 
complete series of tension briquettes for neat cement 
and 1 : 3 mortar and compression cylinders for 1: 2: 4 
concrete. These specimens are made and stored under 
standard conditions in sufficient numbers to enable 
records of tests to be made for periods up to twenty 
years. One set is kept in the air of a special storage 
room, and the other is stored under water. It has been 
found already that almost witout exception neat 
rapid-hardening Portland cement and high-alumina 
cement fall off invariably in strength, even when stored 
under water, though as a rule mortars or concretes 
made with the cement gain in strength on ageing. Sets 
of concrete specimens are also being preserved in 
magnesium sulphate solution fer at least five years, 
in order to study the probable effects of sea water. 
Generally the specifications for routine tests have been 
under consideration. In particular, it is pointed out 
that the present specification for making tensile-test 
blocks gives no adequate guarantee of their uniformity. 
Suggestions are made, based on prolonged investigation, 
for specifications of consistence and of water-cement 
ratio. Some results are also given in regard to the 
factors of permeability in concrete, and in particular 
to the influence of pozzuolanas. 

Finally, in the general research work use is made of a 

number of installations for enabling the suitability of 
designs for special purposes to be tested. Among 
these is a sound-proof and reverberant chamber for 
acoustic investigations, a principal object of which is 
the determination of the sound-absorbent properties of a 
large range of materials. Subject to the provision of 
such coefficients where they have not yet been obtained, 
existing knowledge, as developed in particular by the 
late W. C. Sabine, is said to enable trustworthy advice 
to be given, without further experiment, with regard 
to the acoustic adequacy of most plans. 
For experiments on heating and ventilation a small 
experimental house has been erected at the Building 
Research Station, in conjunction with the Fuel Research 
Division of the Department, and a comprehensive 
programme has been prepared for investigating the 
nature and magnitude of the heat interchanges associ- 
ated with houses built of different materials and heated 
by different methods under varying meteorological 
conditions. 

For its own purposes the Building Research Station 
does not apparently initiate what it describes as 
special investigations, but it includes these in its 
Intelligence Department, which deals with definite 
problems referred to it by Government Departments 
concerned with building and by the building industry 
generally. It is satisfactory to note that the Board 
recognises that the large majority of enquiries emanate 
from persons with a life-long experience of building, 
not to be answered easily or without both building 
and scientific knowledge and a careful search of records. 
Very often, too, the information is not available, and 
a new line of research has to be developed. Either 
in this way or on the occasion of a report of the failure 
of some material or structure, have practically all the 
special investigations been originated. Advice, where 
it involves no experimental work, is given without 
charge. 

The cost of experiments, when found to be neces- 
sary, is charged, though in problems of sufficient 
general interest a remission up to one-half of the 
normal fee may be made. On the other hand, in the 
exceptional cases, in which confidential investigations 
are undertaken for the benefit of individuals, a 
higher scale is charged. The work so undertaken 
includes the determination of the properties of building 
materials and forms of construction, in respect to their 
suitability for a particular purpose, the criticism of 
designs intended for particular requirements, the inves- 
tigation of the cause and the cure of defects in building 
materials and structures, the use of waste materials, 
and the development of tests. 

The problems to which satisfactory solutions appear 
to have been arrived at are extremely various. It was 
desired, for example, in one instance to have tests 
on a composite concrete wall slab to be used in steel 
frame construction, the four panels composing the 
slab providing respectively for resistance to weather, 
heat insulation, freedom from condensation on the 
inner surface, and sufficient strength. As the result of 
the desired tests some modifications were suggested, 
and the resulting composite wall turned out to be of 
considerable general use. A number of natural and 
artificial stones were tested and compared, and while in 
some instances the tests revealed weakness which does 
not seem to have been overcome, in others they resulted 
in the development of new and valuable products. 

The examination of designs, in order to determine 
whether they fulfil particular requirements, appears to 
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addition to a number of such cases dealt with for the | 
Government of India and other authorities, a large | 
number of enquiries have been received regarding the use | 
of sound-absorbent materials. As the result of investi- | 
gations made in connection with the acoustic design of | 
the Legislative Chamber at Delhi, a sound-absorbing | 
plaster was developed, consisting of porous slag cemented 
with magnesium oxychloride, containing also a foam- | 
producing agent. This plaster could be applied readily 
with a trowel, and possessed excellent sound-absorbing 
properties. 

Many of the special investigations relate to failures 
of materials and structures reported by builders, 
architects, local authorities and other public bodies. 
Bricks, for example, made of lime and furnace clinker, | 
were found to expand and disintegrate, while others | 
made with Portland cement and more carefully selected 
clinker were found to be satisfactory. A flooring, again, | 
made of cement, sand and crushed blast-furnace slag, 
with the addition of red colouring matter, was found | 
unsatisfactory, the cause being partly due to the presence | 
of large quantities of calcium sulphate as an impurity | 
in the pigment, and partly to the use of a glassy slag, 
to which the cement did not adhere. Cracks in concrete 
tiles have been traced to the use of unsuitable and 
unsuitably graded sand, coupled with stresses set up in 
weathering through the difference in properties between 
the backing and the rich cement facing. 

As a result of an increasing number of failures of 
asphalt roofs, a sub-committee of the British Engineer- 
ing Standards Association, the trade, and various 
public bodies, was set up with the object of preparing 
a standard specification. It was found impossible to 
do this without further research into the properties of 
asphalt, and an investigation is now being made with 
the object of discovering any essential physical or 
chemical differences between good and bad asphalt, 
ascertaining the cause of weathering in both natural 
and synthetic asphalts, and ultimately preparing a 
specification for asphalt roofing mixtures. 

A number of waste substances, either already em- 
ployed or proposed as suitable for conversion into build- 
ing materials, have been under investigation, including 
breezes and clinkers, blastfurnace slag, granite dust, 
slate waste, and spent oil shale. In some instances, 
as, for instance, some large dumps of China clay 
waste and the deposits of Bath brick, the material | 
was not found to be of sufficient value as compared | 
with others to justify its application for the proposed | 
purpose. In others, such as breeze, clinker and slag, | 
it had considerable value when not disqualified by some 
defect in composition, and it was found desirable to 
undertake investigations, for the purpose of distin- | 
guishing suitable from unsuitable substances. After | 
some preliminary difficulties it was found possible to 
convert a large supply of small limestone fragments 
into a form suitable for use as an aggregate in the 
manufacture of concrete. 





TRIALS OF THE §.S. “ MAnsepoor.’’—Successful sea 
trials of the grain-carrying cargo steamer Mansepool, 
built by Messrs. William Gray and Company, Limited, 
to the order of Messrs. the Pool Shipping Company, 
Limited, West Hartlepool, were completed recently. 
The vessel has an overall length of 418 ft., a breadth 
of 53 ft. 6 in., and a depth, moulded to the upper deck, 
of 29 ft. 5 in. The propelling machinery, which has | 
been supplied by the Central Marine Engine Works, 
West Hartlepool, owned by the builders, consists of 
triple-expansion engines having cylinders 26 in., 43 in. 
and 71 in., respectively, and a stroke of 48 in. Steam 
is supplied by three boilers working at a pressure of 
180 Ib. per square inch. 


FvEL Om CoNsuMPTION IN THE UNITED STATES.— 
According to statistics collected by the United States 
Bureau of Mines and the American Petroleum Institute, 
the consumption of fuel oil is concentrated in the sea- 
board States. The States bordering on the Atlantic 
and Pacific Oceans and on the Gulf of Mexico required, 
in 1926, four-fifths of the total fuel oil produced, which 
amounted to 340,481,000 barrels, Exports represented | 
about 10 per cent. of the total, and 85,000,000 barrels | 
went into the bunkers of ocean-going vessels, including | 
ships for army transport and navy vessels. Thus over 
255,000,000 barrels, or 67*5 per cent., were left for | 
commercial and industrial users. Among these, the rail- 
roads made the largest demands, namely 74,700,000 
barrels, Oil companies come next, consuming nearly 
49,000,000 barrels, which was used as fuel in refineries 
or in the field. Gas and electric power plants utilised | 
33,000,000 barrels, and smelters, &c., 25,000,000. In| 
commercial and domestic heating the consumption was 
17,000,000 barrels. For the past eight years coal has been 
the chief fuel employed in electricity generation. The 
use of fuel oil in these works has decreased, while the 
consumption of natural gas has increased. The demand 
for oil for domestic heating amounted to 8,800,000 barrels 
in 1926. With regard to shipping, it is noteworthy that 
76 per cent. of the oil-burning steam craft are operated 
by British and American companies. The great con- 
sumption of fuel oil by the railroads is concentrated in 
the south-central and south-western States, where 
commercial coal deposits are far apart; 90 per cent. of 
all the oil consumed is fuel oil, not crude oil. 








| position being 1} in., and with the chuck removed 
| 1g in. The capstan slide is arranged with self-selecting 
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53-IN. CENTRE CAPSTAN LATHE. 


CONSTRUCTED BY MESSRS. ALFRED HERBERT LIMITED, ENGINEERS, COVENTRY. 
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53-IN. CENTRE CAPSTAN LATHE. 


AN important addition to their range of capstan 
lathes has been made by Messrs. Alfred Herbert, 
Limited, of Coventry, by the introduction of the 
‘No. 2” capstan which is illustrated in Figs. 1 and 2 
above. This machine, which naturally embodies the 
results of very extended experience, has been designed 
to combine high outputs with the maintenance of 
accuracy over long working periods. The height of 
the centres is 5} in., and the spindle bearing is suitable 
for the highest speeds. A patent draw-in chuck and 
automatic bar feed are fitted to the headstock, the 
largest bar admitted with the draw-in chuck in 





stops and with automatic feed, of either fine or coarse 
range, or hand feed as required. The cross-slide has 
both screw and lever feed. The countershaft is 
pedal operated, as will be clear from the illustrations, a 
special countershaft being supplied for brass work if 
required. 

The headstock is ungeared, and carries a three-step | 
cone pulley for a wide belt, giving ample power. The | 
countershaft gives two speeds and reverse by means | 
of drive pulleys of different diameters, as shown in | 
Fig. 1, the arrangement giving six forward speeds and | 
three reverse on the spindle. The range for general | 
work is from 48 to 1,066 r.p.m. The spindle bearings are 
lined with white metal, and lubricated by continuous- 
feeding syphon oilers, the thrust being taken by a 
ball bearing. The draw-in chuck is self-adjusting | 








| 
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for variations up to A; in. in diameter, ,'; in. each way. 
The automatic bar feed is worked by weights, which 
act on a traveller sliding on a tail rod. The traveller 
carries a rotating cat-head, which is adapted for 
gripping round, hexagon or square bars. The hexagonal 
capstan has its tool holes relieved to enable tools to 
be inserted easily and to prevent wear of the holes. 
The automatic rotation can be disengaged when 
required for convenience in using tools too large 
to swing over the slide. The capstan slide has auto- 
matic feed and six self-selecting stops. Two changes 
of feed are obtainable by cone pulleys on the spindle 
and feed shaft. An alternative cone pulley can be 
furnished if desired giving finer feeds than the standard. 
The coarse and fine feeds are 80 and 158 cuts per in. : 
and 130 and 230. The feed is engaged and released by 
hand by a lever on the apron. The traversing slide can 
be moved along the bed by hand-wheel and screw, and 
has an adjustable stop in each direction. The cross-slide 
an be operated by hand wheel and screw, and also 
by lever. The tool posts are of the swivelling open- 
side type, with screw elevating wedges. 

The standard countershaft is illustrated in Fig. ]. 
An automatic interlock ensures that, in the act ol 
changing speed, the speed previously in use is released. 
The ratio between the slow range of speeds for screwing 
and the fast range for turning is higher than is usual 
on lathes of this size, giving high output and good 
finish on screwed work. The pedal-operating arrange- 
ment for the countershaft belts is clearly shown 1D 
Fig. 2. About 2 h.p. are required to drive the lathe, 
which has a net weight of 1,550 Ib. 
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WASTE HEAT RECOVERY.* 
On ty steam generation by waste heat is considered in 
this Paper, no reference being made to regeneration, 
air-heating, &c., and it is limited to certain definite 


aspects of steam generation by waste heat. Despite | 


economic facts, there still appears to be some hesitation 


in the general adoption of waste-heat boiler plant and | 


the reasons may be summarised as_ follows :—(1) 


Incomplete knowledge of the exact scope of waste | 


heat recovery, particularly of its influence on fuel 
consumption and its general effect on the primary 


process. (2) A tendency to lay too much stress on the | 


troubles met with in pioneer plants, installed before the 
principles governing the subject were properly under- 
stood. (3) The practice in certain quarters of over- 


straining the possibilities of regeneration. (4) Engineers 


responsible for the design and operation of furnaces, 
retort settings, internal-combustion engines, &c., have 


confused “‘ waste heat’? with ‘“‘ wasted heat”; the | 
latter being a potential reflection on their products | 


they have naturally been loath to adopt additional 


| 

|the incandescent coke and blast-furnace slag. (3) 
| Exhausts from the blast-furnace gas-engines driving 
|the blowers. (4) Flue gases from the mixer, the 
| melting furnaces, the soaking pits, and the mill reheating 
furnaces. 

(1) Waste Heat from Coke Ovens.—Modern develop- 
;ments favour regenerative ovens. These give a high 
yield of coke-oven live gas, available, in conjunction 
| with the blast-furnace gas, for metallurgical operations, 
avoiding the necessity for continuously-operated 
producer-gas plant for firing the steel-works furnaces. 
Surplus gas is available for power requirements, in 
parallel with the power derived from waste-heat 
recovery plant. Where waste-heat as distinct from 


coke-oven gas manufactured is used for heating the 
ovens; on these installations the gases are rejected at 
temperatures varying from 850 deg. to 1,050 deg., C. 
} and approximately 50 per cent. of the total heat in the 
original gas appears as steam at the waste-heat boilers, 
| provided the gases are reduced to about 230 or 250 deg. 
C. on leaving the boiler plant. If a production of 


Fig.1. DIAGRAMMATIC ARRANGEMENT OF STEEL PLANT 
ABSORBING ALL SURPLUS GAS AND UTILIZING ALL WASTE HEAT 
AND COKE-OVEN WASTE PRODUCTCS. 
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plant to utilize energy rejected by the primary plant. 
(5) Lastly, it is very difficult to get individuals to realise 
that economically everything is changed since the war, 
and that it would be possible for our leading industries 


i or 
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KS __Ss Sy ne end AUXILIARY G.F. BOILER PLANT 


AS BETTER ALTERNATIVE 
TO BURNERS ON WASTE 
HEAT BOILERS 


10,000 cub. ft. of gas of calorific value of 490 B.Th.U. 
be assumed, per ton of coal, and an allowance of 5 per 
cent. made for radiation and other losses at the boilers, 
the steam output per pound of coal carbonised would 


to enjoy a modicum of prosperity, if executives would | be a little over 1 Ib. 


reorganise their plant and methods on lines compatible | 
with to-day’s requirements. The main aspects of | 
waste heat recovery by steam-raising to be considered | 
are in connection with :—(a) Steel-making plant, (4) | 
the carbonising industry, (c) marine oil-engines. 

Waste Gas Investigations, (A) Steel Plant.—On a| 
complete steel plant, i.e., one comprising coke ovens, | 
blast-furnaces, melting-shop and mills, by proper 
organisation and by the utilisation of all of the surplus 
industrial gas, including waste heat recovery, the 
Works can depend entirely for the whole of its metal- 
lurgical gas, process steam, and power on the coal 
Supplied to the ovens, i.e., approximately 32 cwt. per 
ton of pig-iron. The distribution of the coke-oven | 
and blast-furnace gas evolved is outside the scope of | 
the paper. Fig. 1 illustrates diagrammatically the 
arrangement of a self-contained steel works laid out on 
these lines. Waste heat, as distinct from “ surplus | 
fas, 1s available from the following sources in a steel | 
Works :—(1) Waste heat from coke ovens where they 
are of the non-regenerative type. (2) Sensible heat in 


| 
| 
| 
| 
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Assuming 15 lb. of steam per brake horse-power hour, 
this would correspond to 150 brake horse-power per 
ton of coal carbonised, or 240 brake horse-power per 
ton of pig-iron manufactured. 

(2) The Recovery of Waste Heat from the Hot Coke 
and Blast-Furnace Slag—This has made practically 
no progress, but the extraction of the heat from hot 
coke by dry quenching with inert gases has already 
progressed beyond the experimental stage in modern 
gas-works practice and should be applicable to coke- 
oven coke. 

(3) The Waste Heat from Gas-Engine Exhausts.— 
Large gas-engine-driven blowers, and in many cases 
alternators, are standard practice on the Continent 
and are by no means uncommon in this country. 

An average power figure for a blast engine is 250 
brake horse-power per ton of pig per hour. It is 
assumed for the purposes of calculation that an engine 
of 3,000 brake horse-power would require 100 cub. ft. 


| of blast-furnace gas per brake horse-power hour, with 


an exhaust-gas temperature of 470 deg. C., and with 
100 per cent. excess air in the products of combustion. 
A typical live-gas analysis by volume would be: CO, 
29 per cent. CO,, 10 per cent.; H,, 3 per cent. ; 


and N,, 58 per cent. The combustion table is as 
follows per cubic foot of this blast-furnace gas :— 





| | Production of Combustion, 








regenerative Ovens are in operation, the whole of the | 





| 
} | 0 cub. ft. 
low xygen 
| owt i. | Required, 
| CUR Aes cubase } | 
bos — | Water | 
Coz. | Vapour. | Nitrogen. 
_——_ S| ee a See ee 
| 
co ..| 0-29 0-5 | 0-20 | — | 6-565 
CO. ..| 0-10 - 0-10 ~- _ 
Ho2.. ..| 0-03 0-015 _- 0-03 0-055 
No 0-58 — — as 0-58 
Total | 1-00 0-16 0-39 0-03 1-18 





The air theoretically required for combustion would 
be 0-16 x 4-77 = 0-76 cub. ft., and the composition 
of the resulting combustion products: CO., 0-39 cub. 
ft.; N,, 1-18 cub. ft.; and water vapour, 0-03 cub. 
ft., making a total volume of 1-60 cub. ft. With 
100 per cent. excess air, the volume of waste gases per 
cub. ft. of live gas would be 1-60 + 0-76 additional 
air = 2-36 cub. ft. (measured at N.T.P.). The pro- 
ducts of combustion would be composed as follows : 
CO,, 0-39 cub. ft.; water vapour, 0-03 cub. ft. ; 
N,, 1-78 and O,, 0-16 cub. ft., these comprising the 
residual nitrogen plus the excess air; total, 2-36 cub. 
ft. For specific heats, the author has relied on the 
investigations of Mallard and Le Chatelier throughout 
this paper, using the following formule : 

N,, O., H,, and CO.... s = 0-034 + 0-00000607 ¢ 

CQ, .... : . 8 = 0-0416 + 0-0000495 ¢ 

Water vapour . § = 0-0382 + 0-0000337 ¢ 
where ¢t = temperature of gas in degrees C. and s = 
B.Th.U.’s required to raise 1 cub. ft. 1 deg. C. Fig. 2 
gives these sensible-heat figures in B.Th.U. per cub. 
ft. at N.T.P.; for the gases concerned, measured from 
0 deg. C. and calculated from the above formule. 

In the problem under review, the gases enter the 
boiler at 470 deg. C. (it is assumed that the boiler is 
coupled as close as possible to the exhaust manifold), 
and supposing that steam is generated at 120 lb. per 
square inch pressure (saturation temperature 350 deg. 
F. or 176 deg. C.), a properly designed waste-heat 
boiler will reduce the gases to 230 deg. C. (446 deg. F.), 
this being a safe recovery figure without the assistance 
of a feed-water heater in series. Working at N.T.P. 
and per cub. ft. of the original blast-furnace gas at the 
engine, we therefore have, multiplying the volumes 
of the constituents of the exhaust-gases given above 
by the specific heats read from Fig. 2, a steam output 
of 2-2 lbs. per brake horse-power hour. 

On the basis of 250 brake horse-power per ton of pig, 
the steam recovered amounts to 550 1b., which, at 15 Ib. 
per brake horse-power, equals 36-7 h.p. It is interest- 
ing to note the effect of light engine loads on the waste- 
heat output. The following figures are representative 
of half-load running :—Gas brake horse-power per 
hour, 130 cub. ft.; excess air content, 200 per cent. ; 
waste-gas temperature, 380 deg. C. 

The products per cubic foot of gas now become: 
CO,, 0:39 cub. ft.; water vapour, 0°03 cub. ft. ; 
N,, 2:38 and O,, 0-32 cub. ft.; giving a total of 3-12 
cub. ft. and, calculating as before, the steam per brake 
horse-power is 2-175 lb. This is practically equivalent 
as steam per brake horse-power, to the output on full- 
load working. It will be understood that for low boiler 
pressures, as in cases where the steam is used for 
process work, the recovery outputs are higher, depend- 
ing on the saturated-steam temperature. 

(4) The Recovery of Waste Heat in the Flue Gases 
from the Steel and Mill Furnaces.—This is the most 
important section in the steel-works investigations of 
waste-heat recovery potentialities. The mixer is 
essentially a dependent of the melting furnace and the 
proportion of work taken off the melting furnace by 
the mixer varies in different works. In this paper 
it is proposed to limit the analytical consideration to 
the melting furnace, it being realised, of course, that 
the mixer is an ancillary apparatus where fuel consump- 
tion varies according to the proportion of total work 
performed. In, say, a 60-ton open-hearth furnace 
operating under typical conditions, the furnace is fired 
in the usual way with hot producer gas from coal 
of 12,000 B.Th.U. per lb. net, the efficiency of the 
producer unit being 77 per cent. The gas has the 
following composition and net calorific value per cub. 
ft. at N.T.P. :-— 





Per cent. Calorific Value, B.Th.U. 


Hydrogen ... aes 12 0-12 x 289 = 35 
CO .. S aes 24 0-24 x 341 = 82 
CO, ar? aaa 6 — 
CHy4 ee aie 3 0:03 x 955 = 29 
Nitrogen 55 — 

100 146 


_ 12,000 x 0-77 = 632 
~ 146 cub, ft. 
A 60-ton furnace working at nominal rating, giving 


+: Gas per lb. of fuel gasified 















13 casts a week, in gas for 145 hours and consuming 
63 cwt. of coal at the producers per ton of steel, uses 
3,900 Ib. of coal per hour at the producers, corre- 
sponding to an hourly gas consumption of 3,900 x 632 
= 24,600 cub. ft. In a furnace in good condition, 
working with approximately half scrap and half pig, 
the average waste-gas temperature leaving the regen- 
erators is about 550 deg. C., and the gas contains 
94 per cent. of CO,. The combustion table is as 
follows per cubic foot of this gas :— 








| | | Products of Combustion, | 
| | + cub. ft. 











| | 

| Vol., Oxygen |— : = 

| cub. it. | Required. | | 7 

| | | CO>. | Pts | Nitrogen. 

| | | | 
es eee i - 
He.. ; 0-12 | 0-06 — | 0-12 0-23 
co cat OR | 12 | 0-24 | — 0-45 
CO2 ..| 0-06 | — |} 0:06 | — | — 
CH, ..| 0-03 0:06 | 0:03 | 0-06 0-23 
No | O55 | — | — | — 0-55 

Total ..! 1-00 | 0-24 


| 0-33 | 0-18 1-46 | 





be 0-24 x 4:77 = 1-15 cub. ft., and the composition 
of the resulting combustion products : CO., 0-33 cub. | 
ft.; water vapour, 0-18 cub. ft.; and N,, 1-46 cub. 
ft.; making a total volume of 1-97 cub. ft. There- 
fore the proportion of CO, under theoretical condi- 
tions, and assuming all the water vapour to be con- | 
densed, would be 18-5 per cent. Table I correlates the | 
percentages of CO, and oxygen with varying propor- | 
tions of excess air. 


TaBie I.—Proportions of Carbon Dioxide and Oxygen in | 
Typical Steel-Furnace Flue Gases. 














— l 
Excess) ¢, T Vol., , Petey eee | 
ir, —-> Oxygen, a | cub. ft. c O2, Oxygen 
at ft. cub. ft. cub. ft. loosgennea) cent. cent. 
0 | 0°33 _ 1-79 | 1-61 18-5 = 
50 | 0-33 0-12 2°36 | 2°18 14-0 5-1 
100 | 0-33 0-24 2-94 2-76 11-25 8-2 
150 | 0-33| 0-36 | 3-51 | 3-33 9-4 | 10-2 

















Since the furnace gases under consideration contain | 


an average of 9} per cent. of CO., the average excess 
air content is about 150 per cent. Hence the products 
of combustion per cubic foot of live gas are: CO,, 
0-33 cub. ft. ; water vapour, 0-18 cub. ft. ; N,, 1-46 + 
(1-5 x 0-91) = 2-83, and O., 1-5 0-24 = 0-36 
cub. ft. ; giving a total of 3-70 cub. ft. On calculation, 
the steam per lb. of coal at producers, per hour from 
and at 212 deg. F., is 2-8 lb., and the steam per ton of | 
steel is 2,020 Ib. Assessing this steam at 74 Ib. per Ib. | 
of fuel of a calorific value of 12,000 B.Th.U., the! 
equivalent coal saving of the steam produced is 270 Ib. 
or 2-4 cwt. 

The net fuel consumption of the furnace, after allow- | 
ing for equivalent boiler steam, is therefore equal to | 
6:5 —2:4=4-l ewt. per ton of steel, while the fuel 


: . 2:4 : 
saving is G5 X 100, or approximately 37 per cent. 


This method of investigation applies to all types of 
furnace fired with producer gas, but considerable 
variation occurs in the temperature and excess-air 
figures, according to the type of furnace used and 
the method of operation. As a general rule, large 
melting furnaces, e.g., Talbot furnaces, reject their | 
heat at a substantially higher figure than that given in 
the example, the excess air remaining about the same, 
or a little lower. The higher percentage of heat 
in the waste gases is not accompanied by high fuel 
consumption per ton of steel—in fact, the converse 
occurs on these larger furnaces—but is due to the 
lowering of other percentage losses owing to the | 
adoption of the larger unit. Again, when the propor- 
tion of pig used increases, temperatures and _ boiler 
outputs are substantially higher, partly owing in this 
case to the appreciable proportion of heat developed 
in the furnace itself by internal chemical reaction. 

Many soaking pits and reheating mill furnaces 
give a lower yield of steam per ton of fuel, owing to 
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rolling of the steel into finished sections. The following 
are the data assumed :—-Calorific value of producer 
coal, 12,000 B.Th.U. per lb. net; producer efficiency, 
77 per cent.; gas per ton of coal, 140,000 cub, ft. ; 
composition of gas, hydrogen, 12 per cent.; CO, 
24 per cent.; CO,, 6 per cent.; CH,, 3 per cent. ; 
nitrogen, 55 per cent.; Calorific value of gas, 146 
B.Th.U. per cub. ft. net ; gases to be reduced to 230 deg. 
C. at outlet of waste-heat boiler. In converting the 
theoretical heat transferred to the water to lb. of steam 
from and at 212 deg. F., an allowance of 74 per cent. 
is made for radiation and other indeterminate losses. 


Fig.2.SENSIBLE-HEAT CURVES 
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These results can generally be applied to steel works 


the lower waste-gas temperature, in spite of the extra | waste-heat problems, due allowance being made for 


gas flow resulting from the substantial increase in | 


variations in the preliminary data. This investigation 


excess air in these types of furnaces. Modern soaking- | has assumed that the gases leave the waste-heat boiler 
pit practice, gives results closely approximating | at 230 deg. C., a figure obtainable in practice with steam 


to the figures in the worked-out example for a melting 
furnace. Owing to the persistency of open doors, 
reheating furnace characteristics are easily explained. 
Fig. 3 is based on calculations similar to those used 
in working out the example. Table II sets forth the 
theoretical sensible heat in the constituents of the 
exhaust gases, and Table III summarises the results 
of the calculations. The curves are generally applicable 
to the various types of furnace used in steel production 
by the usual open-hearth methods, and the subsequent 


generated at pressures up to 160 lb. per square inch, 
provided suitable boilers are used. For higher pres- 
sures the steam yield would be lower; conversely, the 
generation of steam at lower pressures will result in 
|a corresponding increase in the steam yield. It is 
| useful to convert the steam yield from waste heat 
recovery in a steel works into steam per ton of steel. 
A fuel consumption figure representing general practice 
in melting furnaces, soaking pits and reheating furnaces 


steam production figure of 2} lb. per lb. of producer fuel, 
the steam yield per ton of finished steel works out at 
2,920 lb. Assessing this steam at 7} Ib. per lb. of fuel 
of calorific value of 12,000 B.Th.U., the equivalent 
fuel saving is 390 lb. or approximately 34 cwt. Hence 
the net fuel consumption per ton of steel is 6 cwt., 
and the fuel saving 37 per cent. To obtain a correct 
overall figure for the works, the 550 lb. of steam per 
ton of pig from the blowing engine should be added 
(see above). Assuming three-fifths pig and two-fifths 
scrap, the proportion per ton of steel becomes 330 lb. 
This increases the total steam saving to 3,250 lb., and 
the equivalent fuel saving to 435 lb. or 3-9 ewt., 
whence the net fuel consumption per ton of steel 
becomes 5-6 cwt. and the proportional saving 41 per 
cent. It should be noted that these figyres are purely 
waste-heat recovery figures, no credit having been taken 
for the surplus coke-oven gas and blast-furnace gas, 
which, with regenerative coke ovens, works out in 
average English practice as a total heat in gas per ton 
of pig, of 12,920,000 B.Th.U. The exact allocation 
of this amount per ton of steel depends, of course, on 
the proportion of pig used in the steel works. From 
the figures already put forward, and assuming that 
mixed surplus gas replaces manufactured producer 
gas, it will be seen that the possibility of the self- 
supporting steel works, 7.¢., the steel works consuming 
only the coal supplied directly to the coke ovens, is 
within the reach of manufacturers who have concen- 
trated their plant. 


TABLE II.—Sensible Heat in Exhaust Gases. B.Th.U.’s 
per cubic foot from 0° C. as basis. 

















Temp., co. Water Nitrogen and 

deg. C. non? Vapour. Oxygen. 
230 11-0 9-7 8-0 
400 20-6 18-0 14-1 
600 33-9 29-0 21°5 
800 49-2 41-4 29-1 

1,000 66-4 55-1 37-0 





Tasie III.—Pounds of Steam available by Waste Heat 
Recovery per lb. of Producer Coal. 














Inlet Temperature. 
CO> (as Excess 
Measured), Air 

per cent. per cent. 400 600 800 1,000 
deg. C. | deg. C. | deg. C. | deg. C. 
18-5 0 0-80 1-85 2-95 4-15 
14-0 50 1-00 2-30 3-70 5-10 
11-25 100 1-20 2-80 4-40 6°15 

9-4 150 1-45 3°25 5:15 _ 

8-1 200 1-65 3-70 5-90 _ 











(B) Carbonising Plant.—Carbonising plant falls into 
two divisions: (a) coke ovens; and (b) gas retorts. 
In the near future, a third division will have to be 
allowed for, 7.e., low-temperature carbonising plants. 
Modern coke-oven practice is to develop the highly- 
regenerative oven in order to liberate as much surplus 
gas as possible, and waste heat recovery is only practi- 
cable on non-regenerative ovens, and in connection with 
steel plant, of which coke ovens generally form an 
integral part. It is not, therefore, proposed to con- 
sider it further, but to pass on to the second section, 
which applies to an institution in every town, namely, 
the local gas works. Whereas waste heat recovery in 
steel works has been practised to a certain extent for 
many years, the development of the gas-works applica- 
tion has been so rapid that it is now established practice 
on all modern settings and gas-making plant. For the 
gas engineer an important factor is introduced, the 
price of coke breeze. Until he could find a_reasonable 
market for the breeze it meant that he had on hand an 
unsaleable product, useless except for his own works 
boilers. During the last decade developments in the 
utilisation of coke breeze for fuel-fired boilers opened 
up a potential market for this gas-works by-product, 
and the adoption of waste heat recovery instead of coke 
breeze for steam-raising was further accelerated (a) by 
the increasing demand for steam for process work in 
modern works, e.g., for steaming retorts and other gas 
plant, and (b) by a general increase in power demands 
to replace operations performed by hand in the old days. 

In ordinary gas-works practice, waste heat is avail- 
able for steam-raising (1) from retort settings; 
(2) from water-gas plants ; (3) from hot coke. In the 
past, low exhaust-gas temperatures in producer-gas 
fired furnaces and retorts have, quite erroneously, been 
looked upon as synonymous with high furnace efficiency. 
Extremely low temperatures are invariably caused by 
excess air entering the system at various points, and it 
is necessary that, in addition to temperatures, the 
corresponding excess-air figures be known, before the 
efficiency can be definitely determined. 

The only criterion of furnace or retort efficiency is the 
amount of fuel used per unit of the primary product, and 








is 94 cwt. per ton of finished steel. Taking an average 


the maximum effective regeneration occurs when this 
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factor is lowest. In practice, it is required that a 
sufficiently high temperature be attained from the 
producer gas-air mixture to give the requisite flame 
properties, and a simple calculation shows the futility 
of expecting the secondary air on a producer-gas fired 
unit to absorb more than approximately half of the 
heat in the resultant escaping gases, when the normal 
process of ,raw producer-gas firing is used. Retort 
settings comprise the most important section of direct 
carbonising plant. In general practice, the continuous 
vertical retort gives a higher yield of steam per unit of 
producer fuel than the horizontal setting ; the inclined 
setting is closely allied to the horizontal, and the latest 
developments in connection with vertical chambers, a 
form of intermittent vertical retort, has a varying poten- 
tial steam yield according to design. As the greater 
number of existing carbonising plants are either of the 
continuous vertical or horizontal type, it is proposed 
to consider only these two types. 

To appreciate fully the differences between the two 
systems from a heat-balance point of view, it is neces- 
sary to take into consideration an important factor, 
namely, the hot coke. In horizontal settings, the 
coke is discharged at much higher temperatures than 
in vertical settings; in fact, about 25 per cent. of the 
total heat given to the setting appears as sensible heat 
in the coke. In vertical retorts, where steaming is 
almost universal, the coke is cooled by the incoming 
steam, and the heat is returned to the retort to assist 
the chemical action occurring init. Further, in one 
system (Glover-West) the ingoing secondary air circu- 
lates round the steaming chamber (the bottom section 
of the retort) and is thereby preheated, again at the 
expense of the hot coke. The result is, of course, a 
higher waste-gas temperature, with a thermal efficiency 
equal to that obtained in good horizontal practice. 
Before making a detailed investigation of the waste 
gases leaving the settings, some mention may be made 
of the heat recovery from the hot coke from hori- 
zontal settings. The system of coke-quenching by 
inert gases and the subsequent circulation of the hot 
gases through a waste-heat boiler, obtains some 785 Ib. 
of steam per ton of coal carbonised, or (to make com- 
parison with waste-gas figures) assuming 16 cwt. of 
coke per ton of coal and 2-7 cwt. as fuel, leaving 13-3 
ewt. to be dealt with by the recovery plant, some 
2-6 lb. of producer fuel. 

It is now proposed to investigate the waste gases 
from retort settings in a similar manner to the investiga- 
tions of steel-furnace waste gases. The following basic 
data represent good average gas-works practice, 
whether vertical or horizontal retorts are in use :— 
Calorific value of producer coke, 12,000 B.Th.U. per 
pound net. Producer efficiency, 86 per cent. Gas 
per ton of coke, 214,000 cub. ft. Composition of gas, 
CO, 25 per cent; Hg, 8 per cent.; CO, 5 per cent. ; 
nitrogen, 62 per cent. Calorific value of gas, 108 
B.Th.U. per cubic foot net. Gases reduced to 230 deg. 
C. at outlet of waste-heat boiler. 

The combustion table per cubic foot of producer gas 
is as follows :— 





Products of Combustion, 
cub. ft. 








l 

— | Volume, | Oxygen 
| l 
| 
| 











cub. ft. | Tequired, | 
| iii co. Water | Nitrogen 
2- | Vapour. er 
——— aie | a = 
co 0-25 | 0-125 | 0-25 | — 0-47 
He 0-08 | 0-04 | — | 0-08 | 0-15 
CO» 0-05 — | 00 | — — 
No 0-62 _ j};— j—- | 0-62 
Total...) 1-00 | 0-165 | 0-30 | 0-08 1-24 
| 
The air required for theoretical combustion per cubic 


foot is 0-785 cub. ft., consisting of 0-165 cub. ft. of 
oxygen and 0-62 cub. ft., of nitrogen. Table IV corre- 
lates the percentages of COg and oxygen, with varying 
proportions of excess air. The sensible heats per 
cubic foot of each constituent gas are given in Table II. 
Calculating as in the previous case, and making the 
same allowance of 74 per cent. for radiation and other 
indeterminate losses, the results summarised in Table V 
are obtained. 


Taste IV.—Proportions of Carbon Dioxide and Oxygen 
in Typical Waste Gases from Retort Settings. 


ih x | 

Vol., cub.| | 

Vol., |ft.(water| Coz, | Oxygen, 

cub. ft.| ,CO87,, |Per cent. | per cent. 
ft. | | 


| 





Excess 
Air COp, | Oxygen, | Total 
per cent. cub. ft.| cub. ft. | 
| | 








0 0-30 | 


: 1-62] 1:54 | 19-5 | — 
50 | 0-30 | 0-09 | 2-02} 1-94 | 15-5 | 4-65 
100 0-30 | 0-17 2-41 | 2-33 | 12-9 | 7-3 
150 | 0-30/ 0-26 | 2-81] 2-73 | 11-0 | 9-5 

0-34 | 3-20] 3-12 | 9-65 | 10-9 





200 0-30 | | 


| 
— { 





be Fig. 4 presents these results in graphic form, and can 
* used for general service with all classes of retor 





settings, though due allowance must again be made 
for any variations in the basic data. Conditions 
which are typical in practice are, for vertical settings, 
temperature 850 deg. C.-650 deg. C., excess air 50 
to 150 per cent.; for horizontal settings, temperature 
700 deg. C.-450 deg. C., excess air 100 to 200 per cent. 


TABLE V.—Pounds of Steam per lb. of Producer Coke. 





Inlet Temperature. 


CO (as Excess 
measured), Air, | 
percent. | per cent. | 400 deg. | i tae 800 deg. a’ tes 
Cc. i Cc. “ 














19°5 0 1-01 2-30 3-68 5-15 
15-5 50 1-24 2-79 4-45 6-20 
12-9 100 1-46 3-28 5-20 7°25 
11-0 150 1-68 3-77 5-98 _ 
9-65 200 1-90 4-26 6-72 —- 











Water-gas plants may be divided into two classes :— 
(1) ‘‘ Blue” gas plants, making “ straight ’’ water-gas, 
(2) Carburetted plants. The general practice is to 
utilise the heat in the “ blow” gases only, as the 
percentage of heat in the “run” gases is small com- 
pared with that in the blow sections, and further, 
the author’s firm has conveniently adopted the system 
of one boiler for two plants where blow gases only 
are dealt with (the running of the plants being suitably 
synchronised), thereby considerably reducing capital 
cost. As distinct from the steady flow in carbonising 
plants, a water-gas plant operates with a varying flow ; 
the gases at the commencement of each blow 
period are almost entirely composed of inert elements 
and products of combustion, but as the blow progresses 
free combustibles are mixed with the effluent gases, 
and must be properly burned before entering the boiler, 
by suitable air-blast arrangements. The following are 
typical figures for a water-gas plant making straight 
gas :—Capacity, 1 million cub. ft. of gas per day. 
Coke consumed during blow period, 890 Ib. per 
hour. Proportion of carbon in coke, 92 per cent. 
Mean temperature of waste gases during blow 
period, 850 deg. C. Mean proportion of CO,, 14 
per cent. Blow gases completely burnt at boiler 
inlet, 7.e., no free CO. Carbon consumption, 0-92 x 
890 = 820 lb. per hour. 

One pound of carbon when burnt produces 30 cub. ft. 
of CO, plus 114 cub. ft. of nitrogen, giving a total of 
144 cub. ft. of products on theoretically complete 
combustion. Table VI correlates the percentages of 
CO, and oxygen with varying proportions of excess air. 
TasBLe VI.—Proportions of Carbon Dioxide and Oxygen 

in Typical Water-Gas Plant Blow Gases. 











Excess C02, Oxygen, Total | COs, 











i Oxygen 

Air, Volume, |, | ag 

per cent. | cub. ft. | cub. ft. cub. ft. | Pet ‘oi per cent. 

x | | | | 

o | 30 | — | 144 | 21-0 — 
50 | 30 | 15 | 216 | 18-8 6-9 
100 | 30 | 80 | 288 10-4 10-4 
200 | 30 | 60 | 432 6-9 13-8 





Since 14 per cent. of CO, is given in the data, the 
amount of excess air in practice is about 50 per cent. 
Calculated on this basis then steam per hour, allowing 
10 per cent. loss due to radiation, is 4,250 lb. from and 
at 212 deg. F. Now a plant of a capacity of 1 million 
cub. ft. of gas a day, allowing for clinkering time, makes 
gas at the rate of approximately 44,000 cub. ft. per 
hour. The steam yield by waste heat recovery is, 
therefore, a little over 96 lb. of steam per 1,000 cub. ft. 
of water-gas, a figure which is sufficient to make the 
water-gas plant self-contained. It should be noted that 
even during the blow period there is a certain amount 
of hydrogen present, but it is of such a varying amount 
that it is difficult to get true analyses; as it is a 
comparatively small item compared with the carbon 
content, its neglect does not seriously affect the 
calculations in this instance. 

(C) Marine Oil-Engines.—The rapid progress made 
in the use of the oil-engine for marine propulsion has 
resulted in considerable concentration on this section 
of waste heat recovery, first in order to increase the 
overall efficiency of an already highly efficient prime- 
mover, and second to meet the demands for auxiliary 
power and heating services required on shipboard under 
various sets of conditions. The potentialities of waste 
heat recovery may be investigated, first for a typical four- 
stroke engine, and then for a typical two-stroke engine. 
Owing to the comparatively low exhaust temperatures 
to be dealt with, the selection of the steam pressure 
will have a greater bearing on the boiler output than in 
the problems previously dealt with. It it, therefore, 
proposed to consider the cases of steam generated at 
120 lb. per square inch and at 15 lb. per square inch. 
Saturated temperatures are 350 deg. F. (= 175 deg C.) 
and 250 deg. F. (= 120 deg. C.) respectively, hence 
with suitably designed boilers, outlet gas temperatures 


Dealing first with the four-stroke engine, the following 
data are typical for a large engine of this class :— 
Consumption of fuel, 0-425 lb. per b.h.p.-hr. Exhaust 
gas temperature at full load, 760 deg. F. = 400 deg. C. 
Proportion of CO, in exhaust gases, 7 per cent. 
Composition of oil, C, 88 per cent.; H, 12 per cent. 
One pound of carbon requires 30 cub. ft. of oxygen and 
yields 30 cub. ft. of CO, ; and 1 Ib. of hydrogen requires 
90 cub. ft. of oxygen and yields 180 cub. ft. of H,O. 
The combustion table is therefore as follows per Ib. 
of this oil :-— 





Products of Combustion, 














| cub. ft 
Weight, | Oxygen re 
lb. — | l | 
; cub. e 7 

| | | €0p. | aun. | Nitrogen. 
a ene | | a 

Cc ..| 0-88 26-4 | 26-4 | = | 99-5 

He --| O12 | 108 | — | 21-6 | 40-5 

Total = | 


1-00 | 37-2 26-4 | 21°6 =| 140-0 


Assuming all the water vapour to be condensed, the 
products of combustion would measure 166-4 cub. ft. 
at N.T.P. Table VII correlates the percentages of CO, 
and oxygen with varying proportions of excess air. 
TaBLEe VII.—Proportions of Carbon Dioxide and Oxygen 

in Typical Four-Stroke Oil-Engine Exhaust Gases. 























| 
- Vol..cub, 

— CO2, | Oxygen, = ft. (water} per cent.) Oxygen, 
per cent | enn cub. ft. cub. ft \ el CO2 | percent. 
’ ~"**) densed). | 
| 
0 26-4 — | 188-0} 166-4 15-8 = 
100 26-4 37-2 | 365-2 | 343-6 7°7 10-8 
200 26-4 74-4 542-2 | 520-8 5-05 14-2 
300 26-4 | 111-6 719-6 | 698-0 3-8 16-0 











Calculating, under the conditions assumed, namely, 
7 per cent. of CO,, which corresponds to about 125 per 
cent excess air, then evaporation per brake horse- 
power hour, allowing for 5 per cent. radiation losses in 
boiler manifold and inlet pipe-work, is 1-1 lb. from 
and at 212 deg. F. This figure applies to an engine 
of 1,500 brake horse-power or more; for smaller 
engines, particularly auxiliary engines, the fuel con- 
sumption is higher and in addition, either the tempera- 
tures at full load are slightly higher or, more usually, 
the proportion of CO, falls away and a greater propor- 
tion of excess air is used, the figure of 1-1 lb. being 
increased by about 10 per cent. 

Considering now the case of a waste-heat boiler 
generating at 15 lb. per square inch, with a corre- 
sponding outlet gas temperature of 175 deg. C. Under 
these conditions, evaporation per brake horse-power 
hour is 1-47 lb. from and at 212 deg. F. As before, 
this figure would be increased by about 10 per cent. 
for smaller engines. This low-pressure steam value, 
converted into hot water, namely, 1-47 x 966 = 1,420 
B.Th.U., represents the amount recoverable per 
brake horse-power hour by straight water-heating. 
The author has found in practice that it is not advisable 
to attempt to get much below a full-load gas outlet 
temperature of 175 deg. C., owing to corrosion trouble, 
which occurs particularly at starting and on low 
engine loads. With steam-raising, of course, the 
temperature of the boiler gases at exit cannot fall 
below steam temperature whatever the load, this 
constituting an automatic safeguard against corrosion 
by the formation of sulphuric acid. 

Considering now a typical two-stroke engine, taking 
0-45 lb. oil per brake horse-power-hour, outlet gas 
temperature of 500 deg. F. (= 260 deg. C.) and with a 
CO, exhaust-gas content of 3-75 per cent. at full load, 
corresponding to 305 per cent. excess air, it is obviously 
useless to attempt high or medium-pressure steam 
generation, but at 15 lb. per square inch gauge the 
results obtainable work out as follows, allowing 8 per 
cent. for radiation losses (the waste-heat boiler is 
larger on a two-stroke engine, owing to the larger 
volume of exhaust gases to be dealt with): Evapora- 
tion per brake horse-power-hour is 0-98 lb. from and 
at 212 deg. F. Converted into hot water, the heat 
recoverable is 949 B.Th.U. per brake horse-power- 
hour. The heat recoverable at 15 lb. per square inch 
pressure from a two-stroke engine is therefore 67 per 
cent. of that recoverable from a four-stroke engine. 


(Zo be continued.) 








LAUNCH OF THE ‘“ GRONINGEN.”—Messrs. Ailsa Ship- 
building Company, Limited, launched recently, from 
their Troon Shipyard, the single-screw steamer Groningen, 
which they are building for the General Steam Navigation 
Company, Limited, London. The gross tonnage of the 
vessel is about 1,200; she will be specially insulated for 
the carriage of dairy produce, and will be furnished 
with modern refrigerating plant. Triple-expansion 
engines, designed to give the ship a speed of 13 knots, 





of 230 deg. C. and 175 deg. C. can be obtained. 


are being supplied by the builders. 
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MOTOR ROAD VEHICLES. 


276,063. John I. Thornycroft and Company, 
Limited, Westminster, London, and T. Thorny- 
croft, Westminster, London. Motor Road Vehicles. 
(1 Fig.) May 17, 1926.—The invention relates to the 
lubrication of the clutch and associated mechanism of 











‘f (276,063) i | 





motor-propelled road vehicles. According to the inven- 
tion, oil from the gear-box 2 is supplied through the 
clutch-shaft to the clutch 7, and associated mechanism, 
by the pumping action of a spiral groove 3a formed } 
in a spindle 3 that extends into, and fits, a hole 4 in the 
clutch-shaft, and is driven from the primary shaft of the | 
gear-box. (Sevled.) 
PUMPS. 


275,089. J. Sadler, Preston, and Atkinson 
Walker Wagons, Limited, Preston. Reciprocating | 
Pumps. (1 Fig.) February 1, 1927.—The invention 
relates to reciprocating pumps of the kind provided with 
a differential piston. The pump barrel A is provided 
with an inlet port B and an outlet port C controlled by 
a ball valve D. Within the barrel A, reciprocates a differ- 
ential piston E, which is adapted to uncover the port B 
towards the end of its inward stroke in order to admit 
fluid to the outer end of the barrel. The outer port C 
communicates through the valve D with an annular 
chamber F, to which is connected the delivery pipe G, 
and to this chamber is also connected a by-pass conduit 
H leading to the inner end of the barrel. This inner |} 
end is enlarged, as shown, to form an annular chamber A5 | 





| 


| 
| 
| 
| 





273.089) 





surrounding the reduced portion E! of the piston. The 
outer end of the barrel is also provided with a spring- 
controlled relief valve J, through which fluid may escape | 
should the pressure within the barrel rise too high. 
The operation of the pump is as follows: During the | 
inward stroke of the piston E, the inlet port Bis uncovered | 
and fluid enters the outer end of the barrel. During |} 
the following outward stroke, this fluid is forced out 
through the port C and valve D into the chamber F, | 
whence part of it is discharged through the delivery | 
pipe G and part by-passed through the conduit H to the 
inner end A2 of the barrel. During the next inward 
stroke of the piston, while a further quantity of fluid is 
being drawn into the outer end of the barrel, the fluid ! 
previously transferred to the inner end of the barrel is 
driven out through the conduit H into the chamber F, | 
and thence out through the delivery pipe. Thus the} 
valve D controls the discharge of fluid not only from the 
barrel into the delivery pipe, but also from the barrel 





| conduit H. 


into the by-pass conduit, the same valve also serving to 


| prevent a return of the fluid into the outer end of the 


barrel either from the delivery pipe G or from the 
(Sealed.) 


RAILWAYS AND TRAMWAYS. 


274,566. The Leeds Forge Company, Limited, 
Leeds, and S. E. Alley, Westminster, London. 
Locomotives. (3 Figs.) April 23, 1926.—The front 
wheels of the locomotive are indicated at 10, the rear 


| wheels at 11, the rear axle at 12 and the engine unit at 
| 13. The engine unit is located between the front and rear 


axles, the boiler forwardly of the front axle, and fuel and 


water tanks are placed over the rear axle. Projecting 
3 a—_§_2 m 
— i 
— 

















forwardly from the front end of the engine unit is the 
crankshaft 17, and 19 is a countershaft. A change-speed 
drive is provided between the shafts 17 and 19. The 
countershaft 19 is hollow, and reaching through the 
interior is a transmission shaft 25. These two shafts 
are connected together at their front ends by a universal 
joint 26! Surrounding a portion of the rear axle 12 is 
an oil-retaining casing 27, which affords bearings for a 
worm shaft 28. The worm 29 meshes with, and drives, 
a worm wheel 30 on the rear axle 12, and is itself driven 
by the transmission shaft 25 to which it is connected 
by a universal joint 31. (Sea/ed.) 


STEAM ENGINES, BOILERS, &c. 


274,674. P. F. Crinks, Sidcup, and Vickers 
Boiler Company, Limited, Westminster, London. 
Water-Tube Boilers. (3 Figs.) September 21, 1926. 
~The invention concerns the lower drums of water-tube 
boilers. The invention consists in providing the drum 
3 with a longitudinal baffle 7, which is curved or bent so 
as to direct water entering the drum first around a 


| considerable portion of the periphery of the drum, and 





(279,679) 7, 


a second longitudinal baffle 8 arranged to deflect the 
water passing the end of the first baffle towards the 
centre of the drum and around the concave side of the 
baffle 7, whereby the water is caused to pass transversely 
through the drum in a substantially sinuous path. 


| Preferably, the baffle 7 terminates beneath the baffle 8 


and provides a ledge or pocket for the reception of any 
solid matter 11 contained in the water, the deposition of 
which may be facilitated by shaping the baffle 8 so as 
to deflect the water downwardly above the ledge or 
pocket. (Sealed.) 

274,393. Alex. Turnbull and Company, Limited, 
Glasgow, W. H. Howden, Glasgow, and L. F. Norrie, 
Glasgow. Slide Valves. (1 Fig.) April 2, 1927.— 
The invention relates to slide valves, of the type including 
valve discs which are embraced by a bridle secured to the 
valve-operating spindle. The spring-urged valve discs 2 
are embraced by a bridle 3 secured to the valve-operating 
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spindle 4. 
are elongated guide channels 5, which co-operate with 
guide pins 6 penetrating the body 1 and screwed 
into it, as shown. The pins have reduced ends 
which enter the channels 5. Packing is interposed 
between the heads of the pins 6 and the body 1, the body 
being countersunk to receive the packing. The spindle 4 





Formed on the lateral faces of the bridle 3) 


is non-rotary, and is connected at 10 to the bridle 3. 
The hand wheel 11 engages the spindle 4 by means of a 
screw thread, and is journalled in a bridge 12. (Setled,) 


276,215. Galloways, Limited, Manchester, and H. 
Pilling, Chorlton, Manchester. Steam Boilers. (11 
Figs.) December 28, 1926.—The invention provides means 
for securing tubes in the headers, plates or other parts of 
boilers, superheaters, feed-water heaters and the like, 
The tubes a are inserted in ferrules b having a plain bore 


























and a threaded exterior, to enable them to be screwed 
into the correspondingly threaded portions of sockets 
formed in the header c. The ends of the tubes a are 
screw threaded to receive castellated nuts d. The 
sockets in the header c have a tapered or coned portion e 
to form a seating for a jointing ring f. The outer ends 
of the ferrules are castellated. When the ferrules are 
screwed tightly home, the rings f are compressed between 
the tapered or coned parts e and the tubes a. (Sealed.) 


MISCELLANEOUS. 


276,105. Thos. C. Fawcett, Limited, Hunslet, 
|Leeds, D. L. Fawcett, Hunslet, Leeds, and 
| W. Clough, Hunslet, Leeds. Presses. (3 Figs.) June 9, 

1926.—Fig. 1 illustrates the arrangement of a press of the 
| type to which the invention relates. In this figure, a 
| represents the screw which carries the plunger or pressure 
member, and b the horizontal friction disc on the upper 
end of the screw. A driven shaft c, extending diametri- 
cally across and above the dise b, carries two vertical 
friction plates d and e, and rotates in the direction of 
the arrow. By a hand- or power-operated lever, the 
shaft c is capable of axial movement in its supporting 
bearings, to bring either of the plates d or e into contact 
with the disc b. The plate d, which effects the raising of 
the plunger, has its operative surface in the form of an 
annulus dl, If the plunger is in lowered position and 
endwise movement is given to the shaft ¢ to bring the 
plate into engagement with the disc on the screw, upward 
movement is given to the screw until the dise rides clear 
of the annulus d!. It is necessary, however, to bring 
the screw to rest and to hold it in such position that 
when the shaft ¢ is moved axially to bring the lowering 
plate e into operation, the dise 6 will be in the correct 
position to be engaged. It is to the arresting of the 
upward movement of the screw in the determined position, 
and to the holding of it in that position until the lower- 
ing disc is moved into engagement, that the invention 
relates. In accordance with the invention, a horizontal 
cross bar f is supported above the dise b and attached. 
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to the underside of this cross-bar is a casting g, having 
in its underside a cylinder g!, open at its lower end and 
provided in its otherwise closed upper end with an 
opening g?.. Working within the cylinder g! is a plunger 
h, which is a good sliding fit in the bore of the cylinder. 
The lower end of the plunger Ah has projecting lugs 
h2, from which a pair of studs 7 extend upwardly 
through openings in the bar f. The upper ends of the 
studs are screwed to receive adjusting and lock nuts J, 
and between the bar f and the lugs h2, springs / are 
confined, which tend to force the plunger downwardly 
to the limit permitted by the nuts 7. The under surface 
of the plunger h is faced with frictional material m. 
When, in an upward movement of the screw, the dis¢ 

leaves or rides clear of the annulus d! of the raising 
plate d, it comes into contact with the friction surface 
m and is braked thereby, the plunger being, at the same 
time, forced inwardly into the cylinder against the action 
of the springs k, and tending to compress the alr 
confined above it, which air can only escape through 
the opening g2._ A cushioning or dashpot braking action 
is thus obtained, which brings the disc and screw gradually 
to rest. The plunger having reached its top position, 
the air confined above it gradually escapes, but the 
springs k cause a sufficient grip to be exerted on the 
| disc 6 to prevent accidental movement of the plunge?: 
| without, however, offering any material resistance t? 
rotation of the disc when the shaft ¢ is moved axially t© 
bring the lowering plate e into action. (Sealed.) 
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NEW HARBOUR WORKS FOR THE 
PORT OF BARI, ITALY. 


Tue ancient port of Bari, on the south-eastern 
coast of Italy, forms a natural outlet for the 
agricultural produce of the hinterland, while also 
serving for the import of wheat from Australia 
and America, and coal from England. At first 
sight, it would appear that the greater part of these 
products could be more conveniently shipped to a 
port on the western coast, and transported across 
the relatively narrow width of Italy by rail, but it 
must be remembered that freight transport across 
the Appennines, which divide the country longi- 
tudinally throughout its length, is both difficult 





has been under discussion for some considerable 
time, and assumed definite shape in 1923, when 
proposals were invited for new harbour works. 
The scheme put forward by Messrs. 8.I.C.A.M. 
(Sindacato Italiano Costruzioni Appalti Marittimi), 
Via Bocca di Leone 78, Rome, was finally selected. 
The complete scheme is shown in Fig. 1, below, but 
it is not proposed to carry out all the work shown 
on this plan immediately, provision being made 
to extend the quay accommodation as the increased 
commerce of the port justifies the expenditure. 
The existing harbour works, which were built 
some twenty years ago, consist of two break- 
waters and a short mole, with limited accommodation 
for loading and discharge. One of the existing 
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and costly. The port of Bari has not hitherto 
attained any great importance, due in part to the 
fact that the harbour is exposed to the full force 
of the north-easterly gales, which at times assume 
great severity in the Adriatic, and in part to the 
barrenness of the surrounding region of Apulia. 
The latter condition has been entirely due to the 
Scarcity of water, the soil being actually highly 
fertile, and the practical completion of the Apulian 
aqueduct, of which a brief account was given on 
page 285 of the last volume of ENGINEERING, has 
already led to a marked increase in productivity. 
A further factor enhancing the importance of the 
port is the development of Jugoslavia and Albania, 
On the opposite coast of the Adriatic; and with 
the completion of the trans-Albanian railway, 
a large increase in the interchange of goods between 
Italy and the near East can certainly be anti- 
cipated. 


The question of improving the port facilities 
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breakwaters, the Pennello Pizzoli, together with 
the Molo 8. Vito, is clearly shown on the plan, 
while the other breakwater is shown forming the 
backing for the new quays. The first extension 
of the port, which is now being carried out, 
involves the construction of a new outer break- 
water as far as the point marked A in Fig. 1, and 
the three inner quays marked B, C and D. The 
further extensions, to be put in hand at some 
future date, as explained, will consist of the com- 
pletion of the outer breakwater to the outer point 
shown on the plan, the addition of the two quays 
marked E and F, and the construction of the 
Molo §. Cataldo and the sea wall protecting the 
mouth of the harbour. It may be mentioned 


that the harbour has a rocky bottom throughout. 
Contours of equal depth, in meters, are shown in the 
figure, and it will be observed that the minimum 
depth at. all new berths will be 10 m. 

The first structural work being undertaken 





consists of the outer breakwater, the work being 
commenced at the point A, which, as already 
stated, represents the outermost point for the first 
phase of construction, and being continued inwards 
towards the shore. As shown in Fig. 2, annexed, 
the monolithic method of construction is being 
adopted, the wall being made up of three super- 
imposed pre-cast blocks on a rubble foundation, 
and capped with a roadway and protection wall. 
The employment of pre-cast blocks for this class 
of work is, of course, not new, and both the layout 
of the necessary block-yards and the equipment 
for handling the finished blocks at various ports, 
have been described from time to time in our 
columns. The work being carried out at Bari, 
however, both on account of the size of the blocks 
and the methods of manufacture and handling, 
marks a distinct advance on any previously 
executed, and is on this account of exceptional 
interest. It may be recalled that we described 
a 300-ton floating crane for this class of work, 
built by N.V. Internationale Scheepsbouw Maat- 
schappij De Maas, Slikherveer, Holland, on page 
797 of vol. cxx of ENGINEERING, and it is probable 
that, until recently, this was the most powerful 
plant of its type in the world. The correspond- 
ing floating crane employed on the work at Bari 
is, however, of well over 400 tons capacity, is self- 
propelled, and further serves as a lighter for con- 
veying three blocks at a time to the site of the 
work. 

Referring again to Fig. 2, the foundation bank 
for the wall is made up with stone obtained from 
a quarry in the neighbourhood of Bari. Masses of 
from 1 to 5 tons are selected for the bottom 
layer, and for the two sloping faces of the bank, 
while the interior is made up of roughly graded 
material diminishing in size towards the top. 
The levelling of the upper surface, to form a bed for 
the blocks, is carried out by divers. The stones 
forming the bank are not bonded in any way, 
nor is there any bonding between the three main 
blocks forming the wall, other than that provided 
by filling in the holes shown in Figs. 2 and 3, which 
also provide a means of handling the blocks. The 
base of the wall on the sea side is protected by a 
line of smaller blocks, as indicated, which are again 
not bonded. The capping forming the roadway and 
protection wall will, however, be formed in con- 
tinuous mass concrete. Each of the main blocks is 
10 m. long, 5 m. wide, and 3-60 m. high, with the 
exception of those on the curve, which are 5 m. wide 
on the outer side, and 4:35 m. wide on the inner. 
The blocks weigh 360 tons each, and are of concrete, 
of 0-45 cub. m. of lime-pozzuolana mortar to 0-80 
cub. m. of stone aggregate. The progress made with 
thework is clearlyshown in Figs. 8 and 9, Plate XXX, 
the portion illustrated, which is some 300 m. long, 
being marked AG in Fig. 1. The work is carried out 
day and night in favourable weather, which occurs 
on an average 120 days in the year, the preponder- 
ance of calm days being, of course, in the summer. 
Six blocks can be laid in a day of 24 hours. 

Turning now to the method of casting the blocks, 
a general view of the block-yard, which is on the fore- 
shore to the east of the Pennello Pizzoli, is given in 
Fig. 4, page 246. The yard has an area of approxi- 
mately 20,000 square metres, sufficient for 170 large 
and 140 small blocks, and the portion forming the 
casting bays was tamped with electrical tampers to 
consolidate the sub-soil: The aggregate employed in 
the composition of the blocks is brought by a narrow- 
gauge private railway from the same quarry from 
which the material for the foundation bank is ob- 
tained. This quarry is about 6 km. from the yard, 
and yields limestone, which is formed into aggregate 
by being broken to pass through a 6-cm. mesh, before 
transport. The trains are made up of tipping wagons, 
and on arrival at the yard these are attached to a 
windlass and run up a ramp to a platform, beside a 
silo building. The latter can be seen in Fig. 4 behind 
the stone building forming the offices, and the ramp 
and platform are plainly visible. Separate views, 
showing the front and back of the silo building, are 
given in Figs. 5 and 6, Plate XXX. The former shows 
the platform, but the photograph was taken before 
the building was completed. There are two rows, of 
12 silos each, those on the front, or landward, side 
being used for the storage of stone aggregate and 
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Fie. 4. GENERAL VIEW OF BLocK YARD. 


those on the back, or seaward, side, for the storage of | being clipped to the-rope and released as required. 
pozzuolana. A passage runs longitudinally through | Assuming that an empty wagon has entered the 


the building below each row of silos, sufficiently large | 
to accommodate a number of wagons, which can be | 
| A shutter is then opened by hand on a chute com- 
|municating with the silo above, and the truck is 


charged with stone or pozzuolana from the silos by 
suitable chutes. The 12 crushed stone silos have a 
total capacity of 540 cub. m., sufficient for two days’ 
working ; while the 12 pozzuolana silos have a capa- 
city of 2,000 tons, which is sufficient for six weeks’ 
work. The reason for this difference is that 
the pozzuolana is obtained from the neighbour- 
hood of Naples, and brought round to Bari by 
sea. There is thus the possibility of serious delay 
being caused by rough weather, as the vessel could 
not be discharged in such circumstances. The special 
properties of pozzuolana, which occurs in great 
abundance in Italy, are probably well known to the 
majority of our readers, but it may be mentioned 
that it renders even rich limes highly hydraulic. 
It formed the basis of the best mortars used by the 
Romans. A vess2l discharging pozzuolana is shown 
in Fig. 7, the material being conveyed to the silos 
by a continuous overhead ropeway. The rope 
passes round a horizontal pulley on the discharging 
monolith visible in the figure, is carried at right angles 
to the shore until it is opposite the end of the silo 
building, and is then diverted at right angles to 
pass through the building and over the pozzuolana 
silos. At the far end of the building, the rope makes 
a turn through 180 deg., and returns on a parallel 
course to the discharging monolith. The ropeway 
over the silos is just discernable in Fig. 6. 
Returning now to the method of handling the 
crushed stone, the tipping wagons having been 
brought to rest on the silo platform, are discharged 
down suitable chutes, and returned empty to the 
ground track. A continuous wire ropeway is run 
from west to east through the passage under the 
stone silos, the return track being from east to 
west, through the other passage. After leaving the 
latter, this ropeway is continued in front of an 
elevator, which will be referred to in detail later, and 
finally passes round a horizontal pulley to return 
to the silos. The rope is driven by an electric 
motor, and is in continuous motion, the wagons 





passage under the aggregate silos, it is stopped at a 
convenient point by disengaging it from the rope. 


then charged with aggregate to its full capacity of 
0-75 cub. m. The loaded wagon passes beyond 
the eastern end of the building, returns through 
the passage under the pozzuolana silos, and is 
released from the rope at a point opposite to 
the elevator. The latter can be seen in Figs. 4 
and 6, but is more clearly shown in Fig. 10, 
while details are given in Figs. 12 to 14, page 247. 
The method of charging the pozzuolana trucks is 





identical with that described for the stone aggregate, | 
the empties in this case first passing through the 
passage under the aggregate silos, and being stopped 
under the pozzuolana chute on their return. After 
charging to their full capacity, these wagons are 
conveyed by the cable to a point beyond the 
elevator, and are discharged either directly into the 
mortar-mixing machine, or to one side to form a 
reserve heap. One of the trucks is shown to the left 
in Fig. 14, from which it will be seen that the 
stone aggregate is tipped into the elevator bucket 
down a chute. As will be clear from the plan, 
Fig. 12, the elevators are in duplicate. When the 
bucket is charged, the elevator is put in motion, and 
when the bucket reaches a certain point, the contents 
are automatically tipped into a bin, as shown in 
the upper part of Fig. 14. The elevator cables are 
wound on a drum coupled to an electric motor. 
The latter is controlled by a small master motor 
with drum contacts, arranged in such a way that 
the bucket remains stationary in the tipped position 
for 60 seconds, and is then lowered again to the 
bottom. 

We may next turn to the arrangements for hand- 
ling the mortar. The lime pits can be seen in line | 
with, and to the west of, the elevator in Fig. 4, 
the position in relation to Fig. 12 being on the 
prolongation of the line AB to the right. After | 
slaking, the lime is conveyed by hand-barrow to a 
chute, which directs it into the inclined mixing 
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trough shown in Figs. 12 and 13. In this trough 
the lime is mixed with twice its volume of pozzu- 
olana, the latter being, as stated, either delivered 
directly from the trucks, or taken from the heap 
already referred to, and tipped down the chute on 
the opposite side of the trough. It will be seen from 
the figures that the two materials enter the trough 
at the upper end. As shown in Fig. 12, a central 
spindle, provided with a series of beaters, mounted 
spirally, extends through the trough, and is driven 
through reduction gearing from an electric motor. 
The beaters serve the double purpose of mixing the 
two materials intimately, and of conveying them 
towards one or other of the two mortar mills, shown 
in Figs. 12 and 13. A series of nozzles is provided 
down the length of the trough, by means of which 
water is sprayed on the mixture as it passes towards 
the mills. The latter are used alternately, the 
mortar being directed to one or the other by an 
appropriate gate. The material remains in the 
mill for 120 seconds, after which a shutter in the 
bottom of the pan is automatically opened, and 
the mortar is delivered by a suitable chute into 
the bucket of one or other of the two elevators 
shown in Figs. 12 and 13. To assist the movement 
of the mortar down the chute, the latter is kept in 
continual oscillation by a crank mechanism. The 
operation of the mortar elevators is identical with 
that of those for the stone, the mortar being de- 
livered into the lower silo, shown in Figs. 13 and 14. 

Assuming that the upper and lower silos are 
charged with stone and mortar respectively, 4 
charge of each, in the proportion of 0-45 cub. m. 
of mortar to 0-80 cub. m. of stone, is delivered 
to a horizontal mixing drum, shown in Figs. 12 
and 14. The proportioning is effected by a system 
of double gates. The gates, which can be seen 0 
Fig. 14, are operated automatically at the required 
intervals, and the same remark applies to the 
discharge shutter on the concrete mixer, this 
shutter being opened after the concrete has 
been in the mixer for 90 seconds. The control 
throughout is effected by a master motor operating 
a drum controller for the various service motors, 
as mentioned when dealing with the mechanism on 
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the aggregate elevator. The capacity of the plant 
is 250 cub. m. per day. 

The position of the block moulds, in relation to 
the plant described, can be seen in Fig. 4. The 
concrete delivered from the elevator is conveyed to 
the required mould by means of an overhead telpher, 
parts of which are visible in the figure. The telpher 
system is in the form of the letter T, the upright 
corresponding to the line feeding the moulds. When 
a row of the latter has been filled, this line has 
to be moved laterally over the next row, and the 
system is so arranged that this can be effected 
without disturbing that part of the line parallel 
with the sea front. One of the charged buckets 
leaving the elevator can be seen in Fig. 10, and the 
telpher passing down a line of moulds is clearly 
visible in Fig. 8. The moulds are of wood with 
steel reinforcement, and are set up in rows of nine. 
Each mould requires about six and a half hours to 
fill, the mixture being tamped by hand as the filling 
proceeds. After filling, the mould is left on the 
block for 10 days, and on its removal the blocks are 
left to mature in position for three months. A light 
Overhead crane is provided for transferring the 
moulds, as shown in Fig. 8. The smaller blocks 
for the footing of the wall are made at the western 
end of the block-yard, and contain the same pro- 








fitted with a derrick. 

The method of handling the large blocks after they 
have matured may now be considered. As indicated 
in Figs. 2 and 3, two holes 1-8 m. square are left in 
the blocks, recessed to 2-8 m. square, for a depth 
of 0-6 m., at the bottom of each. The blocks are 
conveyed to the quay-side by a special 400-ton 
transporter, running on rails, and provided with 
lifting grabs, which grip the blocks by means of the 
recesses in the bottom of the holes. The transporter 
can be seen in Figs. 4 and 8, and a near view is 
given in Fig. 11. It was manufactured by the 
Societa Nazionale Officine di Savigliano, Torino, 
but as the lifting mechanism is generally similar to 
that employed on the floating crane, and we propose 
to describe the latter in detail, no object would be 
gained by duplicating the particulars. 

Diagrammatic views of the floating crane, showing 
the leading dimensions in metres, are given in Figs. 
15 to 17, page 260, while photographs of the actual 
vessel are reproduced in Figs. 18 to 20, on the same 
page. The vessel, the Romanus, was built by the 


Societa Cantieri del Tirreno, of the Cantiere Navale, 
Riva Trigoso, Genoa, and was completed in July, 
1926. It may be mentioned in passing that it is in- 
tended for use on the port works at Naples and 
Bengasi, in addition to Bari, Messrs. S.I.C.A.M. being 
responsible for the new harbour works at all three 


BARI, ITALY. 


fig.i. SECTION C.0.E.F. 
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ports. The vessel has a length between perpendicu- 
lars of 65 m., a breadth of 25 m., and a depth of 4°40 m. 
The mean draft loaded is 2-20 m., and the mean draft 
light is 1-40 m. The gross tonnage is 2,500. The 
vessel is constructed throughout of Siemens-Martin 
steel, and the hull is built on the Isherwood 
system. There are four transverse and two longitudi- 
nal watertight bulkheads. A ballast tank is provided 
with a capacity of 300 cub. m., for the purpose of 
trimming the vessel when handling the blocks, and 
keeping the increase in draft within the required 
limit of 2-2 m. when shipping three blocks of a total 
weight of 1,080 tons. 

The power plant consists of two boilers, two 
compound condensing engines for propulsion, @ 
compound winding-engine, and a suction-dredger 
plant ; the latter, which has a capacity of 90 tons 
per hour, is, however, not required for the work at 
Bari. The boilers are of the single-ended marine 
type, with double furnaces, and are designed for a 
working pressure of 130 lb. per square inch. They 
are fitted for oil-fuel burning. Each of the propel- 
ling engines is of 200 shaft horse-power. The high 
and low-pressure cylinders are 330 mm. and 660 mm. 
in diameter, respectively and the stroke is 400 mm. 
Each engine drives a four-bladed propeller, with a 
diameter of 2 m., giving a sea speed of 5 knots at 
160 r.p.m. The winding-engine is of 125 brake 
horse-power, and is employed both for raising and 
traversing the blocks. It is situated in the engine 





room under the poop house, and is coupled up to the 













248 





ENGINEERING. 


[MARCH 2, 1928. 








windlass shown in Figs.15and17. This windlass is 
of somewhat complicated construction, and cannot 
be adequately described without a series of drawings, 
of which space does not permit inclusion. Briefly, 
the engine, which runs at 250 r.p.m. is coupled to a 
main shaft driving a layshaft through one or other 
of two reduction gears, the object of this arrangement 
being to provide alternative lifting speeds for 
different sizes of blocks. The coupling of the 
appropriate gear is effected by means of clutches. 
From the layshaft, the drive is taken to separate 
drums, for the lifting or traversing motions, through 
two systems of reduction gearing, the required train 
being again engaged by a suitable clutch. The 
whole of the gear in the engine-house, with the 
exception of the propelling engines, is controlled 
from a cabin suspended from the superstructure 
on the starboard side of the vessel, and visible in 
Fig. 20. This cabin contains a number of small 
drums independently operated by hand, cables 
being taken from these drums to the required stop 
cock or clutch-operating lever in the engine-room. 
These cables are visible to the left of the footway 
along the main girder of the superstructure in 
Fig. 19. 

The general construction of the superstructure 
will be clear from Figs. 15 to 20. A point that 
is not clearly brought out in these figures, however, 
is that the forward vertical member is pin jointed, 
at both A & B, Fig. 15, while the corresponding 
after member is pin jointed at C only. Before 
passing on to a description of the lifting head and 
traversing carriage, it may be mentioned that the 
superstructure weighs 240 tons, the head 87 tons, 
and the carriage 65 tons, giving a total weight above 
deck level of nearly 400 tons. The lifting head, 
which can be seen in Fig. 18, carrying one of the 
concrete blocks, is a plate girder structure of box 
form, to the upper side of which are attached the 
lower pulley sheaves. Two vertical square columns 
project from the underside of the box at centres 
corresponding with the two holes in the block. At 
the top of each column there is a fixed rectangular 
head, at the corners of which four hanging bars are 
pivoted. These bars are bent outwards at the base 
to form claws, which register with the four corners 
of the recess at the base of the hole in the blocks, 
and they are moved away from, or towards, the 
central column by links attached to a sliding block 
on the latter. These links are of such a length that, 
when the sliding bloek is in its lowest position, and 
resting against a stop at the base of the column, 
the links incline slightly downwards towards their 
inner ends. It is thus impossible for the inverted 
tongs, constituted by the system, to collapse under 
the weight of the concrete block. The sliding blocks 
are raised and lowered by cables, operated by inde- 
pendent hand or electrical windlasses mounted on 
the travelling carriage. 

The carriage, or crab, carries the sheaves for 
the upper pulleys, and is mounted on four bogies 
running on rails on the upper members of the main 
girder, as shown in Fig. 19. It is traversed by 
suitable cables passing to a drum on the main 
windlass, as already explained. After passing over 
the various pulleys constituting the lifting tackle, 
the lifting cables extend beyond the carriage at the 
forward end and pass over pulleys mounted at the 
extreme end of the main girder. The system is thus 
so arranged that when the lifting drums on the main 
windlass are locked by means of a brake and the 
carriage is traversed, the lifting cable is paid out at 
one end of the carriage at the same rate as it enters 
at the other, thus maintaining the lifting head at a 
constant height. The carriage can be traversed at 
the rate of 2-10 m. per minute, the two lifting speeds 
are 0-40 m. and 0-70 m. per minute, and the 
lowering speed is 1-50 m. per minute. The time 
required for expanding the tongs in the block is from 
three to five minutes. The travel of the lifting 


were supplied by Messrs. Bohn and Kaahler, Worm 
Maschinenfabrik, C. Daevel, Kiel, and the boilers by 


Messrs. Mario Pesei e Ci, of Genoa. 
1 





THE ENGINEERING OUTLOOK. 
VI.—MacuineE Toots. 


At the commencement of 1927 it was suggested 
that there would be a slow improvement throughout 
the year in the machine tool industry, firstly, due 


Exports of machine tools during 1927 do, in 
fact, constitute a new high level since 1921, but 
they still fall considerably short of the pre-war 
average. European and Australian demand has 
declined, but this is counterbalanced by increased 
exports to “other countries.”” As shown in Table II, 
the value per ton has remained remarkably steady 
during the year, and taking into account the 
improved exports, may be read as an indication that 
a fairly competitive level has been reached. 

Any satisfaction which might be derived from 

















head is such as to permit the placing of a block at a 

depth of 12-5 m. below sea level, or at 3-4 m. above, 

the distance in both cases being measured from the | 
top of the block. 


In conclusion, we may state that the concreting | ~ 


plant was constructed by the Soc. Anon. Ing. F. 
Fiorentini e C., of Piazza Sallustio, 3, Rome, and 
the main hoisting gear on the Romanus by Messrs. 
Demag Aktiengesellschaft, Duisburg. The engines 




















to the anticipated improvement in the home market, | the foregoing table must be largely discounted by 
and secondly, because it had become evident that | the following Table III, which gives an analysis 
the world demand for machine tools was on the! of oyr import trade. That our home market has 
upgrade, and there was no reason to believe that this expanded as indicated early last year there can be 
country would not get a proportionate share of this | }i¢t]e doubt, but one could hazard with a consider- 
. y Tha q~ rae - Ts] TOV E' ° 
improvement. The feat was expressed, however, | able degree of accuracy that such expansion has not 
that unless the British industry brought its com-| peen creatly to the advantage of the home producer 
. . . . Se . > ° 
mercial organisation to the same state of perfection * 
as that which characterised its production it could TABLE III.—Retained Imports of Machine Tools. 
not gain a greater share. Unfortunately, these | l aa als . 
words are too well borne out by the facts, for ——— Volume | Index, | value | a, 
whilst the world demand has increased greatly and . rene? | 160. | MTtOEe-) “i900, 
“as . | 
British exports have gone up slightly, the exports : a= 
of our principal competitors have advanced in a}/j913 ., —..|_s312,—s«|-s«100-0 S| gt |s100-0 
most disconcerting manner. “a. saad 8 aa ; — | _ 
4 . . . . s r. ° abe S35: : 21- 
Employment statistics for this branch of industry| ona", “| ge | oes ee ie 
are not available from official sources and, therefore, . ben | = Le ig | ce 
: a : Ps eal) meal 80: 27-4 | 139-2 
as on previous occasions reliance must be placed | 1923 ee > aes Bn 
on the results obtained from an investigation by|  }st,Qr- .,| = | | =. | tee 
A ‘a 5 ° Ps 2nd ,, soe yA 2% | “ 3-6 
sample in seven principal manufacturing districts} 3ra_”” slugger . il Sageg 118-2 129-3 
as a first measure of machine tool production as aj , 3th » “| 316 | «(101-2 | 138-0 | 151-0 
whole. Ist Qr. a, 108 | | 179-0 | 195-8 
2nd ,, at ae | 182-1 | 199-2 
a . . ” 3rd ,, -.| $20 156°3 | 171-0 
licen I.—Employment in the Machine Tool Industry. ath i “"] 957 | | 166-0 | 181-6 
| | st Q | ge OF ag 184-3 01 
es | st Qr. he é 96°5 | 84-¢ 201°6 
| oe, | Index 1914 = 2nd. "| 332 =| 406-4 | 157-2 | 172-0 
tmployed in ‘ . | ann on .F | n 
Seven Districts. | 100. Srd ,, et 376 120-5 145-5 | 159-2 
. ae 4th 2. :{} 627° «| «168-9 =| 149-0 | 163-0 
a : 1926 | | | | 
| : | Ist Qr. .-| 687 204-1 | 111-2 | 121-6 
1913.. 0 6. wea 4,338 | 100-0 2nd ,, 7 511 | 163-8 | 130-1 | 142-5 
191B.. we wee 4,498 | 103-7 3rd ,, | 625 | 200-5 | 115-4 | 126-3 
— May .. . -+| 5,639 130-0 4th ,, i) 781 | 250-3 110-1 | 120-4 
as se | 1927— | 
ist Half-year .. —..| 2,373 | 54-7 Ist Qr. | 446 | 143-0 | 187-2 | 205-3 
sare » . --| 2,849 | 65-7 2nd ,, | 710 | 217-8 | 136-1 | 141-7 
vo4— | 3rd ,, ..| 667 213-9 | 150-9 165-0 
Ist Half-year .. a 2,482 | 57-2 4tl | 38 291-0 | 47:3 61-0 
2nd, ee 3.2460 | 74:8 set i ad acd Richy Ges 
1925— | | = 
Ist Half-year .. el 3,320 74-4 : ; : 
2nd a is aA 3,334 | 77°1 In 1919 and 1920 retained imports of machine 
= nieiewes 3.625 nee tools were phenomenally high, but then they declined 
2d, .| 3,287 | 75-8 heavily until in 1924 they were well below the 1913 
1927— , : : TO aDUrEAae 
| 3,431 | 79-1 level. From thence onward they have increased 
3,570 82-3 steadily until the year 1927 presents the melancholy 
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*2nd ee ae | 3,8 





* Estimate on incomplete returns. 


This table indicates a complete recovery from the 
low figure recorded in the second half of 1926 con- 
sequent on the coal stoppage, and reflects slightly 


TABLE II.—United Kingdom Exports of Machine Tools, 




















Monthly Volume ae Value per B-sped 
Average. (tons). le ton, £. - 
100. ’ 100. 
1913... | “78 100-0 61-2 | 100-0 
1922— 
Ist Qr. <4 -a3gs 85-4 134-9 | 220-4 
2nd ,, a3 935 67-8 129-9 212-2 
ae 746 54-0 132-3 216-2 
4th ,, | 1,145 83-0 110-2 181-7 
1923— 
Ist Qr. ..| 1,004 79-4 118-2 193-1 
2nd ,, ..| 1,248 90-1 104-6 170-9 
Srd_,, < 946 68-6 102-7 167-8 
4th ,, ..| 1,484 104-0 101-6 166-0 
1924— 
Ist Qr. a: 843 61°1 109-8 177-7 
2nd ,, es 959 69-5 111°5 182-1 
3rd, a SEB 81-1 111-3 181-8 
4th ,, “ 1,078 78-2 120°5 196-9 
1925— 
Ist Qr | 1,426 103-4 107-4 175-4 
2nd ,, | 1,126 81-7 117-0 191-1 
3rd, ..| 1,046 75-9 108+1 176-6 
4th ,, | 1,165 84-5 | 104-9 171-4 
1926— 
Ist Qr. | 1,271 92-2 | 115-1 188-1 
2nd ,, -.| 1,073 | 77-8 104-6 170-9 
3rd, «| 4270 84-9 | 112-1 183-2 
4th , ..| 1,040 | 7-4 | 117-1 191-3 
1927— 
Ist Qr. ..| 1,156 | 83-8 115-1 | 188-1 
2nd ,, Ao dame | Sted: | gaat | 187-4 
3rd, ..| 1,156 | 838-8 | 105-5 | 172-4 
4th ,, ..| 1,893 | 101-0 | 110-9 | 181-0 





better employment than has been experienced 
since 1920 when the pre-war employment figure 
was exceeded. The main deduction from this is a 
slightly improved production during the past year. 


picture of machine tool imports approaching double 
the pre-war level in both volume and value per ton. 
Well over 1,000,000/. worth of machine tools were 
imported into this country during 1927 as compared 
with about 730,000/. worth in 1925. A British 
machine tool is acknowledged throughout the world 
as one of the finest products of the engineer's skill, 
yet this country continues to import an increasing 
number of foreign productions at a value per ton 
far exceeding the value per ton of our exports. 
What is the explanation of this extraordinary 
position ? Is it quicker and more reliable delivery ? 
Is it special machinery which home manufacturers 
cannot produce economically ? Does it reflect a 
greater willingness of foreign manufacturers to 
depart from standard designs ? Whatever the cause 
surely here is a field for exploration at least, for 
home demand is likely to continue to expand, and is 
this expansion to be entirely for the benefit of 
foreign manufacturers ? 

The machine tool industry may be regarded as 
the very heart of the engineering industry as a 
whole. Any improvement in other branches of 
the industry is almost immediately reflected in 
machine tool production, and conversely an improve- 
ment in the machine tool trade reflects better 
circumstances in other branches of industry. So 
much is this so that with the exception of 1926— 
an entirely abnormal year—the vicissitudes of the 
British engineering industry in post-war years 
are most accurately reflected by the fluctuations 
in machine tool imports shown in Table I. This 
confirms not only that machine tool activity 1s 4 
most sensitive indicator of the state of engineering 
generally, but the dependence of the industry to an 
important degree on imported machine tools. 

All the indices suggest an improvement in some 
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one can but hope that home producers will increase 
their contribution to the machine tool demand at 
the expense of imported productions. 

Utilisation of the data made available by the 
Census of Production, 1924, so far as the machine 
tool industry is concerned, is not only difficult 
but very unreliable, firstly, because a comparison 
between 1907 and 1924 is not practicable owing to 
the inclusion of wood-working machine tools in 
1907—although it appears improbable that the 
1924 production exceeded the 1907 production— 
and secondly, because the relatively large output 
of machine tools returned in the census without 
classification of type precludes a precise comparison 
between production, and imports and exports 
according to classes. Excluding machine tools 
made by engineers for their own use it may, however, 
be taken as a general statement that the value of 
production of machine tools in 1924 was 3,366,000/. 
The value of exports was 1,361,919/., or roughly 
40 per cent. of production, and the value of retained 
imports 487,2897. Comparing 1927 with 1924, 
exports have increased by about 300,000/. and 
retained imports by about 600,000/. confirming the 
improving world demand for machine tools but 
hardly a greatly strengthened home demand for 
British machine tools. 

The outstanding feature of the following Table IV, 
which shows the value of international exports 
of machine tools in £ sterling converted at the 
average rate of exchange each year is the forward 
movement of Germany and the United States. 


TaBLe IV.—International Exports of Machine Tools. 
% (Value in £,000.) 








— | 1913. 1924. 1925 1926. | 1927.* 





United Kingdom| 1,013 1,362 1,561 1,535 1,612 
% 372 92 5 


France : 663 659 753 
Germany --| 4,004 2,769 3,816 4,590 6,480 
Switzerland 97 488 486 403 480 
USA... ..| 8,809 3,304 4,568 3,886 4,855 





| 8,795 | 8,586 | 11.228 11,073 | 14,180 





* Estimated on incomplete returns. 


Every one of the five countries dealt with in 
this table has improved on its position in 1926, but 
the advance of Germany, the biggest exporter of 
machine tools before the war, is remarkable, and 
yet not so remarkable when one considers the 
excellent organisation which German machine tool 
manufacturers possess and the particularly favour- 
able conditions, compared with this country, under 
which they produce. 

Although Germany had, in 1925, 865 factories 
employing 700,000 workpeople in the manufacture 
of metal-working machinery, 93 per cent. of these 
factories were controlled “by the Reichsverband der 
Deutscher Industrie. The R.D.I. is divided into 
27 sub-divisions, which are each devoted to a 
particular branch of Germany industry. The 
largest of these, the Verein Deutscher Maschinen-Bau 
Anstalten, alone employs 125,000 workpeople. 

These organizations collectively handle the large 
problems of their member firms, leaving the indi- 
vidual manufacturer free to devote himself to the 
details of manufacture. The benefits of proper 
political representation and commercial organisation 
are thus brought within the reach of the smaller 
unit. It is not to be supposed that the German 
industry is without its troubles. Before the war, 
the German machine tool industry was noted for 
its extension of long credits to customers. Until 
quite recently, German manufacturers have been 
complaining of the shortage of liquid capital which 
has made this practice impossible since the war. 
A comparison of the published balance sheets in 
1913 and 1925 illustrates by the reduction in bills 
— the extent to which this process has been 
carried, 

In 1927, however, the effect of the large foreign 
loans, especially from the United States, has begun 
to be seen. Ability to resume these credits has 
already been partly responsible for the rapid and 
sustained increase in German exports, and it must 
be expected to exercise a similar effect in the 
future. A further advantage of the German 
manufacturer is in the matter of production costs, 
Owing to lower wages and longer hours of work 





than his competitor in this country. It is signi- 
ficant that the year 1927 is the best export year 
that the German industry has ever had. 

The fierceness of the competition with which 
British manufacturers have to contend is apparent. 
An intensification of this competition during 1928 
is certain. 

It is not possible then to look upon the immediate 
future of the British machine tool industry with 
unqualified optimism. The quality of our product 
will no doubt give us a by no means negligible 
advantage, and this factor, coupled with increased 
demand at home and overseas, may be calculated to 
be productive of a trading year equal to, if not 
slightly better, than 1927. 








THE DIRECTOR OF DOCKYARDS. 


Ir is announced by the Admiralty that Admiral 
A. P. Addison, C.B., C.M.G., has been appointed 
Director of Dockyards in succession to Admiral 
Sir Brian Barttelot, K.C.B., C.B., M.V.O. (retired), 
to date from yesterday. It is understood Admiral 
Barttelot expressed a desire to retire some time 
ago, but consented to remain pending the selection 
of his successor by the Board of Admiralty. 

The appointment of Admiral Addison will put 
an end to many of the interesting rumours which 
have been current in naval and dockyard circles for 
some time, and according to which important 
changes in the administration and organisation of 
the Dockyard Department, both at the Admiralty 
and the yards, were contemplated. The delay in 
nominating a successor to Admiral Barttelot and 
the appointment of two committees to consider 
various matters appertaining to the dockyards, 
were doubtless responsible for these rumours. It 
was alleged that one committee which had been 
nominated by Lord Colwyn’s Economy Committee, 
directed to visit the dockyards, call and examine 
any witnesses whose evidence might be considered 
germane to the purpose, and to suggest any changes 
which would lead to greater efficiency and economy, 
had recommended that an experienced business man, 
preferably one who had been concerned in the 
management of a shipbuilding and engineering 
establishment, should be appointed to the office of 
Director of Dockyards. It was also alleged this 
committee had suggested the replacement of the 
admiral superintendent at each of the three principal 
dockyards by a technical officer possessing the 
necessary training and experience to enable him to 
act as yard manager. 

The second committee was appointed by the 
Admiralty to investigate the methods of accoun- 
tancy employed at the dockyards and to forward 
any modifications which might be thought desirable. 
Rumour alleged this committee had recommended 
that in future the Director of Dockyards should be 
an experienced accountant, and that an expert 
accountant staff should be added to each dockyard, 

The Administration of the Royal Dockyards was 
one of the principal duties of the Navy Board, 
which was established at about the middle of the 
sixteenth century. Members of the Board frequently 
visited the yards to give the necessary orders to the 
local officers and view the progress of the work in 
hand. Towards the middle of the seventeenth 
century a Navy Commissioner was stationed at 
each naval port, being charged with the direction 
of all naval business and acting on the orders of the 
Navy Board and solely responsible to it. With 
the abolition of the Navy Board in 1832, the duty 
of administration of the dockyards was transferred 
to the Surveyor of the Navy, who became respon- 
sible to the Board of Admiralty for its efficient 
performance. At the same time, the Navy Commis- 
sioners at the naval ports were abolished, and an 
admiral superintendent appointed at each dockyard 
to take over the yard duties formerly falling to 
the Commissioner. In 1860 the office of Surveyor 
of the Navy was terminated, and the responsibility 
for the administration of the yards became one of 
the duties of a newly established official, the Con- 
troller of the Navy, a member of the Admiralty 
Board. The departments of the Chief Constructor 
of the Navy and the Engineer-in-Chief, the two 
officers principally concerned with the work and 
organisation of the dockyards, were placed under 








the Controller. This continued until 1872, when, 
as the sequal to further reorganisation, another 
official, the Surveyor of Dockyards, was introduced, 
and was made responsible to the Controller for all 
matters relating to the dockyards. 

Mr. F. K. Barnes, one of the senior constructive 
officers at the time, and a man of outstanding 
professional ability, was appointed the first, and 
as it proved the last, Surveyor of Dockyards, an 
experienced staff drawn from both the constructive 
and engineering sides of the dockyards being 
appointed to assist him in his duties. Mr. Barnes 
remained in this post until 1886, when another 
reorganisation led to his retirement, and to the 
office which he had held being increased in impor- 
tance to that of Director of Dockyards, Professor 
Francis Elgar being selected as the first to fill it. 
A civil assistant was also appointed at each of the 
three principal yards to advise and assist the 
admiral-superintendent on all technical questions, 
the officers selected for this purpose being the three 
senior chief constructors. These posts were abolished 
in 1906. 

Professor Elgar resigned in 1891, and was suc- 
ceeded by Mr.—now Sir James—Williamson, at the 
time manager of an important shipbuilding and 
engineering establishment on the Clyde. Sir 
James retired in 1906, the late Sir James Marshall, 
who had served as his senior assistant for some 
time, being appointed to fill the vacancy, and 
remaining as Director until June, 1917. Barnes, 
Elgar, Williamson, and Marshall, were all naval 
architects trained in the Royal Dockyards, the 
first and last having remained in the service 
throughout their careers, whilst Elgar and William- 
son had left for responsible positions in private 
shipbuilding concerns. 

The retirement of Sir James Marshall in 1917 
was the result of an Admiralty war reorganisation. 
Admiral Power, an officer who for some years 
previously had been Admiral Superintendent of 
contract-built ships in the North of England, being 
appointed to the vacant position with the title 
of Director of Dockyards and Repairs, his 
responsibility being extended beyond the Dock- 
yards, to the work of refit and repair of all warships 
at private shipyards during the war. Admiral 
Sir Laurence Power retired in 1923, his place being 
filled by Admiral Barttelot, who had held the 
appointments of Admiral Superintendent of Malta 
Yard, and before this, of contract-built ships on the 
Clyde. 

Admiral Addison was appointed a midshipman in 
1891, and was one of the first of the young officers 
to volunteer for service with submarines when the 
first of this type of vessel was added to the Navy 
in 1902. He was intimately concerned in the 
development of the various earlier classes of sub- 
marines, and for his services in this connection was 
specially promoted to the rank of Captain in June, 
1913. At the outbreak of the Great War, Captain 
Addison was the senior assistant to Commodore 
Keyes, now Vice-Admiral Sir Roger Keyes, then in 
charge of the submarine flotillas. In February, 1915, 
Captain Addison was appointed to the light cruiser 
Carysfort, then nearing completion at Pembroke. 
On commissioning she was sent to the Mediter- 
ranean. Later Captain Addison transferred to the 
cruiser Dartmouth and whilst in the Adriatic was 
torpedoed by an enemy submarine, his vessel 
fortunately escaping with relatively slight damage. 
In August, 1917, he was appointed to command 
the Maidstone, the parent ship of the Harwich 
submarine flotillas. After the Armistice Captain 
Addison supervised the surrender of the numerous 
German submarines which had been directed to 
proceed with the crews and full equipment to 
Harwich. In April, 1920, he was appointed 
Director of Torpedoes and Mines at the Admiralty, 
and at the termination of the usual two years in this 
position, proceeded to Australia, as Commodore of 
the Australian Navy, being promoted to Rear 
Admiral in November, 1923. His last service 
afloat was as Admiral in command of the Destroyer 
Flotillas of the Mediterranean Fleet, from which 
he returned late in 1926. Admiral Addison is 
recognised throughout the Naval Service as an 
extremely able and energetic officer, and his 
new appointment will be received with general 
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CENTRE CONTAINER. 





























Fie. 107. Crntre CoNnTAINER SHOWING Doors. 


satisfaction by his naval colleagues, and by his 
numerous friends elsewhere. 

The decrease in the number of ships in the Royal 
Navy, the very limited programmes of new con- 
struction, and the insistent demand for the most 
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(Continued from page 218.) 
THE loads of the wagons used on the Post Office 





| 
| 





| 


rigid economy in the public services, render the post | Railway are carried in special containgrs, which have 
of Director of Dockyards, far more arduous and | been designed so that they can be wheeled ante 
responsible than at any previous period, but his | the platforms, as shown in Fig. 112, on page 251. 
friends will feel confident that in his new position, | These containers are of two different types, depend- 
Admiral Addison will exercise the same marked |ing on whether they are to be carried in the centre 





ability and sterling common sense, which have 
distinguished him throaghout his career in the 
Naval Service. 





TRIALS oF THE S.S. ‘* Torrwoop.’’—The self-trimming 


grain carrier Toftwood ran successful trials off the | 


Tyne on January 20 last. Built at their Southwick 
shipyard, Sunderland, by Messrs. Swan, Hunter and 
Wigham Richardson, for Messrs. The Joseph Constantine 
Steamship Line, Limited, the vessel is also designed for 
general trading in the Pacific. She has a length of 
375 ft., a breadth of 52 ft. 6 in., a depth of 27 ft. 9 in., 
and will carry 7,600 tons on a moderate draught. The 
ropelling machinery has been built at the Neptune 
gine Works of the builders and consists of triple- 
expansion engines, 


| or side compartments of the wagon. 

The general arrangement of the centre containers 
which were manufactured by Messrs. J. and F. 
Howard, Limited, of Bedford, is shown in Fig. 106 
above. They have been designed so as to present a 

| reasonably smooth surface, both inside and out, and 
| to permit of easy discharge of the mail bags, as well 
| as free passage into and out of the compartments of 


| the wagon. With this end in view the sides and ends 


| are riveted and the heads of the rivets are counter- 
| sunk to give a flush finish. To secure lightness and 
rigidity the sides of the container are built up of a 
jlight metal framework, filled in with three-ply 
|wood. The container itself consists of a rect- 


Sipe ConTAINER, SHOWING Fotpine LEGs. 


angular box, which is carried on four swivelling 
castors, and is so arranged that it can be wheeled 
into and out of the centre compartment between 
guides, which are fixed to the fall plates. These 
fall plates are hinged and, when lifted and secured, 
form the sides of the compartment ; and thus retain 
the container in position. The guides on the fall 
plates are of bent angle iron, arranged so that the 
container is gradually led in, the minimum distance 
between them being 3 ft. 11 in. The castors are of 
Messrs. H. C. Slingsby’s roller-bearing type. 

The bottom of the container consists of two doors 
(Fig. 107), which are secured to the framework by 
spring loaded hinges, so that the mail bags can be 
discharged through openinggin the station platforms. 
These doors are of three-ply wood and are returned 
to their closed position by springs when the load is 
removed. A hand-operated locking device 1s pr0- 
vided to secure the doors in the horizontal position. 

A push bar of } in. galvanised gas barrel is fixed 
on each side of the container for pushing the latter 
into and out of the compartment. This bar 1s 
removed when the mail bags are being loaded. 
The containers are also provided with hooks, which 
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Fie. 111. Wacon with ConTAINERS, OPEN. 


Fie. 112. Loapina ConTAINERS ON STATION PLATFORM. 








normally are sunk in a recess, so that they can be j are 4 ft. 4 in. by 2 ft. 64 in. by 3 ft. 1} in. high, at 
hoisted up and their contents discharged on to a | the ends and the maximum load is 850 lbs, 


by Messrs. Howard, are of No. 16 8.W.G. steel sheet 
perforated with } in. holes for lightness. They are 
provided with four legs, as shown in the illustrations, 
so that they can be loaded into the side compart- 
ments of the wagon, the floor of which is about 1 ft. 
above the level of the station platform. To enable 
this to be done the front legs of the container 
are arranged, so that they will swing back into 
an approximately horizontal position when the 
container is pushed into the compartment and, 
on being withdrawn, return automatically to the 
vertical. They are locked in the latter position 
before the front end of the container leaves the 
compartment. The framework is tubular and the 
front end is slightly nosed to assist in centering 
the container when it enters the compartment. 
The bottom of the container is provided with small 
rollers, which take the weight as it is pushed into 
the wagon; and itis stiffened by three corrugations, 
as shown. The position of the castors has been 
carefully thought out, so that there is no fouling 
of the front ones at the sides of the compartments, 
and no projection of the back ones beyond the 
limiting clearance dimensions of the wagon. The 
containers are secured in position by a sliding 
curved shutter and their capacity is 300 lb. The 
containers are shown in position on the wagon 
in Fig. 111. 

Three battery locomotives for use in emergency 
| have been supplied by the English Electric Company, 
Limited, and an illustration of one of them is given 
jin Fig. 110. They are 16 ft. 6 in. long and 3 ft. 5 in. 
| wide, the height to the top of the cab being 4 ft. 11 in. 
The wheel diameter is 2 ft. 11 in. and the wheelbase 
6 ft. 3in. The weight in working order is 7 tons. 
They have been designed to be capable of hauling 
| six loaded motor wagons of the type described above 
—or a total weight of 18 tons—for 6 miles on one 
battery charge. On test one of these locomotives 
actually started this load up a gradient of 1 in 20 
and has hauled as much as 54 tons. 

The locomotive frame is of steel, with strongly 
braced stretcher plates and angles. The horn 
plates are of cast steel bolted to the frames. The 
buffers and couplings are of the central spring type, 
the latter having a large radial movement owing 
to the overhang. The hand brake is of the screw 
down type and operates shoes on all four wheels, 
while in addition there is a rheostatic brake, though 
this is generally only employed on long banks or in 
emergency. 

The electrical equipment consists of two 25 h.p. 
| 350 volt totally enclosed motors, which are handled 
| by a controller with four series, three parallel and 
|five braking notches. The battery was supplied 
| by the D.P. Battery Company, Limited, of Bakewell, 
| and consists of 163 cells in two removable containers. 








conveyor. The outside dimensions of the container} The side containers (Figs. 108 and 109), also built | (To be continued.) 
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Fic. 79. Barret INSPECTION LAMP; 
Messrs. CreaGc, LIMITED. 


llumination is not yet generally visible in the 
methods used for lighting the various stands. 
This defect would be more noticeable were the Fair 
open late in the evening. 
Specialist displays of electrical measuring instru- 
Fia. 78. ments are few, though Messrs. Ferranti, Limited, 
Fics. 77 aNp 78. Motor wirx Epicyciic Gear; Messrs. ELEcTRIcCAL Powrr Enarneerina’ _ | 0f Hollinwood, Messrs. Nalder Brothers and Thomp- 
CoMPANY (BIRMINGHAM), LaIMITED. son, of London, Messrs. The Record Electrical 
Company, Limited, of Brighton, and Messrs. The 
; 7 British Sangamo Company, Limited, of Ponders 
THE BRITISH INDUSTRIES FAIR | View on their stand. Messrs. Bulpitt and Sons, | End, are exhibiting. Instruments included as part 
AT BIRMINGHAM. | Limited, of Camden Street, Birmingham, are show- | of other equipment are of course, general. The 
ae a Ansan ing various electric-cooking utensils with renewable | battery makers are well represented, and the same 
( rom page 226.) |immersion elements, while Messrs. William Soutter ! may be said of manufacturers of insulating materials 
In the preceding articles on the Fair, detailed | and Sons, Limited, of Birmingham, have on view a | This list does not pretend to be ie per 
descriptions have been included of the heavier | number of “ Safswitch ” electric-cooking devices for | regards the names of the firms mentioned 
electrical equipment exhibited. In addition, there | automatically cutting off the current and so eliminat- | ; sone Automatic and Electric Furnaces Limited 
is a good display of lighting fittings, apparatus for | ing the risk of the utensils boiling dry. Domestic- | of ‘North-read Holloway London are showing s 
domestic purposes, and smaller devices of various | heating apparatus of various kinds and of attractive | number of their electsicslty-heated furnaces aad 
kinds, to which brief reference may now be made. | design is being exhibited by a number of firms, | ovens on the stand of the Birmingham Corporation 
As regards electric-cooking apparatus, there is not including the Thermo Path Company, Lissited, Electricity Department. These inelnle a new type 
a great deal that is novel, though it is evident that |of London; Messrs. John Singleton, Limited, of | of lend Sem ak an arched chamber 
close attention is being paid to finish, while the fact | Wolverhampton ; Messrs. Sturge and Baker, Limit- | measuring 31 in long by 18 in. on the flat floor, 
that this equipment is generally operated by non- | ed, of Sheepcote-street, Birmingham, and "Messrs. /and 10 in. to the arch of the roof. The furnace is 
technical persons is also being more realised. Fully- | Berry’s Electric, Limited, of London. | provided with a counter-balanced refractory-filled 
enclosed hot plates are therefore the rule, and vitre-| The applications of electric heating in industry | door Its loading is 15} kw. and, with a normal 
ous enamel, instead of plating, is becoming usual. | are represented by several examples of furnaces | ohare its out ocak eee: Seater ony arts is approxi- 
The Metro-Vick Supplies, Limited, of London, are|and welding apparatus, and in this connection | mately 175 yeh hour The pitas which the 
adopting a tubular element as standard throughout | mention may be made of the apparatus shown | temperature can be controlled on an electric oven is 
their cookers, and an improvement in detail is the by Messrs. A.I. Welding Appliances, Limited, of | shown in an air-tempering oven, which is also on 
use of heat-insulated handles on such places as the | London ; Messrs. Marryat and iees, Limited, |view. This has an ao yee measuring 16 in. 
oven door. Messrs. Credenda Conduits, Limited, of | of London ; Messrs. Allen-Liversedge, Limited at | bv 16 in. by 6 in., and is provided with a work 
Oldbury, are showing a cooker specially designed | London; Messrs. Holden and Hunt, of Old Hill ; | couahahiger nenneentionns 46'tan tin Binaries by 6 in. deep. 
for the overseas market, and also, for the first time, | and Messrs. Birmingham Electric Furnaces, Limited. | The maximum loading is 14 kw., but an automatic 
a water-heater. Another firm, which in addition to | There are also a number of examples of electrically- | control device reduces this as required, so that the 
electric-heating apparat'1s of various kinds, is now | operated refrigerators, and the Rapid Magneting | temperature can be kept constant within narrow 
exhibiting water-warming equipment, is Messrs. /Company, Limited, of Birmingham, are showing | limits. 

















Electric Fires, Limited, of Norwich ; while Messrs. | various patterns of their magnetic-separating equip-| Messrs. Electrical Power Engineering Company 
Young, Osmund and Young, Limited, of Bexley | ment. | (Birmingham), Limited, of Ward End, Birmingham, 


Heath, are showing gas- and water-tight tubular) Lighting fittings are well represented both on the |are showing a range of epicyclic geared motors, 
heaters of the pattern that is being supplied for the | stands of the larger electrical firms and by the | one of which is illustrated in Figs. 77 and 78. ‘This 
airship R.100. The General Electric Company, | equipment shown by Messrs. The Gregson Manu-|line of machines has been designed to meet the 
Limited, of London, have on view several models of | facturing Company, Limited, of Birmingham ;| demand for slow speeds without a material reduc- 
their heavier cooking equipment, including a pastry | Messrs. Rainsford and Lynes, Limited, of Birming- tion in efficiency, a condition which, it is claimed, 
oven designed for use in hotels; and the Jackson! ham; Messrs. Restlight, Limited, of London; and/is met by using epicyclic gearing, instead of the 
Electric Stove Company, Limited, of London, are | Messrs. Benjamin Electric, Limited, of London. Elec- | ordinary spur and pinion gearing. The former has 
exhibiting a new model of electric cooker the special | tric signs of a modern type are being freely used | the further advantages that the gearing is totally 
features of which are increased hob and hot-cup-| throughout the exhibition, but the effect of the| enclosed and that the driving and driven shafts are 
board space, while storage water heaters are also on | recent propaganda in favour of more scientific |in line. The motor itself is of standard design 
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Fic. 80. RectrrreER SET FOR CINEMATOGRAPH PRoJEcTORS; Mgssrs. THE LANCASHIRE 
Dynamo AND Motor Company, LIMITED. 


Fig.82. 
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Fias. 82 anp 83. Automatic PLuMBER; Messrs. CALLENDERS CABLE AND CONSTRUCTION 


Company, LIMITED. 


and its general appearance is shown in Fig. 78. The | includes three ’bus-bars, so that 12-volt batteries can 
gearing consists of a hardened-steel pinion, which | be connected across the outers, and 6-volt batteries 
drives two Fabroil planet wheels. These wheels | across the outer and the middle wire. The con- 
rotate within a cast-iron annular gear which forms | nections are made by spring clips, and automatic 
part of the outer frame. The use of Fabroil, it is | contacts are provided. The Warwick lighting plant 
claimed, reduces the noise and vibration to a mini-|shown is specially intended for colonial use. It 
mum. Speed ratios varying from 4 to 1 to 6-6 to1|consists of a two-stroke petrol engine driving a 
can be obtained in this way. A combination of this | dynamo, the former being fitted with a push-button 
type can be supplied for a large number of shaft | starter. 
speeds, and the latter can be varied by altering the | The exhibit of the Siluminite Insulator Company, 
motor speed with a proportionate reduction in power Limited, of Erith, Kent, forms an excellent illustra- 
at the lower speeds, and an increase in power at the |tion of the increasing use of synthetic insulating 
higher speeds. | materials in electrical engineering. The most import- 
The motor is fitted with ball bearings, and these | ant of those shown on this stand is the product known 
are also used on the scondary shaft and planet |as Siluminite. It is made in three grades, which 
Wheels. As will be seen from the section given in | differ principally in the impregnation used and thus 
Fig. 77, the gearing is carried on a special end_| in the finish that can be given to the final product. 
bracket, so that the ventilation of the motor is not |The material is non-hygroscopic, and consists of 
impeded. High mechanical efficiency and inter-|a silica-asbestos base “*siluminized ” under high 
changeability is obtained by accurately machining | pressure and temperature. It does not lose its shape 
all parts to gauge. |at any temperature, and, in comparison with marble 
The same firm is showing a constant-potential | or slate, it is claimed that it is lighter and stronger, 
battery-charging set, which consists of a 230-volt | besides being quite free from metallic veins. As 
direct-current motor direct coupled to a double-com- | regards dielectric strength, a polished Siluminite 
mutator 8 to 16-volt constant-potential generator. | sheet, 3-4 mm. thick, was tested to 23,800 volts 
The Switchboard, with the necessary instruments, |r.m.s. before breakdown occurred, and gave a 














Fic. 81. Direor-Current Motor; Msssrs. THE LANCASHIRE 
DyNAMo AND Motor Company, LIMITED. 


| specific insulation resistance of 9-9 x 10° megohms 
|per cubic centimetre. This figure only fell to 
19-4 x 10° megohms per cubic centimetre after 
|24 hours’ immersion in water. The material is 
| not particularly resistant to arcing, and when that 
| Phenomenon is likely to be present, the use of a 
|second material, known as Arcovite, is recom- 
;mended. This also consists of an asbestos-silicon 
| base, which is treated so that the absorption is 
brought down to a low figure without any reduction 
in mechanical strength or insulation. 

| A phenol-formaldehyde condensation product 
made by the firm is Southalite, in which paper is 
used as a filler, the synthetic resin employed enabling 
a good finish on the sheet and tubes to be obtained. 
Finally, mention may be made of Ebbinata, two 
grades of which are being shown. The first of 
these is used for cheap mouldings, where the 
temperature is not a factor that need be con- 
sidered, while the second is employed where both 
high dielectric and great mechanical strengths are 
required. This material can be used for insulators 
on both telegraph and power lines, where, owing to 
its high-mechanical strength, it is immune from the 
risks of stone throwing. 

The lamp illustrated in Fig. 79, on the opposite 
page, is shown by Messrs. Ceag, Limited, Barnsley, 
Yorkshire, and has been specially designed for 
inspecting the interior of petrol cans or barrels. 
The miners’ safety lamps manufactured by this 
firm are already well known, and it may be recalled 
that they incorporate a special safety device for 
extinguishing the light in the event of fracture of 
the glass dome protecting the filament bulb. The 
same arrangement is incorporated in the barrel 
lamp illustrated. The bulb is carried between 
| two springs, one of which abuts on the end of the 
protecting dome, while the other is mounted between 
the bulb and the torch casing. Should the dome 
be accidently broken, the outer spring is released, 
and the inner spring moves the bulb forward. This 
movement results in a short circuit on the bulb 
contacts, as a consequence of which the protecting 
fuse, mounted in the battery casing, is instantly 
blown. The batteries consist of two circular 
cells of the Jellac type, carried in an aluminium 
case of mining pattern, and connected to the torch 
by a flexible cable. 

The Lancashire Dynamo and Motor Company, 
Limited, of Trafford Park, Manchester, are exhibit- 
ing an example of their well-known Maxtorq motor 
for alternating-current work, the particular type 
shown being of the squirrel-cage pattern. They are 
also showing slip-ring machines which are fitted with 
| brush-lifting and short-circuiting gear and different 
| types of enclosure. A range of the raw and partly- 
| finished material used in the construction of these 
| machines is on view. 
| Direct-current plant is represented by the new 
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Fia. 85. Prek Wrencu; Messrs. ALFRED 
HERBERT, LIMITED. 


D-type motor, an example of which is_illus- 
trated in Fig. 81. This is built up on a cast-steel 
frame, which is provided with laminated main and 
interpoles. The armature is mounted on roller 
bearings at the driving end, and ball bearings at 
the commutator end. The commutator itself 
is provided with ample wearing depth, while the 
brush gear is of the British Standard pattern. 
Great attention has been paid to accessibility 
to the commutator, which is protected by hinged 
perforated covers, and the same may be said of 
the terminal box, which forms part of the end 
frame. The machine is insulated with mica 
throughout, and is carried on slide rails which 
fit into grooves in the bed. An important feature 
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| their associated concern the Crypto Electrical 
Company, Limited, for use in connection with 
the are-light projectors employed in cinematograph 
'theatres. This equipment, which is illustrated 
iw Fig. 80, consists essentially of a single-phase 
| transformer with three tappings to give secondary 
| voltages of 55, 65 and 75 volts, respectively, and 
|a current output up to 25 amperes. This current 
|is passed through a two-part commutator, which is 
| driven by a four-volt synchronous motor, and is 
|thus converted into uni-directional current which 
\is supplied to the are. On test on the stand, this 
rectifier gave an output of 20 amperes at 66 volts, 
with an input of 1-55 kw. It was demonstrated 
that to give an output of 20 amperes at 68 
| volts, a motor-generator required an input of 
2-85 kw., so that the saving in current obtainable 
by using the rectifier is of the order of 45 per cent. 

The most interesting exhibit on the stand of Messrs. 





of the arrangement used is that there is a guide 
alongside one edge of the grooves with which the | 
feet on the motor engage, so that adjustments of | 
position can be made during running without | 
affecting the alignment. The particular machine 
shown is of the enclosed-ventilated type, and has 
an output of 19-5 h.p. at 440 volts and 910 r.p.m., | 
but the range extends from 3 h.p. to 200 h.p., and | 
is made with all the usuel types of enclosure. 
An interesting extension of motor types, though | 
this particular type is not being shown at Birming- 
ham, is obtained by the use of closed-air-circuit | 
cooling in conjunction with a radiator placed | 
beneath the machine. There are two distinct | 
air circuits, one of which carries the clean cooling | 
air within the motor and the other the air which 
is drawn across the outside of the radiator. This 
arrangement, of course, necessitates the use of 
two fans, one inside the motor itself and one 
mounted externally on the shaft, remote from the | 
driving end. There is a clear space below the) 








Callender’s Cable and Construction Company, 
Limited, of Victoria-embankment, London, E.C.4, is 
the new Callender-Wilson automatic plumber. This 
is intended mainly for carrying out the lead work 
connected with the making of joints on paper- 
insulated lead-sheathed cables. The apparatus, 
which isshown insection in Figs. 82 and 83, com- 
prises a heater block the size of which is determined 
by the dimensions of a pre-cast lead cone. This lead 
cone is slipped over the lead sheath of the cable and 
makes connection between the latter and the cast- 
iron joint box in the usual way. The interior of 
the lead cone and the lead sheath are treated with 
a special flux, which ensures a good joint being 
made when the plumbing operation is completed. 
When the lead cones have been placed on the 
radiator for trapping any dust that may collect,| sheath, the heating element is pushed into the 
so that it can easily be removed. This motor is| sockets provided in the heating dies and the set 
specially intended for use in cotton mills, and | screw is tightened to hold the element in intimate 
other similarly dusty situations. | contact with the die. After the cast-iron joint box 

This firm are also showing a rectifier, made by | has been placed in position, the cones are pressed 
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up against the ends of the box as tightly as possible. 
Next, the two halves of the heating die are placed 
in position on the cone, as shown in the figures, 
and bolted together so that their faces meet, thus 
automatically bringing the die into the correct 
position on the cone. The saddle clamp is 
placed behind the die and bolted up, the bolts 
which will ultimately secure the armour clamps 
being used for this purpose. The clamp is tightened 
until the inner edge of the heating die is approxi- 
mately } in. from the outer face of the flange, 
thus bringing the inner surface of the cone into 
intimate contact with the lead sheath. The 
current is then switched on, until the solder on 
the outer face of the lead-alloy cone, which lies just 
within the heating die, begins to melt. This takes 
from 12 to 18 minutes, according to the size of cable, 
the maximum current required by each element 
being about 45 amperes at 12 to 14 volts. 

The general construction of the heating apparatus 
proper will be clear from the drawing. The element 
is surrounded by mica shields as shown in Fig. 82, 
and the leads consist of: asbestos-insulated wire, 
the actual connection to the element being made 
by wires covered with glass beads, through the 
connecting boxes shown. These boxes are 
spaced from the metal cover by mica washers. 
The connection to the source of supply is made 
by leads carried in flexible metallic tubing, the 
joint between this tubing and the element box 
being made tight by asbestos packing. The 
dies have a taper bore and the lead-alloy cones 
Which, as already stated, are used in connection 
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with them, are lined with an alloy the tensile 
strength of which is higher and melting point is 
lower than that of lead. 

In practice the temperature of the dies cannot 
exceed a certain figure, so that there is no fear of 
the insulation becoming damaged, while the use 
of the special flux and the compression of the cone, 
so that air is excluded, makes a joint which, it 
is stated, will withstand a hydraulic pressure of 
250 Ib. per square inch. Further to ensure con- 
tinuity, these cones have copper bands cast into 
them, the latter being connected to copper bonding 
strips which extend across the joint box, and being 
rigidly bolted to the box and the armour clamps. 
The standard dies and heating tools are suitable for 
all sizes of cable between 0-025 and 0-25 sq. in. 
When connection has to be made to armour-clad 
switchgear, the tubular brass gland necessary is 
supplied moulded into the cone, or a special form of 
plumbing tube is used. The apparatus can also 
be used for jointing the copper conductors, and is 
specially designed for employment in fiery mines 
where the danger of explosion renders it impossible 
to employ any form of jointing which necessitates 
the use of molten metal or blow lamps. It also 
greatly facilitates the making of joints in awkward 
positions. In another type of apparatus, the dies 
can be heated by blowlamps. Though this is unsuit- 
able for use in fiery mines, it is claimed that it 
simplifies and improves the plumbing process and 
ensures uniformity of workmanship. 

The same firm are making an excellent display 
of their well-known cables and wires, together 





with the joint boxes and other necessary devices 
intended for use with them. These include a 
a straight joint for a 132,000-volt cable. 

The switchgear which is being exhibited on the 
stand of Messrs. Donovan and Company, of Cornwall- 
street, Birmingham, has been designed mainly for 
industrial purposes and, it is claimed, complies 
both in the letter and the spirit with the Home- 
Office Rules for the use of electricity in factories. 
It includes ironclad switchgear, switch-fuses and 
fuse boards, in which close attention has been paid 
to such matters as interlocking, reliability of 
connections, and adequate design of the current- 
carrying parts. Special reference, in this connec- 
tion, may be made to the 30-ampere triple-pole, 
ironclad switch-plug for supplying portable elec- 
trical machinery, an illustration of which is given 
in Fig. 84, on the opposite page. 

In this device, the plug is interlocked with the 
switch in such a way that it is impossible to insert 
the plug unless the switch is in the “ off” position, 
or to withdraw it when the switch is “on.” This 
is effected by a case-hardened silver-steel key, the 
wards of which engage with a lock which is posi- 
tively operated by the switch mechanism. Careful 
attention has been paid to the earthing, not only of 
the switch socket and plug, but also of the frame of 
the tool that is being operated. The latter condition 
is ensured by fitting an earthing terminal on the 
plug-case, to which the earth-wire is connected. The 
plug-case, in turn, is earthed to the switch-case by 
substantial rubbing contacts, and the outside of the 
switch-case is fitted with an earthing terminal, so 
that a good earth can still be obtained should the 
conduit not be earthed. A further safety device 
that may be mentioned is the spring-operated flap, 
which closes the opening in the base of the case 
when the plug is withdrawn. This both prevents 
accidental contact with live metal and intentional 
tampering. 

The dimensions of this switch plug are based on 
the size of the connecting cable that is to be used, 
and special attention has been paid to accessibility, 
so that the various connections are easy to make. 
The plug is designed for use with cab-tyre sheathed 
cable, and is provided with a rubber sleeve which 
fits over the cable and on which a wooden cord-grip 
of the usual pattern presses, so that the whole is 
securely held together. The plug-case is of metal, 
being made of aluminium in the large sizes and of 
cast brass when the current does not exceed 15 
amperes. 

As will be seen from the illustration, the switch 
contacts and connections to the sockets are pro- 
tected by Siluminite shields, while the socket itself 
is enclosed in a metal box. The switch-blades 
themselves are mounted in Siluminite blocks, into 
which they are forced under pressure. The 
remainder of the insulation is of micanite. Quick 
action is secured by the free use of springs. The 
terminals, in the pattern of switch-plug illustrated, 
are stamped and are of coffin shape, an arrange- 
ment which ensures that when the cable draws out 
as the nut is tightened it comes up against a neck 
and gives further security against loosening. When 
the current carried exceeds 60 amperes the terminals 
are cast. The nuts and washers used on these 
terminals are all in one piece. 

A number of small tools and machine-shop 
accessories are being shown by Messrs. Alfred 
Herbert, Limited, Coventry. Many of these tools 
have been on the market for some time, and have 
already been dealt with in our columns. We have 
not, however, previously referred to the milling- 
cutter guard and to the Thurley grip-all pipe wrench. 
The milling-cutter guard, illustrated in Fig. 86, is 
adaptable to the majority of milling machines, the 
hexagonal brackets, by which it is attached, fitting 
any size of steady from 2 in. to 4 in. in diameter. 
Brackets to suit arms of greater diameter are also 
standardised. The construction of the guard will be 
clear from the illustration. Although rigid when 


closed, the guard can be readily swung aside to 
permit inspection of the work, to remove swarf, or to 
change cutters. It will be seen that the segments 
are double jointed, enabling the guard roughly to 
conform to different sizes of cutter. All the parts 
are interchangeable, and further segments can 
be added, either at the sides or bottom, to extend 
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the guard for large cutters. As shown in the figure, 
the segments are perforated to permit the insertion 
of a sud pipe, the holes also permitting a view of the 
cutter when the guard is closed. A special fitting 
can be supplied to adapt the guard to Cincinnati 
machines. The special feature of the pipe wrench, 
shown in Fig. 85, is that, while being of the self- 
gripping jaw type, itcan be used without the necessity 
for keeping the jaw in contact with the pipe by the 
grip of the hand. To effect this, there is a trigger on 
the back of the wrench, as shown, and when in 
position on the pipe, this trigger registers with a 
step in the back of the adjustable jaw. The serrated 
jaws are made from oil-hardened tool steel, and are 
renewable, while the body of the wrench is made 
from acid open-hearth steel with a tensile strength 
of 30 tons. The pins are of silver steel throughout. 
The wrench is made in lengths of 10, 15 and 21 in. 

Messrs. Meldrums, Limited, Timperley, Man- 
chester, are showing examples of their well-known 
furnaces, a Lancashire-type boiler front being 
exhibited on the stand with one flue fitted with a 
hand-fired, forced-draught furnace, and the other 
with a sprinkler-type stoker. The former type of 
furnace is suitable for the smokeless combustion of 
any kind of fuel from best steam coal to industrial 
refuse. The sprinkler-type stoker has a_ hollow 
front, through which cooling air is admitted by side 
baffles. The stoker can be fitted with fixed, hand- 
rocking, or self-cleaning moving grates. Messrs. 
Meldrum are also exhibiting a portable steam dis- 
infector of the sack type, which in many cases forms 
a useful adjunct to a fixed disinfector. A mechanical 
stoker and self-cleaning furnace is also being shown 
by Messrs. The Crosthwaite Engineering and Furnace 
Company, Limited, York-street Ironworks, Leeds. 
This furnace is of the firm’s standard type, but 
another furnace is being shown which has been 
specially designed for burning slurry direct from the 
washeries, or other waste products containing a 
high percentage of ash or moisture. 

In addition to the presses at the Fair with which 
we have already dealt, Messrs. Joseph Rhodes and 
Son, Limited, of Wakefield, are showing the single- 
action deep-drawing press described on page 255 of 
vol. exxiii, of ENGINEERING, and other power presses 
which have previously been dealt with in our 
columns. Messrs. Taylor and Challen, Limited, 
Birmingham, are also showing a range of power 
presses and other machines for sheet-metal working, 
several of which we have previously described. 
Two of the machines are set up for producing 
small ash trays in stainless steel or brass, while a 
third is an automatic-notching press for punching 
slots in small armature plates. 

Messrs. William Allday and Company, Limited, 
38a, Paradise-street, Birmingham, are exhibiting 
typical products, such as fan forges, bellows, liquid- 
fuel burners, and a crucible-type melting furnace. 
The latter is fired with one of the fuel burners, which 
are fitted with fine fuel and air-adjusting valves, 
in addition to the usual main supply cocks, giving 
a very exact control of the burner. Messrs. W. 
Kennedy, of Warwick-road, West Drayton, Middle- 
sex, are showing the tube and angle-bending 
machine described on page 641 of vol. xciv, of 
ENGINEERING. A recent modification, which is em- 
bodied in one of the machines on the stand, enables 
complete angle rings to be formed, so that the ring 
can be finished with only one welded joint. The 
fitting consists essentially of a plate in the form 
of a quadrant, pivoted centrally above the face 
plate and parallel with the latter. After a half- 
circle has been formed on the section, this plate is 
swung under one end, ind the other half circle 
completed above it, the section, of course, being 
re-clamped after the first stage is completed. The 
full ring is produced in the form of a spiral, which 
is cut off at the required point and flattened into 
one plane before welding. Messrs. The Horstmann 
Gear Company, Limited, Newbridge Works, Bath, 
are showing examples of screw and other gauges, 
and also a number of Newbridge gas controllers, 
which automatically light up and extinguish a 
gas jet at any times for which the controller is set. 

When describing the exhibits at the Fair held 
in 1927, we dealt with the infinitely-variable positive 
gear exhibited by Messrs. P. I. V. Gears, Limited, 
7, Princes-street, Westminster, S.W.1. This firm ar. 
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not exhibiting separately this year, but the method 
of milling the slots in the special chain wheels, 
which are incorporated in the gear, is being demon- 
strated on the stand of the City of Birmingham 
Electric Supply Department. The chain wheels 
take the form of a vee-shaped pulley made up of 
two side discs, or cheeks, which can be brought 
together or separated to vary the reduction rates 
in the gearbox. The side cheeks are cone shaped, 
with a wide apex angle, and a number of radial 
slots are cut in the surface of the cone. These 
slots engage with the laminated teeth of the chain, 
and their edges are radial, so that the slots narrow 
towards the centre of the cheek. The two sides 
of the slots make an angle of 30 deg. with the face 
of the cone. The milling machine on which the 
operation is being carried out is shown in Fig. 87, 
page 254, and it will be seen that it is fitted with a 
special back shaft. The machine itself is driven from 
a 3-h.p. electric motor, through a P.I.V. variable- 
speed box, set to give a 2 to 1 speed reduction on 
the motor speed. From this box, the drive is taken 
through a second P.I.V. box, giving a speed variation 
of 6 to 1. These two boxes are in no way essential 
to the milling operation, and are merely introduced 
to demonstrate the action of the gear. The back 
shaft on the miller is driven by chain from the cutter 
head, a spring-loaded jockey pulley being introduced 
into the drive, as shown in the illustration. A crank 
and connecting-rod mechanism is mounted on the end 
of the back shaft, and this is coupled to a quadrant 
engaging with a pinion on the dividing shaft of the 
machine. The latter shaft is provided with a worm 
engaging with a worm wheel on the work head, and 
it will be seen that the whole mechanism imparts an 
oscillating motion to the latter, resulting in the slot 
in the cheek being wider at the circumference than at 
the centre, asrequired. The milling cutter is of special 
form, with a narrow projection on each tooth formed 
with the requisite 30-deg. angle, so that the cutter 
not only forms the slot, but machines the face of the 
intervening tooth at the same time. The standard 
table mechanism of the milling machine is utilised 
to traverse the work head. 

Messrs. Metallisation, Limited, Pear Tree Lane, 
Dudley, are showing examples of various classes of 
goods coated with an impervious layer of different 
pure metals and alloys, applied by the Schoop 
spray process. They are also showing a number of 
all-steel trucks, which are remarkable for their 
strength and lightness, and also for their excellent 
finish. The trucks are made in various models, the 
frames being of tubular or box section with welded-in 
cross-members, and are undoubtedly a first-class 
engineering job. The wheels run on ball bearings, 
and rubber tyres are fitted when required. The frame 
is spring-mounted, and in one model a sliding sub- 
frame is carried xbove the main frame, to which it is 
connected by a second set of springs. The load is 
taken on the sub-frame, and, by tilting the truck to a 
suitable angle, the centre of gravity can be brought 
directly over the wheels. In addition to this 
advantage, the load can be picked up with greater 
ease. The toe is carried on the sub frame, and when 
the latter isin the forward position, an increased pur- 
chase is afforded for lifting the load from the ground. 
In many cases, this enables the work to be done by 
one man when two would otherwise be required. 

The usual method of blowing off a boiler at the 
front end is not entirely satisfactory, as it is most 
effective in dealing with the sediment collected at 
the bottom of the first ring, and is apt to leave an 
appreciable accumulation in other parts of the 
boiler. To overcome this difficulty, Messrs. W. J. 
Tranter, Limited, Tibbington Works, Prince’s End, 
Tipton, have introduced the device illustrated in 
Fig. 88 to 90, page 255. It will be seen that a pipe is 
carried parallel with the bottom of the boiler along 
its entire length. One end branches to clear the 
gusset plate, as shewn in Fig. 90, and is secured to 
the back end of the boiler, while the other end is 
directly connected to a blow-off branch. The pipe 
is provided with a series of short downward branches 
in the form of cones, the length of the branches being 
arranged to give a small clearance below the cone 
in every case. When the blow-off cock is opened. 
the pressure in the boiler forces the accumulated 
sediment into the coned branches of the ejector, 
and thus into the pipe leading to the blow-off 
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cock. A vertical pipe, terminating in a horizontal 
cone, as shown in Figs. 88 and 89, is provided near 
the rear end of the boiler for removing scum from 
the water surface, the method of operation being 
identical with that for removing the sediment. The 
ejector is made in various lengths to suit the width 
of the plates and the total length of the boiler, and 
can be attached by suitable clips to the gusset plates 
or to small cleats riveted to the shell. 

Messrs. International Combustion, Limited, and 
the Underfeed Stoker Company, Limited, Africa 
House, Kingsway, W.C.2, are showing Murray fire- 
tube walls, Usco air-heater elements, a Raymond 
mill, and their new short-flame burner. These 
products have all been recently described in our 
columns, the short-flame burner being dealt with 
on page 182 of our issue for February 10 last. 
Messrs. John Fowler and Company (Leeds), Limited, 
of Leeds, are also showing examples of their pro- 
ducts, which have also formed the subject of recent 
articles; we may refer more particularly to the 
concrete mixer, of 7 cubic feet capacity, described 
on page 28 of vol. cxxiv, of ENGINEERING. 

The Monometer Manufacturing Company (1918), 
Limited, Savoy House, 115-116, Strand, W.C.2, 
are showing their well-known white-metalling plant 
for rolling-stock bearings, which was dealt with on 
page 202 of our issue for February 15, 1924. The 
apparatus includes the pressure die-casting machine 
shown at the Fair last year, and described on page 258 
of our issue for March 4 last. Messrs. The Phoenix 
Engineering Company, Limited, Chard, Somerset, 
are showing tar and bitumen boilers, spraying 
machines, asphalt mixers, and similar products ; 
while the Avamore Engineering Company, 104, High 
Holborn, W.C.1, have a representative display of 
plant for use in ship’s galleys and by large caterers, 
such as dish-washing, bread-cutting, and vegetable 
peeling machines, together with refrigerating plant. 
Messrs. E. H. Bentall and Company, Limited, 
Heybridge Works, Maldon, are exhibiting coffee 
plantation machinery and agricultural appliances. 
The L.S.D. multi-purpose machine tool, described 
on page 715 of our issue for June 10 last, is being 
shown on the stand of Messrs. Super Suctor Sales, 
Limited, 4, Lloyd’s-avenue, E.C.3. 

The firm of Messrs. Geo. Salter and Company, 
Limited, of West Bromwich, are showing balances 
and weighing machines for a wide variety of pur- 
poses, the example of greatest engineering interest 
being, perhaps, a spring balance weighing up to 
100 tons. This balance, which is intended for 
weighing crane loads directly, is illustrated in 
Figs. 91 to 93, page 255. As will be clear from 
Fig. 93, the spring takes the form of a pair of Belville 
washers surrounding the central spindle, and located 
near the top of the balance. To reduce frictional 
effects, which would lead to inaccuracies, the 
washers make contact both above and_ below 
with a ring of short rollers. The scale needle, 
by which the weight is recorded, is actuated in 
the usual way by a wheel and quadrant mechanism, 
but the quadrant is not directly connected to the 
hook spindle, since, if this were the case, careless 
handling of the load would almost certainly damage 
the quadrant mechanism. The quadrant is actually 
connected by a link, not shown in the figures, to a 
short arm pivoted on the casing. This link 
which can be seen in Fig. 92 above the quadrant, 1s 
provided at the top with a hardened groove, and 
the knife edge registering with this groove is formed 
on the end of a short piece of steel fastened to the 
central spindle. In the event of the load on the 
balance being suddenly released, the central spindle 
moves up, and the knife edge merely leaves the 
groove, the arm and quadrant afterwards moving 
up to restore contact, without any appreciable 
shock, under the pull of the light spring visible in 
Fig. 92 to the right of the quadrant. In a recent 
independent test made on one of these balances, 
the maximum error, amounting to 0-8 per cent., 
was at 50 tons, the error at 100 tons being only 
0-1 per cent. Such a result can only be regarded as 
exceedingly satisfactory in a workshop appliance. 

Messrs. Tangyes, Limited, Cornwall Works. 
Birmingham, are showing a 52-b.h.p. heavy-oil 
engine of the cold-starting type, and a 19 b.h.p. 
engine of the same type for electric lighting. They 
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centrifugal pumps, turbine pumps, vertical single- 
ram pumps, and a 4-in. by 6-in. vertical triple-ram 
pump. Among the smaller exhibits of this firm 
are pulley blocks, lifting jacks, and malleable 
castings. Examples of their new hydraulic motor 
and lorry jacks are included, of which a description 
will be found on page 756 of our issue for Decem- 
ber 9 last. Another exhibit of heavy-oil engines 
is that of Messrs. Blackstone and Company, Limited, 
Stamford. This firm are showing crude-oil engines 
of 195, 150 and 34 brake horse-power, together with 
a 10-b.h.p. hopper-cooled engine, built to run on 
Diesel oils, and examples of petrol-paraffin engines. 
The crude-oil engines operate on the firm’s well- 
known spring-injection system, of which a descrip- 
tion was given on page 60 of vol. exviii of ENnat- 
NEERING. Heavy-oil engines are also being shown 
by Messrs. The Record Corporation, Limited, 
Burton-on-Trent. 

Numerous firms are showing automatic lathe 
products, such as screws, nuts, and terminals. It 
is impossible to refer to these in detail, but typical 
high-class work of this kind is being shown on the 


stands of Messrs. M.C.L. and Repetition, Limited,’ 


Langley, Birmingham, and Messrs. Davis and 
Timmins, Limited, 34a, York-road, King’s Cross, 
N.l. There are also large displays of other classes 
of Birmingham ware, such as aluminium goods and 
small pressings, together with sheet-metal work 
in the form of ventilators, radiator guards, and so 
on. An interesting display of sheet-metal and other 
goods is being made by Messrs. G. A. Harvey and 
Company (London), Limited, Greenwich Metal 

Works, S.E.7., and the same firm are also showing 
examples of their well-known steel furniture. 

A further group of exhibits, which, while not 
lending themselves to detail description, are never- 
theless of importance, is comprised by the products 
of firms specialising in the production of various 
metals in the form of sheets, bars or sections. A 
typical exhibit of this class is being made by 
Messrs. Hadfields, Limited, East Hecla Works, 
Sheffield, who are showing alloy steels for different 
purposes, together with various manufactured 
articles in stainless steel. 

_ The exhibition closes to-night, and ample informa- 
tion is available to prove that it has been an entire 
Success. The organisation has been excellent 
throughout, and reflects the greatest credit on the 
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| in this capacity during the Jater stages of the war. 
| bombing of the German airship sheds at Tondern, it 





one small criticism to offer, to the effect that, as the 
divisions between the different halls are now 
almost imaginary, the stands might with advantage 
be numbered progressively throughout. 








H.M. AIRCRAFT-CARRIER 
‘* COURAGEOUS.”’ 


Ir will probably be remembered that the Emergency 
War Programme included a number of large light 
cruisers built to designs formulated by Lord Fisher in 
1915, and intended for operations in the Baltic. Of 
these, Courageous and Glorious were commenced in the 
spring of 1915 and completed early in 1917, the former by 
Messrs. Sir W. G. Armstrong, Whitworth and Company, 
Limited, at Walker-on-Tyne, and the latter by Messrs. 
Harland & Wolff, Limited, at Belfast. A somewhat 
similar vessel, H.M.S. Furious, was converted, while 


/ under construction, into an aircraft carrier and served 


The 


may be remembered, was carried out from this ship, 
an illustration of which was given on Plate XXXI, 
ENGINEERING, vol. exvi. Subsequently, however, she 
was largely reconstructed at Rosyth and Devonport. 
Courageous has now been reconstructed as an aircraft 
carrier, and the accompanying illustration shows this 
vessel leaving Devonport on the 27th ultimo, for her 
steam trials. Similar conversion work is being carried 
out at Devonport on Glorious, and when she is com- 
pleted the Navy will have, in all, six large modern 
aircraft carriers, the ships not previously mentioned 
being Argus, Eagle and Hermes. All these vessels 
were illustrated on Plates XXX to XXXII of the 
volume of ENGINEERING referred to above, and a full 
account of H.M.S. Argus will be found in our columns 
on pages 400 and 430 of vol. evii. 

Courageous, with which we are now concerned, 
has an overall length of 786 ft. 3 in., a beam, over the 
bulges, of 81 ft., and a maximum draught of 26 ft. 


| The normal displacement is about 18,600 tons, while 


that, when fully loaded, is about 22,700 tons. She is 
propelled by Parsons geared turbines designed to 
develop 90,000 shaft horse-power, and driving four 
propellers. On trial as a cruiser, the horse-power 
developed was 93,780 and the mean speed was 31-58 
knots. Steam is supplied by 18 boilers of the Yarrow 
small-tube type, equipped for burning oil fuel only. 
The armament carried comprises 16 4-7 in. guns and 18 
smaller guns; the positions of most of the 4-7 in. guns 
can be seen in the illustration, but it should be men- 
tioned that there are two additional guns on the 
main deck aft firing astern, similarly disposed to those 
shown mounted forward and firing ahead. The 


Birmingham Chamber of Commerce. We have only | armour generally is on light-cruiser lines, a 3-in. belt | S.W.1, price 2s. 2d., post free. 








being provided amidships, built up of 2 in. plating 
on 1 in. shell plating. Modified bulges, partly visible 
in the illustration, are provided for protection against 
torpedo attack. It is understood that five flights of 
aeroplanes will be carried, comprising two fighter 
flights, one spotter flight, one spotter-reconnaissance 
flight, and one torpedo flight. 





THe Instirution oF ExectricaL ENGINEERS.—Pro- 
visional arrangements have been made for the summer 
meeting of the Institution of Electrical Engineers to be 
held this year in Norway. The meeting will extend 
from June 9 to 21, the party leaving Newcastle by 
steamer for Bergen on the former date. Visits will 
be paid to Eide, Ulvik, Tyssendal and Odda, while 
from June 16 to June 20, the party will stay at Oslo and 
visit various works and hydro-electric plants in the 
district. The return will be via Gothenburg, a visit 
being paid to Trollhattan on the way. 





THE Etectric Firtmes Statutory CoMMITTEE.—A 
committee, entitled the Electric Fittings Statutory 
Committee and representative of the Incorporated 
Municipal Electrical Association and the various manu- 
facturing and contracting interests of the electrical 
industry, has been appointed by the Electricity Com- 
missioners under Section 48 of the Electricity (Supply) 
Act of 1926. This section empowers Joint Electricity 
Authorities and local authorities to sell, install connect, 
repair, and maintain electrical fittings and apparatus, 
and to charge for doing so. One of the first questions 
which the committee will have to decide is the exact 
definition of a fitting, while they will also have to 
determine prices and to render assistance in giving effect 
to the section. Mr. D. N. Dunlop is Chairman of the 
Committee, whose offices are at 36, Kingsway, London, 


British STANDARD SPECIFICATION FOR Two-PIN 
Watt Piues anp @ocKets.—After considerable dis- 
cussions and investigations by representatives of the 
supply companies, the electrical contractors, Govern- 
ment Departments, and the Wiring Regulations Com- 
mittee of the Institution of Electrical Engineers, 
a revised edition of B.S.S. No. 73—1919 has just been 
published by the British Enginéering Standards Asso- 
ciation as No, 73—1927, for hand-shield and side-entry 
pattern two-pin wall plugs and sockets for domestic 
purposes. The dimensions to secure interchangeability 
are the same in the new specification as in the old 
edition, so that plugs and sockets to the 1927 specifi- 
cation will be interchangeable with the existing standard 
fittings. The requirements of the old specification as 
regards standard of quality have been retained, the 
principal modification being the addition of a smaller 
size, rated at 2 amperes; the new series of standard 
sizes is, therefore, 2, 5, 15 and 30 amperes. Copies of 
this revised edition can be obtained from the Publications 
Department, B.E.S.A., 28, Victoria-street, London, 
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LETTER TO THE EDITOR. 


RATES ON INDUSTRIAL BUILDINGS 
AND MACHINERY. 
To THE Epiror OF ENGINEERING. 

Sir,—The new Rating and Valuation Act of 1925, 
now in operation, was conceived in the hope that 
assessments made since 1914 could be corrected so 
as to place all assessments on a common basis. During 
war-time, assessments were made arbitrarily (so it was 
said), because it was imposible to keep pace with 
the many and varied fluctuations in the costs of all 
materials. It is now assumed that costs have more or 
less settled down, and it is time to put matters right 
for those who during a period of high costs were 
harshly treated, and also, presumably, to increase the 
assessments for those who benefited by comparison 
due to their assessments having been made when 
costs were low. 

To give one an idea of the absurdities that surround 
the existing rating system for industrial premises let us 
take a concrete case, in which an occupier seeks to 
reap the benefits to which he is legally entitled under 
the Act. 

He is told that the basis for the new assessment is 
** Present-day standards,” or, in other words, existing 
values. During the war, buildings and machinery 
were added at costs double or triple what they were 
in 1914. The question is what is the cost to-day, 
and on that basis secure a reduced assessment. But 
when the Act was originally drafted it was not clear 
whether certain machinery was or was not rated. So 
many and conflicting interpretations could be given 
of the wording that many clauses of the new Act were 
rendered meaningless. All ‘* process machinery” is 
exempt under the new Act, but there is plenty of room 
for differences of opinion as to what is or is not 
** process machinery.” 

We now have “ Statutory Rules and Orders, 1927, 
No. 480” to make everything as clear as a foggy 
morning. Before, to form definite decisions an expert 
was necessary, but now a technical advising expert 
is required to enable the ordinary layman to understand 
why and under what conditions certain items of 
machinery are, or are not, subject to assessment. 

Industrial premises differ enormously. In theory, 
the basis for rates assessment is annual value; in 
other words, the rent an ordinary tenant would 
pay for the occupation of the property, including land, 
buildings, machinery and plant forming part of the 
hereditament in its existing condition. But few such 
premises are leasehold, and for obvious reasons cannot 
often be leasehold, and consequently all sorts of 
compromises have to be made between the rate assessor’s 
calculations, and those of the occupier, because the 
statutory rental for a statutory tenancy is quite in- 
definite. 

Is it not time that we had a real reformation of 
basis of assessment ? When we protest that the value 
of land everywhere should be the basis of assessment, 
that land, whether used or unused, should be assessed, 
and that all improvements should be exempt, the 
apologists for things as they are frequently plead 
that the value of land alone is almost impossible to 
ascertain. 

On the one hand, there is one definite annual value 
which, while it may increase or decrease, does so 
gradually. On the other hand, there are to be 
determined a multitude of values which fluctuate 
violently under the varying conditions and circum- 
stances of modern life. The war-time only showed 
in a strong light how arbitrarily assessments were 
made then, but the truth is that under our present 
system of rating not only of industrial premises but of 
shops and dwellings generally, assessments have 
always been arbitrarily made. As things are, the pro- 
gressive employer, who gives his employees good work- 
ing conditions, and who meets foreign competition 
by using the most up-to-date plant and machinery, 
finds himself heavily burdened and penalised directly 
according to his enterprise. In the nature of things 
rates should not be based upon progress, skill, enter- 
prise or profits, but according to the services and 
benefits derived from the township or municipality, 
and the measure of these is a function of the value of 
the site. 

Yours faithfully, 
JoHN E. Grant. 

“ Straidlands,” Surbiton, February 15, 1928. 








GRAIN SHIPMENT AT MowntrReEAL.—That Montre#l is 
maintaining her supremacy as the world’s foremost grain 
port is evidenced by the fact that, last year, nearly 389 
million bushels were handled at the port. This total was 
58 million bushels in excess of the harbour’s previous 
record figure, which was attained in 1925. Up till 
December 6 last, deliveries from the four elevators of the 
port totalled 194,657,250 bushels, while receipts aggre- 
gated 194,049,240 bushels. 
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United States Bureau of Labour Statistics. Bulletin 
No. 412. Wages, Hours and Productivity in the 
Pottery Industry, 1925. [Price 30 cents.] No. 450. 
Wages and Hours of Labour in the Boot and Shoe 
Industry, 1907 to 1926. [Price 15 cents.] No. 452. 
Wages and Hours of Labour in the Hosiery and Under- 
wear Industries, 1907-1926. [Price 15 cents.] Wash- 
ington: Government Printing Office. 

Dieselmaschinen. Grundlagen, Bauarten, Probleme. By 
Dr. Inc. Junius Maaco. Berlin: V. D. I. Verlag, 
G.m.b.H. [Price 26 marks. ] 

Railway Signalling. Theory and Practice. By S. T. 
Dutton. London: Crosby Lockwood and Son. 
[Price 7s. 6d. net.] 

United States Bureau of Mines. Mineral Resources 
of the United States. 1:3. Arsenic in 1926. By 
V.C. Herkes. 1:5. Tinin 1926. By J. W. FURNEss. 
[:7. Antimony in 1926. By J. W. FuRNEss. 
[:8. Gold, Silver, Copper, Lead and Zine in the 
Eastern States in 1926. Mine Report. By J. P. 
Duntop. [Price 5 cents each.] IL:5. Asphalt and 
Related Bitumens in 1926. By G. R. Hopxins. IL: 6. 
Salt, Bromine and Calcium Chloride in 1926. By A. T. 
Coons. II: 7. Barites and Barium Products in 1926. 
By R. M. SanrMeEyverRs and A. Stott. IL: 9. Slate in 
1916. By A. T. Coons. II: 14. Clay in 1926. 
By J. Mippteton. I1:11. Potash in 1926. By 
A. T. Coons. IL: 17. Natural Gas in 1926. By G. R. 
Hopkins. IL: 18. Lime in 1926. By A. T. Coons. 
[Price 5 cents each.] Washington: Government 
Printing Office. 

Mines Department. Safety in Mines Research Board. 
Paper No. 37. The Estimation of Firedamp: Flame 
Caps. By C. S. W. Grice and D. W. WoopHeap. 
London: His Majesty’s Stationery Office. [Price ls. 


net. 

The Water Supply of Towns and the Construction of Water- 
works. Vol. I. Collection and Purification Works. 
Vol. If. Works for Distribution. By W. K. Burton. 
Fourth edition, revised by J. E. Dumbleton. London : 
Crosby Lockwood and Son. [Price 25s. net, each 
volume. } 

Permanent Way Material, Plate Laying, and Points and 
Crossings. By the late W. H. Cole. Ninth edition 
revised by Colonel Sir Gordan Hearn. London : 
E. and F, N. Spon, Limited. [Price 12s. 6d. 
net. | 

Department of Overseas Trade. Report on the Financial 
and Economic Conditions in Uruguay, September, 
1927. By The Hon. E. 8. Scorr. London: His 
Majesty’s Stationery Office. [Price ls. net.] 

Naval History in the Law Courts. By WritLIaAM SENIOR. 
London: Longmans, Green and Company, Limited. 
[Price 6s, net.] 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—While inquiries have circulated on 
a moderate scale, business has been on quiet lines. At 
the same time, foggy weather delayed the arrival of 
expected shipping and checked loading operations to 
some extent. Prices, however, show no material altera- 
tion, as colliery salesmen in many cases preferred to 
run the risk of temporary stoppages at the pits rather 
than accept lower figures. Supplies of large and the 
lower grade smalls were excessive, with best Admiralty 
large from 19s. to 19s. 3d. and inferior smalls from 
10s, 6d. The better quality smalls and sized coals, 
however, continued tight and steady, the best bunker 
smalls realising 12s. 6d. to 13s., with dry nuts from 
20s, to 22s, 6d. Shipments of coal as cargo, foreign, in 
the past week totalled 406,280 tons, which was 22,000 tons 
less than in the preceding week. Exports at Cardiff 
were reduced from 316,530 tons to 256,400 tons, and at 
Newport from 75,710 tons to 65,390 tons, but at Port 
Talbot raised from 37,130 tons to 37,820 tons, at Swansea 
from 23,910 tons to 39,820 tons, and at Llanelly from 
4.750 tons to 6,850 tons. Shipments to Argentina, 
Brazil, and France were increased, but to Egypt, Italy, 
Portugal, and Spain diminished. 





Noteworthy Colliery Deal.—An important colliery deal 
was arranged during the past week when the Powell 
Duffryn Steam Coal Company, Limited, offered to acquire 
the Great Western Colliery Company, Limited, on an 
exchange of shares basis, the Powell Duffryn Company 
offering one fully paid 1/. ordinary share for five Great 
Western Colliery 1/. ordinary shares and four fully 
paid Powell Duffryn ordinary shares for five Great 
Western ll. fully paid preference shares. Together 
with the liabilities which the Powell Duffryn Company 
offer to take over, the deal will involve about 1,000,000/. 
The normal output of the collieries owned by the Great 
Western Colliery Company, Limited, approximate 
1,200,000 tons per annum, and of the Powell Duffryn 
Steam Coal Company, Limited, over 6,000,000 tons per 
annum. Shareholders in the Great Western Company 
at a subsequent meeting held at Cardiff passed a resolu- 
tion “that, in view of the serious financial position 
of the company and the impossibility of raising the 
necessary capital, to accept the offer made by the Powell 
Dufiryn Steam Coal Company, Limited.” 


Tron and Steel.—Exports in the past week totalled 
19,896 tons, compared with 21,307 tons in the previous 
week. Shipments of tinplates and terne-plates were 
raised from 8,592 tons to 8,757 tons, and of other iron 
and steel goods from 4,231 tons to 5,866 tons, but those 
of black-plates and sheets were lowered from 3,396 tons 
to 726 tons, and of galvanised sheets from 7,758 tons to 
1,877 tons, 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MipbtessBrovuen, Wednesday. 


The Cleveland Iron Trade.—Cleveland pig iron is not 
over plentiful, and if export business expands to the 
extent expected, some difficulty may shortly be experi- 
enced in meeting requirements fully. Buying of Conti- 
nental iron for consumption in this area has ceased, as 
prices are now higher than those of local products, 
Imports are still coming forward in completion of old 
contracts, but the unloadings have shrunk to small 
proportions. Continental inquiries for Cleveland pig 
are in the market, and there seems some prospect of 
sales to France, Belgium, Germany and Denmark. 
Continued slow but steady development of home trade 
is reported. The bulk of the make is going into direct 
consumption at Tees-side foundries and steelworks, but 
deliveries to other quarters show improvement. Scot- 
land is still buying Cleveland pig. Lronmasters adhere 
very firmly to their fixed quotations. No. 1 grade of 
iron is 67s. 6d.; No. 3 g.m.b., 65s.; No. 4 foundry, 
64s.; and No. 4 forge, 63s. 6d. 

Hematite.—Sales of East Coast hematite iron are on 
a little better scale, both for home purposes and for 





despatch to the Continent, but there is still room for 


much improvement in demand. Supply continues very 
ample, and quotations, while tending upward, are not 
quotably altered. Rates realised keep well below cost 
of production. Buyers as a rule stipulate for iron to 
special analysis, but recognised market rates are still 
ruled by the quotation for mixed Nos., which remains at 
70s. 

Foreign Ore.—While transactions in foreign ore are 
few and small, sellers, in anticipation of supply being 
none too plentiful, are adopting a very firm attitude, 
and are asking rather higher prices than have ruled of 
late. Best rubio is now put at 21s. 9d. c.i.f. Tees. 


Blast-furnace Coke.—Wocal consumers of Durham 
blast-furnace coke are less disinclined to buy than they 
have been, but transactions are still on a moderate scale 
only, and prices realised do not cover cost of make. 
Good medium sorts are 18s. to 18s. 3d., delivered to 
consumers here. 


Manufactured Iron and Steel.—The manufactured iron 
branch of trade presents no new feature of moment. 
Seini-finished steel is selling a little better, but prices of 
foreign commodities, while substantially advanced, are 
still considerably below rates named for the makers of 
this area. Producers of some descriptions of finished 
steel are reported to have arranged a number of con- 
tracts. Consumers who come under the rebate scheme 
are reaping the reward of their attitude in purchasing 
British products only. Common iron bars are 101. 5s. ; 
best bars, 10/. 15s.; double-best bars, 11/1. 5s.; treble- 
best bars, 111. 15s. ; packing (parallel), 71. 10s. ; packing 
(tapered), 101.; iron rivets, 11U. 5s.; steel billets (soft), 
71. 2s. 6d.; steel billets (medium), 7. 12s. 6d. ; steel 
billets (hard), 81. 2s. 6d. ; steel ship plates, 87. 7s. 6d. ; 
steel angles, 7. 17s. 6d. ; steel joists, 7]. 17s. 6d.; heavy 
steel rivets, 82. 10s.; and galvanised corrugated sheets 
(No. 24 gauge), 137. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—In the heavy trades the position 
presents striking contrasts. In some sections order 
books are better filled than for some time past, yet in 
other departments depression exists. Little or no 
change has taken place in steel manufacture, and pro- 
duction generally tends to shrink. Despite continued 
efforts to attract forward business by offering special 
rates to home users, a big quantity of foreign materials 
is going into consumption in the various branches. 
Generally the undertone is hopeful. Foreign competition 
is not so keen, while prices of Continental iron and steel 
show a tendency to rise. The finished trades are booking 
some nice orders. The demand for railway materials is 
larger than for months past. Orders have been received 
for railway wagons, axles, tyres, and springs for South 
American and South African railways, while India is 
in the market for coaches. wagons, and other railway 
rolling-stock. Sheftield hopes to provide much of the 
armour plate for the new battleship to be constructed 
by a firm with a strong local association. Ship steel 
is in sustained demand. A bigger output of electrical, 
mining, irrigation, and other classes of machinery 1s 
going into use both at home and abroad. A slight 
improvement can be recorded in the call for special 
steels, sales of which have for long been adversely affected 
by foreign tariffs. Motor engineers in the Midlands are 
taking big supplies of crankshafts, ignition gear, and other 
motor accessories. Vile and saw makers are not doing 
so well, but those departments turning out engineers 
tools are working overtime in order to cover enlarged 
requirements, 

South Yorkshire Coal Trade—Little or no forward 
buying of the different grades of coal is being entered 
into. Hand-to-mouth purchasing is the order of the day. 
Users are content to wait and see the early effect of the 
Coal Marketing Scheme. Outputs at collieries have 
shrunk in consequence of the restricted demand. A 
reduced tonnage of industrial fuel is going into consump- 
tion, though an early improvement is likely. The 
market for house coal continues well below normal. 
though slightly increased tonnages are being sent to 
London ’and country districts. Blast-furnace coke has 
hardened, while the call for foundry sorts is fairly ood. 
Gas coke is unchanged. Quotations: Best branch 


ha 
ho 
scl 
nu 
De 
9s 


ch 
th 
nu 
bu 


ous 
by 
ves 
Cly 
buil 
are 
at 
wat 
the 
nin 
C 
Tov 
cont 
Stat 
Lim 
S 
the 
whe 
on t 
con 
set 
The 
12. 
add 
for 
tons 
for 
the 
of § 
the 
it is 
has 
Vac 
hop 
outy 
Feb 
ny 


r 


J 


P 
Offic 
E.C 





MARCH 2, 1928.] 








hand-picked, 27s. 6d. to 29s. 6d.; Derbyshire best bright 
house, 20s. 6d. to 21s. 6d. ; best house coal, 19s. to 20s. 6d. ; 
screened house coal, 16s. to 17s. 6d.; screened house 
nuts, 15s. to 16s.; Yorkshire hards, 14s. 6d. to 15s. 6d. ; 
Derbyshire hards, 14s, to 15s. 6d.; rough slacks, 8s. 6d. to 
gs. 6d. ; nutty slacks, 6s, to 7s.; smalls, 3s. to 4s. 6d. 





NOTES FROM THE NORTH. 
GuLasGow, Wednesday. 

Scottish Steel Trade.—There has been little material 
change in conditions in the Scottish steel trade 
this week. Fresh orders are perhaps a shade more 
numerous; but, on the whole, the volume of new 
business falls far short of what is necessary to be able 
to report any decided improvement in the industry. 
In no part of the various works is the output anything 
like near to capacity. Export business is dull, although 
in some cases a few good lines have recently been secured. 
The black-sheet trade is somewhat quieter at the 
moment, and this is being felt most acutely after the 
fairly good run which has prevailed during recent months. 
The heavier gauges are moving slowly, but galvanised 
sorts are in slightly better demand. Throughout the 
whole steel industry there is a decidedly better feeling, 
and the Continental conditions are in some respects 
helping this. Prices current are as follow :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 7s. 6d. per 
ton; sections, 77. 17s. 6d. per ton; and sheets, }-in., 
Sl. 12s. 6d. per ton, all delivered Glasgow stations. 
Galvanised corrugated sheets, 24 b.g., are from 131. 
to 131. 5s. per ton, f.o.b. Glasgow. Consumers under 
the rebate scheme are allowed 10s. per ton on the above 
prices for ship plates and sections. 


Malleable-Iron Trade.—No change for the better can 
be reported in the malleable-iron trade of the West 
of Scotland. Orders on hand are not very heavy, and 
fresh business is as difficult as ever to pick up. In the 
steel re-rolling departments there is a decided shortness 
of orders, and those that are being secured are, generally, 
at rather unremunerative prices. To-day’s market 
quotations are as follow :—‘‘ Crown” bars, 101. 5s. 
per ton for home delivery, and 10/. per ton for export ; 
re-rolled steel bars, 71. 15s. per ton for home delivery, 
and 7/, per ton for export. 


Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland there has been little change in the position. 
The reduced number of furnaces now in blast seem 
quite capable of meeting all demands, although there 
are hopes that an improvement will come along in 
the near future. The following are the current market 
quotations :—Hematite, 74s. per ton, delivered at the 
steel works; foundry iron, No. 1, 75s. per ton, and 
No. 3, 70s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig iron from Glasgow Harbour for the week ending 
Saturday last, February 25, amounted to 654 tons. 
Of the total, 610 tons went overseas and only 44 tons 
coastwise. During the corresponding week of last year 
the figures were 710 tons overseas and 112 tons coast- 
wise, making a total shipment of 822 tons. 


Warship Orders.—The Clyde has been very gener- 
ously treated in the recent destroyer contracts given out 
by the Admiralty, having secured four of the eight 
vessels to be built. Messrs. John Brown and Company, 
Clydebank, are to build two, and Messrs, Scott’s Ship- 
building and Engineering Company, Limited, Greenock, 
are to build the other two. It is interesting to note that 
at the present moment there are already five other 
war vessels under construction on the Clyde, so that 
the four new destroyers will bring the total up to 
nine, 


_, Contract.—The Electricity Committee of Edinburgh 
Town Council have decided to recommend that the 
contract for the steelwork at Portobello Electric Power 
Station be given to Messrs. Redpath, Brown and Company, 
Limited. This firm’s offer was the lowest received. 


Scottish Shipbuilding—New Clyde Record.—Perhaps 
the most interesting features of the past month to all 
who have any connection with the shipbuilding industry 
on the Clyde is the fact that not only have four destroyer 
contracts been received, but that a new record has been 
set up for the output of the first two months of the year. 
he tonnage launched on the river during January was 
12 vessels, of 56,008 tons, and to this has now to be 
added 16 vessels, of 60,751 tons, for February. The total 
for these two months is therefore 28 vessels, of 116,759 
tons, which is a long way ahead of any previous figures 
for the corresponding two months. In the year 1921 
the total for January and February was 32 vessels, 
of 93.431 tons, and that high record has now gone by 
the hoard. While the output lately has been so good, 
\t is regrettable that the number of new orders placed 
has been small. There are, consequently, many 
vacant berths at present, but builders are not without 
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hope that an improvement will come along soon. The 
output from the various districts for the month of 
February is as follows :— 


The Clyde 
The Forth c ‘ a 
The Tay 2 a 


The Dee and Moray Firth ... i 


60,751 tons. 
Gast ss 
3,650, 


16 vessels, 





21 vessels, 69,518 tons. 
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—Sir Westcott Abell has now opened new 
at 101, Leadenhall Street (Rooms 436/7), London, 
e all communications should be sent. 
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NOTICES OF MEETINGS. 





Junior Institution oF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘Some Notes on a 
Recent Visit to the United States of America,” by Mr. 
A. Abbey. Friday, March 9, 7.30 p.m. ‘“‘ Air Com- 
pressors,”’ by Mr. E. 8. Huntingford. 


Institute OF British FOUNDRYMEN: Scottish 
Branch.—Saturday, March 3, 3.45 p.m. Royal Tech- 
nical College, Glasgow. ‘ Scottish Moulding Sands,” 
by Mr. F. Hudson. Lancashire Branch: Saturday, 
March 3, 4 p.m.,' College of Technology, Sackville-street, 
Manchester. ‘Crystallization in Non-Ferrous Castings,” 
by Professor C. H. Desch. 


Hutt ASSOCIATION or ENGINEERS.—Saturday, 
March 3, 7.15 p.m., Technical College, Park-street, Hull. 
“* Theory and Practice in the Engine and Boiler Rooms,” 
by Mr. A. W. Purchas, 

Royat Instirvrion.—Monday, March 5, 5 p.m., 
Albemarle-street, W.1. General Meeting. 5.15 p.m. 
** Wave Mechanics ’’ (Lecture I), by Dr. E. Schrédinger. 
Wednesday, March 7, 5.15 p.m., ‘* Wave Mechanics ”’ 
(Lecture IL), by Dr. E. Schrédinger. Thursday, March 8, 
5.15 p.m. ‘‘ Optics and Chemistry ’’ (Lecture I), by 
Dr. J. J. Fox. Friday, March 9, 9 p.m., ‘‘ The Sun’s 
Outer Atmosphere,” by Mr. E. A. Milne. Saturday, 
March 10, 3 p.m., “The Transformation of Matter ”’ 
(Lecture I), by Sir E. Rutherford. 


INstiITUTE OF TRANSPORT.—Monday, March 5, 5.30 
p-m. Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. ‘‘ Progress in Air Transport,” 
by Air Vice-Marshal Sir W. Sefton Brancker. Western 
Local Section: Tuesday, March 6, 5.30 p.m. The Uni- 
versity, Bristol. ‘‘The Influence of Transport on 
Industrial Development,’’ by Professor W. H. Whyte. 


AUTOMOBILE ENGINEERS: Bristol 
Centre.—Monday, March 5, 6.45 p.m., Merchant Ven- 
turers’ Technical College, Unity Street, Bristol. ‘‘ Notes 
on the Single Sleeve Valve Principle,” by Mr. G. L. Ensor. 
London : Tuesday, March 6, 7.45 p.m., Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘* Automobile 
Steering Gear—Problems and Mechanism,” by Dr. F. W. 
Lanchester. 


INSTITUTION OF 


BRADFORD ENGINEERING SocieETy.—Monday, March 5, 
7.30 p.m., Technical College, Great Horton-road, Brad- 
ford. Lecture: ‘‘ Pulverised Fuel Firing, with Special 
Reference to Lancashire Boilers,’”? by Mr. W. Boon. 


INSTITUTION OF THE RupBBer INDUsTRY.—-Monday, 
March 5, 8 p.m., Engineers’ Club, Coventry-street, W.1. 
‘* Methods used for Determining Abrasion with Particular 
Reference to the Relation between Road Performance 
and Laboratory Results,’ by Mr. L. J. Lambourn, 

INSTITUTION OF CrvIL ENGINEERS.—Tuesday, March 6, 
6 p.m., Great George-street, S.W.1. ‘“ Earth-Pressure on 
Flexible Walls,” by Mr. R. N. Stroyer. “Jetty and 
Pump-House Works at Barking Power-Station,’’ by Mr. 
J. Williamson, Wednesday, March 7,6 p.m. Informal 
meeting. ‘‘ The Effect of Load Factor on Works Costs in 
Electricity Generating Stations,’’ by Mr. J. M. Kennedy. 
Birmingham and District Association: Friday, March 9, 
6.30 p.m., Birmingham Chamber of Commerce, New- 
street, Birmingham. Joint Meeting with Institution of 
Mechanical Engineers, Midland Branch, and Institution 
of Electrical Engineers, South Midland Centre. Annual 
Joint Meeting. Lecture ** Engineering Works in 
India,”’ by Mr. F. Palmer. 


INSTITUTION OF ELECTRICAL KENGINEERS.—WNorth- 
Western Centre: Tuesday, March 6, 7 p.m., Engineers 
Club, Albert-square, Manchester. ‘* Storage Batteries in 
Relation to Modern Supply of Electric Lighting and 
Power,” by Mr. E. C. McKinnon. London : Wednes- 
day, March 7, 6 p.m., Victoria-embankment, W.C.2. 
Wireless Section Meeting. ‘‘ Some Practical Applications 
of Quartz Resonators,” by Mr. G. W. N. Cobbold and 
Mr. A. E. Underdown, 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, March 6, 7.15 p.m., 39 Victoria-street, S.W.1. 
Lecture: ‘‘ Electricity in Coal Mines,’’ by Mr. H. W. 
Ravenshaw. 

Institute OF Metawts.—North-Last Coast Local 
Section: Tuesday, March 6, 7.30 p.m., Armstrong 
College, Newcastle-on-Tyne. Annual General Meeting 
and Exhibition of Metallurgical Preparations and 
Products. London : Wednesday, March 7 and Thursday, 
March, 8. Annual General Meeting. Institution of 
Mechanical Engineers, Storey’s Gate, S.W.1. Wednes- 
day, March 7, 10 a.m. Presidential Address, by Dr. W. 
Rosenhain. ‘* The Deterioration of Lead Cable Sheathing 
by Cracking, and its Prevention.” by Mr. 8. Beckinsale 
and Mr. H. Waterhouse. ‘‘ The Dilatometric Study of 
Light Metals,” by Dr. M. Haas. ‘‘ The Thermal and 
Electrical Conductivity of Some Aluminium Alloys and 
Bronzes,”’ by Dr. E. Griffiths and Mr. F. H. Schofield. 
“The Constitution of’ the Alloys of Magnesium and 


Zine,” by Mr. R. Cltadwick. ‘ Historical Note on 
Density Changes caused by Cold-Working of Metals,” by 
Mr. H. O'Neill. ‘“‘ Season-Cracking of Small Arms 


Cartridge Cases during, Manufacture,’”’ by Major F. 8. 
Grimston. ‘‘ The Ball Hardness and the Cold-Working 
of Soft Metals and Eutectics,” by Mr. F. Hargreaves. 
‘The Behaviour of Metals and Alloys during Hot- 
Forging,” by Dr. W. L. Kent. ‘ Minute Shrinkage 
Cavities in some Cast Alloys of Heterogeneous Structure,” 
by Mr. W. Cowan. ‘‘ Note on the Composition of Old 
Roman Lead,’ by Mr. W. Cowan, Wednesday evening, 





7 p.m. Annual Dinner, Trocadero Restaurant, Picca- 
dilly, W.1. Thursday, March 8, 10 a.m., Institution of 
Mechanical Engineers, Storeys’ Gate, S.W.1. ‘‘ The 








Influence of Dissolved Gases on the Soundness of 70: 30 
Brass Ingots,” by Mr. G. L. Bailey. ‘“‘ The Effect of 
Quenching and Tempering on the Mechanical Properties 
of Standard Silver,” by Dr. A. L. Norbury. ‘“ An 
Example of Roman Copper ‘Soldering’ and Welding 
from Uriconium,” by Dr. J. N. Friend and Mr. W. E. 
Thorneycroft. ‘‘ The Relative Corrodibilities of Ferrous 
and Non-Ferrous Metals and Alloys.”” Part I—‘ The 
Results of Four Years’ Exposure in the Bristol Channel,” 
by Dr. J. N. Friend. ‘The Alloys of Zirconium.—I,”’ 


by Dr. T. E. Allibone and Mr. C. Sykes. ‘‘ On the 
Quenching and Tempering of Brass, Bronze and 
Aluminium-Bronze,” by Dr. 'T. Matsuda. Sheffield 


Friday, March 9, 7.30 p.m., The Univer- 
“Special Alloys in 
by Mr. W. R. 


Local Section : 
sity, St. George’s-square, Sheffield. 
Relation to the Corrosion Problem,” 
Barclay. 

INSTITUTION OF SANITARY ENGINEERS.—Wednesday, 
March 7, 6.30 p.m., Denison House, Vauxhall Bridge- 
road, 8.W.1. ‘ Tidal Rivers and Floods,” by Mr. W. L. 
Jenkins, 

MANCHESTER METALLURGICAL SocieTy.—Wednesday, 
March 7, 7 p.m., Engineers’ Club, Albert-square, Man- 
chester. -‘‘ The Engineering Aspect of the Brasses and 
Bronzes,”” by Mr. W. E. W. Millington. 

INSTITUTION OF HEATING AND VENTILATING ENGINEERS, 
—Wednesday, March 7, 7 p.m., Caxton Hall, Westminster, 


S.W.1. ‘The Manufacture of Malleable Iron Pipe 
Fittings,’’ by Mr. H. R. Hiscott. 
Royat Socrety or Acts.—Wednesday, March 7, 


8 p.m., John-street, Adelphi, W.C.2. Trueman Wood 
Lecture : ‘‘Some Wider Problems of Cosmogony,” by 
Dr. J. H. Jeans. Friday, March 9, 4.30 p.m. ‘‘ The 
Air Routes of India,”’ by Col. I. A. E. Edwards. 


‘Institution oF CHEMICAL ENGINEERS: Thursday, 
March 8, 5 p.m., New Princes’ Restaurant, Jermyn-street, 
W.1. Annual Meeting. ‘‘The Theory of Magnetic Separa- 
tion,” by Prof. B. W. Holman. ‘The Combustion of 
Powdered Coal,” by Dr. B. Moore. Friday, March 9, 11.30 
a.m. Presidential Address. ‘‘ The Economics of Power 
as Applied to Chemical Engineering,”’ by Sir A. Gibb. 
“The Treatment of Effuents from Beet Sugar Factories,” 
by Dr. O. Spengler. Friday evening, 8 p.m., Annual 
Dinner. 

INSTITUTION OF MECHANICAL ENGINEERS: South 
Wales Branch.—Thursday, March 8, 6 p.m., South Wales 
Institute of Engineers, Cardiff. ‘‘ Engineering in the 
Cement Industry,” by Mr. W. K. V. Phillips. North 
Western Branch, Graduates Section: Thursday, March 8, 
7.15 p.m., Engineers’ Club, Albert-square, Manchester. 
‘Locomotive Running Repairs,” by Mr. J. Blundell. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
March 8, 8 p.m., 10, Upper Belgrave street, S.W.1. 
‘““Modern Reinforced Concrete Bridges in France,” by 
Mr. H. E. Steinberg. 

Puysicat Socrety.—Friday, March 9, 5 p.m. Imperial] 
College of Science and Technology, South Kensington, 
S.W.7. Thirteenth Guthrie Lecture : ** Electrodeless 
Discharge through Gases,” by Sir J. Thomson. 

Nortu-East Coast Institution OF ENGINEERS AND 
SurpsuiLpErs.—Friday, March 9, 6 p.m., Mining Insti- 
tute, Newcastle-on-Tyne. ‘‘ Measurement of Power,” 
by Mr. J. S. Brown. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
March 9, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ Examples of Modern Tool Room Prac- 


tice,” by Mr. N. Greenhalgh. 
KEIGHLEY AssocIATION or ENGINEERS.—Friday, 
March 9, 7.40 p.m. Temperance Institute, Keighley. 


** Recent Developments in Precision Grinding Machines,”’ 
by Mr. T. R. Shaw. 








Dictionary OF INDUSTRIAL ADMINISTRATION..—-We 
have received the first part of Pitman’s Dictionary of 
Industrial Administration. This publication, which is 
edited by Mr. John Lee, C.B.E., will be complete in 
about 30 fortnightly parts. It constitutes a compre- 
hensive encyclopedia of the organisation, administration, 
and management of modern industry. Each part con- 
tains some 48 pages, and is priced at 1s. 3d. net. The pub- 
lishers are Messrs. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. 


Tue Late Mr. E. Jackson.—We regret to note the 
death on February 25 last, at his home, 45, Shooter’s 
Hill-road, Blackheath, London, S.E.3, of Mr. Edward 
Jackson, who was for some years Port Engineer, Karachi, 
India. The son of the late Rev. James Jackson, M.A., 
Mr. Edward Jackson was born in 1845, and served his 
pupilage partly in the engineering works of the Great 
Western Railway Company, at Swindon, and partly on 
the port and harbour maintenance and improvement 
works at Dover, under the Government engineer. Upon 
completing his period of training he was appointed 
assistant engineer on the Hartlepool Harbour works, 
and was employed for some years in carrying out break- 
water extensions and supervising dredging operations. 
Subsequently Mr. Jackson was engaged on port and 
harbour works in many parts of the world. Among 
other works, he constructed a concrete graving dock at 
Singapore, and was afterwards engaged on the laying 
out and construction of Ceara Harbour, Brazil. He 
eventually became Port Engineer of Karachi, India, a 
position he continued to occupy until his retirement. 
Mr. Jackson became an associate member of the Institu- 
tion of Civil Engineers on April 14, 1874, and was elected 
to full membership on December 23, 1879. 
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35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


at = ames 7% WESTRAND, 
ONDON. 


ADDRESS : 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 
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SECONDARY STRESSES. 

| Papers and treatises innumerable dealing with 
the design of steel bridges have been published 
during the last few years, but of these exceedingly 
few have made any reference whetever to the actual 
behaviour of such bridges under traffic. It is, in 
fact, very much easier to be logical than to be right. 
In most cases the hypotheses of the mathematical 
theory of elasticity are assumed to hold good, and 
are used almost exclusively as the basis for such 
conclusions as may be reached in the text. Thus, 
in a paper read some time since before the American 
Society of Civil Engineers the author declared 
roundly that he had “ proved” that weight for 
weight a statically determinate structure was always 
stronger than one which was statically indetermi- 
nate, whereas if he had condescended to think 
instead of merely to calculate, he would have been 
struck by the fact that the compression chord of 
every modern truss bridge is always made continuous 
over the panel points. This continuity necessarily 
involves redundancy and indeterminateness, yet 





there is no single bridge engineer, even those who 
insist most strongly on the importance of avoiding 
secondary stresses, who would revert to the practice 
at one time tried in the States, of splitting up these 
compression chords into segments, pin-connected 
at each panel point. In fact, whe. compelled to 
observe instead of merely to reason, even the 
most extreme advocates of the importance of 
secondary stresses invariably fail to be consistent. 
Thus, in a highly interesting address, containing 








much valuable data about important bridge work 
now in progress, which Professor J. Husband 
delivered last year to the Yorkshire Association of 
the Institution of Civil Engineers, the remark was 
made that “ Quite recently opinions have been 
advanced that these secondary stresses, if they 
exist at all, are probably so small a fraction of the 
primary stresses as not to be worth considering.” 
Unfortunately, Professor Husband gave no indica- 
tion as to where, or by whom, this opinion had been 
expressed. It is possible, but hardly conceivable, 
that anyone capable of discussing secondary stresses 
at all, should be so ignorant of actual facts as not 
to know that secondary stresses quite frequently 
—indeed, commonly—exceed the primary stresses. 
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The real argument against attaching great import- 
ance to secondary stresses was, in fact, not mentioned 
by Professor Husband. It is not that the secondary 
stresses are small but that experience has proved 
them to be negligible in ordinary bridge work. 
Professor Husband states that in the case of Pratt 
and Warren girders, the secondary stresses may be 
from 15 per cent. to 35 per cent. of the primary 
stresses, and that in special cases this figure may be 
increased to 50 per cent. or 60 per cent. Such 
figures, no doubt, seem high, but they pale into 
insignificance when compared with the secondary 
stresses encountered round rivet holes or in the 
heads of eye bars. In these cases the secondary 
stresses amount to, say, 200 per cent. of the primary 
stresses. These are universally ignored even by the 
most logically-minded of computers. If asked to 
explain why he thus strains at the gnat of 15 per 
cent. and swallows the camel of 200 per cent., the 
academic computer would probably reply that 
experience had proved that the latter were not 
dangerous. 

In answer to the further question, which naturally 
arises, as to why he attached such importance to 
much smaller secondary stresses, the only explana- 
tion offered is that calculation shows that these 
stresses exist ; but not a single instance has yet been 
brought forward to show that any bridge disaster 
has ever been due to these secondary stresses. 
Moreover, it is not merely calculation which shows 
that secondary stresses of the order of 200 per cent. 
of the primary exist round rivet holes, but this 
deduction has been confirmed by actual experiment. 
Hence, any consistent advocate of the importance 











of secondary stresses must consider these to be 
even more serious than those referred to by Professor 
Hudson, which have been determined only by 
approximate methods. 

In the foregoing we have taken the term secondary 
stress to mean a stress arising from redundancy, but 
it must be remembered that a redundant structure 
is not merely one in which, according to the 
classical expression, the number of bars minus 
six is more than three times the number of the 
joints. Redundancy arises whenever a pin joint 
is replaced by a riveted one, and, in fact, friction 
necessarily introduces a certain degree of redun- 
dancy into even a pin joint. The characteristic 
feature of secondary stresses, as defined above, is 
that if excessive they will be relieved by the plastic 
flow of the overstrained metal. On the other hand, 
such stresses as may arise in the bracing of a strut, 
and which were responsible for the collapse of 
the first Quebec bridge, would not be classed as 
secondary on the above definition. 

Adopting this definition, the practical unimport- 
ance of secondary stresses in ordinary bridge work 
was very clearly demonstrated by the experiments 
of Mr. J. S. Wilson and Professor Haigh, described 
in a paper read in 1922 at the Hull meeting of the 
British Association. In this case a specimen of 
structural steel pierced with a small hole was sub- 
jected to a pulsating stress, and its endurance proved 
to be the same as that of an unpierced bar. Both 
theory and actual experiment have shown that in 
this case the secondary stresses were about twice the 
primary, so that the total stress at the edges of the 
hole was about three times the average stress on 
the specimen. Further support for the practical un- 
importance of secondary stresses is afforded by 
the experience of steam. turbine builders. There 
have been cases, both at home and abroad, in 
which turbine wheels have, by oversight, been 
speeded up far in excess of their designed rate 
of revolution. As a result of the enormous centri- 
fugal forces thus developed, the diameter of the 
central hole has stretched perhaps as much as } in. 
straining the metal far beyond its elastic limit. 
Nevertheless, the stresses in such a wheel being 
highly indeterminate, the overstrained fibres have 
merely passed over the excess to less heavily loaded 
neighbours. The wheels have not burst, and both 
in England and on the Continent, such wheels 
after reboring and bushing, have been set to work 
again, and have subsequently given no cause for 
anxiety. There have, of course, been some disastrous 
failures of turbine wheels, but these have in most 
cases been due to disc vibration in which alternating 
stresses are involved. 
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The companies which insure boilers and machinery 
against breakdown include amongst their officials 
men with a very thorough knowledge of stress 
computation, and these have at times very com- 
plicated problems to solve. In all these cases, 
however, conclusions reached by computation on the 
basis of the mathematical theory of elasticity are 
constantly checked by comparison with experience. 
It is, for example, a commonplace, that according 
to the mathematical theory the stress at the bottom 
of a crack is infinite, yet Mr. C. E. Stromeyer, for 
long chief engineer to the Manchester Steam Users 
Association, has declared that as he gained more 
and more experience he had become less and less 
afraid of cracks. Numerous cases are, in fact, 
reported by these insurance companies in which 
cracked shafts have run for years, but, of course, 
they are carefully watched, and the shaft con- 
demned and replaced at the first indication of any 
dangerous spreading of the crack. 

It may, no doubt, be contended that a machinery 
failure can hardly ever be catastrophic, as may well 
be the collapse of a bridge, and that therefore greater 
caution is demanded from the designer of bridges. 
This may be true, but a defective ship is probably 
even more dangerous than a defective bridge, and 
all the great registration corporations pay little 
or no attention to secondary stress, whilst they do 
attach the utmost importance to the teachings of 
experience. All we suggest is that a similar course 
should be followed by those responsible for the 
design of our steel railway bridges; and that if 
experience shows that secondary stresses are 
unimportant, whilst calculation indicates that they 
may be high, it is the calculation that should be 
scrapped and not the experience. 

A striking example of the wrong way of dealing 
with permissible working stresses on steel was 
provided by the instructions given to the committee 
appointed by the Indian Government to report on 
the size and number of sleepers required for different 
types of railway. These instructions laid it down 
that the stress on the rail must not exceed 10 tons 
per square inch, a value which had simply been 
derived from the inner consciousness of some 
prominent official. Once the inquiry was started it 
was found that the limit stated was greatly exceeded 
in ordinary service conditions without any sign of 
injury to the rail. If Lloyds or one of the great 
insurance companies had had to undertake such an 
investigation, it may safely be asserted that they 
would have commenced the work by first determin- 
ing what stresses were actually attained in service, 
and only after this knowledge was attained would 
they have attempted to fix a suitable working stress. 

In one other direction many English engineers 
have shown a disposition to undervalue experience 
in the behaviour of bridges under traffic. The 
plate girder originated in this country, and though 
its designers may not have shone as computers 
judged by modern standards, they were exceedingly 
sound mechanics. They used small angles and wide 
flanges, which were very efficiently stiffened at 
the outer edges. The plates and angles being thin, 
very sound riveting was secured even in field work. 
and the bridges in question have had an extraordin- 
arily good service record. Nevertheless, when 
the British Standard Specifications were prepared, 
the whole of this experience was ignored, and the 
recommendations for proportioning plate girders 
were, for all practical purposes, simply copied direct 
from American specifications. These were based 
upon a much shorter and less varied experience 
than was available here. Quite properly, the 
American specifications were drawn up to suit 
American conditions, where skilled labour was 
scarce and expensive, and where it was therefore 
important to reduce handling and riveting to a 
minimum. For this reason, it was provided that 
a very large proportion of the total flange area 
must be provided by the angles; sizes of 8 in. by 
8 in. by } in., being not uncommon. The flange 
plates were also narrow and heavy. Thick angles 
and plates require, however, very powerful machi- 
nery to ensure good riveting, and in field riveting 
lead to many loose rivets. No explanation has ever 
been given by those responsible for the British 
Standard Specifications as to why the experience of 
our railway companies was so completely ignored. 








The plan has recently been advocated of giving 
an initial deformation to a structure, so that under 
full load the secondary stresses due to the rigidity 
of joints or to other causes shall be eliminated 
under full load conditions. Certainly, this pro- 
cedure can hardly do harm, and it does provide 
occupation for the computer. Whether, however, 
it will result in stronger bridges for a given weight 
is by no means certain. As matters stand, very 
few bridge members are free from initial stresses. 
If, for example, an attempt be made to form a 
deep T by cutting off one flange of an I beam, 
the result may not unfairly be compared with the 
Street that is called Straight in Damascus. Unless 
the secondary stresses to be relieved are considerably 
greater than those due to such internal stresses, it 
is difficult to see the prospect of any material gain. 
So far as tension members are concerned, it may 
safely be asserted that no benefit will result from 
the procedure in question. Whether any good will 
accrue in the case of compression members is more 
difficult to answer, and will depend largely upon 
the homogeneity and freedom from initial strains of 
the material employed. All built up bridge mem- 
bers are by the very act of riveting subjected to 
heavy internal stresses. The inexperienced work- 
man who rivets up one side of a flange before 
starting on the other, finds that the holes on this 
second side no longer register, the side first riveted 
having been stretched in the process. 

A minor objection to the importance attached 
in some quarters to secondary stresses is the 
laborious character of the computations necessary. 
In an informal discussion on secondary stresses, 
held at the Institution of Civil Engineers in 1925, 
Mr. J. S. Wilson, in the course of a very inform- 
ative and thorough examination of the question, 
humorously suggested that a secondary stress 
might be defined as any stress which took more 
than a week to calculate. Of course, if these 
stresses are as important as some assume, this 
drawback must be faced, but the onus of proof that 
they are important lies on the shoulders of those 
who maintain this proposition. As illustrating 
the lengths to which some computers are prepared 
to go, Mr. Wilson quoted from a paper presented to 
the American Society of Civil Engineers by Mr. C. V. 
von Abo, in which the recommendation was made 
that an arithmometer should be used so as to carry 
the computation to ten significant figures. 

As is common knowledge, experiments are now 
being made by the Ministry of Transport in order 
to determine by direct measurement the stresses 
existing in railway bridges. This is, of course, 
quite a proper subject for investigation, but the 
research will most certainly require supplementing 
by a record of the behaviour of the bridges under 
traffic. As already noted, direct measurement has 
shown that the secondary stresses round a simple 
hole in a wide bar may raise the maximum 
stress to three times the average, yet in spite of 
these measurements, no one so far proposes to use 
them as bases for tabulating permissible working 
stresses. 

In this connection we are inclined to disagree 
with the late M. Rabut, the very able and eminent 
French engineer, who was the first to make really 
reliable measurements of the stresses in bridge 
members under service conditions. He found 
that the calculated and the observed stresses were 
in better accord in the case of Vierandeel girders 
than in truss bridges, and on this basis suggested 
that the Vierandeel was the better of the two types. 
A bridge is, however, not built in order to secure an 
agreement between calculated and observed stress, 
but in order to carry its load with safety. There 
‘an be little difference between the calculated and 
observed stress in a bar under simple tension of 
known amount, but there may be great discrepan- 
cies between the two in a bending test of a solid 
steel beam. The latter has, in fact, a reserve of 
strength which the former does not possess. “The 
very fact that the stresses in M. Rabut’s trusses were 
in poor accord with calculation may, in fact, have 
been due to these trusses having a reserve of 
strength which was absent in the case of the rival. 
If, for example, the effect of the floor of a bridge is 
ignored in calculating stresses, then considerable 





discrepancies between observed and calculated 





deflections are always apparent: but the bridge 
is really stronger than were there a closer accord 
between the two. The facts in respect to the 
secondary stresses round holes show, very con- 
clusively, that observed or measured stresses are 
not necessarily a true criterion of actual factors 
of safety, and, in many cases, only tests to 
destruction or prolonged experience can fix the 
true significance of the measurements now being 
made by the Ministry of Transport. 





TECHNICAL INSTITUTIONS. 


Many or most industries have at present a 
considerable interest in the extent to which technical 
institutions can supply youths with the education 
they have not received at school and cannot expect 
in the daily work of the shop. In their earlier days 
the work of such institutions was confined almost 
entirely to night classes ; but in recent years there 
has been a marked extension not only of the total 
number of their students, but also of the proportion 
who take whole-time courses. At the recent 
Annual Meeting of the Association of Technical 
Institutions it was stated that there are now 850,006 
students at technical institutions, of whom 100,000 
are whole-timers. The organisations of these institu- 
tions show the utmost variety, and as yet it cannot 
be said that any final relation has been worked out 
between their function and those of the works. 
Individual bodies have elaborated their own 
methods and practised them with success, but no 
system has emerged which is accepted as suitable 
generally to the purposes of industry. To some 
extent it is likely that the most appropriate system 
for a given industry will always depend not only on 
the nature of the industry but on local conditions. 
The matters that remain moot points among 
those concerned in this branch of education seem to 
indicate that it is still feeling its way, and in most, 
or all, industries its activities are not yet wholly in 
phase with industrial needs. 

The proceedings at the recent Annual Meeting of 
the Association of Technical Institutions illustrated 
this situation. The association is singular in that it 
is composed :partly of the principals of technical 
institutions and partly of lay representatives of their 
governing authorities. It may well be that ulti- 
mately its constitution may provide also for the 
co-ordinate representation of the industries into 
which their students are to enter, but in the 
meantime the inclusion of laymen both in the 
membership and on the Council of the Association 
gives its proceedings a special interest, as repre- 
senting not merely the academic but also the 
practical aspect of this form of education. The 
recent meeting, which was attended by a crowded 
membership under the chairmanship of Lord Riddell, 
the retiring President, had to consider a number of 
papers, each of which gave evidence of its practical 
intention. These papers dealt not only with 
commercial education, both in whole-time and part- 
time courses, but also with technical education for 
the building trades, the boot and shoe industry, the 
profession of architecture, and the Royal Air Force. 
They are of interest in their bearing on their respec- 
tive subjects, but in addition the consideration of 
them as a whole suggests some aspects which appear 
to be common to all technical education. 

The situation of the boot and shoe industry is an 
excellent example of the position, well recognised 
throughout the engineering trades, in which manu- 
facture of a whole article by hand is being super- 
seded by the mechanical production of parts and the 
restriction of the task of the large part of the workers 
to individual operations. In this industry, as In 
the engineering trades, the consequence is that the 
ordinary work of the shop very seldom gives an all- 
round knowledge of the trade, and must be preceded 
or supplemented by some training outside the shop 
if the necessary supply of all-round men is to be 
maintained. In the boot and shoe industry It 
appears to be found that a sufficient training can be 
given in a three-years’ evening course of two evenings 
a week for the usual session of about 26 weeks, each 
evening being devoted half to theoretical instruction 
and half to practical work. The practical instruc- 
tion is confined to one complete section of the 
industry, but the theoretical instruction extends to 
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all branches of it, and enables a student to pass 
readily and intelligently from one operation in the 
workstoanother. Theschool does not, indeed, under- 
take to train process operatives, for these can best 
learn their work in the factory itself. It gives its 
students a knowledge of the basic principles involved 
in all processes, and, so trained, they are said to be 
found suitable for learning rapidly and undertaking 
any process. In this way the needs of the works 
are served, while the individual is saved from being 
restricted to a single process or a blind-alley occupa- 
tion. An interesting experience of this institution 
is that its teachers, who are taken from the works, 
are found themselves to gain a valuable precision 
of thought in the process of teaching, which not only 
benefits the students who learn from them after- 
wards—no reference is made to the students whom 
they taught in their early days—but also their own 
command of the subject. 

Both the function and the limitation of technical 
education are, however, seen more clearly when it 
is applied to more complex occupations. An 
essential part of its function is of course to supply 
the students with fundamental knowledge; but 
when the students’ objective is a complex vocation, 
such for example as that of the architect, it becomes 
apparent that the amount of knowledge required 
for doing justice to the vocation is a great deal 
more than any one student can acquire. The work 
of the architect, for example, includes the use 
of constructions and materials which may require 
wide scientific or technical knowledge if they are 
to be used successfully or even safely. Neverthe- 
less, as Mr. T. P. Bennett, F.R.I.B.A., remarks 
in his paper on the training of the architect, science 
must always take a subordinate part in architec- 
tural education. In a typical syllabus he gives of 
a whole-time day course for three years, science, 
chemistry and mathematics receive three hours 
a week between them for the first year. In the 
second year science, which includes chemistry, 
physics, mechanics and electricity, has one hour a 
week between all of these subjects, sanitation one 
hour a week, construction two hours, and struc- 
tural steel work two hours. In the third year 
science and sanitation have each one hour, and 
structural steel work and reinforced concrete two 
hours between them. Plainly the knowledge so 
attained is far short of what would be necessary 
to enable an architect to discharge his responsible 
duties without the help of those who have studied 
the subject more thoroughly. Only failure can 
occur if, in practising his often beautiful art, the 
architect takes on his own shoulders the prescription 
of work he does not sufficiently understand. This 
limitation of what a student can learn in a technical 
education suggests a second and not less important 
part of his training. He must not only learn the 
fundamental facts of what he can learn thoroughly, 
and acquire the skill necessary to apply them, but 
he must become familiar with the geography of the 
entire subject. He has to realise what does, and 
what does not, lie within his own competence, to 
learn where he must apply in order to supplement 
what he knows, and to understand enough of the 
subject to be able to receive intelligently the 
information and data which, for example, engineers 
may give him. He must, in fact, learn the scope 
of other people’s knowledge, and its place in the 
circle of the arts with which he is associated. 

Perhaps the most interesting paper presented at 
the meeting under notice, because it gives the most 
comprehensive picture of what is needed in a crafts- 
man’s education, was that read by Colonel Ivor 
Curtis, the Educational Adviser to the Air Ministry, 
on Education in the Royal Air Force. This educa- 
tion extends to all branches of the Force. The 
Association, it may be observed, has arranged to 
supply reprints of this paper post free on prepay- 
ment of 6d. per copy or 4s.6d. per dozen copies, to- 
its Honorary Secretary, Dr. Schofield, at the 
College, Loughborough. Colonel Curtis gives a 
fascinating account of what seems to be a peculiarly 
ficient education, evolved during the last ten 
years. The system was begun with a clear recogni- 
tion of the fact that superfluous or ill-directed educa- 
ton must have a deplorable effect both on moral 
and on service efficiency, and the problem to be 
‘olved was how to provide the force not only with 


appropriately educated officers, but also with the 
basic tradesmen, fitters, carpenters, sheet-metal 
workers, electricians, and metal-riggers for all-metal 
aeroplanes who should combine technical competence 
with the alertness of mind and ready initiative 
required for the Service. 

Among the mo-e conspicuous of the measures 
taken for these several purposes, is the aircraft 
apprentice scheme, under which about a thousand 
boys are recruited every year. The scheme was 
found necessary because even in times of bad trade 
enough skilled craftsmen were not available from 
civil works, and in addition both the nature of the 
service, and the peculiar liability of its materials 
and methods to change, require craftsmen with an 
unusual adaptability. At first it was proposed that 
apprentices should be taken for a five-years course, 
but the cost of this measure was at the time found 
to be prohibitive ; and it was then suggested that 
the necessary technical training could be absorbed 
in a shorter time by boys who had already had a 
secondary education than by those who entered 
at a lower educational level. On this basis the 
scheme was put into operation eight years ago. 
Some 7,000 boys have been under training, of whom 
more than 4,000 have passed out into the Service ; 
and as a result of this experience it appears that the 
expectations formed when the scheme was instituted 
has been borne out in practice. The boys are put 
into workshops in the camp to which they are 
attached, and at the same time attend school for 
eight hours a week. Here they learn as much 
mathematics, drawing and science as may be 
practicable and suitable in view of their occupation 
in the works, with two hours a week of practical 
laboratory work and two hours of general study, 
intended particularly to widen their knowledge at 
the same time as it improves their powers of thought 
and expression. 

The shortness of the time devoted to this educa- 
tion is said to be compensated by the care given to 
fit the technical instruction to the apprentice’s 
needs. The education, indeed, is not restricted to 
what is learnt in the school and the shops. Other 
institutions in the camp help to develop the best 
qualities of its inmates. Accepting Colonel Curtis’s 
judgment on the results already obtained, the 
scheme seems to show that for the best results a 
technical education must also, to adopt an old- 
fashioned term, be a liberal education. 





BRITISH SHIPPING. 

THE act of His Majesty the King in appointing 
H.R.H. The Prince of Wales to be Master of the 
Merchant Navy and Fishing Fleets has been received 
with marked approval. The Nation owes a great debt 
to the Mercantile Marine, for the manner in which 
it carried out the hazardous duties involved in the 
maintenance of supplies, and in the essential 
auxiliary services at sea, in war-time. Respect for 
their abilities as seamen was won by its personnel, 
and where co-operation with the vessels of the 
Royal Navy was necessary, the highest praise was 
bestowed upon them. In peace, as in war, the 
merchant navy performs its work, often calling 
for the exercise of the greatest skill and determina- 
tion, with a devotion worthy of its great traditions. 
It was a particularly happy decision that the 
Prince of Wales should be appointed to be the head 
of the service, and it has given much satisfaction 
that he was willing to accept the post and undertake 
the duties involved. His motto, Ich Dien, describes 
well the spirit of every section of the British 
Mercantile Marine. 

Since the termination of the European War, the 
shipping industry has been carried on against great 
difficulties, economic as well as political. Freight 
rates, and their variation during the last few years, 
were amongst the many subjects reviewed in the 
annual report of the Chamber of Shipping of the 
United Kingdom, which was presented at the annual 
meeting in London on Wednesday, February 22, 
In this excellent summary, it is shown how freight 
rates fluctuated violently during the year 1926, 
but steadied down during the past twelve months. 
It was still doubtful, however, whether the earnings 
of tramp shipping sufficed to cover expenses and 








depreciation. Compared with 1913, tramp freights 


were, on an average, 19-7 per cent. higher in 1927, 
but the various items of expenditure showed 
increases between 15 per cent. for coal and 80 per 
cent. for wages. A comparison, with the 57 per 
cent. increase on pre-war railway freights, afforded 
further information of how the shipping industry 
was sacrificing itself to meet the needs of inter- 
national trade and to win back to prosperity all 
classes of British industry. Liners were in very 
much the same position as tramp vessels, regarding 
expenses and remuneration. 

Representatives of industry, of consumers and of 
finance, from fifty countries in all parts of the 
world, gathered at Geneva in May last, to attempt 
a diagnosis of the economic disabilities of the 
present time. It was recognised that one of the 
greatest hindrances to recovery was the national 
imposition of trade barriers, and schemes were 
submitted for discussion and agreement regarding 
their removal. In this movement shipowners 
co-operated, because any barriers which restrict 
trade, tend to reduce the demands for tonnage and the 
increase in the number of these barriers, since the 
European War, has been largely responsible for the 
shipping depression. Flag discrimination has been a 
cause of trouble but will disappear when the 
Maritime Ports Convention of 1923 is finally ratified 
and carried into effect, a tardy process in the case 
of some of the sea-trading countries. 

Outside of the shipping industry, the causes of 
trade depression must be sought for, since the 
efficiency and safety of vessels at sea was greater 
now than at any period, and thus the facilities were 
available for the transport of whatever industry 
could produce. British exports in 1927 were 8 per 
cent., or 56,000,0007. more than in the preceding 
year. There are thus hopeful signs of the begin- 
nings of better times and more stable conditions 
in the great shipping industry. Once again ship 
construction is increasing, the figure for the year 
1927, 1,580,000 tons, being twice that for 1926. 
The tonnage laid down, or completed, in any year 
must be regarded as the index of the anticipations of 
the ship owners, and the signs afforded by the 
figures can only be taken as a good augury for the 
future. In the last quarter of 1927 the tonnage of 
ships under construction in the world was 3,119,000 
gross. Of this the British figure was 1,580,000 or 
over one-half. Germany contributed about one- 
seventh, Italy one-seventeenth and Holland, France 
and Sweden came, in that order, next on the list. 

Progress in new fields during the last year has 
been marked by the laying down of the keel for the 
first British passenger liner making use of electric 
transmission. Motor ships formed a large part of 
the new construction. This type of tonnage in- 
creased by 22 per cent. in 1927, while the steamship 
tonnage decreased by 3 per cent. Pulverised coal 
is now receiving consideration; shore experi- 
ments with it have been conducted in Britain, 
but the United States Shipping Board has already 
equipped one of its vessels for the actual use of this 
type of fuel. Safety demands, at present, that the 
coal must be pulverised on board immediately before 
firing. Were the difficulties associated with the 
bunkering of powdered fuel overcome, much pro- 
gress might be made in its application, with advant- 
age to both the shipping and the mining industries. 
Wireless direction finding has been demonstrated 
to be of great value in safety and time-saving, 
and rapid progress is being made in its application. 
In the last six months of 1927, no fewer than 140 
ships were equipped with the requisite apparatus, 
and wireless beacons are now in operation on many 
shores. Many of the provisions regarding safety, 
embodied in the “Titanic” Safety Convention, 
will come under review this year, for the British 
Government propose to call another conference on 
the subjects involved. These subjects cover the 
subdivision of ships, boats and life-saving appli- 
ances, wireless telegraphy and collision regulations. 
Excessive and conflicting regulations regarding 
the construction and equipment of ships consti- 
tute a definite trade barrier. Greater uniformity 
is necessary, and it is hoped that proposals accept- 
able to all the great maritime nations of the world 
may be discovered, and, when agreed to, ratified. 
At the conclusion of the European War there were 





some who thought that the British Government 
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should retain the ownership of the merchant vessels 
they then possessed and operate them in com- 
petition with those privately owned. Sir William 
Seager, in his presidential address to the Congress 
last week, showed very clearly that the decision of 
the Government to dispose of their ships was very 
wise. Other countries, he pointed out, did not act 
in this way and their taxpayers were now bear- 
ing a quite unnecessary burden. American ship- 
owners have advised the United States Government 
that the maintenance of State shipping was bad for 
the country and was not calculated to achieve the 
object of encouraging the building up of a great 
American mercantile marine. Apart from the 
immense capital cost, the United States had in 
seven years incurred losses of 56,000,000/. The 
operation of a State fleet of merchantmen was always 


- a disturbing element, injurious to shipping under all 


flags and a handicap to normal commercial develop- 
ment. The Governments of Canada and Australia 
had also experimented in State ownership with 
corresponding losses, and now the Australian fleet 
was, happily, to be disposed of. As compared with 
the disastrous experiences of countries engaging 
in State ownership of merchant vessels, the British 
privately-owned ships had been able, in spite of 
competition, and all the other troubles, to contri- 


‘bute to the credit side of the British international 


trade balance-sheet a sum estimated by the Board 
of Trade at 140,000,000/. 

Inter-Imperial communication is a vital question 
to the Empire. Consistently, demands have been 
made by various representative bodies for more rapid 
transport. Unfortunately, it is not always recog- 
nised that speed can only be obtained at a price, 
and that it is, ultimately, the volume of trade and 
its ability to pay, which justifies and determines it. 
In Australia, the recent relaxation of the Navigation 
Act, permitting British liners to carry passengers 
between the various ports, has not been taken 
advantage of, because of the threat of industrial 
troubles. The restrictions regarding coastal shipping 
in the Commonwealth were very damaging to every 
interest, but, in spite of the demands of many 
influential organisations, the Government has 
decided that it is not expedient to abolish them. 
Similar restriction of coastal traffic is an item in 
the programme of the Indian Federation of Chambers 
of Commerce. 





FATIGUE PHENOMENA. 


THE last of the series of three Cantor lectures, 
dealing with ‘‘ Fatigue Phenomena, with Special 
Reference to Single Crystals,” was delivered by 
Dr. H. J. Gough, of the Engineering Department, 
National Physical Laboratory, at the Royal Society 
of Arts, John-street, Adelphi, London, W.C.2, on 
Monday evening, February 27. Dr. Gough dealt 
at some length with the characteristics of de- 
formation of single crystals of zine, aluminium, 
tungsten, brass, and iron, under static forces, 
and then passed on to a consideration of the be- 
haviour of single crystals of aluminium under 
fatigue stresses. He stated that the first accurate 
study of the deformation of single metallic (zinc) 
crystals was described in a paper by Mark, Polanyi 
and Schmid, published in December, 1922. Three 
months afterwards, Taylor and Elam described the 
results of their famous experiment on the distortion 
of an aluminium crystal under static tensile straining. 
These investigations had been followed by many 
others. In 1926, as a result of some compression 
tests, on large single crystals of iron, Pfeil had 
concluded that iron deformed, by shear, on 112 
planes in the 111 d-rection. The characteristic 
forms of slip bands, however, varying from straight 
lines to a wavy, branched formation, which forms 
had been familiar for many years, were difficult to 
reconcile with slip on any one set of parallel planes. 

In 1926, Taylor and Elam* published the results 
of tension and compression tests made on iron cry- 
stals supplied by Edwards and Pfeil. These two 
authors decided that the evidence was strongly 
against the hypothesis that distortion was caused 
by slip on two crystal planes. They suggested 
that the nature of the slip bands produced could 
be explained on a new hypothesis, namely, that 





* Proc. Roy. Soc., vol. 112, page 337 (1926). 
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under a shearing stress, the crystal divided itself 
into rods, the axes of which were parallel with the 
slip direction; these rods could move relatively 
to each other in this direction only. This suggestion 
was demonstrated by an ingenious model, which 
illustrated that a type of deformation could be 
produced, which, while in accordance with the 
results of the distortion tests made on the actual 
crystals used in the research, also produced slip 
bands, the shape of which varied from a series of 
straight parallel lines to a maximum degree of 
waviness. 

Turning to the behaviour of single crystals under 
fatigue stresses, Dr. Gough remarked that the 
majority of the work done, at the National Physical 
Laboratory, on this subject, had been carried out 
using single crystals of aluminium. Continuing, 
he stated that under all the ranges of stress investi- 
gated, slip bands always resulted from the first 
applications of stress, however small the magnitude. 
The limiting fatigue range, under reversed direct 
stresses, depended to some extent on the orientation 
of the crystal, but, as the result of experience of a 
very large number of tests, the minimum value 
of the fatigue range could be evaluated at + 0-75 
tons per square inch, in terms of resolved shear 
stress. If a crystal were stressed at a safe range 
of stress, and its surface examined at various 
stages, it would be found that the rate of production 
of fresh slip bands diminished quickly with repeti- 
tions. After a comparatively small number of 
cycles of stress, no fresh slip would appear, and 
the specimen would exhibit a state of elastic 
hysteresis, which could persist, apparently, indefi- 
nitely. A number of tests had been carried to 100 
million reversals without any further slip or other 
signs of fracture. If the applied range of stress 
should exceed the limiting range, then again the rate 
of production of slip diminished with repetitions. 
Usually, however, fresh slip was still appearing at 
the time of actual fracture. Hence, it was apparent 
that the safe range of stress in a crystal was not a 
state of primitive, but of acquired, elasticity, as was 
the case with an aggregate. 

Metals ordinarily consisted of a large number of 
small crystals, of differing orientations, and the 
size of which was usually such that 1 cubic inch 
would contain a million or more crystals. It was 
hoped, eventually, to estimate the effect of the 
intercrystalline boundaries by successive studies of 
the fatigue properties of large single crystals, then 
of specimens consisting of two, four, and increas- 
ingly greater numbers of crystals. Little had yet 
been accomplished, but some results possessed 
interest. In one experiment, a specimen consisting 
of three large crystals had been fatigued under 
alternating torsion. In general, the slip bands 
observed were similar in all respects to those obtained 
in the case of single crystals. Where two neighbour- 
ing crystals did not differ appreciably in orientation, 
the slip bands continued, in most cases, right up 
to the boundary. At the junction of crystals of 
differing orientation, a ‘shielding’ effect was 
noticed, the majority of the slip bands stopping 
short of the boundary. The fracture was entirely 
trans-crystalline, and, where it spread into neigh- 
bouring crystals, it intersected the boundaries 
nearly at right angles. This experiment was of a 
preliminary nature only, but it indicated that the 
differences between the behaviour of the specimens 
and of a single crystal were principally due to the 
differing orientations of the constituent crystals 
rather than to any particular property of the 
boundary as an entity. 

Referring to the present position of the theory 
of the fatigue of metals, Dr. Gough stated that there 
was no reason for pessimism over the fact that a 
fundamental theory had not yet been developed. 
This was not surprising in view of the fact that the 
quantitative studies of the behaviour of metallic 
crystals under static and fatigue stressing had all 
been made during the last five and a-half years; 
moreover, some of the phenomena encountered 
were entirely unexpected. With the research 
appliances now available, it would be possible in 
time to evolve a fundamental quantitative theory 
relating to the atomic structure itself ; a less funda- 
mental theory was neither acceptable nor desirable. 
In other words, it was now recognised that fatigue 








failure was merely a special case of the general 
problem of the cohesion of matter and must be 
treated as such in a perfectly general manner. 
Furthermore, it was now becoming apparent that 
if a complete understanding could be obtained of 
three main phenomena, namely, the cause of the 
low initial strength of crystals, and the mechanism 
and consequences of slip and of strain hardening, 
the main problems of fatigue would be solved. 
Much experimental work had necessarily to be 
accomplished and was, in fact, being actively 
pursued. A consideration of recent work sufficed 
to show that although the study of the behaviour 
of plastic single crystals might seem an academic 
and indirect method of approaching the mechanism 
of the failure of engineering parts, such as crank- 
shafts, gear wheels, and turbine discs, yet this path 
might be the shortest, and might, in the end, lead 
to the desired goal, 1.e., a fundamental knowledge 
of fatigue phenomena. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS ; NORTH - WESTERN 
BRANCH. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held at the 
Engineers’ Club, Albert-square, Manchester, on Thurs- 
day, February 16, 1928, when Major W. Gregson 
read a paper entitled “Waste Heat Recovery.” 
This paper was read at the Institution in London on 
the following evening, and an account of the subsequent 
discussion was given in the issue of ENGINEERING 
for February 24, page 233. We commenced to reprint 
the paper itself, in abridged form, on page 241 of the 
same issue, and the concluding part is reproduced on 
page 272 of this issue. The chair at the Manchester 
meeting was occupied by Professor W. H. Watkinson. 


THE UTILISATION OF WASTE HEAT. 


Mr. Daniel Adamson, in opening the discussion, 
observed that he thought it was better, when stating 
temperatures, to give Fahrenheit as well as Centi- 
grade. If both were given, it would be helpful to 
the steel works engineer or chemist and to steam 
engineers. It would perhaps have been better also, 
if the B.Th.U. had been given per lb. of gas as well 
as, or instead of, per cubic foot as in Fig. 2, and 
Table If. The author had spoken in some places of 
heat “lost” in passing through the boiler, but as he 
had shown them, it was not lost, but recovered. 
He suggested “heat absorbed” rather than “ heat 
lost.” The water-tube boiler was quite unsuitable 
for the higher gas velocities which were desirable in 
recovering waste heat from a medium which had not 
got very much of that quality. High velocities being 
essential, it was of interest to an audience in Manchester 
—where Dr. Nicolson had some years ago carried out 
experiments which had proved the old-established 
theories of his predecessors, Perry, Stanton, and Os- 
borne Reynolds—to know that at last there was a 
possible application on commercial lines of those 
theories, which, in Nicolson’s time, had not been so 
readily applicable as under the conditions which 
Major Gregson had mentioned. 

Mr. Adamson went on to say that he thought the 
recovery of waste heat was not a doubtful question. 
If anybody had any doubts at all, the paper gave 
sufficient data to dispose of them. An indirect advan- 
tage would be that, as these examples became better 
known by users, steel works managers would begin 
to appreciate many details which at present were 
neglected, and which could easily be improved, not only 
to the direct advantage of waste heat recovery, but also 
for their own benefit. For example, the paper gave 
some figures for temperatures and CO, percentages. 
The author stated that those figures were obtained 
when the waste heat gases were leaving the regencrators, 
but ought to have said they were the figures at the 
chimney base, because between leaving the regenerators 
and arriving at the chimney base the gases had to pass 
certain valves in which considerable air leakage could 
take place. If this leakage could be avoided, the fan 
power would be considerably reduced, and the evapora- 
tion from the waste heat boilers increased. Later on 
reference had been made to soaking pits and reheating 
mill furnaces. There again, the steam per ton of steel 
would be very much improved when managers appre- 
ciated the advantage of stopping air in-leakage. 

Dr. T. B. Morley said that Mr. Adamson had made a 
remark with regard to fan power in connection with 
such plants as the author had described, and had re- 
ferred also to the interest in Manchester of an appliance 
utilising the principle of high-speed flow. He would 
simply say that, though admiring the results described 
by Major Gregson, there were other appliances of a 





somewhat different nature aiming at the same end, and 
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using somewhat similar means. High speed of gas 
flow was certainly a condition which could be adopted 
with very great success when proper design was asso- 
ciated with it. While fan power was an essential to 
any scheme using gases flowing at high speed, that fan 
power need by no means be excessively costly. He had 
one plant in mind, where the expenditure of power 
in the fans for getting very high gas speeds was about 
2 per cent. of the output of the appliance under con- 
sideration. 

The recovery of the heat from exhaust gases of engines 
was of greatinterest. In the paper an example referring 
to the recovery of heat from the exhaust of an engine 
fired with blast furnace gas had been given. He 
thought the 100 per cent. excess air on which that 
calculation had been based was somewhat high, and 
the amount of heat available in the gas was somewhat 
higher than was likely to be the case in actual practice. 
In consequence, the result deduced from the assump- 
tion—that the steam per brake horse-power hour of the 
engine was 2-2 lb.—was rather high. If an engine were 
inefficient and was discharging a very large proportion 
of the heat into the exhaust, it was possible to generate 
with that exhaust a very large amount of steam. Whilst 
he considered the figure of 2-2 lb. of steam per brake 
horse-power hour rather high, he thought that those 
given for exhaust heat in marine oil engines were 
moderate. 

Mr. T. A. Tomlinson said that waste-heat recovery 
plant had served a very useful purpose in the gas-works, 
and had also influenced the gas-works practice in itself. 
In the early days of continuous vertical retorts waste 
heat had been recovered by the air for combustion, 
which had been passed round the base of the retort, 
and picked up the residual heat of the charge. The 
next stage occurred when it was required to pass steam 
through the charge to make water gas in the same retort. 
It had been found that the steam itself cooled the coke, 
so recovering the heat, and passing it up inside the 
charge in a very efficient manner. Then, as more steam 
was required the furnace gases were maintained at a 
higher temperature, with a higher temperature gradient 
between them and the charge, and all or part of that 
heat could be recovered in the form of steam for 
the purpose of steaming the charge in the first place, 
generating power in the next place, and, in the third 
place, having a surplus of steam for the other gas- 
works processes. For the new gas-works at Stoke, the 
power for the mechanical operation of the plant had 
been obtained at well under 3d. a kilowatt hour. In 
this plant over 10,000 lb. of steam per hour had 
been raised, of which some 3,300 lb. were required 
for the gas-making process, and some 3,100 Ib. 
for power generation, leaving over 3,500 Ib. for 
other purposes in the works. On a good many plants, 
the saving in fuel alone enabled the boilers to be paid 
for in some two years working. 

Colonel Carr, referring to his experience in the 
recovery of waste heat in gas-works’ processes, said 
he could endorse the figures given in the paper, though 
the author had rather erred on the safe side for recovery 
in horizontal retort settings. The highest recovery was 
3-55 lb., and the lowest was 2-98 Ib. of steam per pound 
of fuel used in the producers. Was the fuel used in the 
producers given as carbon, or was it coke as charged, 
with ash content, or was it given as ash carbon? He 
knew that with coke as charged, as high a figure as 4-2 lb. 
of steam per pound of coal had been achieved with 
horizontal retorts. The coke in that instance was fed 
hot to the producers, and therefore there was no 
allowance for moisture such as would be the case if 
the coke were fed after being quenched. 

_ In retort settings, the great trouble was that of 
infiltration of air. It was absolutely essential in waste 
heat recovery to keep down excess air. In retort 
settings where there were regenerating flues, and access 
to those flues was provided for cleaning purposes, the 
difficulties were enhanced, and it was necessary to 
have the flues, &c., all absolutely sealed. He believed, as 
4 means of increasing efficiency in waste heat recovery. 
that it was desirable that flues should as far as possible 
be stecl-cased. Brickwork flues could not be relied 
upon to give high efficiency in waste heat recovery. 
Protection must be taken against air infiltration to 
keep down the excess air contained in the gases. 

Mr. A. Orton said the figures given in the section of 
the paper dealing with oil engines were moderate, and 
agreed very closely with practice, 7.e., the calculations 
: the saving obtained agreed with what could actually 

obtained. 

Mr. Fred Jones said there seemed to be rather a 
es notion regarding regeneration on furnaces. 
- thought that regenerators were put in chiefly 
rll high furnace temperature. Temperature 
than “sa a aoe were really more important 
in Wwe - iciency from the heating point of 
eal ‘Aen there was the best possible regeneration, 

was still ample heat left in the waste gases for 
; These gases 
be in such a condition that they were valuable 


utilisation in the waste heat boiler. 
should 


for use in a waste heat boiler. Air infiltration occurred 
through leaky dampers and leaky valves. Damper 
slots, for instance, were exposed to the full difference 
between atmospheric pressure and the chimney 
draught. He had taken some results from six different 
furnaces with varying coal consumptions. The actual 
coal consumptions per ton of steel had ranged from 
34 cwt. to 7 cwt., and he had estimated the value of the 
steam in terms of coal saved by the waste heat boiler, 
and subtracted this figure from the gross coal consump- 
tion. It had been surprising to find that the difference 
or net coal consumption per ton of steel had come out 
at from 3-2 ewt. to 3-6 cwt. Taking Major Gregson’s 
figure of 2,000 Ib. per ton of steel, and adding 
to that 500 Ib. raised from the re-heating furnaces 
and soaking pits, he found that if steam were used 
in a modern turbo-generator, using 16-5 lb. per 
kilowatt-hour., 150 kw.-hr. of steam would be generated 
per ton of steel. This was more than sufficient to 
roll the steei and to drive all the mill auxiliaries. 
Another point was that waste heat boilers added 
to a furnace usually made the steel works people 
pay more attention to the furnace. 

Mr. George Adamson said that many speakers had 
mentioned air infiltration. When considering the 
installation of a waste-heat boiler on an existing plant, 
it was very necessary to stop up all the holes before 
taking readings. The explanation of increased output 
was that it was not necessary to rely upon weather 
conditions ; if there was a fan to provide a draught, 
it did not matter how many damp days there were. 
Major Gregson had mentioned one thing which he 
(Mr. Adamson) had not seen before. That was the 
installation of waste-heat boilers for low-pressure work 
at the back of high-pressure boilers, in place of air 
heaters and economisers. He had always understood 
that air heating had a double effect: It not only 
recovered some of the heat in the waste gases, but it 
also improved some of the combustion conditions in 
the boiler furnace and so improved the efficiency. Mr. 
Adamson said he would like to ask Major Gregson if, in 
addition to his waste-heat boiler at the back, he would 
put on an air heater, and, if so, whether he would put 
it in front or at the back of the low-pressure boiler. 

The heat lost in an open-hearth furnace was shown to 
be about 40 per cent. to 50 per cent. of the heat in the 
coal. A waste-heat boiler would get back about 
50 per cent. of this loss and the boiler would be paid 
for in about two years. One firm he knew was saving 
65,000 tons of coal a year by means of waste-heat 
boilers. That particular firm about 5 years ago had 
been shut down because it had not been able to compete 
with the Continent. Now it was beating the Continent 
in price. 

Mr. Waring said that Fig. 1 of the paper showed 
author’s ideal. steel works plant. On the right of 
the blast furnaces gas cleaning plant was indicated. 
He supposed that the only reason for that was to 
give clean gas to the gas engines, so that they could 
run without constant repairs to valves? Presumably 
that gas cleaning plant would be bulky, expensive, 
and its upkeep would be heavy. Wouldit not be a more 
economical proposition to have steam turbine-driven 
blowers for the gas furnaces? In that case, gas- 
cleaning plant would not be needed, and he thought it 
had been proved definitely that the ordinary boiler 
was very easy to maintain. The author also proposed 
to have a mixture of gas consisting of that coming from 
coke ovens and that coming from blast furnaces. Was 
that mixture as efficient as the producer-gas which was 
used at the present time ? 

Mr. E. Spencer Wilkinson said that the author, had 
mentioned the two-stage boiler proposition, comprising 
two Babcock & Wilcox boilers, followed by an ordinary 
fire-tube boiler. He had further mentioned that the 
efficiency of that installation was higher than that 
obtainable with the ordinary boiler economiser and 
air heater. Perhaps he would give them the definite 
efficiencies in each case, the method of firing, and 
the final outlet temperatures of the gases as they 
were rejected to the chimney. It seemed evident that 
if those gases were passing through a fire-tube boiler, 
they must leave at a much higher temperature than 
would be obtained with the ordinary economiser and 
air heater combined, because in the fire-tube boiler 
heat was being transmitted into a medium ata high 
temperature with a consequent lower mean tempera- 
ture difference. That was not the case with the 
combined economiser and air heater, where the corre- 
sponding outlet temperature was lower and the 
mean temperature difference was higher. All other 
things being constant, this meant that the outlet 
temperature to the chimney gave the measure of the 
efficiency of the plant : the lower the outlet temperature 
the greater the efficiency. In those circumstances, 
it seemed reasonable to suppose that the economiser 
and air heater would have the better efficiency. 
Major Gregson, in replying, said he fully realised the 
difficulties due to using a combination of the Centigrade 


gas engineers thought of gas in the Centigrade scale, 
and mechanical engineers of steam in the Fahrenheit 
scale, he thought his compromise was the probable 
most workable system of any. Referring to 
the heat losses between regenerator outlets and 
boiler inlets, the only solution was an_ air-tight 
system of steel flues. He agreed with Dr. Morley 
that there were methods of heat recovery other 
than by steam raising, but the system of com- 
bined air and feed water heating, referred to by Dr. 
Morley was more applicable to boiler practice than to 
furnace waste gases. He had found that 100 per cent. 
excess air was a fair figure for large blast-furnace 
gas engines operating at full load, his tests ranging 
over a considerable number of makes, all operating at 
rated efficiency. With a lower excess air content 
combustion in the cylinders suffered. In comparing 
the gas engine recovery results with oil engine practice, 
it must be borne in mind that the Diesel cycle was 
essentially more efficient than the explosion cycle, and 
this, coupled with the lower-grade gases at the exhaust 
manifolds, accounted for the lower recovery figure. 

Major Gregson then reminded the meeting that 
Colonel Carr’s extremely good recovery figures—well 
above average horizontal retort practice—were due 
to the care taken by him in putting in his collecting-flue 
system. He agreed with the remarks of Mr. Jones. 
The steam taken by the producers depended, of course, 
largely on the type and nature of the desired gas and on 
modern units would be as low as 0-5 Ib. per Ib. fuel. 
With regard to two-stage steam generation, he re- 
gretted that he had not made it clear that air-heaters 
were to be used when necessary, e.g., when firing 
pulverised fuel, the performance of the low-pressure 
boiler being regulated to suit individual designs. Even 
without air-heaters, the gases leaving the low-pressure 
boiler would be lower than those leaving an economiser 
under similar conditions, as the water in the latter was 
worked up to full boiler temperature, and not the 
temperature corresponding to the low-pressure steam 
system. The reason for cleaning the blast-furnace gas 
was to get the best results on the hot blast stoves, and 
to mix with the coke-oven gas for transmission as a 
metallurgical gas. Furthermore, with hot uncleaned 
gas, gas-engine blowers could not be used, and the best 
all-round thermal efficiency on the scheme, as a whole, 
involved gas-engine driven blowers, and turbo-genera- 
tors for power. If only the blast furnace section was 
under consideration, i.e., the steel plant eliminated, 
circumstances would favour the turbo-blower. Regard- 
ing fluctuating gas requirements for furnace work, 
these would be adequately met from the “‘ mixed gas ”’ 
holder. 








INSTITUTION OF NAVAL Arcuirects.—The Council of 
the Institution of Naval Architects have invited Adiniral 
of the Fleet the Right Hon. Lord Wester Wemyss, G.C.B., 
to succeed His Grace the Duke of Northumberland, K.G., 
as president of the Institution. The election will take 
place at the opening of the annual general meeting at 
the Royal Society of Arts on March 28 next. 








THE PHILADELPHIA MoTor SHow.—A short report on the 
twenty-seventh motor show held at Philadelphia, from 
January 14 to 21, has been prepared by the Department of 
Overseas Trade, based on information furnished by the 
acting British vice-consul at Philadelphia, and issued to 
firms whose names are on its special register. United 
Kingdom firms, desirous of receiving a copy of this 
report, should communicate with the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 





ContrActs.—Messrs. The British Thomson-Houston 
Company, Limited, Rugby, have secured a contract 
for two double-cylinder 25,000 kw., 3,000 r.p.m., turbo- 
alternators required for the new power station which is 
to be erected at Kirkstall. The turbo-alternators are 
rated at 35,714 kv.-a., 10,500/11,500 volts, three-phase, 
50 cycles ; and the turbines are designed for a working 
steam pressure of 450 lb. per square inch gauge, and a 
temperature of 750 deg. F. The total value of the con- 
tract is 176,504/.—Messrs. Sir W. G. Armstrong, Whit- 
worth and Company, Limited, have secured a contract 
from the Southern Railway Company for the construction 
of 14 six-wheeled tenders. The work will be carried out 
at the Scotswood Works, Newcastle-upon-Tyne. 

TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
particulars and information relating to this may be 
obtained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—The commercial secretary at Constanti- 
nople has forwarded a copy of the specifications and 
conditions of payment, &c., relative to the construction of 
a pontoon bridge across the Golden Horn at Oun Kapan. 
A date of three months as from January 31 last 
has been fixed upon for the receipt of offers of materials. 
(Ref. No. AX.5960).—The Electric Supply Department 
of the Town Council of Pretoria is inviting tenders for 
the supply, delivery and erection of two boiler feed pumps, 
tanks, &c., and a complete system of piping for station 
extensions. (Contract No. 5). Tenders to reach Pre- 





and Fahrenheit scales, but so long as metallurgical and 





toria by April 26. (Ref. No. AX.5967). 
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LABOUR NOTES. 


Monpay’s conference at Manchester between the 
cotton trade employers and employees made some 
progress towards adjustment of the differences that 
have arisen, although one question of vital importance 
apparently still divides them. During the meeting 
which lasted for about four hours, the parties exchanged 
a number of communications. Towards the end, the 
operatives asked the following questions :—(1) Have 
you withdrawn the clauses from your report regarding 
reduced wages and increased hours? (2) If so, what 
is your intention with regard to the committee of 
inquiry ? What is to be its constitution and terms of 
reference ? (3) What powers will it have to ascertain 
all the facts ? 





In reply, the employers stated—‘‘ We have to say 
that we have withdrawn the recommendations for a 
reduction of 25 per cent. on piece price lists and an 
increase in working hours to 52} per week. We have 
not withdrawn the question of investigating the effect 
of present wages and hours upon our competitive 
power. The terms of reference we suggest should be 
to examine and report upon the following questions :—- 
(1) The effect of finance; (2) the effect of taxation, 
local and imperial ; (3) the effect of hours and wages ; 
(4) the effect of trade union restrictions; (5) the 
effect of finishing charges; and (6) the effect of 
marketing and shipping. We should collaborate with 
you in ascertaining any facts which may be mutually 
agreed upon as being germane to the question. The 
constitution of the committee of inquiry would be ‘a 
accordance with that originally suggested, namely, 
12 representatives of each side. Its powers would be 
voluntary upon both sides and would depend upon 
mutual agreement.” According to the official report 
given out at the close of the meeting, the operatives 
asked for time in which to consider the employers’ last 
proposal, and it was agreed that the conference should 
be adjourned until Monday next. 





The Ministry of Labour states that on February 20, 
1928, the number of unemployed persons on the regis- 
ters of Employment Exchanges in Great Britain, was 
1,136,700, of whom 816,000 were wholly unemployed, 
253,100 temporarily stopped, and 67,600 persons 
normally in casual employment. Of the total number, 
910,600 were men, 36,200 boys, 155,400 women, and 
34,500 girls. On February 13, 1928, the number of 
unemployed persons was 1,159,772. Of these, 830,132 
were wholly unemployed, 262,855 temporarily stopped, 
and 66,785 persons normally in casual employment ; 
925,611 were men, 37,621 boys, 160,046 women, and 
36,494 girls. On February 21, 1927, the number of 
unemployed persons was 1,196,059, of whom 955,348 
oy men, 33,091 boys, 171,646 women, and 35,976 
girls. 





In the House of Commons on Monday, Mr. T. Shaw 
raised the question of the Washington Hours Conven- 
tion on a vote in Committee of Supply for the Civil 
Services. His proposal to reduce the amount was 
negatived after discussion by 214 votes to 98. In the 
course of the debate, Sir A. Steel-Maitland, the 
Minister of Labour, said that he thought quite clearly 
that they ought to press for revision. The convention 
for which they should press was a convention the prin- 
ciples of which were the principles of a 48-hour week, as 
contained in the Washington Convention. They would 
have to embody in a workable convention those points 
which were raised in London, and one or two others, 
perhaps, which were still under consideration. He was 
convinced that that was the right course to pursue. 
If they took that line, he did not believe there was 
really any fundamental difference between them and 
France, if he understood aright the position the French 
Government were adopting. 





i Sir A. Steel-Maitland said he was also convinced that 
'¢ Tepresentatives of British industry, both employers 
and employed, ought, if possible, to be able to speak 
with one voice at the International Labour Office 
Doves at Geneva. For his part, he thought it was 
a ‘terest to do so. He hoped they would do so, 
adem progress upon practical lines must very largely 
a nc on their being ready to do this. He had reason 
a that this would prove possible, as he had been in 
a - with both sides on the subject. The represen- 
— 8 _ both sides knew his views quite well, and they 
Ps ‘hat he had been absolutely frank with both of 
. The employers, he had reason to hope, would 
sewtics _ to sit down with him to help work out a 
a onvention, but they made the proviso that 
— - was decided on—in other words, they felt that 
ol » ashington Convention did not fit in with the 
a ' industry, and could not be made to fit them, 
sept by revision. The representatives of the Trade 


Union © ‘i 
u n Council would, he hoped, also sit down with 
um and help, 


A conference has been arranged for March 15, in 
London, to discuss the application of the engineering 
trade unions for wages advance of 8s. per week. The 
Joint Committee, of which Mr. J. T. Brownlie, the 
president of the Amalgamated Engineering Union is 
chairman, will represent the men, and the negotiating 
committee of the Engineering and Allied Employers’ 
Federation, the employers. 





According to the Times correspondent at Canberra, 
Mr.- Bruce, the Commonwealth Prime Minister, has 
indicated to the representatives of labour the subjects 
which, he thinks, might profitably be discussed by 
the proposed conference on industrial peace. These 
include :—The present economic position of the primary 
and secondary industries, with particular reference to 
their ability to compete in oversea markets; the 
increase of production on a sound economic and social 
basis; the present distribution of the proceeds of 
industry between those taking part in production, and 
methods of removing any unfairness found to exist ; 
the control and management of industry, and the ques- 
tion of giving employees a share therein; methods by 
which greater security of employment can be guaranteed 
to all classes of workers. Mr. Bruce suggests that 
these and other questions should be referred to sub- 
committees for consideration, and report to the full 
conference. 





The Australasian Council of Trade Unions has 
informed Mr. Bruce that it can accept the invitation 
to the conference only conditionally on the absolute 
withdrawal of the Amending Arbitration Bill and the 
endorsement of all the employees delegates to the 
conference by the Council. In a covering letter, the 
Council says it considers the Amending Bill a declara- 
tion of war on the trade union movement, and as long 
as it remains it would be an affront to the movement to 
attend the conference. Moreover, Mr. Bruce’s many 
refusals to assist in the settlement of disputes and to 
relieve unemployment, make the Council doubt the 
sincerity of the conference proposal. No virile and 
active organisation can attend such a conference while 
confronting it is a measure of coercion and oppression. 
The Council’s insistence on its right to endorse the 
employees’ delegates is obviously intended, the corre- 
spondent adds, to enable it to debar delegates of the 
Australian Workers’ Union, with which it is irrecon- 
cilably at war. Ai 

The proposals of the Joint Dyers’ Executive for em- 
bodiment in a new agreement, to take the place of that 
which expired on January 13 have been rejected by 
the Allied Association of Bleachers, Dyers, Printers and 
Finishers. These called for an extension of the 
principles of collective piece-work, already in operation 
in certain sections of the industry, to all sections, and 
that where. this was done the timeworkers’ wages 
should be increased. ‘‘ Owing to the very diverse 
conditions and circumstances obtaining in the various 
sections,” the employers say, ‘ there is no hope of the 
Allied Association of Bleachers, Dyers, Printers and 
Finishers finding itself able on this matter to conduct 
negotiations on any of your proposals with any prospect 
of a solution. The committee have every desire to see 
and assist any extension of piece-work that sections 
or individuals might find themselves able to establish, 
but they have not the power to call upon sections or 
individuals to establish piece-work where they consider 
themselves unable to do so.” 





The conditions laid down by the General Council 
of the Trade Union Congress for the discussions on the 
subject of industrial peace with the Mond group of 
employers, are officially stated to be as follows :—(a) 
That the first matter to be explored should be the 
authority and powers of the respective parties; (b) that 
no discussions should be entertained which might 
trespass on the functions of the existing machinery 
of the trade unions and employers ; (c) that discussions 
were carried on ‘“‘ without prejudice”; (d) that 
the objects should be a review of general principles 
connected with the economic situation and with 
matters common to industry generally. 





A writer in the Industrial Review, the organ of the 
General Council of the Trades Union Congress, declares 
it to be a perversion of the facts to describe these joint 
conferences with the employers’ group as a plan to 
get “ industrial peace.’’ What is implied in the use of 
this phrase is, he says, that the representatives of trade 
unions are plotting with the employers to betray the 
workers and to bind their organisations, to take away 
the right to strike, and to stereotype existing conditions 
in industry. How anybody outside Bedlam could be 
misled by such distortions of a perfectly plain and 
straightforward application of the principle of collective 
bargaining as the General Council is engaged upon, is 
more than he can understand. The General Council is 
applying on behalf of the workers in all industries and 


trades, the principles every union does on behalf of its 
own members in particular industries and trades ; 
it is discussing with employers the general questions 
involved in the reorganisation of industry and the 
development of industrial relations, which individual 
unions or groups of unions find to be outside the scope 
of their normal activities. 





‘“‘ There is,’ he proceeds, “no question of making a 
pact with employers which will bind the workers : 
there is no question of bartering away the right to 
strike ; there is no question of committing the unions to 
some secretly formulated policy which they have had 
no opportunity of considering ; there is no question of 
usurping the authority of the unions, or of trespassing 
upon the ground where they operate, or of interfering 
in their negotiations with employers. This is, one 
might hope, a sufficiently comprehensive refutation of 
the allegations that have been made. It covers also 
the objections that have been urged on the ground that 
the employers’ group with whom the General Council is 
discussing the general problems of industry have no 
representative authority to settle anything. There is a 
ridiculous self-contradiction among those critics who 
denounce the General Council as if it were conspiring to 
deliver the workers bound hand and foot to capitalism, 
and in the same breath describe the joint discussions 
as futile because neither the General Council nor the 
employers’ group have any authority from their 
organisations to enter into any agreement at all. 
The simple truth is that joint discussion under the 
conditions which govern our meetings with the em- 
ployers’ group will carry us farther, and in my opinion will 
yield better results, than formal and binding discussions 
could possibly do.” 


At the end of January, 10,236 members of the Boiler- 
makers and Iron and Steel Shipbuilders’ Society were 
signing the books as compared with 11,667 at the 
end of December. The number in receipt of super- 
annuation benefit was 4,201 as compared with 4,141, 
and the number in receipt of sick benefit 3,055 as 
compared with 3,144. The expenses for January 
amounted to 10,4071. 14s. 1d. 

In the February issue of the Monthly Report of the 
Boilermakers’ Society, Mr. Hill, the General Secretary, 
says :—‘* We have always had our active spirits in the 
Trade Union Movement, giving their time and their 
energy to accelerate the pace of progress. For these 
men [ have the highest respect. Like the willing horses, 
they get all the work todo. They lead the van as shop 
stewards and branch officers, and from their ranks the 
national leadership is drawn. To-day, however, we 
have a new section of active spirits who are out, 
not to build, but to destroy. The suffering and 
distress of the last six years have left an atmosphere 
of dissatisfaction amounting almost to despair, and 
the unscrupulous leaders of that section are exploiting 
the honest aspirations of this unfortunate mass of our 
troubles. The leaders of this section have no theory 
of their own. They are the agents of another country 
which is desirous of smashing both the industrial and 
the political organisations of the workers in this 
country, as they are now constituted.” 








Mr. Hill goes on to declare that where the activities 
of this group have been successful, “ the unions have 
been brought to the verge of ruin, and the members 
have been reduced to starvation wages and conditions.” 
“Tt was this section,” he says, “‘ which forced the 
engineering trades to submit a claim for 20s. advance 
four years ago, when our more moderate claim could 
have been enforced if it had not been conceded. . . . 
I have sufficient knowledge of our members to know that 
they have no desire for a bloody revolution in this 
country where, if every trade unionist paid his farthing 
a week and recorded his vote for his brother candidate, 
the workers would have a majority on every local 
authority and in the governing body of the nation. 





The Rome correspondent of The Times states that 
after long negotiations between representatives of the 
Fascist Confederation of Industry and the Confedera- 
tion of Fascist Syndicates, for the conclusion of a new 
labour contract concerning the metallurgical trade, an 
agreement was reached, anil the contract, after being 
submitted to the Duce’s approval, was formally signed. 
The new contract has 37 clauses and deals with the 
minimum wages of workers employed in the metallur- 
gical trades, the division of the various categories of the 
metallurgical industry and of the workers engaged in 
it, and other questions affecting the workers, such as 
their yearly paid holiday, insurance, &c. The agree- 
ment is said to be of the highest importance, both 
from a labour and a political point of view, since it is 
the first contract covering fully an entire industry to 
be concluded since the Fascist Labour Charter was 
issued, and it gives practical application to many of the 
general principles contained in the charter. 
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ENGINEERING TRAINING AND 
EDUCATION. 


The Electrical Standardising, Testing and Training 
Institution.—This Institution, which is commonly 
known as Faraday House Electrical Engineering 
College, has published a well-illustrated booklet giving 
particulars of its electrical-engineering course. It may 
be remembered that a feature of this four years’ 
course is that the second and fourth years are spent 
in gaining practical workshop experience in one of 
the works affiliated to the college. In the case of the 
second -year students, the works chosen are primarily 
engaged in mechanical engineering, while, in the fourth 
year, the student has a choice either of electrical manu- 
facturing or of electricity supply. This is a system 
which has both its advantages and disadvantages, but 
of its excellence as applied at Faraday House, readers 
of the publication under notice will be left in no doubt. 
The college grants a diploma, which is accepted by the 
Institution of Electrical Engineers as exempting from 
the associate-membership examination, and students 
are also prepared for the London University engineer- 
ing degrees. The address of the College is 62-70, 
Southampton Row, London, W.C.1. 

Student Membership of the Institute of Metals—The 
Council of the Institute of Metals has recently drawn 
our attention to the privileges enjoyed by student 
members of the Institute. This class of membership is 
intended for young metallurgists below the age of 23. 
The student member has no voting power, but in all 
other respects his position is identical with that of a 
full member. The student member pays an annual 
subscription of one guinea only, whereas a full member 
pays three guineas. Again, the entrance fee for 
students is one guinea, as compared with two guineas 
for full members. At the present moment, the majority 
of the student members of the Institute come from the 
metallurgical and engineering departments of the 
universities. The Council hopes, however, that a 
greater number of young metallurgists who are quali- 
fied for student membership will join the Institute 
during the coming year. A special invitation is ex- 
tended to young men studying in the technical colleges, 
or working in metallurgical and engineering establish- 
ments. Application forms for student membership 
may be obtained from the secretary of The Institute 
of Metals, 36, Victoria-street, London, 8.W.1. An elec- 
tion is to take place on April 11 next. 

The Institution of Electrical Engineers.—The next 
examination for associate membership of the Institu- 
tion of Electrical Engineers will be held on May 23, 
24, and 25 next. Candidates must be either students 
or graduates of the Institution, or have lodged with 
the secretary a duly completed form ‘ E ” for election 
as associate member. Entry forms for the examina- 
tion, which must be returned not later than April 1 
next, and full particulars regarding election to member- 
ship, may be obtained from the Secretary, The Institu- 
tion of Electrical Engineers, Savoy-place, Victoria- 
embankment, London, W.C.2. 

The Institution of Gas Engineers.—Candidates for 
membership, associate membership, and studentship 
of the Institution of Gas Engineers, who desire their 
application to be submitted to the Council at their 
next meeting, are requested to forward their forms of 
proposal to the secretary of the Institution, 28, Gros- 
venor-gardens, London, S.W.1, not later than March 10 
next. The Council propose to submit the terms of the 
application for a Royal Charter to a special meeting of 
the Institution on April 3 next, after which admission 
to the Institution will be by examination only. 








SoutHampton Docks.—While Southampton has been 
a busy trading centre for many centuries, the modern 
port may be said to date back to 1803. In that year 
the building of docks was first contemplated, It was 
not, however, until 1836 that the Southampton Dock 
Company came into being, and work on the first dock 
was commenced in 1838. This, the outer dock, was 
opened in 1842; the inner dock was completed in 1851. 
Coming down to more recent times, the Empress dock 
was opened in 1890 and the deep-water dock in 1912. 
The 1928 edition of ** Southampton Docks,” a handbook 
giving detailed particulars regarding the accommodation 
and equipment of that undertaking, has recently been 
published by the Southerr Railway Company. Compiled, 
as before, by Mr. H. N. Appleby, the book is well turned 
out, containing a number of excellent plates and maps. 
In the section headed Extension of Southampton Docks, 
it is stated that a commencement has been made with 
the scheme for the extension of the docks and town of 
Southampton. The scheme involves the reclamation of 
407 acres of mud-land in the bay on the River Test, about 
two miles long, and extending from the Royal Pier 
upstream to Millbrook Point. The first section of the 
scheme, that upon which work has been commenced, 
provides for 3,500 ft. of quay, developments in connection 
with the remodelling of Southampton West station, 
the erection of a bridge to replace a level crossing, the 
laying of two additional sets of rails between Southamp- 
ton West and Millbrook, and a considerable proportion of 
the reclamation, 
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OBLIQUE ROLLING OF SEAMLESS 
TUBES. 


Forty years ago, the brothers Mannesmann, Reinhard 
(who died 1922) and Max, of Remscheid, demonstrated 
that when the two rolls of a tube mill were placed 
obliquely to the hot round steel bar, which they gripped 
between them, the bar would be urged forward in a 
helical path, and that the internal strains set up would 
tend to wear down the core of the bar and to work it 
into a hollow tube of irregular internal surface. In 
order to obtain thin tubes, smooth internally, and to 
facilitate their production, the bar was run against a 
conical mandrel, which entered the hollow formed and 
served a sa stationary internal bearing for the further 
rolling. Though the first seamless Mannesmann tube 
mills, opened in 1888, were not successful, the Mannes- 
mann oblique-rolling process, in its various modifica- 
tions, has been widely adopted, and has revolutionised 
the manufacture of seamless tubes from hard metals. 
The mistake made in the early stages was the attempt 
to produce long finished tubes in one operation. The 
modifications proposed, even in the earliest Mannesmann 
patents, showed how a short tube made by the oblique- 
rolling process should be lengthened and worked down 


Fig.2. 


Fig.1. 
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by ordinary rolling or die-drawing. The oblique rolls 
were originally provided with a few spiral grooves to grip 


the bar; later the rolls were made conical or double- | 
conical. Other rolls used were not circular in section, but | 


longitudinally grooved so as to grip the bar only during | 
part of a revolution, the bar, in such cases, being first | 
urged forward and then drawn back a little. This 
was called the Pilger (pilgrim) method of dette. | 
Other modifications again secured an intermittent | 
gripping of the bar by making it of varying cross | 
section, or by mounting the rolls in guides so that not | 
only their inclination to the bar, but also their distance | 
from it, could be altered during the rolling. Disc | 
rolls were introduced by R. Stiefel. 
To judge by the small number of papers published, | 
the theory of oblique rolling has hardly received the | 
attention it deserves. Professor Reuleaux, of Berlin, | 
gave an explanation of it in 1890. Twenty years later, | 
Dr. Karl Gruber began to investigate the action of the 
rolls. The series of four articles on the Rotary Piercing 
Machine for Steel and Copper Billets, which Mr. C. E. 
Davies contributed to our columns in 1921,* was based, 
in the first instance, on Gruber’s publication in Stahl 
und Eisen, of September and October, 1919. Last 
winter, Dr. Ing. Fritz Kocks, of Disseldorf, reported 
to the rolling committee of the German iron masters 
(Walzwerkausschuss des Vereins deutscher Eisen- 
hiittenleute, Bericht No. 47) on his experimental and 
theoretical investigationst which throw considerable 
further light on the problems. The experiments were 
conducted at the Hilden tube mills of the Rheinische 


Stahlwerke. Outside Germany, the Mannesmann pro- 
cess has become known as the rotary-piercing process, 
rather implying that oblique rolling were not its chief 
characteristic, The mandrel, Dr. Kocks shows, is 
essential, but it does not start the breakdown of the 
Material at the centre, and the torsion of the bar 


between the rolls would appear to be really an unde- 





= | 
* Sec ENGINEERING, vol. exii, poge 397, et seq. 


Ot Ee und Eisen, vol. 47, March 17, 1927, pages 
Une #6, Other recent contributions are :—C. Wolff, 
Bia * Silicon and other Steel for Oblique Rolling,” 
«Pilen. itor Pages 1958 to 1961, and W. C. Sutherland, 
C uger Tube Mill of the Pittsburgh Steel Products 
ompany,’’ ENGINEERING, July 1, 1927, page 10. 











| sirable secondary feature, rather than an important 
| factor. 

| Dr. Kocks distinguishes three stages in the oblique 
| rolling process, as effected by doubly-conical rolls. In 
| the first stage, the bar is gripped by the two rolls, at a 
part at which the diameter is increasing; the hot 
metal bar is compressed more and more, turning at the 
same time, and is worn down internally. In the 
second stage, the mandrel enters the hole formed— 
the end of the bar may be initially pierced to facili- 
tate this—and work is put in the bar between the 
rolls, now decreasing in diameter, and the mandrel. 
The third stage, rolling between the cylindrical portion 
of the rolls, is of the usual kind, so that only the first 
two stages need be considered. The driving forces are 
the turning moments imparted to the rolls, but the 
external turning moments at any particular part of the 
roll cannot be calculated or measured, as they could 
be with cylindrical rolls, because, with the varying 
diameter, the specific pressures, contact areas, surface 
conditions, &c., are continuously changing. The cir- 
cumferential forces U, and Ug, Figs. 1 and 2, may how- 
ever, be resolved into components D, and D,, tending 
to compress the bar radially and to turn it, and into 
components V, and V, tending to pull it forward and to 
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stretch it longitudinally. The V components may 
appear to be too small to be of much consequence, but 
the bar will only be gripped and advanced when its 
cross section has been reduced sufficiently, as it has to 
accommodate itself to the clearance between the conical 
rolls. Any point on the surface of the bar tends to 
describe a helical path. The point A, Fig. 3, on that 
portion of roll I where the diameter is increasing will 
meet roll II at B, which, however, is not at the smallest 


between the rolls in such a way that the bar axis 
everywhere bisects the line joining two opposite points 
of the rolls, the forces Q, and Q, will always be parallel 
with and opposite to one another, and they wiil tend 
to displace the one half of the bar with respect to the 
other along the major axis of the oval, which will 
keep its position in space while the bar itself is turn- 
ing. A point near the surface of the bar will have a 
a relatively high velocity, but will undergo little shear 
displacement. Near the elliptical axis, the displace- 
ment will be predominant, and a jagged hole will be 
formed in the centre. In the process of solidification 
of the original billet bar, the crystals would have 
arranged themselves radially at right angles to the 
surface, meeting near the centre, where the impurities 
would most probably have accumulated, with possibly 
some tendency to piping; the jagged hole worked in 
the bar shows the ends of these crystals. Metal parti- 
cles near the surface of the bar, between the surface 
and the dotted path 1 of Fig. 4, will be under alter- 
nating tension and compression stresses during each 
revolution. The inner fibres of this shell will be com- 
pressed as long as the curvature is increasing ; when 
the curvature begins to decrease, these fibres will be 
subjected to tension, whilst the outer fibres will be 
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|compressed. This alternation of stress causes the 
internal disintegration, and it can hardly be favourable 
to the strength of the material. 

The hole thus formed is small. The production of 
a thin smooth tube is rendered possible by the use of 
the mandrel, the ovoid shape of which is an essential 
feature. The mandrel opposes the advance of the 
bar, and also modifies the stress relations. An arrow 
near the axis in Fig. 5, indicates the direction of 
advance. The other arrows in this figure show the 
direction of the opposing equilibrium forces (of re- 
action); @ is the angle of the cone, and y the 
angle which the tangent to the curved mandrel forms 
with the axis of the bar at a point Pp. The conditions 
to the left of the central point C, where the roll diameter 
is increasing, will first be considered. If Kp is the 
original component due to the deformation of the 
cross section and the advance, then K = K,p/cos ¢, 
is the component normal to the roll surface, and 
K, = Ky tan ¢, the force opposing advance. The 
corresponding forces at the point Pp, due to the 
action of the mandrel, are Zp = Z cos y. The compo- 
nents opposing advance (Zp + Ky) tang? = Zpy + Ky, 
are added together in the diagram (dotted lines), as 
are also the compression normals Z), + K. These 
forces increase as the bar advances. But there is a 
further force Z, = Z sin y, opposing the advance, 
and this force tends to decrease as the bar travels 
forward because the angle y becomes smaller. It is 





possible distance from theroll I. In moving on from B 
to C, the distance of the point A on the bar from the 
bar axis will decrease; this will be repeated during 
each half revolution, as long as the space between the 
two rolls continues to diminish. Having travelled on 
to D, the point A will again be subjected to similar 
action between D and E; the length BC, DE, FG, &c., 
represent, in their sequence, elements of the area of 
contact between bar and roll; in other words, the 
working surfaces. The area will increase with the angle 
of the cone and with the obliquity of the rolls. A 
section through the bar at right angles to its axis will 
be oval, and not circular. 

The stress diagram is given in Fig. 4, in which friction 
is disregarded. The components of the circumferential 
force U to be considered, K, and D, tend to compress 
and to turn the bar; the resultants of these forces, 
Q, and Q., form a couple producing a shearing stress 
on the material. Assuming the bar to lie horizontally 








this fact which makes the shape of the mandrel so 
important. When the maximum diameter of the rolls 
has been passed, the diagram changes into that shown 
on the right half of Fig. 5. The roll taper, which 
previously opposed the advance, now assists it, and the 
differences in the forces operating in different cross 
sections assume the greatest importance. A longi- 
tudinal stretching of the bar, previously rendered 
possible by the wedging action of the mandrel, is now 
developed by both Z, and K, whilst the influence 
of the roll diameter becomes less pronounced. When 
the mandrel is fixed far forward, even more so than in 
Fig. 5, so that the nose projects considerably beyond 
the point C, the diminution of the cross-section will 
take place chiefly to the left of C; when the nose is 
below C, the main work done on the left side of C 
will be the forming of the central hole. Dr. Kocks 
points out that the tube is not formed, as has been 
suggested, by the rolls pulling the material over the 
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mandrel. No steel would stand the strain of such a 

rocess, especially after the partial disintegration 
to which it had been subjected in the first stage. The 
mandrel enables the hole formed to be smoothed out 
and enlarged, and the metal particles are then welded 
together again in the rolling. 


Fig. 10. 
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The process can work satisfactorily only if the actual 
cross section and the rate of advance are so adjusted 
that their product remains constant ; otherwise the 
tube would be torn apart at some spot or another. 
The rolls are made conical for that reason, and are 
not merely mounted obliquely. The preheating of the 
bar to about 1,300 deg. C., that is, to a temperature 
far above the Ar, point, is indispensable. When the 
bar is fed in too cold, the pressure K is too great com- 
pared with the component Ky, opposing advance 
and the bar is not gripped, but jerked back. This 
would also occur if the taper were too great. The 
use of the taper introduces certain undesirable effects. 
Owing to the increasing diameter of the roll the rota- 
tional speeds of successive cross sections of the bar 
tend to increase, in spite of slip between the parts, 
and torsional stresses are set up. This torsion is not, 
as Gruber assumed, essential to the formation of the 
hole, but is an unfortunate incidental feature, though 
not of the importance that has been attached to it. 








Kocks actually measured a twist of 80 deg., while 
Gruber’s deduction seemed to suggest something like | 


800 deg., which would be hardly possible for steel bars ; 
we shall, however, revert to this point. In reality the 
rotational speed of the bar accommodates itself to a 
mean value. So long as the oval formation proceeds, 
the bar is rotating faster than the roll, but friction 


| tends to keep the surface of the bar back. As the 
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pressure and the contact areas grow, the bar and rolls 
will come into step. The formation of the hole begins 
as soon as the rate of the reduction of the thickness 
of the sleeve exceeds that of the reduction of the 
distance between the rolls. Once the hole has started, 
the actual pressure will diminish, and likewise the 
speed of the surface of the bar. Thus the surface 
layers of the bar will be exposed to stresses of varying 








intensity and direction, and any faults in the material 
near the surface, due to blow holes, cracks, slagfin¢iu- 
sions, &c., are more likely to be further developed 
than to be cured, whilst the torn material in the 
bore will be welded up again by the rolling. These 
points were clearly brought out by Dr. Kock’s investi- 
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gations and the illustrations he has published, some of 
which we reproduce. . 

As the bar remains hot in the interior while the 
outside is cooled by radiation and by contact with 
the cold rolls, the interior will be more easily deformed. 
Kocks observed, with an optical pyrometer, that the 
inside of the rolled tube was at 1,360 deg. C., when 
the outside had cooled down to 1,230 deg. ; the 
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difference, however, is not always so great. 
internal temperature and the low strength of the core 
suggest the possibility of a stress and flow distribution 
as indicated in the diagram, Fig. 6, which accords with 
other considerations. The inner fibres of the bar are 
first pressed forward and outward. As the thinning 
and rolling proceed, however, the straight radial metal 
crystals which were formed in the solidifying billet 
become curved, as indicated in Fig. 7, because the 
skin and the core material are moving at different rates, 
and passing through the sequence of changes, further 
shown in Fig. 8. For the macroscopic and micros- 
copic studies of these, a series of 20 or more successive 
dises were taken from many bars by saw cuts at 
right angles to the longitudinal axis, and were 
numbered as in Fig. 9. The commencement of the 
effect of the surface friction on the originally radial 
steel crystals is indicated in the diagram for disc 4, 
Fig. 8, of the series, by the curvature of the lines. 
At first the skin is retarded and at disc 8 reversal of the 
curvature sets in; no further change was observed 
after disc 14. 

Measurements of the cross-sectional areas are recorded 
in the diagrams, Figs. 10 and 11, which also show the 


The high | 


the hole, curve i, is restricted, and the reduction of the 
bar diameter, curve a, is regular. It is noteworthy that 
in such a case, t.e., without a mandrel, the end of the 
bar becomes hollow, like the bottom of a wine bottle. 
In Fig. 11, the nose of the mandrel is approximately in 
the same position as in Fig. 5. The curves a and g, 
in this case, are seen to descend at first slowly, and the 
real stretching begins only after the bar has become 
oval and the contact areas have become sufficiently 
large to transmit the forces urging the bar forward. 
As long as there is no hole, the curves a and g coincide. 
The central hole became measurable after an advance 
of 180 mm., and increased up to the nose of mandrel. 














Fig. 17. 








different ways vary considerably. Of these various effects, 
Dr. Kocks’ photographs give some interesting evidence. 
That the influence of the mandrel is felt in the bar long 
before the material reaches the mandrel, is indicated by 
the bending of the flow lines in Fig. 6, and is proved 
by Fig. 12, which represents a longitudinal section 
through the bar. There is no external sign that the 
formation of the hole has commenced. Examination 
of the discs shows that the material becomes 
irregularly porous. How this porosity develops can 
be seen in Figs. 13 and 14, which represent longitudinal 
sections, magnified 150 diameters, of discs 1 and 2 of 
the same bar. In Fig. 13, the impurities, slag 
inclusions, &c., are still arranged in fairly parallel lines, 
as in the original billet, but cracks develop along these 
lines of weakness. In Fig. 14, the cracks have widened 
and are badly twisted. A microphotograph of part of 
the hole (magnification 10) is reproduced in Fig. 15. 
The welding up of the small cavities formed, and the 
smoothing down of the bore can be seen in Fig. 16, 
which represents disc 5 of the same bar (magnifica- 
tion 10) produced with the mandrel; in disc 9, the 
structure appeared to have become uniform.jqThe 
general improvement of the tube material under- the 
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dimensions of the experimental bars. In both cases, 
the rolls were double-conical, followed by a cylindrical 
length; a mandrel was used in the case of the bars 
for which Fig. 11 is plotted, but not on those to which 
Fig. 10 relates. The measurements were made on the 
discs just mentioned by the aid of photographic prints, 
the so-called Baumann sulphur prints,* some of which we 


teproduce. In Fig. 11, curve a represents the area of 
the bar, and i that of the hole; from these two curves, 
the actual cross-sections, of the annulus, represented by 
the curve g, were deduced by means of a planimeter. 
Corresponding curves of differential coefficients are 
indicated by a’, i’ and g’, while the arrow indicates the 


direction of the advance of the bar between the rolls. 
In the absence of the mandrel, Fig. 10, the formation of 
* Silver-bromide paper is soaked in diluted sulphuric 
acid and placed for 10 seconds on the specimen; the 
Paper turns black, but the blackening is as much due to 
any phosphide as to sulphide present, and the test is 
= really @ pure sulphur test. For a sulphur test, 
“tec pager gelatin paper or silk is soaked in mercury 
oh oride ; sulphur then gives a brown-black colour; and 
Phosphorus a yellow colour. See Royen and Ammer- 
mann, Stahl und Eisen, April 14, 1927, 





Fie. 19. 

















Fia. 22. 


The curves g’ and 7’, in the range of greatest stretch- 
ing, rise steeply to a maximum near 350 mm.; 
g’ then falls abruptly, and the reduction in the actual 
cross-section of the tube wall ceases at about 420 mm. 
The trend of the curve 7’ shows that the area of the 
hole is becoming enlarged more rapidly than would 
correspond to the reduction of the thickness of the 
tube wall; that is to say, the hole is being widened 
out. Beyond the 420 mm. point, the work done is 
|simple cross rolling; the metal particles are welded 
together, and the surfaces are made smoother, while 
the wall is further reduced in thickness. The peculiar 
rise in the curve a’ at the beginning of the operation is 
not easily explained. 

| Diagrams similar to those of Figs. 10 and 11 were 
obtained in experiments made in other rolling mills 
under varying conditions, which included changes in 
the position of the mandrel. Some of the peculiarities 
of the curves obtained were probably due to want of 
homogeneity in the bar, and it is not possible to 
connect the amount of stretching of the bar at a 
particular spot directly with the roll pressure at that 
| point. All the power is transmitted through the rolls, 
| but the proportions of the power consumed in 
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continued rolling is exemplified by many other photo- 
graphs of Dr. Kocks, but they also show, as pre- 
viously pointed out, that original flaws, blow holes, 
cracks, &c., in the material may be displaced and 
flattened out by the oblique rolling, but may not be 
‘closed up or improved. 

Another aspect of the deformation can be studied by 
means of macroscopic etching tests of the discs. If 
the stretching were uniform, as in ordinary tensile 
tests, the original radial needle crystals at right angles 
to the surface should remain straight during the 
extension of the bar. But we have seen that different 
layers, near the surface and farther inwards, are 
variously affected by the forces at work and at different 
rates, and that needles hence becomecurved. This was 
clearly brought out by etching successive discs. The 
different behaviour of the skin and the interior portion 
were further studied by other methods. A straight 
groove was cut in the surface of a bar, 260 mm. in 
diameter, and smeared with chalk. Fig. 17, represent- 
ing the bar at a stage of the rolling process, shows that 
the skin was twisted, first in one direction, and then in 
the other. In order to study the effect in the interior, 
holes were drilled radially through the bar, and were 
filled up again by inserted rods, or by steel cast in. 
This method not proving satisfactory, a rod of very soft 
steel was fixed vertically in the vertical billet mould, 
and the mould was then filled with a somewhat harder 
steel (0-1 per cent. of carbon). Both the rod and the 
bar (the latter after rolling) were grooved to check the 
relative positions. Fig. 18 shows that the test 
rod kept its position, at about 50 mm. from the surface 
near the outer groove, in the first four or five discs. 
Then it began to move (disc 6, Fig. 19) ; in disc 9, (Fig. 20), 
the rod appears flattened and turned about its longi- 
tudinal axis. In disc 12 (Fig. 21), the displacement 
amounts to 90 deg., in disc 22, (Fig. 22) to about 250 deg. 
The final displacement, observed at a distance of 900 
mm. from the starting point, amounted to 320 deg. 

In the foregoing, it has been presumed that the bar 
axis is kept horizontal, and that the two rolls work in 
unison. In practice, each roll, as a rule, is separately 
adjusted in its bearing ; the symmetry is not perfect, 
the two central points of the rolls are not exactly 
opposite one another, and the path of an axial point is 
an S curve, rather than a horizontal line. The tubes 
are then apt to wobble and to become corrugated. 
Dr. Kocks deprecates the practice of guiding the 
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billet in a plane about 1} in. above the central plane, 
as well as the initial centreing of the end of the billet, 
for the purpose of facilitating the attack by the mandrel. 
German practice is opposed to this, but definite informa- 
tion about the roll taper and the angles at which 
the rolls are mounted is not given. Angles of 5 or 6 
deg. do not appear to be exceeded in Germany, whilst 
American mills go up to 12 deg. To facilitate the 
formation of the hollow, the mandrel is pushed well 
forward, that is, to the left in Figs. 5 and 6. 
is done, the range of suitable material is much less 
limited than it would otherwise be. 








WASTE HEAT RECOVERY.* 
By Major W. Greason, B.Sc. 
(Concluded from page 243.) 

Waste-Heat Recovery Practice.—The author first 
commenced his waste-heat recovery investigations on 
pre-war water-tube waste-heat boilers, and one import- 
ant fact became clear, namely, the difference between 
the heat-absorption problems involved a “ high- 
grade ’’ waste heat recovery, where conditions approxi- 
mated to those in solid-fuel firing practice, and in the 
recovery of waste heat from low-grade gases, such as 
occur in regenerative furnace practice. In the first 
instance, the proportion of heat absorbed by radiation 
is high, hence the success of the watertube boiler, in 
which, under solid-fuel firing conditions, some 70 per 
cent. of the total evaporation occurs through radiation, 
and in the rows of tubes facing and contiguous to the 








conditions, and this field can be extended by suitably 
disposing the tubes for better contact-heating effects, 
provided moderate draughts are employed. : 
For low-grade gases, particularly from regenerative 
furnaces, the fire-tube boiler has a practically un- 
challengeable field, owing to its suitability for high 
draught-drops coupled with high heat-transfer co- 
efficients. Practical examples of waste-heat recovery 


| plant will be confined to fire-tube practice, as this 
When that | 


represents the work with which the author has been 
most closely associated during recent years. It should 
be made clear, however, that he does not in any way 
condemn the water-tube boiler when applied to waste 
heat recovery. 

The type of fire-tube boiler unit suitable for both steel- 
works and gas-works practice are practically identical. 
The following details need attention in considering 
individual problems :—(a) There is a greater variation 
in rates of gas-flow in steel-furnace plant, particularly 
in the case of melting furnaces, than in gas-works 
practice (except in water-gas plants). (b) As a rule, 
tube-cleaning arrangements on the gas side of the 
heating surface have to be more effective on steel-works 
plants owing to the greater difficulties associated 
with the deposits. (c) Electrical gear for fan operation, 
&c., needs more protection on gas-works installations 
owing to the presence of finely-divided coke dust in 
the atmosphere. (d) Close attention must be paid to 
such details as flue lay-outs and proportions, the 
effective insulation of intake flues, suitable damper 
gear, and the correct proportioning of induced-draught 


TaBLeE VIII.—Test Resutts rrom WasTE-HEAT RECOVERY PLANT ON GaAS-RETORT SETTINGS. 
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Vertical Retort Settings. 








| 
|Nine Elms (Gas 
1. Gasworks.. oe .. | Light and Coke Oldbury. 
Company). 
| 


| Horizontal Retort Settings. 
| 
| 


Beckton (Gas | Bromley (Gas 
Light and Coke | Light and Coke 
Company). 


Hull (British 
Gas Light 
Company). | Company). 





Croydon. 





2. Type of retort Glover-West Glover-West 


. Fuel per hour, Ib. of coke .. | 7,060 590 

. Calorific value of fuel | 12,000 12,000 
(lower), B.Th.U. per lb. 

. Temperature of gases at 
boiler inlet = T; 





moo 


800 deg. C. 850 deg. C. 


6. Temperature of gases at 230 deg. C. 195 deg. C. 
boiler outlet = To 

7. CO2 content in waste gases, | 12-4 | 14-4 
per cent. | 

8. Equivalent excess air, per | 113 75-0 
cent. 

10. Total heating surface, sq.ft. | 6,880 1,420 

2. Average steam pressure, Ib. | 115-0 85-0 


per sq. in. 
14. Superheat 
15. Feed temperature 


247 deg. F. 
52 deg. F. 


95 deg. F. 
90 deg. F. 


18. Evaporation per hour from 37,500 3,275 
and at 212 deg. F., Ib. | 

22. Steam equivalent of fan 2,948 105 
power, Ib. oe aK 

24. Extraction efficiency | 91-0 | 95-5 
T; —T 


-- 9 
“x 100 percent. | 


| 
| Woodall-Duck- | Drakes, with 


Gibbons, with | Drakes, with 














ham, with regeneration regeneration regeneration 
regeneration 
880 4,000 6,300 1,075 
12,000 12,000 12,000 12,000 
| 582 deg. C. 655 deg. C. 699 deg. C. 460 deg. C. 
| 
| 228 deg. C. 243 deg.C. | 222 deg. C. 199 deg. C. 
| 
} 12°5 14-0 16°3 9-8 
| 
110-0 | 80-0 | 40-0 200-0 
1,220 6,880 | 8,800 1,850 
| 99-0 155-0 67°5 100-0 
| 106deg.F. | 127 deg. F. | — 92 deg. F. 
| 199deg.F. | 160deg. F. 130 deg. F. 134 deg. F. 
3,710 } 13,250 22,400 3,213 
| | 
* | t 2,500 468 
| 
86-0 | 88-0 | 88-0 90-0 
| 
| 


| 
| 
| 
| } 
| | 





* Fan driven by geared turbine and all exhaust steam utilised by feed-heater to raise initial feed to 199 deg. F. 
+t Fans driven by geared turbines and all exhaust utilised by feed-heater to raise initial feed to 169 deg. F. 


fire. Beyond this zone, the evaporation per unit of 
heating surface falls rapidly and in general practice the 
economiser or air-heater or both, employed, deal 
with the ‘tail’ of the gases. The fundamental 
difference in the case of low-grade gases can be clearly 
understood from Stefan’s law, which states that heat 
absorption by radiation varies as the fourth power of 
the absolute temperature of the heating medium. 
When the radiant heating effect is small, all attention 
must be focussed on obtaining the best possible heat- 
interchange results by actual conduction. To enable 
the water-tube boiler to cope with these altered cir- 
cumstances when dealing with low-grade gases, it was 
therefore necessary to place the tubes closer together, 
particularly towards the back of the boiler, and so to 
break up the gas-stream. The disadvantages of this 
arrangement were twofold; it involved a heavy 
increase of draught drop through the boiler, and it 
interfered with tube-cleaning on the gas side of the 
heating surface. The :irst of these disadvantages 
unfortunately led to further trouble from air infiltration 
through the casing, adding to the volume to be handled 
by the induced draught equipment, and also cooling the 
gases en route through the boiler. The great advantage 
possessed by the fire-tube boiler in dealing with waste- 
heat problems involving low-temperature gases is 
readily realised, and a period of detailed investigation 
on locomotive boilers was of assistance to the author. 
The water-tube boiler has a definite field for waste-heat 
recovery practice when the gases approach fuel-firing 





* Paper read before the Institution of Mechanical 
Engineers, on February 18, 1928. Abridged. We regret 
that through an oversight the name of Major Gragson, as 
the author, waz not given on page 241 ante, when we 


reproduced the first section of this paper.—Eb. E. 





equipment. The last is particularly important where 
very accurate adjustment is required on the furnaces 
or retorts. (e) On water-gas and similar plants, such 
as complete carbonisation units, operating on a ‘* blow ” 
and ‘*‘ run” sequence, the boiler operates under pres- 
sure, its resistance being superimposed on the plant- 
circuit, and success in these cases depends largely on 
burning adequately the products of the ‘ blow” 
period. Although easily burnt when liberated directly 
to the atmosphere, these are far less combustible when 
confined in a flue, as the carbon monoxide often 
passes in a stream-line through the boiler unburnt. 
The inlet chambers of such boilers must be of special 
design, with auxiliary secondary-air blast and mixing 
arrangements to effect complete combustion at the 
correct period. Again, the intermittent nature of 
the steam-making period and the varied steam demand 
of the plant and its auxiliaries, calls for adequate water 
and steam space, otherwise cyclic priming and heavy 
variations in steam pressure occur. 

Waste-heat boilers on internal-combustion engines 
have one feature in common with the last-mentioned 
class of boiler, ?.e., they operate under pressure, in this 
instance superimposed on the engine circuit. Owing, 
however, to the rapid cooling of the gases passing 
through the boiler, with a resultant rapid fall in velocity, 
the back pressure set up by a suitably designed boiler 
is invariably less than occurs in the standard silencer. 
This rapid reduction in gas volume makes the waste-heat 
boiler a very effective substitute for the silencer. Asa 
general rule, comparatively heavy back pressures are 
permissible in internal-combustion engines; a perusal 
of the Reports of the Marine Oil-Engine Trials Com- 
mittee demonstrates this point. Hence a closely-spaced 





water-tube or thimble-tube boiler can, under these 


conditions of service, be very effective, as good contact- 
heating is not prejudiced by high resistance to gas-flows, 

The question of auxiliary firing occasionally arises 
in connection with waste-heat recovery schemes, 
With a fuel-fired design of boiler, this is readily arranged 
for the full rating on a heating-surface basis, and even 
on a boiler designed purely for waste heat recovery, 
alternative firing, producing an evaporation ficure 
equivalent to the output on waste heat, can readily 
be applied. Such a boiler, however, is inherently 
unsuited for heavy fuel firing with correspondingly 
high increases in evaporation per unit of heating surface, 
on account of the ease with which it could be over- 
forced. Undoubtedly the simplest and best arrangement, 
especially in a large works, is to install an auxiliary 
boiler, or set of boilers, designed for solid-fuel firing, 
and, by keeping the two sections entirely separate, to 
get the best all-round results. Oa certain typos of 
motor-ship, there is nowadays a tendency to fit one 
boiler only for sea and port work, especially where 
steam is not essential to main engine-room requirements. 
As it is only necessary to reproduce normal waste-heat 
evaporations when such boilers are fired with oil, the 
problem becomes a simple one. 

The marine field appears to subdivide itself into 
the following three groups :—({l) Tankers.—Small 
steam requirements at sea, but heavy port steaming, 
owing to the cargo pumps and tank heating; these 
services require comparatively large oil-fired boilers, 
so that for sea services a straight waste-heat boiler 
with perhaps one of the other boilers under light 


TaBLe 1X.—Test Results from Waste-Heat Recovery 
Plant on Steel-Melting Furnaces. 





1, Works .. .-| Frodingham Tron | Partington Steel 
and Steel Com- and Iron Com- 
pany pany. 

2. Type of furnaces | Two Talbot fur- | 55-60-ton Open- 

under test nace3 hearth furnace. 

3. Total weekly capa- 2,600 690 

city, tons 

4. Total steel per 16-2 4-6 

hour, tons 
5. Coal in producers 67 27} 
per hour, cwt. 

6. Calorific value of 12,600 12,000 
coal, B.Th.U. 
per lb. 

7. Coal per ton of | 4-125 6 

steel, cwt. 

9. Total heating sur- 13,630 4,175 

face, sy. ft. 

10. Mean inlet tem- 670 deg. C. 540 deg. C. 

perature = T; 

11. Mean outlet tem- 212 deg. C. 220 deg. C. 

perature = T2 

12. Mean CO, per 9-4 8-5 

cent. 

13. Excess air, per 150 188 

cent. 

14. Steam pressure, 98 110 


Ib. per sq. in. 
16. Feed temperature 125 deg. F. 
17. Superheat ool _- 55 deg. I. 
2). Steam per hour | 34,600 8,900 
from and at 
212 deg. F., lb. 
22. Steam per hour 2,135 1,930 
from and at 
212 deg. F. per 
ton ot steel, Ib. 
24. Eyuivalent of (22) 2-1 1-92 
as coal at 9 Ib. 
per lb., ewt. 
25. Net coal consump- © 025 4-08 
tion per ton of 
steel, cwt. 


200 deg. F. 











26. Percentage saving 51 32 
27. Extraction effici- 91 3 
ency . 
T, —To 
T= 1. x 109, 
per cent. 
29. Steam equivalent 1,840 | 882 


of fan power, ™ | 





firing is sufficient. (2) Passenger Ships.—Steam 18 
required almost entirely for heating services, as all 
power is electrical; either a combination boiler meets 
the case, or a straight waste-heat unit with a small 
donkey boiler as standby and for port services. The 
latter arrangement is very convenient, as it enables 
the waste-heat boiler to be out of action in port when 
the engines are being adjusted or overhauled. (3) (479? 
Ships.—The sea-going conditions in this case are 
similar to those in (1), and requirements vary 
widely. Onships making frequent calls, the all-electric 
deck equipment, with its high efficiency, compensates 
for higher capital cost, while on ships making long 
trips without intermittent calls, present practice appears 
still to call for steam deck-machinery. With all- 
electric auxiliaries, the best use for the waste-heat 
steam would appear to be to operate a steam-driven 
generator in parallel with the oil-engine-driven gne 
rator; heating steam could then be bled from the 
steam generator, or the exhaust used for heating 
purposes. Alternatively, the steam could be concen- 
trated on the supercharger, where fitted. : 
Mention may be made of the possibilities of getting 
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the waste-heat boilers. The high efficiency of the 
Still cycle depends on this item. With the 
ordinary oil-engine the water leaving the jackets is of 
little use, on account of the hot-well supply already 
available for the boiler from the condenser and the 
fact that sea-water cooling is common practice within 
the present temperature limits which are worked to. 
Typical Performance Figures.—Table VIII sets forth 
some test figures obtained by the actual operating staff 
under ordinary working conditions on various types of 
gas-retort settings. Table IX gives test figures on 
typical steel-melting furnaces and Table X_ reters 
to a motor-ship. As a rule it is much easier to obtain 
full test figures on gas plants, as the retort-house is a 
self-contained unit, and it is therefore possible to 
isolate the feed-water, fuel to producers, &c. In the 
case of steel plant, special arrangements have to be 
made for individual tests, as the feed system is common 
to other parts of the plant, and producers are arranged 
in one large battery feeding various types of furnaces. 


Some PosstBILiTIESs OF WasTE Heat RECOVERY. 


Steel Plants.—Where the whole of the steel plant is 
collected in one unit, the ideal of the “ self-supporting 
works’ is readily attainable; that is to say, by 
proper waste heat recovery together with full utilisa- 
tion of surplus coke-oven and blast-furnace gas, the 
works can operate on the coal used in the coke ovens 
only. Even the producer coal and resultant gas is 
replaced by an equivalent gas consisting of mixed 
blast-furnace and coke-oven gas. The result is that 
the net coal consumption per ton of finished steel can 
be reduced in certain cases from about 65 cwt. to 


Taste X.—Test Results from Waste-Heat Boiler on 


M.V. ‘‘ Woensdrecht ”’ (Messrs. Van Ommeren). 
Single-screw tanker fitted with M.A.N. four-stroke 
engine. ) 


1,850. 
180 grammes = 0-4 Ib. 
18,000 B.Th.Us. net per 


1, Average engine, s.h.p. ... 
2. Oil per s.h.p.-hour 
3. Calorific value of oil 


Ib. 
806 deg. F. (430 deg. C.), 
taken by thermometer. 
437 deg. F. (225 deg. C.), 
taken by thermometer. 
12734 lb. per square inch. 


4, Inlet temperature to 
boiler 

5. Outlet temperature from 
boiler 

6. Steam pressure, 120 lb. to 
135 lb. per square inch 

7. Steam temperature 

8. Mean CO, in exhaust 

9. Excess air ae ees 

10. Steam per hour from and 
at 212 deg. F. 

1], Steam per brake horse- 1 lb. 
power-hour 


346 deg. F. (175 deg. C.). 
7? per cent, 

100 per cent. (approx.). 
1,860 Ib, 


12. Heating surface of boiler 730 sq. ft. 
16. Services carried by boiler Steering gear, 15 kw. 
dynamo,  general-ser- 


vice-pumps. 


approximately 32 cwt. Taking a figure of 35 cwt. to 
allow a margin and to include small outside services, 
the saving of 30 cwt. at 12s. 6d. per ton means an 
economy on fuel alone of nearly 19s. per ton of finished 
steel. This fuel saving is accompanied by considerably 
reduced labour and handling charges. On a steel plant 
making 200,000 tons of steel per annum a saving of 
190,000/. on fuel alone constitutes a very big item. 
Carbonising Plants.—Practice has shown that the 
normal gas-works can meet the whole of its power and 
process requirements by means of waste-heat steam, 
and in this instance it must be remembered that com- 
paratively small power units, with consequent low 
efliciencies, are involved. In the author’s opinion, the 
electricity supply and the gas works in every town 
should be interlinked and under one control, such an 
alrangement having many advantages. The general 
scheme would be to use all coke breeze, and any other 
coke not required for sale, in high-pressure boilers ; 
waste heat recovery would be employed at medium 
pressures (to obtain the best quantitative results), and 
the steam from the two sources would be combined in 
mixed-pressure turbines, or alternatively a system of 
high- and medium-pressure turbines, bleeding low- 
pressure process steam. All works services would, of 
course, be electrified. The gas-works of Great Britain 
carbonise some 16,000,000 tons of coal per annum. 
Assuming that this coal uses 14 per cent. of its weight 
of coke for carbonisation, the total annual consumption 
of fuel-coke is 2,240,000 tons. With settings properly 
arranged for waste heat recovery, 4 tons of steam per 
ton of coke would be an average figure to represent 
both modern vertical retort practice and modern re- 
generative horizontal retort practice. Therefore, nearly 
9,000,000 tons of steam would be available. Before the 
advent of waste-heat recovery practice gas-works 
steam was generated from coke breeze at, say, 6 tons 
of steam per ton of breeze. Therefore, waste heat 
recovery adopted throughout our home works would 
Tepresent 1,500,000 of coke breeze saved for other 
see At 10s. per ton, this is equivalent to 


In dealing with both steel plants and carbonising 
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closely interlinked with the complementary subject of 
the effective utilisation of the steam. Low-pressure 
steam from turbines for process work, steam-accumula- 
tors to balance supply and demand, and the elimination 
of small isolated heat-engines as prime movers, are 
among a number of salient features in this aspect of 
the subject. 

An important problem in connection with waste 
heat recovery from the technical point of view, is that 
associated with steam generation in two stages. The 
advent of the big-unit boiler fired with pulverised fuel 
and generating steam at a high initial pressure would 
appear to be best met by two-stage steam generation. 
The main boiler would be a high-pressure water-tube 
unit, designed chiefly for radiant-heat absorption, 
and would be followed by a secondary boiler of waste- 
heat design, operating at low pressure. The steam 
from this would be used for feed heaters, evaporators, 
degasifiers, &c., and any surplus would be used in the 
low-pressure stages of the turbines. The superheater 
would be interposed between the two boiler sections. 
Such an arrangement appears to eliminate many of 
the complications at present associated with large- 
output high-pressure units, and incidentally provides 
(in the low-pressure boiler section) a potential method 
of thermal storage. 

Waste heat recovery represents one of the cheapest 
forms of power generation, its only near competitor 
on the basis of overall cost being low-grade fuel used at 
its point of origin, 7.e., with no added transport charges. 
Owing to expensive head works, &c., water power 
in this country is much more expensive ; further, as 
waste heat occurs in the manufacturing districts where 
power is most required, transmission costs are less than 
in the case of water power. 

If engineers responsible for the design, construction 
and operation of the heat-using apparatus mentioned, 
will appreciate the extent to which heat otherwise 
wasted can be returned to the credit side of the 
balance sheet, they will take adequate steps to utilise 
it after it has fulfilled its primary function, and they 
will also endeavour to lower the percentage of heat 
lost through other channels which do not admit of 
effective recovery. 








THE DEVELOPMENT OF EAST 
AFRICAN DEPENDENCIES. 


Wiruin the British Empire there are countries in 
almost every stage of development, ranging from the 
Motherland to the most recent acquisitions—territories, 
it may be, that have only in the last few years received 
the benefit of consideration by the colonisers, of which 
our race has been so productive. Such a combination 
makes for future, as well as present, strength. The 
resources of the older regions and the experience and 
abilities of men who inhabit them are available 
to lay the foundations of the ultimate prosperity of 
lands, in which no, or practically no, attempt has 
previously been made to utilise their resources. This 
condition ensures the future vitality of even the 
youngest members, in the sense of development, of 
the British Empire. For an example of what is 
being done amongst the colonies and protectorates, 
with this ultimate aim, no better case could be taken 
than the series of East African Dependencies. 
A recently-issued publication of the Department of 
Overseas Trade furnishes information which is very 
valuable for the purpose. It is entitled ‘“‘ Report on 
the Trade and Commerce of East Africa, 1926-1927,” 
was prepared by Mr. C. Kemp, the Deputy Trade 
Commissioner, at Nairobi, and is sold by His Majesty’s 
Stationery Office at 2s. net. East Africa, in the sense 
in which the term is used in this Report, comprises 
the Uganda Protectorate, Kenya Colony and Protec- 
torate, Zanzibar, Tanganyika Territory, Nyasaland 
and Northern Rhodesia. 

Transport is the first consideration in economic 
development. Of the railways in the region mention 
may first be made of the Kenya and Uganda Railway. 
Some new branches were opened to traffic during the 
period covered by the Report, such as that from 
Solai to Kitale and part of the line under construction 
from Thika to Nyeri. Owing to a contraction of 
import traffic to Uganda and smaller cotton exports, 
a fall of earnings was anticipated for 1927, and, there- 
fore, a slackening off in new construction was decided 
upon. Surveys were continued for projected branches, 
One very important feature of the present activity 
is the approaching completion of the Tabora-Mwanza 
line, which will afford a connecting link between the 
railway systems of Kenya, Uganda and Tanganyika. 
A survey party has been engaged for some time on the 
consideration of a possible connection between Northern 
Rhodesia and Tanganyika. The trade of Nyasaland 
suffers the handicap of the Trans-Zambesia Railway 
guarantee and annuity loans, which form ’'the greatest 
item in the debt of the Protectorate. The Imperial 
Government makes the payment of the bulk of the 





plants, the subject of waste heat recovery is, of course, 





annual charges, but these are added to the capital 
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liabilities of the Protectorate and now amount to 
600,0007. A report has been prepared on the Zambesi 
bridge question, but it is still under consideration, 
and a survey has been undertaken of the whole subject 
of rail, road and water transport in Nyasaland. 
Steps are being taken to effect a united control of the 
railways serving Northern Rhodesia. Although a 
comprehensive scheme of road construction for the 
whole East Africa territory has been prepared in 
outline, it must be a long time before it can be put into 
complete execution, and, even then, first-class roads 
will not be common, because of their heavy cost. The 
railways must therefore be regarded as the important 
factor in transport. 

At Mombasa a part of the new Kilindini Pier has 
been in use for a year and further work is in progress. 
Reports on the whole working of the port have been 
prepared and these include plans for the handling of 
coal, oil and general exports in bulk. A new lighterage 
wharf has been completed at Dar-es-Salaam and that 
at Zambesi is nearly finished, where also considerable 
land reclamation is in progress. Several additions 
have been made to the shipping services available. 

In considering the imports of interest to the engine- 
ering and associated industries, it is pleasing to note 
that Great Britain has regained some of the trade in 
iron and steel manufactures, which was lost to Germany 
through offers of long credit. In hardware and cutlery 
the British share of the trade has been more than 
maintained, again at the expense of Continental 
producers. A similar statement may be made regarding 
non-ferrous manufactures. Canada and the United 
States of America have secured an increased amount of 
the trade in agricultural implements, mainly through 
the import of tractors and the ploughs and appliances 
associated with them. The complaint has been made 
that British manufacturers do not support their 
efficient sales organisations by making the small 
improvements in their standard productions, which the 
American firms do. These, it is claimed, are used to 
great competitive advantage. Cars, suited to meet the 
conditions of bad roads, are in demand, but in most 
cases those in favour are not of British origin. Two 
manufacturers in Great Britain are now represented 
and hopes are entertained that the future may show 
an increased trade in their productions. Tractors are 
wanted, since the agricultural industry is becoming 
more and more mechanised, and it is hoped that 
British manufacturers will not allow the market to be 
lost in the same way as the motor-car one. 

The productions of East Africa for export are mainly 
agricultural, but mineral resources are being worked. 
Cotton, mainly from Uganda, ‘coffee, sisal, rubber, 
maize and oil-seeds are the principal agricultural 
exports. Important progress has been made in North- 
ern Rhodesia, regarding mineral resources. Further 
indications of copper deposits have been found. 

The East African markets are getting over the 
difficulties of the overstocking of a few years ago 
and are settling down to steady business. It is very 
satisfactory to note the position that the Home Country 
has in the trade of these Dependencies, which although 
they are under British Administration must be main- 
tained as “open areas”? and thus subject to any 
competition, under treaty obligations. They are, with 
little in the way of exception, in a fairly sound financial 
position and their production generally is increasing 
at a healthy rate. In all young countries the normal 
trade cycle is subject to intense fluctuation, while 
depressions and recoveries pass over more quickly than 
in lands which are more highly developed. East Africa 
cannot be an exception to this experience and the next 
year or two may confidently be expected to witness 
development work and economic progress of a highly 
satisfactory nature. 





AUTOMATIC CONTROL OF STEAM 
AND WATER TEMPERATURES. 


Economy in the production of the steam used for 
process: purposes is at least as important as in that 
employed for the production of power—a matter to 
which considerable attention is now being given by 
the manufacturers of both boilers and prime movers. 
Investigation has shown, too, that a long step in this 
direction can be made when a back-pressure turbine, 
working at the ordinary steam pressures and tempera- 
tures, is employed for generating the power that is 
required in such works as textile mills and tanneries, 
the exhaust steam from this machine being then led 
into the process steam mains. This method of opera- 
tion, attractive as it is in the abstract, is not without 
its practical problems. Working back from the processes, 
the installation will probably be so designed that the 
exhaust steam from the back-pressure turbine never 
exceeds that required in the various operations. 
As, however, there cannot always be a perfect balance 
between the power load and the amount of steam 
required for process work, it follows that some means 





must be adopted for making up the deficiency when 
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STEAM AND WATER TEMPERATURE-CONTROL APPARATUS. 


CONSTRUCTED BY MESSRS. THE CROSBY VALVE AND ENGINEERING COMPANY, LIMITED, ENGINEERS, LONDON. 
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the load on the turbine, and therefore the quantity 
of steam exhausted, falls. The usual method for 
meeting this requirement is to connect the high- 
pressure live-steam range to the process mains through 
a reducing valve, and to make up the quantity in this 
convenient, if not altogether economical, way. For 
efficient working it is also desirable that neither the 


should vary much. 


solved. 





Total Travel of Spindle 1% | 








































pressure nor the temperature of the process steam 
Last, but not least, it is almost 
essential that all the adjustments which may be 
necessary from time to time to meet these conditions, 
should be effected automatically. Four very interest- 
ing and closely related problems have, therefore, to be 
In the following {article, we describe the 








apparatus which has jbee 
Valve and Engineering Company, Limited, 
Foley-street, London, W.1, for this purpose. ; 
Fig. 1 is a diagrammatic layout of an installation, 
such as we have been discussing. The exhaust steam 
from the turbine enters the system through the exhaust 
main, and flows downwards into the bottom of the -othe 
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‘de-superheater, thence passing out into the low-pressure 
or process mains. If the demand for process steam is 
greater than the quantity provided by the turbine 
exhaust, the pressure in the process mains will fall, 
and this drop in pressure will be communicated by a 
pipe, which is connected to the process main at its 
‘exit from the de-superheater, to the relay regulator in 
the right-hand bottom corner, thus causing the regu- 
lator to open the reducing valve and live steam to be 
admitted from the high-pressure main into the system. 
When the process-steam pressure is restored to its 
normal value, the reverse operation takes place, and 
live steam is cut off by closing the reducing valve. In 
this way, constant pressure is maintained in the low- 
pressure mains. 

The temperature of the yrocess steam can be 
adjusted automatically by a thermostatic-control valve. 
If, for example, the temperature rises above a pre- 
determined level, an impulse from the thermostat 
will upset the hydraulic balance in the pipe from it 
to the second relay regulator in the bottom left-hand 
‘corner of the diagram. This relay regulator operates 
& series of water-supply valves through a camshaft, so 
that w ater is admitted through spray nozzles into the 
de-superheater. These valves are opened one after the 
other, the number opened depending on the amount 
of de-superheating that is required. In order to 
ensure the injection of water into the de-superheater, 
and its proper admixture with the steam, the admission 
Pressure of the former must be higher than the pro- 
orien pressure. The water is, therefore, usually 
~ n, as shown on the left of Fig. 1, from the boiler- 
eed mains through a suitable reducing valve. On the 
‘other hand, as the temperature falls, the thermostat 
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closes the relay regulator, thus closing the cam-operated 
valves in turn and shutting off the supply of water to 
the de-superheater. Any risk of a dangerous rise in 
pressure in the water mains is guarded against by 
a relief valve and a back-pressure valve. An alter- 
native water supply for operating the relay gear can 
be taken from an overhead tank, the head of which 
is 50 ft., through a special valve. The object of the 
remainder of the devices shown on this drawing is self- 
explanatory, and need not be further discussed. 

The reducing valve and its relay regulator for 
stepping down the live-steam pressure to the pressure 
in the process mains have already been described in 
our columns*, but it may be recalled that the first 
consists of a balanced valve, which is opened or closed 
by a chain from an external control system known as 
the relay regulator. All the control mechanism is 
free from contact with the steam, and there is thus no 
fear of the valve sticking. In the middle of the main 
valve there is a pilot valve, through which communica- 
tion is established between the low-pressure side of the 
reducing valve and the space above the balanced piston. 
When the main valve is closed, this pilot valve is shut, 
the high pressure keeping the former tightly closed so 
that there is no banking-up. The first movement of 
the valve lever opens the pilot valve, thus reducing the 
pressure above the balance piston to that in the low- 
pressure main. The valve then becomes balanced and 
is easily opened. 





* See ENGINEERING, vol, cxx, page 655 (1925). 
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The regulator consists essentially of a piston, to each 
side of which water can be admitted to give the move- 
ment necessary for closing and opening the reducing 
valve. Underneath the cylinder, in which this piston 
moves, is a chamber the diaphragm in which is exposed 
to the process-steam pressure. Alterations in this pres- 
sure are communicated by means of the diaphragm and 
a knife-edge, to a weighted lever and thence by rods to 
the water-valve system, so that water is admitted to 
one side of the cylinder and escapes from the other. 
In this way, the pressure in the process main can be 
used to control the opening of the reducing valve, 
and thus the amount of high-pressure steam ad- 
mitted. 

The devices used for temperature control are shown 
in the drawings, Figs. 2 and 3. The principle of 
the valve illustrated is the same as that in Fig. l, 
though it is used for a slightly different purpose. 
This equipment forms part of an installation at a 
large electricity works, where the boiler-feed water is 
heated in two stages, the second-stage heater being 
supplied with steam bled from the main turbines. The 
first-stage heater receives exhaust steam from the 
auxiliary plant, and the teed water from it is then 
led into the second-stage heater, where it is raised to 
a temperature of 210 deg. F. It is obvious that the 
maintenance of this temperature is important, and 
the thermostatic-control devices, shown in Fig. 3, 
have been provided for this purpose. From what 
has been said it will be gathered that the feed 
water is raised to a certain temperature in the first- 
stage heater, the exact figure depending upon the 
amount of steam being exhausted from the auxiliaries 
and the feed-water demand. The amount of heat that 
has to be added in the second-stage heater to give a 
constant outlet temperature, therefore, varies, and the 
control of this quantity is effected by the thermostatic 
device shown in Fig. 3; a photograph of a somewhat 
similar device, applied to a size cooker, is reproduced 
in Fig. 4. 

The device is inserted in the outlet feed pipe to the 
boilers, and consists essentially of a seamless metal 
tube filled with a volatile liquid, which vaporises at a 
definite temperature. The actual liquid used depends, 
of course, on the temperature range which is being 
dealt with. The vapour pressure in the thermostat 
tube is communicated to the metal bellows, shown in 
Fig. 3, and the bellows actuate a valve controlling the 
supply of water under pressure to the space above the 
diaphragm in Fig. 2. The movement of the diaphragm 
is communicated through a system of levers to a pilot 
valve, which, in turn, controls the movement of the 
main valve, as will be clear from Fig. 2. The thermo- 
stat tube is usually designed to give a total tempera- 
ture range of 40 deg. 

Temperature control is equally important when 
the process steam is being used as when it is being 
produced, and it would be easy to adduce many 
examples of the truth of this statement by reference, 
among others, to the textile and tanning industries. 





We may mention, for instance, a process in the latter 








industry, which is also of interest to engineers, i.e., 
the dressing of leather belts. Fig. 6 shows a diagram of 
the dressing vat, through which the belt is passed under 
rollers. To secure satisfactory results, the temperature 
of the liquor in this vat must be maintained constant. 
This is effected by a thermostat, which controls the 
quantity of steam admitted through the vertical pipe. 

Again, in connection with internal-combustion engines, 
it is important, from the thermal efficiency standpoint, 
that the temperature of the cooling water should be 
maintained at a high and uniform temperature. This 
can be effected, as shown in Fig. 5, by including a 
thermostatic regulator in the outlet connection from the 
cylinder jacket and arranging that this regulator shall 
control the amount of water that is by-passed to the 
inlet side. This arrangement is of particular use on 
crude-oil engines when the space available is limited 
and the temperature is likely to rise higher than is 
desirable if left uncontrolled. Circulating pumps can 
also be controlled thermostatically in a similar manner. 

The same system of control can be used with advan- 
tage when hot and cold water have to be mixed, as is 
usual in public baths and washhouses, and in the paper, 
sugar and textile industries. In such cases, the general 
supply of hot water may be maintained at tempera- 
tures varying from 140 deg. F. to 212 deg. F.. Much 
lower temperatures may, however, be required for 
washing water, soaking tanks, &c., and the control of 
these may be effected by the Sylphon water mixer, a 
sectional photograph of which is reproduced in Fig. 7. 
In this apparatus, the water is delivered into the mix- 
ing chamber through two double-seated valves A. 
One of these valves admits the hot and the other the 
cold water, the first being direct and the second 
reverse acting, so that as one opens the other 
closes, and vice versa. These valves are connected to 
one end of a common rocker B, the other end of 
which is connected to the thermostat C, which is 
immersed in the hot water. The rocker is pivoted 
in the middle. Both the hot and cold water pass into 
the mixer D through an orifice which is provided 
with comb-like teeth, and are then thoroughly mixed. 
This is important to prevent stratification, and is 
essential to the success of the process. By the time 
the water reaches the thermostat, the mixture is 
complete, the final temperature, of course, depending 
on the proportions of hot and cold water. If the 
temperature of the water at the outlet E tends to 
rise above a predetermined figure, the thermostat 
expands, closes the valve controlling the hot-water 
supply, and opens that controlling the cold-water 
supply, thus lowering the temperature of the mixed 
water. The reverse action takes place should the 
temperature of the water delivered begin to fall. In 
actual operation, however, the tendency is for the 
valves to assume a fixed position, so that the exact 
amounts of cold and hot water necessary to keep the 
water delivered at the desired temperature are supplied. 
An important feature is that if the cold-water supply 
fails, the hot-water valve is closed, so that the delivery 
temperature cannot rise to a dangerous extent. It is 
desirable that strainers should be placed in both the 
hot and cold-water pipes, as the presence of dirt or 
scale would harmfully affect the operation of the 
valves. The same principle can be employed when the 
necessary hot water is obtained by mixing steam and 
cold water, and the method of operation, in this case, 
is so similar that it is not necessary to go into details. 
The layout of such a system is shown in Fig. 8, the 
details of the mixing chamber being given in Fig. 9. 

As showing the wide range of applications to which 
devices of this sort may be put, we may mention the 
milk boilers which are largely used in restaurants. It 
has been found, as vhe result of culinary research, that 
the flavour of coffee is best if the milk mixed with it 
is at a temperature of 130 deg. A large firm of 
caterers have, therefore, ordered a number of steam- 
heated milk boilers, the supply of heat to which is 
controlled by a thermostat contained in a central 
column. This column is, of course, normally surrounded 
by the milk that is being heated. 

Finally, it may be mentioned that the same devices 
may be employed for the control of low temperatures, 
the thermostat being placed, for instance, in a refriger- 
ating chamber and the vaive it controls in the brine line. 





Tue Panama Canau.—According to a recent issue of 
the Panama Canal Record, both the total number of 
commercial transits and the aggregate tolls collection 
created new record figures during the year ending 
December 31, 1927. The commercial transits, totalling 
6,085, exceed by 610 the previous record of 5,475 transits 
during the fiscal year ending June 30, 1927, and the 
tolls exceed by 1,940,059.40 dols. the previous record of 
24,290,963.54 dols. collected during the fiscal year ending 
June 30, 1924. It is of interest to note the total figures 
for the number of transits and tolls collected during the 
three calendar years 1925, 1926 and 1927, respectively, 
which were as follows :—4,774 transits and 21,380,759.70 
dols., 5,420 transits and 23,901,540.04 dols. and 6,085 
transits and 26,231,022.94 dols. 
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THE REACTIVITY OF COKE. 

In the practice of blast-furnace and other processes 
into which coke enters it has always been known that 
cokes differ widely in their efficiency, and many 
attempts have been made to define the properties which 
distinguish good coke from bad. The importance of 
such a definition to the metallurgical industry is 
obvious, but unfortunately so is the difficulty of making 
one. The temperature at which the coke is used, the 
proportions of the furnace, the composition of the other 
elements of the burden, the velocity of the blast, the 
ratio of the quantity of air to that of the coke, and 
possibly even the structure of the coke itself, all have 
a bearing on the result, and unfortunately up till now 
very little has been known of the relation of these 
factors to each other or of the way in which they influ- 
ence the behaviour of the coke. Among the processes 
into which coke enters in metallurgical operations, its 
combustion in the oxygen of air and the subsequent 
reduction of the carbon dioxide so formed are evidently 
factors of the first importance, and an investigation is 
in progress at the Fuel Research Station of the Depart- 
ment of Scientific and Industrial Research on the 
latter function of coke, which is known as its reactivity. 
This investigation is being carried out in co-operation 
with the Fuel Economy Committee of the National 
Federation of Iron and Steel Manufacturers, and a 
preliminary report* by Dr. J. H. Jones, Dr. J. G. King 
and Mr. F. S. Sinnott has now been published, des- 
cribing a standardised method for determining the 
comparative values of the reactivity of coke. 

The report is of importance not only for such results 
as have been obtained, but also because it has laid down 
standard conditions which, although arbitrary, have 
been found to give fairly concordant results, and its 
adoption for the time being will make observations in 
these and future investigations comparable with each 
other. The reactivity itself is defined as the number of 
millilitres of carbon monoxide formed from a hundred 
millilitres of carbon dioxide under these standard 
conditions. It may—or may not—be remembered that 
the millilitre is the unit intended to be used in future 
instead of the cubic centimetre, and is already adopted 
for that purpose extensively in the United States and 
elsewhere. It was recommended in March, 1924, by 
a Joint Committee set up at the National Physical 
Laboratory for the standardisation of scientific glass- 
ware. On the present accepted definition of the litre 
as the volume of a kilogramme of the water at the 
temperature of its maximum density and under normal 
atmospheric pressure, the cubic centimetre is equal to 
the millilitre within the limits of experimental error 
and scientific tolerance. It has been usual, however, 
in accordance with Mohr’s original proposal, to adjust 
the standard litre flask at 17-5 deg. C., or alternatively 
at 60 deg. F., and, if 1,000 c.c. is taken to be the volume 
of the litre flask so defined, is equal to 1,002 millilitres. 
For observations of the precision practicable and suffi- 
cient in the present investigation these distinctions are, 
of course, inappreciable. 

The conditions finally adopted provided a horizontal 
“column” of coke in a reaction tube 7-5 cm. long, 
made of clear silica, and placed in an electric resistance 
furnace giving a uniform temperature of 950 deg. C. 
over a length of 8cm. The size of the coke was such 
that all passed through a 10-mesh and all remained on a 
20-mesh I.M.M. screen. The volume of carbon dioxide 
passed for each determination was 100 millilitres, passed 
at the rate of 5 millilitres per minute. Before this deter- 
mination is made the coke is heated to a temperature of 
950 deg. C. in a current of nitrogen, the process taking 
one hour and using about 1,000 millilitres of nitrogen, 
and is thenceforward maintained at that temperature. 
After the lapse of an hour, 100 millilitres of carbon 
dioxide is passed at the standard rate and the reactivity 
is then measured by the result of passing a second 
100 millilitres of carbon dioxide. The preliminary 
treatment removes a substantial part of the volatile 
matter in the coke. Considerable variations are found 
in the reactivity as the passage of carbon dioxide con- 
tinues, but for any samples of coke there appear to be 
three stages at which the reactivity is definite for the 
time being. Its values at these stages are denoted 
in the report, respectively, as reactivities I, II and III. 
Reactivity I is the first value obtained as above des- 
cribed, and represents as nearly as possible the initial 
value of the sample, subject to whatever effect may 
have been produced by the removal of most of the 
volatile matter in the stream of nitrogen. It is, 
however, only a transient value, as it falls continuously 
on the continued passage of carbon dioxide, but after 
this passage has gone on for some time, varying with 
the coke, it reaches a value sensibly constant over 
several determinations, which value is the reactivity 
III. If the passage of carbon dioxide is postponed 
and the passage of nitrogen prolonged for various 
periods, the reactivity values, taken at different times on 





* Department of Scientific and Industrial Research: 
Fuel Research Technical Paper No. 18. H.M. Stationery 
Office, price 1s, net. 
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identical samples exposed to the flow of nitrogen for 
various periods, fall continuously, and finally reach a 
value which remains constant, and is the reactivity II, 
The same value can also be obtained by prolonged 
heating of the coke at the same temperature in a 
vacuum of the order of 1 mm. of mercury. 

The conditions of experiment are found to be applic- 
able to a considerable range of materials, and not to 
be unduly sensitive to small variations. The equili- 
brium of carbon: and its two oxides at 950 deg. C. 
fixes the maximum reactivity value at 197-4, and with 
individual samples it was found that the values 
obtained ranged from 192 for active charcoal, through 
178 for a low-temperature briquette, down to 43 for a 
beehive coke and 30 for its glazed skin. A series of 
experiments intended to ascertain how closely results 
would be repeated in determinations made on separate 
samples of the same material, gave figures which, con- 
sidered as percentages, showed maximum differences 
of from about 2 to 8 per cent., with variations of the 
maximum from the mean of each series from about 
1 to 3 per cent., and of the mean differences from the 
mean values of each series of from about 1 to 2 per 
cent. During the investigation, it has been found 
generally that the changes in reactivity in cokes of 
which the initial figure is low, axe relatively small, 
while with those of higher initial reactivity the decrease 
may become apparent even while the first 100 ml. 
of carbon dioxide is being passed. In experiments 
made for the purpose, it was ascertained that the 
method was not unduly sensitive to small changes made 
in either the rate of passage of carbon dioxide, the 
length of the reaction tube filled with coke, or fineness 
of particles, but that considerable accuracy is required 
in the furnace control, as with metallurgical coke an 
error of 1 deg. C. makes a difference of 1 ml. in the 
carbon monoxide obtained. It was not found practic- 
able to obtain carbon dioxide and nitrogen chemically 
pure, and some care seems to have been required in the 
control of impurities. 

As a general result, it appears that the ability of 
coke to reduce carbon dioxide in the conditions of the 
experiments, falls with the continued passage of the gas 
for a period of the order of some hours to a limit at 
which it remains constant for the time being, though 
further passage will subsequently start the fall again. 
At the same temperature, a similar result can be 
obtained by the continued passage of nitrogen, or by 
applying a vacuum. These phenomena, indeed, were 
not invariable. In particular, instances occurred when, 
on a determination being interrupted and the coke 
allowed to cool down overnight in an atmosphere of nitro- 
gen, a considerable, though transitory, increase of re- 
activity was found on starting up again in the morning. 
With one coke, too, the passage of nitrogen to remove 
volatile matter was followed by a temporary increase 
of reactivity. In all, some thirty cokes were examined, 
and, as a whole, the results seemed to indicate, in the 
metallurgical cokes, some sort of inverse relation 
between high reactivity and value in the blast-furnace, 
whether measured by general experience of the 
coking, or by the “shatter” test. The decreases in 
reactivity varied from a small amount up to as much 
as 50 per cent. Some experiments are in progress on 
the effect of depositing carbon within the pores of the 
coke by passing hydrocarbon gases over it. Results 
obtained with methane showed that the passage of 
1 litre in an hour reduced the reactivity value of the 
coke to that of reactivity III, as previously determined 
on the coke in question. Further passage of methane 
produced a black deposit without altering the reactivity. 








LauncH oF THE §.S. “ DeE-Wuy.”—Messrs. Napier 
and Miller, Limited, Old Kilpatrick, launched the double- 
ended screw ferry steamer Dee-Why on December 28, 
last. The principal dimensions of the vessel are: 
length 220 ft., breadth 35 ft. 11 in., and depth to 
main deck 15 ft. 6 in. She is the first of two 
sister ships for the Port Jackson and Manly Steam- 
shiv Company, Limited, and is intended for their 
service between Sydney and Manly. Accommodation 1s 
provided for 2,000 passengers. The engines, which are 
of the four-crank, triple-expansion type, balanced on the 
Yarrow-Schlick-Tweedy system, will be supplied by 
Messrs. D. and W. Henderson and Company, Limited, 
Glasgow, and are designed to give the vessel a speed of 
17 knots. The boilers are arranged to burn either coal or 
oil fuel. 


STANDARD SPECIFICATIONS FOR MALLEABLE-IRON (AST- 
inGs.—-The British Engineering Standards Association have 
just published two standard specifications for white and 
black-heart malleable iron castings, Nos. 309- and 310- 
1927, respectively. The principal clauses cover the pro- 
vision and size of the test bars, the mechanical tests, oe 
the machining properties of the castings. No chemuica 
composition is specified, as it is considered that the 
mechanical properties should be regarded as _the 
main requirements, and the chemical composition as an 
auxiliary check upon the suitability of the material - 
perform the duties required. Copies of these. * 
specifications may be obtained from the pen . 
Publications Department, 28, Victoria-street, London, 








S.W.1., price 2s. 2d. each, post free. 
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THE KINEMATICS OF THE ANDREAU relative angular velocity was 120 radians per second, 


DIFFERENTIAL-STROKE ENGINE. 


By S. J. Davies, M.Se., M.I.Mech.E., and C. F. 
7 PARKER. 


Tue advantages of the Atkinson cycle from the 
point of view of thermal efficiency are well recog- 
nised, but the complicated mechanisms of the 
original Atkinson engine led to its relative failure in 
practice, although about one thousand of these were 
actually put into service. The Andreau differential- 
stroke engine of the Citroén Gear Company,* 
working on this cycle, gives the extraordinarily 
low petrol consumption of 0-379 Ib. per brake horse- 
power per hour, equivalent to an overall or brake 
thermal efficiency of about 36 per cent. The mecha- 
nism of this engine is very ingenious, and, with the 
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Fig.1. 


AB-Suction Stroke. 
BC-Compression Stroke. 
CD-Working Suroke., 
DA-Exhaust Stroke. 
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7.2. PISTON DISPLACEMENT CURVE. 
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very much higher duty that it is now possible 
to impose upon working parts, resulting from 
the recent general improvement in engineering 
practice, this engine may well mark a distinct step 
forward in the practical efficiency of the petrol 
engine. It is of especial interest at the present 
time when, on the basis of fuel consumption, the 
petrol engine is being easily surpassed, even at 
fairly high speeds of revolution, by the heavy oil 
engine. These considerations led the writers to 
make an investigation into the kinematics of the 
type of mechanism used in the Citroén differential- 
stroke engine. 

Fig. 1, annexed, shows the mechanism diagram- 
matically, with the piston at the outer dead centre 
at the end of the working stroke, and gives the 
dimensions assumed in the calculations that follow. 
The path of the big end of the connecting rod is 
also drawn. 

These dimensions do not agree exactly with those 
of the Citroén differential-stroke engine, but are 
those of a model built up merely to study the 
question on general lines. The first point consi- 
dered was that of the relative angular velocities 
between the big end of the connecting rod, and the 
upper and lower links actuating the two cranks, the 
speed of the engine being taken as 700 cycles per 
minute, corresponding with 1,400 r.p.m. on a 
normal four-stroke engine. Between the connecting 
rod and the upper link, the maximum value of the 





* See ENGINEERING, vol. exxiv, page 613. 


|and the mean relative angular velocity 40 radians 
| per second ; the corresponding figures for the bear- 
| ing of the lower link at the big end were 90 and 40 
radians. per second, respectively. With bearings 
of 2 in. diameter, the maximum rubbing speeds 
would be 600 and 450 ft. per minute for the upper 
and lower links respectively, while the mean rub- 
bing speed would be 200 ft. per minute in both cases. 

Figs. 2, 3 and 4 show, respectively, the curves 
of displacement, velocity, and acceleration of the 
piston. The base in all cases is the angular displace- 
ment of the upper crank, the zero value being that 
when the piston is on the inner dead centre at the 
end of the exhaust stroke; this position is also 
taken as zero for the curve of piston displacement. 
The first point to be noticed in Fig. 2 is the interval 
of time taken for the four strokes of the cycle. 





These intervals are practically equal for the suction, 
compression, and expansion strokes, equivalent to 
80 deg. of crank displacement, but the exhaust 
stroke requires an interval one and a half times as 
great, that is, 120 deg. of crank displacement. It 
will be seen from Fig. 1 that the lengths of the four 
strokes are, respectively, 68, 56, 128, and 140 mm., 





so that the mean piston speed during the expansion 
or working stroke is about twice that during the 
suction and compression strokes. On this account, 
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1g 4. PISTON ACCELERATION CURVE. 
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the heat loss to the cylinder walls during expansion 
should be relatively lower than in the normal four- 
stroke engine. 

It will be noticed, in Fig. 3, that, as would be 
expected, the piston speed is highest at a point 
in the expansion stroke, reaching the very high value 
of 38-5 ft. per second, or 2,310 ft. per minute. The 
obliquity of the connecting rod at this point was 
nearly the maximum for that side of the centre line, 
being about 163 deg., which is approximately that 
of a normal engine with a connecting rod to crank 
ratio of 3-6. It is possible that the high piston 
speed, combined with the obliquity, may render 
piston lubrication more difficult than in a normal 
engine. The mean piston speed is about 15 ft. 
per second, that is, 900 ft. per minute. 


Fig. 4, the curve of piston acceleration, shows 
that the maximum acceleration also occurs during 
the working stroke ; it reaches the extremely high 
value of 7,300 ft. per second? at the beginning of 
that stroke, in spite of the comparatively low speed 
of revolution. The high inertia force required to 
produce this acceleration is opposed by the fluid 
pressure, which is also near its maximum value at 
this point. Thus the resulting force transmitted 
to the gudgeon pin bearing is correspondingly 
reduced. The fact that the high value of the 





acceleration occurs when it does, renders it of less 
| importance than the lesser acceleration, 4,500 ft. 
|per second’, taking place at the beginning of the 
| suction stroke where there is no counter pressure. 





From consideration of these curves it is obvious 
that the motion of the piston is complex, so that 
equations for its motion cannot readily be found. 
The displacement of the piston is the resultant 
of the two displacements fromthe upper and lower 
links respectively. These operate in opposite direc- 
tions at certain parts of the cycle. Further, in 
connection with the transmission of forces from 
the big end of the connecting rod to the two cranks, 
the upper and lower links generally make a conside- 
rable angle with the direction of the force in the 
connecting rod. Also, in various configurations, 
there must be opposing forces in the respective 
links, so that compression in one link is combined 
with tension in the other in order to be in equilibrium 
with the force at the big end. The actual forces 
in the links, therefore, which act on the respective 
cranks, will be considerably greater in magnitude 
than those in the connecting rod, and lead, in certain 
positions, to high loads on the crank-pins and crank- 
shaft bearings. Accounts of the performance of 
the Citroén differential-stroke engine in service will 
certainly be awaited with interest. 





THE TRAFFORD PARK WORKS OF 
MESSRS. METROPOLITAN-VICKERS 
ELECTRICAL COMPANY, LIMITED. 

(Continued from page 190.) 

As we concluded our last article with a description 
of the tool stores, the tool room comes next in 
natural sequence. The main tool department 
occupies the central portion of the gallery of 
bay “C” in the machine shop. As will be 
realised from the illustrations already given of 
the elaborate tools used in the punching shop, 
which are made by the firm, the tool department 
is really a manufacturing one and is not merely 
confined to the rehabilitation of worn tools. In 
consequence, it is not surprising to find that it 
is not only of considerable extent, but contains 
a number of large machine tools. The floor 
measures 360 ft. by 47 ft., and for 48 ft. of the 
length there is an upper floor containing the office 
accommodation. The north end of the department 
contains a small store for tool steel with six power- 
driven hack saws for cutting the material on the 
spot to the exact length required, and then comes 
the main shop, a view of which, looking south, is 
given in Fig. 56, on page 278. The machine tools 
here seen, 105 in number, consist of surface, universal 
and other types of grinders, with lathes, planers, 
shapers, and so forth, a 5-ft. boring mill with 
grinding attachment, and some other special 
machines. 

Three of these deserve more particular reference. 
The first that we may mention is a radial plano- 
grinding machine of which a photograph is repro- 
duced in Fig. 55, on page 278. As will be seen, the 
working head, permitting of angular setting,. is 
carried on a cantilever slide with vertical adjust- 
ment. Horizontal adjustment is provided in the 
usual manner.. The reciprocating table carries one 
end of a swinging arm with an auxiliary table 
to which the work is bolted. Profiles up to 10 ft. 
radius may thus be formed either by a planing or 
grinding process. An example of the work done 
on this machine is shown in the foreground of 
the figure. This consists of a pair of punching 
dies for a segmental lamination. A chordal length 
of 2 ft. may be dealt with. Fig. 57, on page 279, 
shows one of the other two machines selected 
for special note, which are the jig-boring 
machines made by Messrs. the Société Genevoise, 
Limited, 95, Queen Victoria-street, London, E.C.4. 
The particular machine shown in the figure is 
size No. 6, and will handle work up to 51 in. 
by 40 in. by 33} in. Here again, samples of the 
work done are shown exhibited near the machine 
in the first figure, it being understood. that the 
holes drilled are not marked out previously, but 
that the machine is set by reading the appropriate 
co-ordinates directly from the drawing, the various 
motions being provided with micrometer screws 
and verniers which, after allowing for all sources 
of error, permit work to be turned out within 
a limit of accuracy of 0-0005 in.—that is, about 
one-hundredth of a millimetre. Of the two spindles 
with which the head is equipped the smaller will} 
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take drills from 3 in. to 1 in. in diameter, and has | 
a range of 4 in. The Jarger, for drills above the | 
last-mentioned size, has a range of 10 in. The} 
average output is about 60 holes per eight-hour day | 
The other jig borer is a smaller machine, size | 
No. 3, with one spindle. 

Practically, the whole of the tools required in | 
the works are made in the tool room, except small | 
taps and drills, which are bought in. Besides the | 
dies for the punching department, already 
to, and which may reach a diameter of 44 in., 
a large number of jigs is turned out by 
room, and all cutiers, drills, taps and dies are | 
maintained in working condition. The average | 
number of separate job orders handled in this room | 
is 300 per week. 

At the south end of the main tool room is the | 
gauge room, a view of which is given in Fig. 58, | 
on page 279. The office accommodation already | 
mentioned is seen to the left of the figure, with | 
a departmental tool stcre below it. The function | 
of this room is, of course, the production, examina- | 
tion, and maintenance cf the whole of the gauges | 


used throughout the works, and it is accordingly | 


equipped with both machine tools and measuring | 
apparatus. The first include surface, universal and | 
caliper grinders, and a drill press. The heavier | 
machining operations on new gauges are done in 
the tool room, the machines just mentioned being | 
installed in the gauge room for the purpose of 
finishing the gauges to the required degree of | 
accuracy. For making screw thread gauges there 
is a precision lathe fitted with a pitch adjustment | 
device and having a guide screw tested by the | 
National Physical Laboratory. The standards | 
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include length standards also certified by this 
authority, and a set of Johansson type block 
” gauges. This set comprises 60 blocks increasing 
“wat SRS. . . in steps of 0:0001 in. from 0-2 in. to 0-2060 in., 
aes ’ 2 and a further series of 60 blocks decreasing in steps 
. of 0-0001 in. from 0-2 in. to 0-1940 in., and marked 
— 0-0001 in., — 0-0002 in., &. The system of 
marking is designed to reduce any possibility of 
error to a minimum, and may best be illustrated 
by an example. If, for instance, it is designed to 
check a caliper gauge 0-9375 in., with tolerances 
+ 0-0005 in., and — 0-0003 in., the operator selects 
a block that is marked 0-9375 in., but actually 
measures 0-7375 in., and uses this first with the 
0-2005 in. block, marked + 0-0005 in., and then 
with the 0-1997 in. block, marked — 0-0003 in. 
It will be seen that the marking on the blocks 
to be selected is identical with the marking on the 
gauge to be checked. Control of dimensions is 
maintained by comparisons made on a Pratt and 
Whitney 8-ft. measuring machine, and on a similar 
one of 20 ft. capacity of the firm’s own construction. 
For standardisation of screw thread diameter gauges 
a Pitler measuring machine, fitted with a fluid 
indicator recording errors of 0-00005 in. is used 
for master gauges, other instruments being provided 
for measuring the working gauges. 

The gauges themselves, which include those for 
form, position, plug, caliper, and screw thread 
readings, comprise also a considerable number of 
special micrometers and testing pieces, as may be 
realised from the fact that the products which 
have to be gauged range from the delicate clockwork 
|of a meter to the parts of the largest steam tur- 
| bines. The gauge-room staff is responsible for the 
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systematic examination of all gauges, none of which | helix (a) 5; (b), 7; (c), 12. Right-hand helix of 
are supposed to be out of the gauge room for a/the pinion: (a), 8; (b), 8; (c), 10. Fig 61, below, 
longer time than one week. On return, each gauge | shows, in graphical form, the errors in circumfer- 
is examined for wear, and if this is found to exceed | ential pitch for the right-hand helix of the pinion, 
individual specified tolerances, the gauge is adjusted, | the readings being given in the four planes, A, B, C, 
if possible, or replaced. An interesting machine is | D, one axial pitch apart. This figure is obtained 
to be seen at the right hand of Fig. 58, on page 279. | by plotting the vertical columns of readings given in 
This is an apparatus developed and made by the/| Fig. 60, but the horizontal columns may also be 
firm for detecting inaccuracies in the teeth of double | plotted, the curves thus obtained representing the 
helical pinions, all of whiclt made by Messrs. Metro- | points of contact for each position denoted by a 


politan-Vickers are measured by it, and it is also| tooth number. 


Such curves give a guide as to 


employed in the examination of worm and worm | uniformity of contact across the face of the pinion. 
wheels for turbine governors; also, where import- |The form taken by the circumferential pitch error 


ance justifies, for spur wheels. 


account of this machine was given in vol. cxiv of 


An illustrated | curve is often a guide as to concentricity of cutting. 


The principles employed in designing this gear- 


ENGINEERING, page 410, but since that date, Messrs. | measuring machine have been employed in the 
Metropolitan-Vickers have compiled some interest- | manufacture of a further special machine used for 
ing particulars.of the degree of accuracy that can be | the examination of the pitch and profile of all gear- 
obtained & good practice, particularly on gears cut | generating hobs used in the production of double- 
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on the highest class of hobbing machine. These we 
give inthe annexed table, the figures referring to 
either straight or helical spur wheels. 

There are three types given of permissible errors 
in pitch of gears for ordinary commercial conditions, 
which we show in the table just mentioned. These 
are (a) the permissible variation in pitch from tooth 
to tooth or adjacent teeth; (b) the permissible 
variation from the true pitch; (c) the total or 
cumulative error round the whole periphery of a 
gear wheel. To make the matter clearer we show, in 





| original one, will record errors of 0:0001 in., is also 


‘nection with the tool room, reference may be made 
| to the firm’s system of having in each main depart- 


| well acquainted with all the shop facilities affecting 
| the products of his department, and, besides approv- 
| ing all requisitions for any tools, jigs, or fixtures to 
|foremen, and tool designers what tools or jigs are 
| tools or fixtures are to be made, and in what manner 


| deciding how best any proposed part may be made 
and whether any modifications can be suggested to 


Fig. 60, a complete set of readings taken from an | 
actual pinion, the dimensions of which are given in 
Fig. 59. The readings denoted by a circle in Fig. 60 
are those by which the three permissible errors a, } | 
and c, mentioned above, are arrived at. 
mary of readings is-as follows. 


From the left-hand 


The sum- | 


61. 
+3 
+2 
+7 

0 
-9 
-2 
-3 
-4 
-5 
-6 


1-0-0001 


1 + 9 °2 9 1 


Error uw Graunferential Pitch 


PERMISSIBLE ERRORS IN PITCH OF GEARS 


Number of Tooth 


ally large window area, and is of ample height, being 
30 ft. to the eaves and 40 ft. to the ridge. Each 
bay is served by two 5-ton overhead electric travel- 
ling cranes, and by one 10-cwt. jib crane. 

The view already alluded to will show that the 
shop is fully equipped with machine tools and other 
appliances. These include two bending machines 
capable of dealing with plates up to ? in. in thick- 
ness, a tube-bending machine, radial drills, milling 
machines, guillotines, &c., which are driven by 
eight motors of a total capacity of 103-h.p. The 
electrical welding equipment of the shop is of the 
firm’s standard design, the manufacture of arc- 
welding sets for all services, for single operator or 
multiple-operator working, being one of its standard 
lines. Fig. 65, on page 292, shows a typical row of 
single-operator arc-welding generators driven by a 
50-h.p. motor, with the cubicles for isolating the 
operators below them. In other parts of the shop 
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i | 
\| 4 Teeth cut on high-class 
7 ‘i = ee Teeth cut on high-class Pas ; 
Pitch. | Teeth cut with disc cutters. hobbing and planing machine. | eee yy —— 
| 
| 
Diametral.| Circular. | a. | b | ec a | | e | a | db. | 4 

1 83-1416 || 0-006 | 0-015 | 0-023 | 0-004 0-010 0-015 0-002 0-005 | 0-0075 
2 1-5708 t 0-003 0-0075 0-0112 0-002 0-005 0-0075 0-001 0-0025 0-0037 
3 1-0472 || 0-002 0-005 0-0075 0-0013 0-0033 0-005 0-0007 0-0017 | 0-0025 
4 0-7854 || 0-0015 0-0038 0-0060 0-0010 0-0025 0-004 0-0005 0-0012 0-0020 
5 0-6283 0-0012 0-003 0-0045 0-0008 0-0020 0-003 0-0004 0-0010 | 0-0015 
6 0-5236 0-0011 0-0025 0-0038 0-0007 0-0017 0-0025 0-0004 0-0008 | 0-0013 
8 0-3927 0-0008 | 0-0018 0-0030 || 0-0005 0-0012 0-0020 0-0003 0-0006 | 0-0010 
10 0-3142 | 0-0006 0-0015 0-0023 0-0004 0-0010 0-0015 | 0-0002 0-0005 0-0008 

| ; 





helical gearing. This machine, which, like the 


used to examine the pitch of screw threads. In con- 


ment a tools engineer, who is responsible to the 
departmental superintendent. Each tools engineer is 


be made, discusses with engineers, draughtsmen, shop 
to be specified on the drawings, whether any new 


this may best be done. The tool engineers may 
also be consulted by the processing department in 


reduce costs. 

The next department to be dealt with which 
contributes partly-worked material to the more 
purely finishing departments is what is known as 
the tank shop from the fact that one of its chief 
products is transformer tanks. It has, however 
a much wider range than that, for all the various 
casings made of welded sheet steel are constructed 
in it, for example, those for street kiosks, baking and | 
industrial and electric ovens, electric furnaces, water- | 
tight and flame-proof controllers, and so forth, | 
other tanks being those for circuit-breakers and | 





further sets are installed, so that a total of over 
25 operators may be continuously employed at 
one time, with double this number when night 
shifts are worked as is usually the case. Some 
brief illustration of the actual work undertaken is 
necessary to account for this number of operators 
and it may be safely taken for granted that much 
of it is on a large scale. Thus, in the foreground of 
Fig. 64 there are to be seen large circuit-breaker, 
tanks for metal clad switchgear. Fig. 66 shows an 
oil storage tank, 12 ft. in diameter by 12 ft. high, 
which is arc-welded throughout. In Fig. 63, on page 
281, is shown part of a small transformer to indicate 
the use made of arc welding in the corners, tube ends, 
&c. Fig. 62, on page 281, is a more striking example 
of welding on a transformer tank, as the tank so con- 
structed is considerably more complicated than the 
normal rectangular one. This shows the completed 
transformer, but the lines of welded joints are visible 
in several places. It is a 4,500-kv.-a., 3-phase, 
132,000 /21,000-volt transformer. Fig.67,on page 292, 
shows an example of welding on a considerable scale, 
on the top of a street kiosk, and also illustrates an 
operation of frequent occurrence in the tank shop 
in cases where the external finish is of importance, 


/namely, that of grinding smooth the irregularities 


left by the weld. For this purpose the portable car- 
borundum wheel outfit shown in the figure is found 
quite satisfactory. A research specialist in arc 
welding processes devotes his whole time to the 


starters. The department is situated between the | supervision of this work throughout the factory, but, 
pattern shops and the bar and tube stores, both | naturally, is engaged for a large proportion of his 


already described, but the mention of which will | 


serve to locate its position in the plan on page 64 | though mainly used is not exclusively emp. 
ante. The building itself is of ferro-concrete in two | oxy-acetylene welding is also used where it ¢ 


spans, and is 322 ft. long by 81 ft. wide. 


Arc welding, 
ployed, as 
an be 


time in connection with the tank shop. 


As will be | done to advantage, a particular instance being in 


seen from the general view of the western span given | the welding of thin sheet material. 


in Fig. 64, on page 292, the shop has an exception- | 





(To be continued.) 
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(For Description, see Page 277.) 
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000/21,000-VoLt TRANSFORMER 


WITH WELDED TANK AND DETACHABLE RADIATORS. 


THE VISCOSITY OF LUBRICANTS 
AT HIGH PRESSURE. 


THE committee, on lubricants and lubrication, 
appointed during the war by the Department 
of Scientific and Industrial Research, commis- 
sioned the National Physical Laboratory to 
measure the viscosities of oils under different 
pressures. The investigation originated in the hope 
that light might thus be thrown upon the reason for 
the relative inferiority of mineral lubricants, as 
compared with those of animal and vegetable origin. 


superior lubricating qualities of these latter. In the 
experiments made, pressures of 10 tons per square 
inch were attained, but contrary to expectation, 
the viscosity of the mineral oils was found to increase 
more rapidly than that of their rivals. Thus, at a 
pressure of 9,000 atmospheres, the viscosity of 
animal oils was about four times as much as at 
atmospheric pressure, but in the case of mineral 
oils the increase was as much as 16-fold. These 
results led to the conclusion that no explanation 
of “‘oiliness”’ could be found in the variation of 
viscosity with the pressure ; and Mr. R. M. Deeley 





Experiments made in Germany with certain other 


showed a little later that the molecules of the better 


TABLE I.—ABSOLUTE Viscosity or Larp Or. 

























































































| 
At 22 deg. C. J| Pressure (kg. per sq. cm.) 0 510 | 730 | 990 1,180 1,780 
‘ ** | Viscosity (Poises) s* 0-82 1-76 | 2-36 | 3-12 4-30 573 
At 100 deg. C. | Pressure (kg. persq.cm.) .. ..| 450 1,080 1,830 | 2,580 2,900 3,540 
00 deg. C HY Ein. | CU) em” een 0-35| ° 0-51 0-65 1-07 
ee | | oe) | 
Taste II.—AsBsoLuTeE Viscosity OF VEEDOL. 
At 25 deg. C. : ff | Pressure (kg. per sq. cm.) 0 270 | 360 560 790 | 960 
. U Viscosity (Poises) “s 0-87 1-17 | 2°13 4-32 4-82 | 6°58 
Msc ©. { Pressure (kg. per sq. cm.) 1,450 | 1,780 2,350 3,060 | 3,610 | 3,700 
3 Viscosity (Poises) se 0-22 0-29 | 0-63 1°64 2°33 2°58 
TasBLeE III.—AssoLvuTe Viscosity oF Mositor, 
{ | 
At 25 deg. Cc. { Pressure (kg. per sq. in.) } 0 | 500 | 680 800 | 920 1,080 
3 ? 7 Viscosity (Poises) a | 2-73 | 14-7 25-6 42-8 58-6 93-1 
At 93 deg.c, ,,J| Pressure (kg. per sq. em.) | 350 860 | 1,130 | 1,650 2,000 2,370 
Viscosity (Poises) oe 0:05 | 0-18 | 0°33 0-75 1-68 9-70 
TasLe IV.—AssoLuTe Viscosity or CAsToR OIL. 
- 
At 25 deg. C. {| Pressure (kg. persq.cm.) .. —. | 0 430 | 750 1,050 1,280 1,360 
vie | Viscosity (Poises) ta me -+| 6-31 12-4 | 21-6 33-2 44-1 53-0 
At 92deg.0. ., { Pressure (kg. per sq. cm.) =e) 0 | 700 | 1,930 | 2,300 2,630 — 
Viscosity (Poises) se <i 0- 1-61 | 2°25 2-78 — 


24 | 0-60 | 





organic fluids had shown that the viscosity was 
Increased by pressure, and it seemed probable that 
oils would behave in a similar way. If the viscosity 
of the mineral oils increased less rapidly than that 
of those of animal or vegetable origin, at least a 
partial explanation would be provided for the 





lubricants had the property of welding themselves 
to the opposing surfaces of a bearing. 

In view of the N.P.L. results, it was not thought 
necessary to carry the experiments to still higher 
pressures, although it was known that pressures 
of the order of 30 tons per square inch must be 





Fie. 63. 


TRANSFORMER TANK SHOWING USE OF 
Arc-WELDING IN CONSTRUCTION. 


reached in certain cases. Thus, surface flow has 
been observed in the case of the teeth of a gun-metal 
worm wheel, although the efficiency of the gear 
was very high and there was no breakdown of the 
lubrication. Special interest attaches therefore to 
a paper read last December at the Annual Meeting 
of the American Society of Mechanical Engineers 
by Messrs. M. D. Horsey and H. Shore. This 
paper describes experiments on the viscosity of 
animal and vegetable oils under pressures which, 
in some cases were as high as 3,700 kg. per 
square inch, or, say, 234 tons per square inch. 
Under these extreme pressures it was found 
that the viscosity of the mineral oils increased less 
rapidly than did that of t1e rival class of lubricants. 
Some typical observations are given in Tables I to 
IV. With lard oil, actual solidification appeared 
to occur at the higher pressures, and this was also 
the case with the Veedol, which is a paraffin-base 
mineral oil. One of the samples of castor oil also 
gave some slight indications of solidifying, but other 
samples of the same oil did not show this effect, nor 
did the Mobiloil. 

From a footnete appended to the paper under 
review, it appears that as far back as 1903, Professor 
Kingsbury suggested that the superior oiliness of 
certain lubricants might be due to increase of visco- 
sity under pressure, but this suggestion was not 
known to the sub-committee on lubricants and lubri- 
cation when they initiated the N.P.L. experiments. 








Water PowEr IN OnTARIO.—We understand that the 
Hydro-Electric Power Commission of Ontario is nego- 
tiating with the Gatineau Power Company for an addi- 
tional supply of 100,000 h.p. The contract calls for 








60,000 h.p., to be delivered in blocks of 6,000 h.p. per 
annum, for a period of 10 years. It is also sti ulated 
that an additional 40,000 h.p. should be available if 
required. The power will be generated at the new 
plant, on the Gatineau River, at Chelsea, Quebec, a few 
miles north of Ottawa; it is to be delivered to the 
Ontario Hydro-Electric Commission, for distribution in 
Eastern Ontario, in the neighbourhood of Ottawa. The 
current will be distributed by means of 100,000-volt 
lines erected in duplicate. The previous contract of the 
Ontario Power Commission, with the Gatineau Power 
Company, called for the delivery of a maximum of 
260,000 h.p. Transmission lines are now being erected 
to convey this current, at a pressure of 220,000 volts, 
from Paugan Falls, on the Gatineau River, to Toronto, 
a distance of over 200 miles. 
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THE LEIPZIG FAIR. 

THERE is something to be gained, both techni- 
cally and commercially, by comparing the British 
Industries Fair, which concluded last week at Bir- 
mingham, with the fair which opened at Leipzig 
on Sunday, March 4. The main object of both 
these exhibitions is to market well-established pro- 
ducts, rather than to call attention to ingenuities of 
design. This explains why those who preside over 
the stands and those who perambulate the aisles at 
both places tend to be more concerned with the 
order book than with the blue print. It also ex- 
plains, what is obvious at both fairs, why the appeal 
‘is rather to the non-expert user than to the expert 
producer. 

In the organisation of means to attain this end— 
in other words, in stage management—Leipzig is 
superior to Birmingham. One reason for this is 
undoubtedly that its history dates back to the 
twelfth century, though the Technical Fair only 
started in 1920, and it has thus acquired a con- 
siderable and deserved prestige. Birmingham, on 
the other hand, is entirely a post-war product. Like 
so many other British institutions its creation was 
tentative, and, although it may now be regarded 
as permanent, it has not altogether lost its tem- 
porary character. Permanency, however, is the 
keynote of Leipzig. In the centre of the town 
there are a number of handsome buildings, almost 
the only function of which is to house the various 
sections of the Samples Fair twice a year, while 
on the outskirts there is an equally impressive array 
of structures on the site where the Technical Fair is 
held. To compare these erections with the erst- 
while aeroplane hangars, which, in spite of improve- 
ments, still do duty at Birmingham, is to be a little 
ashamed at our lack of salesmanship ; for, though 
this is, perhaps, only a matter of window-dressing, 
the effect of window dressing in industry may be 
considerable. 

Before the German example can be followed 
fully at Birmingham, however, it would seem that 
some reorganisation of the present arrangements 
will be necessary. At Leipzig the German Asso- 
ciation of Machine Tool Manufacturers has 
rights over the largest building in the Technical 
Fair grounds, the floor space of which exceeds that 
of Olympia. Some move in the same direction 
might well be made in connection with the British 
Industries Fair. We have several trade associations, 
which might well make themselves responsible for 
a permanent building and its annual equipment on 
some site yet to be found. A procedure of this 
kind might be somewhat expensive, but experience 
both at Birmingham and Leipzig suggest that it 
might be well worth while. 

This year, the Technical Fair at Leipzig contains 
two novel features. For the first time an English 
firm of machine tool makers—Messrs. Alfred 
Herbert, Limited, of Coventry—is exhibiting. 
Messrs. Herbert are showing two examples of auto- 
matics, a combination turret lathe, a capstan lathe, 
and a hexagon-turret lathe, the details of all of 
which are familiar to readers of ENGINEERING. 

In addition, Hall No. 7, which was built a few 
years ago for the Shoe and Leather Fair, has been 
entirely reconstricted to house, for the first time, 


a display of motor omnibuses and industrial | 


vehicles, which has been arranged by the German 
Automobile Association. The new building has 
a floor area of about 170,000 sq. ft., and consists 
of a steel frame with Pumex concrete walls and 
ceilings. The supporting pillars are covered with 
Fulgurite. These materials were chosen because 
they can be erected without risk during the 
severest cold, and it is worthy of note that 
between the inception and completion of this 
building only three and a-half months elapsed. The 
steelwork was finished in about six weeks. The 
floor is of concrete 6 in. thick, covered with 1 in. of 
asphalt. 

It may also be noted that this year 60 English 
firms or associations have booked space at Leipzig, 
though these include a number of non-technical 
exhibitors. The number of English concerns 
represented is, however, no less than 783, of which 
the Rubber Growers’ Association account for 620. 
In addition to Messrs. Herbert, Messrs. William 
Green, Limited, of London, are showing Luxton- 





Green soldering machines in Hall 11; Messrs. John 
Hetherington and Sons, Limited, of Manchester, 
exhibit textile machinery ; and further engineering 
products are represented by exhibits arranged 
by Messrs. Henry Simon, Limited, of Manchester, 
and Messrs. Brooks and Doxey (1920), Limited, 
of Manchester. 

As before, the exhibits in the Technical Fair 
are housed in a number of buildings, this year 
15, and in the open spaces round them. There 
is some classification. For instance, machine 
tools and electrical equipment are grouped in 
separate buildings, while most of the conveying 
plant and such vehicles as road rollers are shown 
out of doors. This classification is, however, not 
absolutely rigid. Wireless apparatus is not exhibited 
with the rest of the electrical equipment, and 
internal-combustion engines, pumps, and even 
machine tools, are widely scattered. 

As usual, the most impressive section of the 
Technical Fair is that organised in the large building 
known as Hall 9, by the German Association of 
Machine Tool Manufacturers. It is this display, 
more than any other, which has led us to 
express the desire that the British Industries Fair 
should be more directly controlled by the appro- 
priate trade associations, and now leads us to 
hope, for the sake of native industry, that it will be 
possible for our own Machine Tool Trade Association 
to encourage exhibiting more often than once in 
three or four years. It can hardly be doubted that 
business is lost by this policy, not the less because 
anyone visiting both Birmingham and Leipzig would 
gain an erroneous idea of the relative importance, 
if not of the enterprise, of this section of the 
engineering industry in the two countries. Last 
year, the number of exhibitors in this building 
was 216. This year it has risen to 260. It is 
obviously impossible to mention more than a few 
of the firms, and we must confine ourselves to giving 
an account, which will indicate tendencies rather 
than be a complete description. 

Messrs. the Karl-Wetzel Maschinenfabrik, of Gera- 
Reuss, are exhibiting an improved design of hori- 
zontal boring and drilling machine, which we illus- 
trate in Fig. 1, on Plate XXXI. The drive is 
effected by a multi-speed direct or alternating-current 
ball-bearing motor, which is mounted direct on the 
headstock. All starting and control equipment is 
fixed direct on the machine itself. Speed variation 
is effected both by altering the motor speed and by 
change-speed gearing. The feed is automatic, stops 
being provided at each end of the travel to ensure 
the necessary reversal at the proper time. Feeding 
is effected by an independent constant-speed motor, 
the rate of feed being controlled by gearing. The 
controls for quick return and for the feed and 
traverse of the work are operated by levers, which 
are interlocked to prevent damage. 

The main spindle is supported close up to the 
V guide ways of the column. The drilling spindle 
is capable of fine adjustment, both vertically and 
axially, while the work itself can be moved both 
longitudinally and transversely by a handcrank. 
The amount of axial displacement of the drill spindle 
can be read off on a vernier scale. The table can 
be revolved either by a motor or by hand through 
worm gearing, and can be accurately adjusted to any 
position by a vernier scale in both the longitudinal 
and transverse directions. 

Attention may next be called to certain novelties 
which are to be found on the stand of Messrs. Georg 
Wuttig, of Dresden-Lébtau. In former years, we 
have described machines made by this firm for 
the production of small brass parts, such as the 
terminals of electrical apparatus. This year, we 
may refer to a nut-making machine, in which 
the makers have made an attempt to avoid the use 
of two machines and to eliminate the handling 
between the two sets of operations. By doing this, 
the space occupied, power expended and labour 
costs are all reduced. On this new machine which 
is illustrated in Fig. 2, on Plate XX XI, the blank 
nuts are drilled, shaped, countersunk on both sides, 
and screwed. 

A machine for milling the slots in castellated 
nuts is also being exhibited on this stand. The 
slots are cut in three nuts at the same time and 


as, on the smaller sizes, both the operations and the | — 





feed are automatic one man can look after four or 
five machines. The diameter of the milling cutters 
that can be used varies from 130 mm. to 80-mm. 

In addition to various types of their pneumatic 
and steam and hydraulic power hammers, Messrs. The 
Eumuco A.-G. of Schlebusch-Manfort are showing a 
500-ton forging press, which is illustrated in Fig. 3, 
on Plate XXXI. This contains some new features, 
For instance, the pressure of the gripping jaws may 
be made equal to the upsetting pressure, so that the 
risk of burring is reduced to a minimum. A modifi- 
cation in the design of the connecting links between 
the crosshead and the upsetting ram enable the rods 
to be placed lower down than before, and forging 
can be effected at some distance from the front end 
of the rod. 

The right-hand clamp, which was formerly 
fixed or adjustable by hand, can now be adjusted 
mechanically, thus facilitating dealing with large 
work. The machine is provided with shears, a crane 
for removing the swaging tool, and double-acting 
drive. 

The exhibits on the stand of Messrs. Carl Semper, of 
Greiz, include an automatic machine for making wire 
hooks, split pins and other similar articles. This is 
illustrated in Fig. 4, on Plate XX XT, and is designed 
for dealing with wire between No. 7 and No. 17 
B.W.G. It is claimed that the vertical arrange- 
ment of the tools adopted on this machine 
facilitates its operation considerably, while the 
change-over from one size of wire to another is 
rendered easier. Recently, however, a machine with 
the tools arranged horizontally, has been designed for 
smaller sizes of wire, and the driving motor is now 
incorporated in the base. The former modification 
allows the products to be threaded direct on to 
wooden rods, and the output increased to a 
maximum of 250 pieces per minute. 

-Among the tools exhibited on the stand of 
Messrs. Max Hasse A.-G., of Berlin, is the turret 
lathe illustrated in Figs. 5 and 6, on Plate XXXII. 
This is arranged for independent electric drive, 
and has an all-geared headstock. Work, whose 
diameter does not exceed 40 mm., can be dealt with 
through the hollow spindle. The lathe exhibited is 
driven by athree-phase motor. The various control 
devices are concentrated on the carriage apron and 
automatic interlocked stops are provided on both 
the longitudinal and traversing motions. 

Attention may also be called to the high-speed 
riveter, which is also being shown on this stand. 
This is designed for dealing with cold rivets up to 
10 mm. diameter. It comprises a special system of 
free-moving rollers, which are arranged between two 
rotating discs and, owing to centrifugal action, 
enablesanumber oflightspringy blows—about 10,000 
per minute—to be given on a rotating die. The 
latest model of this equipment is designed for 
driving very small rivets up to about 2 mm. in 
diameter, and can be fixed on the bench. An 
illustration of one of the larger machines is given 
in Fig. 14, on Plate XXXIV. 

A number of interesting exhibits are being shown 
on the stand of Messrs. Naxos-Union, of Frank- 
fort-on-Main. These include a new type of surface- 
grinder, with self-contained motors and hydraulic 
feed, and an improved design of the gate and runner 
cutting-off machine, of which we gave a description 
in our account of last year’s Fair.* This firm are also 
showing a new pattern of roll-grinding machine, 
an illustration of which is given in Fig. 7, 02 
Plate XXXII. This machine is made in two sizes, 
with grinding diameters of 750 mm. and 1,000 mm., 
respectively, each size being supplied in eight 
types, with distances between the centres varying 
from 2,000 mm. to 6,000 mm. in steps of 500 mm. 
The particular machine illustrated is the larger 
of these two sizes, and has a distance between 
the centres of 2,000 mm. The diameter of the 
grinding wheel is 600 mm. The maximum grind 
ing diameter is 800 mm., with a new wheel, 
and 1,000 mm. with a wheel reduced by wear to 4 
diameter of 400 mm. The minimum diameter that 
can be ground with a new wheel is 150 mm. W ork 
weighing up to 10 metric tons can be taken between 
the centres, and up to 20 metric tons in the support 
ing bearings. The grinding wheel is 80 mm. wide, 
and has a central hole measuring 250 mm. ™ 


* See ENGINEERING, vol. cxxiii, page 320, (1927). 
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Fies. 5 anp 6. Turret LATHE; Messrs. Max Hasse A.-G. 
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lic. 7. 1,000-mmM., SuRFACE GRINDER; Messrs, NAxos-UNION. 











Fig. 8. HiaH-SPpEED LATHE; Messrs. Scuress-Derriss A.-G. 
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Fie. 11. Box Nattinc Macuine ; Messrs. WILHELM FREDENHAGEN, 
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Fics. 9 anp 10. HorizontaL Bortinc AND MILLING MACHINE; Fie. 12. 200-Ton Sprina Press; Messrs. BERLINER 
Messrs. COLLET UND ENGELHARD, ERFURTER HENRY Pets A.-G. 
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Semr-AuToMATIC WHEEL LATHE; MEssrs. WILHELM HEGENSCHEIDT, 
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Fic. 16. Om-Encine Suuntinc Locomotive; Messrs. BERLINER MASCHINENBAU A.-G. 

















Fig. 14. Higu-Sprep Riveter: MEssrs. 


Max Hasse A.-G. 
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Fie. 17. Dirtsret ENGINE Roap Ro.Luer; Messrs. J. KEMMaA, 








Fic. 15. MAGNETIC SEPARATOR; MEssrRs. 


MAGNET-WERK. 
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Fie. 20. 
Roap ROLLER AND STEAM OPERATED SCARIFIER; Messrs. BERLINER MASCHINENBAU A.-G. 
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diameter. The speed of the work can be adjusted 
in six stages, from 4 r.p.m. to 43 r.p.m., while 
the feeds of the grinding wheel carrier can be 
varied in nine stages, from 120 mm. to 2,000 mm. 
per minute. The grinding wheel has three 
speeds, from 550 r.p.m. to 800 r.p.m. A 6-h.p. 
to 10-h.p. motor, running at 1,450 r.p.m., is used for 
driving the work, a 3-h.p. motor for operating the 
saddle, and a 25-h.p. to 30-h.p. motor for the grind- 
ing wheel. The weight of the machine complete is 
13-5 metric tons. 

As will be gathered it is designed for dealing with 
large rolls of all kinds, as well as with shafts and 
pistons. All sliding surfaces are protected from 
water and dust. The operation of the machine 
is simple, the control levers being so arranged 
that they can be worked from a central position. 
The control gear for the motors driving the grinder 
head and the grinder wheel saddle, as well as for 
energising the magnetic clutch, by which the drive 
for the work is brought into action, are arranged 
on an inclined switch panel near the operator’s 
position. All the moving parts are lubricated 
from one place. During rough grinding the main 
spindle is driven through helical gearing and during 
fine grinding by a belt. The operation of this 
belt is so smooth that the finest finish can be 
obtained by using the ordinary grinding wheel, 
without special auxiliary devices being necessary. 
The transition from one drive to the other is 
effected simply by moving a lever, the necessary 
speed variation of the head-stock being obtained 
in the same way. As stated, the work is driven 
through a magnetic clutch, an arrangement which 
ensures smooth operation. The tailstock is adjust- 
able sideways, and its longitudinal movement is 
effected by a motor through gearing. The position 
of the tailstock centre can be varied by a hand wheel. 
The device for turning up the grinding wheel is 
fixed to the tailstock. 

During grinding, the work is fixed either between 
the stationary centres or in rigidly designed 
supporting bearings. The brasses of these bearings 
are of different sizes and are quickly interchange- 
able. The grinding wheel saddle is moved along 
open guides by tooth gearing driven by a motor. 
The length of traverse can be limited by stops, and 
reversal can be effected either automatically or by 
hand. The gearing for the automatic longitudinal 
feed and for the reversing mechanism is enclosed 
in a gear-box and runs in oil. 

The grinding wheel saddle is carried on open guides 
and is usually brought up to the work by hand 
for both rough and fine grinding. The feed for 
fine grinding can also be effected automatically, 
and varied between 0-00125 mm. and 0-05 mm. 
A stop causes grinding to cease automatically when 
a pre-determined aggregate amount of material has 
been removed. A reversible motor with push-button 
control enables the saddle to be adjusted rapidly 
transversely to the grinding direction, the travel 
being limited automatically by limit-switches. 

The grinding wheel spindle is of hardened 
chromium steel. The grinding wheel can be run at 
three different speeds, the motor used being mounted 
on the grinder saddle so as to eliminate vibra- 
tion, which might adversely affect the accuracy of 
fine work. The drive is by belt and countershaft. 
A device for spherical and hollow grinding can be 
provided, if desired, and thus accurate convex or 
concave surfaces obtained. This device is operated 
through gearing from the drive, which moves the 
saddle longitudinally, through an oscillating sup- 
port on an eccentrically-borne grinding shaft. 

Attention may next be drawn to the high-speed 
la the, which is being shown on the stand of Messrs. 
Schiess-Defries A.-G. of Dusseldorf. The work of the 
metallurgists on high-speed tool steel has enabled 
cutting speeds to be increased and the production 
tume per operation reduced. This machine is, the 
makers claim, a contribution from their side in the 
Same sense and enables full advantage to be taken 
of modern tool-making material. 

On the lathe in question, which is illustrated in 
Fig. 8 on Plate XXXII, the main spindle runs at a 
Maximum speed of 600 r.p.m. A separate motor is 
Provided on the saddle to enable the various 
tool-rests to be moved at high speeds. The lathe 
18 equipped with push-button control, and both 





the main drive and the high-speed movements 
mentioned above are brought into action by buttons 
on both the saddle and main frame. All the gearing 
for varying the rates and directions of the feed 
is mounted on the apron, so that the machine can be 
entirely controlled from the operator’s position. The 
various operating levers are interlocked, while an 
ammeter on the headstock and a tachometer on the 
gear-box allow the power consumed and the speed 
of the main spindle to be easily ascertained. The 
work can be accurately measured by a vernier scale, 
which runs the whole length of the machine. All 
the gearing is immersed in oil, while forced grease 
lubrication is provided for the roller and ball 
bearings on the main spindle. The height of the 
centre is 400 mm. The main drive is effected by a 
35-h.p. motor, the starting and control equipment 
for which can be seen on the left of Fig. 8. The 
speed of the main spindle can be adjusted between 
20 r.p.m. and 600 r.p.m., and the saddle can be 
moved at six speeds, either longitudinally or trans- 
versely, the maximum speed in the longitudinal 
direction being 12 m. per minute. 

The tools shown on the stand of Messrs. Collet 
und Engelhard, of Offenbach-Main include the 
horizontal boring and milling machine, which is 
illustrated in Figs. 9 and 10, on Plate XX XIII. 
The column of this machine is supported on the 
bed by the firm’s special form of V guides, and 
the same arrangement is used on the column 
itself for carrying the spindle. The whole of the 
gearing, is made of hardened chrome-nickel steel. 
The feeds can be accurately adjusted, and the 
faceplate can be moved axially. The distance 
between the centre of the spindle and the column 
is small,.so that undesirable twisting stresses 
are eliminated.. The boring spindle bearings are 
enclosed, but are provided with easily-removable 
covers, so that all the working parts are easily 
accessible. All the operating levers are arranged so 
that they can be easily and quickly manipulated 
from the operator’s platform. The milling and 
drilling feeds, as well as the quick-return drive for 
adjusting purposes, are interlocked, so that any 
faulty operation, due to a simultaneous engagement 
of the various parts of the gearing, is impossible. 
Reversing gear is fitted, both on the feeds and the 
quick-return drive. Both the spindle speed and 
the feeds can be controlled from the operator’s 
position. The vertical feeds on the columns and 
the horizontal feed are automatically stopped 
when the end positions are reached, whether auto- 
matic or quick-return operation is in use. The 
feeds are adjustable, both on a time basis and 
per revolution of the drilling spindle; the feed 
on a time basis being the same for each drilling 
speed. The drilling spindle can be driven right or 
left, so that boring or screw cutting operations 
can be effected, and is arranged, so that it is 
automatically released when a certain depth of 
metal has been bored. The wear on the spindle 
bearings can be easily and accurately compensated. 
Cylindrical bearings are used, the bushes being 
conical and adjustable in a longitudinal direction 
by keys. The V guides, sliding surfaces and drill 
spindle bearings are all of crucible steel. The correct 
movement of the spindle in its bearings is ensured 
by an adjustable sleeve. The guides on the bed and 
for the saddle are narrow, and of the double V pat- 
tern, so that the correct angular position of the drill 
in relation to the bed and column is maintained. 
Any departure from this adjustment, owing to the 
loosening of the gib screws, is prevented, as the 
sliding surfaces automatically adjust themselves to 
any alteration in conditions. The axial thrust on 
the spindle is taken up by ball bearings. All the 
various movements are easily controlled by con- 
veniently placed hand-wheels, levers, &c., and the 
various groups of bearings are provided with a 
central system of lubrication. 

An interesting machine, to which a brief reference 
was made in our account of last year’s Fair, is 
the automatically-operated case nailer, which is 
being shown by Messrs. Wilhelm Fredenhagen, of 
Offenbach-Main. A feature of this equipment, 
which is illustrated in Fig. 11, on Plate XX XIII, 
is the open. back, which allows the sides of large 
cases to be fastened together and the strengthening 
battens to be nailed on. In designing the machine, 





special attention has been paid to obtaining an 
even and accurate delivery of nails to the hammers, 
so that they are always driven in straight. The 
position of the nail spouts can be adjusted, so that 
the nails are delivered to form one row, or in two 
rows, 1.¢., zig-zag. In the latter case, the distance 
between the rows can be adjusted up to a maxi- 
mum of 14 in. The machine is also provided 
with a cleating device, so that the points of the 
nails can be turned over after they have been 
driven home. 

The feeding arrangements are very flexible, and 
allow each nail to be driven in separately, or the 
maximum number of nails, for which the machine is 
designed, to be driven at one time. In addition, 
nails can be driven simultaneously into the two 
sides of the bottom of acase. These nailers are made 
in three sizes with 9, 12 and 18 nail feeds per minute, 
respectively. In each case, the length of nail that 
can be dealt with varies from 30 mm. and 65 mm. 
The approximate power required is from 3 h.p. to 
4h.p. 

The exhibits of Messrs. The Berliner-Erfurter 
Henry Pels A.-G., of Berlin, include the 200-ton 
spring press, which we illustrate in Fig. 12, on 
Plate XXXIII. This is designed for cold finishing 
the plates of laminated or leaf springs running up 
to 4 in. by $ in., and made of material with a 
tensile strength of 55 tons per square inch. As 
will be seen, it is fitted with a set of five tools, 
with suitable gauges for carrying out the following 
operations: Cutting to length, centre holing, pierc- 
ing to the required shape, nibbing or pressing, 
and slotting. ‘These are all done cold. A shearing 
attachment, which can easily be fitted in place 
of the five tools, allows mild steel plates up to 
24 in. by ? in. to be cut. The frame of the press 
consists of high-tensile armour plates, the lower 
portion forming a table in which are planed T-slots 
for fixing the tools. The cast-steel shearing slide is 
balanced by two heavy springs, and moves in long 
box guides, which are adjustable, so that the wear 
can be taken up. A claw clutch of the three-point 
type allows the driving gear to be thrown in or out 
during each stroke. This clutch is operated by a 
treadle, and can be locked in for continous work. 
When the clutch is thrown out of gear, the ram 
automatically moves up to its highest position. The 
gearing is of machine-cut steel, and the shafts run 
in phosphor-bronze bushes. The press is operated 
by a 74-h.p. motor of the compound-wound type, 
which is designed so as to be capable of starting up 


against and momentarily carrying an overload of 
100 per cent. The number of strokes per minute 
is 34. The approximate overall length of the 


machine is 7 ft. 11 in. by 5 ft. 1 in. wide, and 
10 ft. 5 in. high. 

The semi-automatic wheel lathe, which is being 
exhibited by Messrs. Wilhelm Hegenscheidt, of 
Ratibor, is illustrated in Fig. 13 on Plate XX XIII. 
This is primarily intended for dealing with high- 
tensile steel tyres, on which an extra smooth finish 
is required. In its design attention has been paid 
to such points as reducing the working time to a 





minimum, the convenience of the operator, and the 
equalisation of the working stresses. The main 
spindle is arranged on one side of the bed, while 
the feed shaft is external to the bed and easily 
accessible. This feed shaft is driven through gear- 
ing fixed on the main shaft and tailstock. When a 
variable-speed motor is employed for driving, from 
two to four shaft speeds can be obtained for each 
motor speed by gear-box adjustments. The rough- 
ing speed can be so adjusted that the appropriate 
finishing speed is obtained merely by varying the 
motor speed without any alteration in the gearing 
being necessary. When a constant-speed motor is 
used, a maximum of twelve speeds can be obtained 
by appropriate gear box adjustments. The tailstock 
can be traversed by a motor controlled from one 
position, instead of being operated from two positions 
by hand, as in the firm’s earlier pattern. 

All the control wheels are placed at a convenient 
height for the operator, and when a large number 
of turns have to be made, these can be effected by a 
small auxiliary motor. The driving dogs are 
arranged in duplicate, the two dogs taking an equal 
share of the drive. The -faceplate is provided with 





a stop which presses against one tyre, and when 











the work is being set up, this trips the tailstock 
motor over-load release. When the machine is 
started up, this stop is automatically put out of 

~ action. In this way, the accurate adjustment of 
both wheels on the faceplates is ensured. 

The principal dimensions of this machine are : 
Height of centre, 700 mm.; maximum wheel 
centre, 1,200 mm.; maximum flange centre, 
1,254 mm.; minimum wheel centre, 600 mm. ; 
maximum axle length, 2,600 mm.; maximum 
gauge, 1,676 mm.; minimum gauge, 1,000 mm. ; 
main bearing diameter, 400 mm.; main bearing 
length, 555 mm. ; width of bed, 1,125 mm. ; length 
of bed, 6,250 mm.; speed of faceplate, 0-9 r.p.m. 
to 4-5 r.p.m.; feed speeds, 3 mm. to 16 mm. per 
revolution ; power required, 50 h.p. 

Machine shop profits are not only a matter of 
economy in the production of specific articles, but 
of close attention to organisation and to control of 
materials. Under the latter heading a not un- 
important item is the disposal of scrap and par- 
ticularly of swarf. With the conditions now ruling 
good prices can be obtained for waste of the latter 
class, but unless attention is paid to its handling, 
storage and transport the outgoings may be in 
excess of the receipts. For instance, if care is not 
taken turnings from machine tools may become 
twisted up into an inextricable mass, whose subse- 
quent separation is a matter of difficulty. Such 
material cannot be efficiently handled by magnets 
or grabs. Again, the storage of swarf in the usual 
form necessitates a good deal of space, and the same 
is true when it is loaded into wagons, while its value 
tends to become impaired by rust. Attempts 
have been made to overcome these difficulties by 
compressing it into balls or briquettes, but the cost 
of doing this is often altogether out of proportion 
to its value. 

The swarf cutter, which is being exhibited by the 
Messrs. Magnet-Werk, of Eisenach, and which we 
illustrate in Figs. 23 and 24, on page 285, enables 
this problem to be solved by dividing the scrap 
metal into small pieces, so that its transport and 
handling are much facilitated, since its volume is 
reduced to from one-tenth to one-thirtieth of the 
original. In this form, too, the swarf can be dealt 
with by magnets or conveyors and a higher price 
can often be obtained for it. 

The operation of this swarf-cutter will be clear 
from the sectional drawing given in Fig. 24. As 
will be seen, there are two operating stages. In 
the first the swarf is passed through a revolving 
feeder, which is equipped with cutters, into a hopper, 
where it is exposed to a system of fixed cutters 
arranged at an angle. This arrangement of the 
cutters causes the turnings to be continuously 
drawn in, compressed, straightened and cut up. 
The swarf, partly owing to the pressure imparted 
to it by the cutter system and partly by its own 
weight, then falls into the lower part of the machine, 
where two further systems of cutters are arranged 
close together in such a way as to produce what is 
virtually a milling action. This reduces the size of 
the swarf still further, so that it is discharged 
without difficulty through the small opening in the 
base. 

An appropriate selection of the dimensions of the 
opening between the two sets of cutters and of the 
number of cutters in the lower cutter head, allows 
the product to be made of any desired size. Solid 
foreign bodies are cut up in the same way, provided 
they are not too hard or large. Larger and harder 
bodies increase the load to an extent sufficient to 
cause the clitch between the flywheel and the 
driving shaft to slip and the machine to stop. The 
material can then easily be removed by opening a 
hand hole. In such cases, however, preliminary 
sorting is obviously desirable. These swarf cutters 
are made in three sizes, the largest having a maxi- 
mum capacity of about a 5,000 kg. per hour. 

The same firm are showing a large selection of 
separators and magnetic devices, one of which is 
illustrated in Fig. 15, on Plate XXXIV. This, as 
will be seen, consists of a screen of metal rods with 
energising coils, and is intended for removing tramp 
iron from water or other liquids running in open 
conduits on their way to pumps or mixers, such as 
are used in the ceramic industries. The housing, in 
which the magnetic coils for energising these rods is 
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Fic. 21. Concrete Mixer: Messrs. Wotr, NETTER UND JACOBI-WERKE. 
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Fie. 22. 1-Cus. Yp. Excavator; MrEssrs. ORENSTEIN UND KOPPEL. 
contained, is damp-proof, and is provided with | addition, the individual tines can easily be adjusted 
handles to allow of easy transport. When in use the | for shallow or deep digging. 
apparatus is placed on the edge of the conduit,.so | A valve, which is operated by a lever from the 
that the ends of the rods forming the screen are | driver’s footplate, enables steam to be admitted 
about 5 mm. from the bottom. The signal lamp | either above or below a piston, which moves in the 
shows whether the coils are alive or not. | auxiliary cylinder, visible in Figs. 18 and 20. This 
Coming to equipment other than machine tools, | allows the tine frame to be raised or lowered a8 
mention may first be made of the exhibit of Messrs. | required. When scarifying, a supply of steam 18 
the Berliner Maschinenbau A.-G., vormals L. | maintained above the piston, thus keeping the frame 
Schwartzkopff, of Berlin. This firm are showing a|in its working position without chattering and 
number of types of rollers, equipped with either | generally acting as a spring to damp out shocks. 
superheated steam or internal-combustion engines. | When not in use the tine frame can be lifted, and 
One of these rollers is fitted with a steam-operated held in a raised position by a catch, which is also 
scarifier, the general arrangement of which is shown | operated from the driver’s footplate. . 
in Fig. 20, on Plate XXXIV, and in more detail in| A further interesting point in the design of this 
Figs. 18 and 19, on the same plate. The scarifier | roller is that the side draw bars are fitted with 
proper is intended for use in preparing the founda- | springs. This arrangement mitigates the shocks, 
tions of new roads, but can also be employed in re-| which arise from the unevenness of the road and 
laying operations. The design of the rigid steel | saves the wear on the roller itself to a very great 
frame and trolley supporting the tines will be clear | extent. The maximum width of the scarifier, +.¢ 
from the illustrations. Any number of tines up to | when all eight tines are in use, is about 1,500 mm- 
eight can be used, depending on the character of the | The roller itself weighs 8 tons. f 
ground that is being worked. A special advantage | The advantages of locomotives, equipped with 
claimed for the design is that the tine holder itself | internal-combustion engines for use on pit banks, 
is not fixed rigidly to the trolley frame. The result lin quarries, steel works and other similar locations, 
is that the tines can set themselves automatically, | have often been mentioned in ENGINEERING, and 





in accordance with the character of the work. In! that these advantages are as much recognised in 
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Fie. 23. 


Fias. 23 anp 24. Swarr Currer; Messrs. MAGNET-WERK. 


Germany as in this country is clear from the second 
main class of plant which is exhibited by this 
firm. An interesting vehicle of this kind, made 
by the firm, is the so-called Lokomotor, which we 
illustrate in Fig. 16, on Plate XXXIV. This is 
equipped with a 28-h.p. four-cylinder oil engine 
running at 1,000 r.p.m., which is designed for con- 
suming either benzol or a mixture of benzol and 
benzine. In both cases the fuel consumption is stated 
to be about 230 gm. per horse-power-hour at full 
load. If paraffin is used, the output of the engine 
is reduced to 23 h.p. and the fuel consumption is 
increased to 280 gm. per horse-power-hour. The 
engine shaft and the track wheels are connected 
by a two-speed gear-box and roller-chain trans- 
mission system, the operation of which is said to. be 
almost noiseless. The axles are supported on roller 
bearings, the axle-boxes being spring-borne in the 
usual way. All four running wheels are braked. 
Starting is usually effected by hand, but automatic 
starting equipment can also be fitted. 

As shown in the illustration, the frame is 
dropped in the centre. This enables a running- 
board to be conveniently arranged on both sides, 
so that the driver can operate the control wheel 
while standing upon it. When longer journeys are 
being undertaken the driver occupies a seat in the 
centre of the vehicle. The wagons are coupled and 
uncoupled from the driver’s position by means of 
the levers, one of which is visible just above the 
Tunning-board. The locomotive is designed for a 
speed of about 5 km. per hour and a tractive effort 
of 1,150 kg. at the drawbar, so that a load of 200 
metric tons can be hauled on the level. Its gauge 
18 600 mm. Sanding gear is provided for both 
directions of running, and the machine is fitted 
with the usual lamps. 

Mention may also be made of the Schwartzkopff- 

uwiler system of fluid transmission, an example of 
Which is being shown by this firm in Hall 6. This 
particular model has a capacity of 75 h.p., and is of 
4 pattern which is largely used in the paper industry, 
for providing sensitive speed control on the paper- 
making plant and calenders. We hope to give 
some further details of this in a future issue. 

Another firm, which is showing road-rollers 
*quipped with internal-combustion engines, this time 
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of the Diesel type, is Messrs. J. Kemna of Breslau. 
The general character of their products will be clear 
from Fig. 17, on Plate XXXIV. This illustrates 
‘an 8-ton roller, which has been designed to deal 
with moderately heavy roads. Owing to its short 
‘wheelbase, it is capable of negotiating very sharp 
curves. The usual claims are made by this firm 
for the Diesel engine over the steam engine for 
this class of work, namely, that it is not only 
more economical in operation, but instantly 
ready for use and does not have to be laid off 
at frequent intervals for boiler cleaning. The 
particular roller illustrated is equipped with a 
‘Deutz two-cylinder two-cycle engine with an 
output of 15 h.p. at 700 rpm. It is of the 
‘valveless mechanical injection type, Speed con- 
‘trol is ensured by a governor built into the 
flywheel, and starting is effected by hand. The 
engine will run satisfactorily on any kind of crude 
oil, the fuel consumption being of the order of 
(0-5 1b. per horse-power-hour. Cooling circulation is 
effected by pump, and lubrication from a multi- 
‘way sight-feed lubricator. The gear-box has three 
forward and one reverse speeds, the change from 
one direction to the other being effected by two 
spiral band spring clutches. All the gear spindles 
are carried in roller or ball bearings, the gears 
themselves being made of hardened steel. 

The weight is approximately equally distributed 
between the front and rear rollers, the spring 
suspension ensuring that road s.ocks are not 
transmitted to the engine or driving gear. As 
the machine is mainly intended for rolling hard 
rubble, both the front and rear rollers can be 
provided with interchangeable treads. This roller, 
like the one described above, can also be used to 
haul a scarifier, which, in this case, is attached to 
the right-hand side of the back of the roller by a 
draw-bar. The tine-holder is carried on a guide 
head, and to it two square-shanked tines are fixed 
by keys. The tine-holder is raised and lowered by 
hand. 

While on the subject of roads, attention may be 
called to the Schiege concrete mixer, which is ex- 
hibited by Messrs. Wolf, Netter und Jacobi-werke of 
Leipzig-Paunsdorf. This mixer, which is illustrated 








in Fig. 21, on page 284, can be operated by hand 





or mechanically, and is very portable. The mixture 
can be automatically weighed, as it is loaded into 
the drum, and operation is much facilitated by it 
being possible to adjust the position of the drum 
during mixing. The wide mouth makes for easy 
emptying without the use of special spouting, 
and the contents can be discharged into a truck 
or barrow run in directly undetnéath. The drum 
itself is of-cast iron, and runs on ball bearings. 
The drive is through gearing and the direction of 
rotation can be altered by the usual mechanism. 
The mixer is mounted on a trolley, the frame of 
which can easily be taken to pieces. The capacity, 
of this mixer is 150 litres, and the capacity of the 
driving motor 2 h.p. 

The same firm are also showing examples of 
their Simplex mixers, in both fixed and portable 
| patterns. These take the form of a drum mounted 
‘on rollers, and capable of rotation in either direction. 
|The interior of this drum is fitted with tangential 
/scoops and baffles, and is equipped with rails, 
|so that a wagon can be run into it. With the 
| drum rotating in one direction, the mixture is 
|lifted and falls into the inner circumference of 
‘the drum. It then passes to the bottom of the 
| drum where it is mixed by the passage of the baffles 
through it. When mixing is complete the direction 
of rotation is reversed. The scoops then scrape 
up the material and carry it up to the top of the 
drum, subsequently dumping it back into the wagon 
ready to be wheeled away. The wagon itself remains 
stationary during mixing. When electrical operation 
is employed, the circular rack on the drum is driven 
by the motor pinion through intermediate gearing, 
reversal in the small sizes being effected by star- 
delta methods and in the large sizes by a reversing 
switch. If an internal-combustion engine is used, 
the usual type of gearing is employed. 

In the portable patterns the trolley on which the 
mixer and its motor are mounted, is equipped with 
brakes, while arrangements are made for supplying 
water direct to the drum through the pipe. In case 
of necessity a tank can be mounted on the trolley 
for carrying the water. The mixer is equally 
suitable for supplying wet or dry concrete, and 
in the latter case the scraper blades can be pro- 
vided with special extensions, which can be fixed 
in a few minutes. It is stated that 40 mixes 
an hour can be effected with this. equipment, 
the capacity of the drum varying from 150 litres 
to 500 litres, and the motor for driving it having 
an output of from 3 h.p. to 6 h.p. 

Among the equipment, which is being shown on 
the stand of Messrs. Orenstein und Koppel, of 
Berlin, mention may be made of the power shovel, 
a side elevation of which is given in Fig. 22 on page 
284. This is operated by a 50-h.p. crude-oil engine, 
of the vertical two-cylinder opposed-piston type, the 
output being such that there is a good reserve of 
power. Great care has been taken in this to balance 
the moving parts, so as to reduce vibration and 
ensure a long life, while the volume of the combus- 
tion chamber has been reduced to a minimum, so 
as to increase the efficiency and cut down the fuel 
consumption. The engine is provided with forced 
lubrication throughout, and starting is effected by 
compressed air. 

While it is not possible to describe the shovel in 
detail, attention may be drawn to some of its prin- 
cipal features. As will be seen it is mounted on an 
under-carriage, which is equipped with a cater- 
pillar track. The wheel base of this undercarriage 
is 8ft., the width over the outside of the caterpillar 
chassis being 10 ft. 3 in., and inside the chassis 
frames 6 ft. 5 in. The width of the caterpillar 
tread is 1 ft. 1 in., and the length of the under- 
carriage over the caterpillar chassis is 11 ft. 1 in. 
The width of the chain is limited to prevent fouling 
when taking curves, and to ensure against sinking 
into soft ground. On the other hand, the chains are 
more than usually long owing to the carriage being 
unsymmetrical. This lack of symmetry is also an 
advantage from the point of view of stability, 
especially when the ground is loose or sloping. In 
this case to ensure steadiness the jib is swung round 
over the longer end. When the jib is swung so 





that it overhangs the shorter end the bucket can, 
be brought well back, and working in heavy soil is 





then facilitated. Owing to the large diameter of 
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the caterpillar wheels, the shovel has considerable 
climbing capacity. 

The wheels are spring-borne in equalisers, so that 
the whole weight of the machine is transmitted 
equally to the ground, however uneven the latter 
may be. The capacity of the bucket is 1 cub. yd. 


(To be continued.) 
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Der Aufbau des Mértels und des Betons. By OTTo Grar. 

Berlin: Julius Springer. [Price 7.20 marks.] 

THE importance of a correct appreciation of the 
characteristics of concrete mixtures is gradually 
obtaining wider recognition. Unfortunately, how- 
ever, there is frequently a tendency by the practical 
man to neglect or ignore the work of the scientific 
investigator, and failures occur in structures which 
might have been avoided if more attention had 
been given to the published results of laboratory 
experiments and the deductions obtained therefrom. 
Thus, it may often occur that whilst due care is 
taken in obtaining the best available materials, and 
in ascertaining the most suitable proportions for a 
concrete mixture, laxity in the actual measuring 
or division of the aggregates will lead to results very 
different from those intended. A mixture described 
as 1 : 5 for example, implying one volume of cement 
to five of sand and gravel or coarser aggregate, is 
the statement of a definite ratio, or at least a ratio 
which is not supposed to vary to any great extent. 
In practice, however, the actual proportions are 
liable to fluctuate very considerably. The weight 
per unit of volume of the cement may be affected 
by the handling or treatment which it has previously 
undergone, the method of filling and the size of the 
receptacle used for measuring, which factors 
together may cause differences of weight up to 40 
per cent. Further, the weight per unit of volume of 
sand and coarser aggregates may vary for obvious 
reasons, such, for example, as the moisture content 
of these materials. 

To illustrate how far discrepancies may arise under 
conditions which are in no way abnormal, an example 
may be quoted from Mr. Otto Graf's book, Der 
Aufbau des Mértels und des Betons. One litre of gravel 
containing 0-4 per cent. moisture weighed 1-84 kg., 
whereas with 5 per cent. to 8 per cent. moisture the 
weight was only 1-55 kg. A 1:5 mixture could 
therefore consist alternatively of the following com- 
ponents :—(a) 1 part by weight of cement and 
5 xX 1-84 = 9-20 parts of gravel (by weight), the 
cement being loosely packed and the gravel air 
dried ; the amount of cement employed per cub. m. 
of prepared concrete would be 205 kg. (b) 1:4 
parts (i.e., 40 per cent. more) cement and 5 x 1-55 
-= 7-75 parts of gravel, the cement having been 
stored in heaped-up sacks, or in sacks filled in such 
manner as to cause compression of the cement ; 
and the gravel containing roughly 5 per cent. to 
8 per cent. moisture ; the amount of cement em- 
ployed per cubic metre of prepared concrete would 
be 325 kg. 

This example shows that the quantity of cement 
in a mixture is largely dependent on local conditions 
when the proportioning is done solely by volume, 
and that it is possible for a cubic metre of prepared 
concrete to contain anything between 205 kg. and 
325 kg. of cement, and yet still answer to the 
description of a 1:5 mixture. Clearly, it would be 
advisable for the cement, at least, to be propor- 
tioned by weight, the quantity per cubic metre of 
concrete being definitely specified, as for example, 
300 kg. cement per cubic metre. The method of 
describing a concrete mixture as 1 : 5 is, of course, 
further open to the criticism that the proportion of 
sand to coarser aggregates is not specified, a factor 
which would allow of wide divergence in the com- 
pressive strength of the resulting concrete. 

Mr. Graf’s work is intended to provide the 
engineer with the results of scientific investigations 
in readily available form for practical application 
to everyday problems. It deals chiefly with the 
selection of suitable materials, sands, gravels, coarse 
aggregates, their characteristics, the effect of varying 
proportions of these aggregates, the effect on the 
compressive strength of concrete of additional 





water, air spaces in concrete, and such like con- 
siderations. The information is based on principles 
already recognised, supplemented and confirmed 
where the author has thought necessary, by the 
results of special experiments made at the Technical 
High School at Stuttgart. An appendix contains 
brief accounts of the more important results obtained 
by other—especially American—investigators which 
relate to those aspects of the subject covered. A 
detailed account is included of the methods employed 
at the Technical High School at Stuttgart for carry- 
ing out the usual tests of cement mortar and con- 
crete mixtures, so that these may be followed in 
practice by engineers. The work is well illustrated 
with photographs and diagrams, including a number 
of graphs plotted from actual experiments. 





The Interaction of Pure Scientific Research and Electrical 
Engineering Practice: By J. A. Fiemine, M.A., 
D.Se., F.R.S. London: Constable and Company, 
Limited. [Price 15s, net.] 

Tue forces of nature which appeal directly to the 
senses were known to the layman at all times, and 
he developed practices for dealing with them, and 
with the material to which they could be applied, 
long before science could give him much or any 
assistance. Those who followed these arts relied 
primarily or altogether on their own accumulated 
experience, and when the scientific man offered 
advice, it often went for very little, and industry 
carried on without it. Electric force was in a 
different position. The senses of the layman knew 
it only in the unmanageable form of lightning, and 
it could not be exhibited to him except by scientific 
demonstration and apparatus. On the general 
subject of the relation of science to practice, electri- 
city therefore is in an exceptional situation. Its 
very existence, apart from lightning, could not be 
shown without scientific help, and the entire 
equipment of an electrical installation had to be 
derived in the first instance from the laboratory. It 
is, accordingly, a foregone conclusion that electrical 
engineering practice must at least depend largely 
on scientific research, and it is reasonable to expect 
that the results of practice must from time to time 
have furnished fresh material and methods for 
scientific investigation. In the lectures reproduced 
in this volume, Dr. Fleming is not concerned merely 
to assert this necessary relation between electrical 
theory and practice, but to insist on a proposition 
that is not so evident. In chapters dealing sepa- 
rately with eight great branches of electrical work, he 
cites instance after instance of practical advances 
which have not resulted from investigations made 
with the object of procuring them. He shows that, 
on the contrary, the scientific investigations, which 
have led to the most important progress, were not 
made with the object of obtaining any improvement 
in practice, or with any other object except that of 
acquiring new knowledge. 

Dr. Fleming has had no difficulty in making out 
this general proposition, though not indeed without 
some exceptions. High-tension electric engineering 
is possible only because of advances made, among 
other things, in the knowledge and preparation of 
di-electrics, for which a vast amount of pure research 
has been necessary. How far, on the other hand, 
improvements in conductors, which have been rela- 
tively small, and the much larger improvements in 
resistance wires, can be attributed to work under- 
taken without the direct object of obtaining such 
improvements is, perhaps, more questionable. The 
many advances that have been made in respect 
to ferro-magnetism must, without any doubt, be 
attributed primarily to pure research, which also is 
responsible directly for the definition of the qualities 
required in conductors, without which it is not likely 
that conductors with these qualities would have 
been obtained. At the same time, many of the 
most valuable improvements, such, for example, 
as the invention of the nickel-iron alloy called 
permalloy, appear to have been due to researches 
undertaken with the definite object of finding a 
material having a higher magnetic permeability 
than iron for low magnetic forces. The phenomena, 
again, of electro-magnetic repulsion under alterna- 
ting current, on which Professor Elihu Thomson’s 
repulsion motor and the repulsion electric house- 
meter were subsequently invented, were first 
discovered by purely scientific studies, made 
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independently by Dr. Fleming and _ Professor 
Thomson, and Mr. Mordey’s recent application 
of the somewhat similar phenomena of hysteretic 
repulsion to the separation of mineral ores was 
preceded by a long experimental study of the subject, 
which must be classed with pure science. 

As good an illustration as any of the interaction 
of pure electrical research and electrical practice 
is to be seen in the interesting and instructive 
history of the thermionic valve. Its origin may 
be found in the well-known fact that carbon incan- 
descent lamps blacken their bulbs. In the attempt 
to discover how this occurred, Edison found that 
in a lamp made incandescent by direct current, a 
small current could be detected between the positive 
terminal of his horseshoe filament and a metal plate 
sealed in between the legs of the filament, but no 
appreciable current could be detected between 
the negative terminal and the plate. Edison 
gave no explanation and made no use of the pheno- 
menon, but, in 1883 and during some years after, Dr. 
Fleming made a number of investigations of it, in 
the course of which he showed that particles of some- 
thing were projected from the filament in straight 
lines, and could convey negative electricity from the 
filament to the plate, but not in the opposite 
direction. This clearly was a research in pure 
science, made without any technical object, and 
for the time being had no technical consequences 
whatever. It was not, indeed, until 1904, when 
wireless telegraphy required a means of rectifying 
alternating currents which vibrated with a frequency 
that might be as much as a million a second, and 
could not be dealt with by the means applicable to 
much slower vibrations, that Dr. Fleming invented 
the oscillation or thermionic valve. This invention, 
therefore, and the long series of improvements which 
have been made on it, would have been impossible 
without Fleming’s original pure research. 

It is perhaps unfortunate that the terms “‘ science ” 
and “research” are used with more than one 
meaning. In the broadest sense, scientific work 
includes all that is done in accordance with the 
rules of scientific method, and, in the form of indus- 
trial science, may be found in a steel works as well 
asina laboratory. In that sense its primary object 
is not to obtain new knowledge, but to make the best 
use of existing knowledge. Scientific research, 
again, includes not only new phenomena or new 
relations between known phenomena, but also the 
determination of quantities and the elaboration of 
methods in regard to phenomena already known. 
The qualities required for the several branches of 
research are different. Pure science is not the fourth 
dimension, through which the contents of a closed 
box may be removed, but it does require, in those 
who are to make pioneer advances, the imagination 
by which they may rise to a height enabling them 
to take a bird’s eye view of their subject, and per- 
ceive relations between adjoining fields that cannot 
be seen from behind walls. The numbér of men 
who have the gift of such flight is too small for it 
to be desirable that they should do work in applied 
science, which can be done as well by workers with 
both feet on the ground. It is probably with this 
air force in his mind that Dr. Fleming complains of 
the existing system of examinations. For those 
who might without offence be called pedestrian men 
of science the system is probably less objectionable, 
though it might perhaps be confined with advantage 
to pass degrees, leaving honours to be awarded in 
another way. No useful purpose is served, nor any 
truth disclosed, by attempting to attribute different 
orders of importance to the several arms of the 
scientific forces. Infantry is as important in the 
scientific army as in the military, and no position 
attained by the genius of scientific seers can be con- 
solidated and used to its full advantage without the 
industrious and often ingenious labours of scientific 
men who are not seers. Both classes are essential to 
the advance of applied science, and Dr. Fleming 
cannot be thought to be disparaging those whose 
research is devoted to making good the advances 
already attained through pure science, or who devote 
their ingenuity to the collation of existing knowledge 
in the form of fructifying inventions, when he urges 
that the most important technical advances 10 this 
and other technical arts could not have been made 
without pure scientific research. 
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LABOUR NOTES. 


Monpay’s conference at Manchester between repre- 
sentatives of the cotton trade employers and the 
cotton trade operatives did not carry the differences 
which have arisen any nearer to adjustment. At an 
earlier joint meeting, the employers had proposed the 
appointment of a committee of inquiry, composed of 
12 representatives from each side, to examine and 
report on the effect of finance, taxation (local and 
Imperial), hours and wages, trade union restrictions, 
finishing charges, marketing and shipping. The powers 
of this committee, it was suggested, should be volun- 
tary on both sides. They were willing, it was stated, 
to collaborate with the operatives in ascertaining any 
necessary facts, and their suggestions covered all the 
points raised by the unions, with the exception of retail 
distribution. 





On Monday, the operatives submitted their con- 
sidered reply, which was as follows :—‘* We agree to 
co-operate with the employers in a serious effort to 
ascertain all that goes to make up the costs of produc- 
tion and distribution, and whilst still of the opinion 
that a statutory committee is the best form of inquiry, 
we are prepared to take part in a joint inquiry, with an 
independent chairman, if the terms of reference are 
revised to our satisfaction, each side to be allowed 
the assistance of a competent accountant and 
statistician.” 





‘We regret,”’ the employers said, after considering 
the matter, ‘‘ that you have not agreed to the terms 
of reference we suggested at the joint conference on 
February 27. We consider that in the memorandum 
we then gave to you we had gone as far to meet objec- 
tions you had raised as we possibly could, whilst at 
the same time endeavouring to ensure an inquiry on 
lines that would not provoke prolonged and unnecessary 
delay. We are not prepared to add further to the 
terms of reference, which we consider wide enough for 
any reasonable inquiry into the condition of the industry. 
As the conference that we had proposed was to be a 
joint inquiry conducted by those specially acquainted 
with the trade, we see no need for any independent 
chairman. Further, we consider that both sides of such 
a conference would be fully competent to deal with 
any question that would be brought before it for 
discussion, without the assistance of outside professional 
men, and consequently, we do not agree with either 
of these suggestions.” 





Several further communications were exchanged by 
the parties, and in one the employers stated that they 
assumed from the latest memorandum of the operatives 
that they considered the conference to be at anend. To 
that the operatives rejoined :——‘‘ We do not know why 
you say ‘ You understand that we consider the confer- 
ence to be at an end,’ as we regard your last note to 
be in the nature of an ultimatum—which practically 
told us we could have an inquiry on your terms or 
none at all. The responsibility for a breakown 
must, therefore, rest upon you and not upon us.” The 
conference then ended. 





A strike of toolmakers involving about 1,000 men 
has obliged a number of Berlin’s more important engi- 
neering firms to close down their works. The men 
demanded an increase of wages which the employers 
declared to be unwarranted by the state of the industry. 
According to the correspondent of 7'he Times, three 
factories, including the Siemens works, stopped on 
Saturday last and over 50,000 persons were thrown 
out of employment. Several other firms were expected 
to be forced by lack of material to cease operations 
during the current week—provided no settlement of 
the difference was reached. 





The Ministry of Labour states that on February 27, 
1928, the number of unemployed persons on the regis- 
ters of Employment Exchanges in Great Britain was 
1,108,700, of whom 803,600 were wholly unemployed, 
237,500 temporarily stopped, and 67,600 persons 
normally in casual employment. Of the total number, 
589,100 were men, 34,600 boys, 151,400 women, and 
33,600 girls. On February 20, 1928, the number of 
unemployed persons was 1,136,687. Of these, 815,997 
were wholly unemployed, 253,101 temporarily stopped, 
and 67,589 persons normally in casual employment ; 
910,546 were wen, 36,157 boys, 155,445 women, and 
34,539 girls. On February 28, 1927, the number of 
unemployed persons was 1,169,483, of whom 940,070 


= men, 31,278 boys, 164,008 women, and 34,127 
girls, 





At Nottingham on Saturday last, the General Council 
of the Trades’ Union Congress considered the report 
of the Sub-Committee set up by it to compile a list of 


industrial co-operation with the Mond group of em- 


participation of labour in the benefits of increased 
production ; minimum wage principles ; organisation, 
technique and control of industry ; technical education ; 
industrial finance, including banking and credit 
systems and policy ; international agreements and 
conventions ; and publicity of the facts of industry. 
The report was adopted. 





Commenting upon the present unemployment in the 
United States, a writer in Man and Metal, the organ of 
the Iron and Steel Trades Confederation, states that 
men holding high positions on the other side of the 
Atlantic have recently declared that they could not 
afford to work the whole of the machinery in America 
full time, as to do so would create such over-production 
as would ruin the market. “If that statement is 
true,’ Man and Metal’s contributor says, “ it follows 
that this machinery has to be kept idle some time and 
that people have to be thrown out of work, either by a 
loss of time each week or by being thrown entirely 
idle. . . . until the goods produced are consumed by 
those who can purchase them.” ‘In other words,” 
the writer declares, ‘“‘ capitalism in America is no more 
a solution of the poverty problem than is capitalism 
in Europe.” 





At a recent meeting of the General Council of the 
Trades’ Union Congress, a report was submitted from 
the Joint Trades’ Council’s Consultative Committee 
to the effect that the National Unemployed Workers’ 
Committee Movement were claiming that they had 
the recognition of the General Council and thus securing 
the support of people who would be unwilling to 
countenance any organisation unassociated with the 
official Trade Union movement. The General Council, 
after considering the matter, decided to make it clear 
to all concerned that “ the N.U.W.C.M. is not recognised 
by the General Council nor is it associated in any way 
with the Council.” The General Council, it is officially 
stated, has had under consideration the establishment 
of local organisations of unemployed workers through 
the Trades’ Councils. An experiment undertaken by 
the British Trades’ Council has proved, it states, 
eminently successful, and an account of the scheme 
in operation there is to be circulated to a number of 
selected centres. It is the intention of the General 
Council to assist the Trades’ Councils in those centres 
to carry out such schemes. 





In one important respect the Hours of Industrial 
Employment Bill introduced by the Labour Party 
differs from the measure proposed a year ago. It 
seeks, in effect, to sanction systematic overtime worked 
by railway and other transport workers, provided the 
matter is covered by agreements between the unions 
and their employers. The part of the Bill bearing on 
the subject is as follows :—“ If in the case of persons 
engaged in the transport of passengers or goods by 
road or rail, including the handling of goods at docks, 
quays, wharves, or warehouses, but excluding transport 
by hand, an agreement is arrived at, whether before or 
after the passing of this Act, between organisations 
of employers and workers, concerning the normal 
working hours, the methods of computing hours and 
overtime, the rest days and holidays, the Minister, 
if satisfied that such agreement is reasonably required 
to meet conditions obtaining in respect of their employ- 
ment and that the normal working hours authorised 
by such agreement, exclusive of overtime, do not 
exceed on the average 48 hours per week, and that the 
payment for overtime is in accordance with the pro- 
visions of subsection (4) of Section 3 of this Act, may 
by order prescribe that as respects the workers subject 
to such agreement, the limit of working hours shall be 
that specified in the agreement.” 





Under the heading “ Intellectual Workers,” the 
organ of the International Labour Office states that 
an ‘ Engineers’ Week” held in Paris last month, 
under the patronage of the Society of Civil Engineers, 
was attended by the representatives of 14 organisations 
with over 30,000 members. In his opening address, 
M. Baclé described the engineer as an intermedia: 
between capital and labour, and an important worker 
for social peace. It was recognised that an increase 
in the salaries of engineers was a vital necessity of 
production. The conference adopted a proposal by 
M. Guiselin that the Committee of Management 
should be instructed to invite all the important engi- 
neers’ associations participating to appoint delegates, 
the aggregate of which will form an electoral college. 
The object of this body will be to study questions of 
professional organisation and to inform the competent 
Ministers of the delegates they would prefer to represent 





subjects for the agenda of the next conference on 





Hopes were expressed that relations with the 


ployers. A number of additions to the list suggested | International Labour Office would lead to great 
by Sir Alfred Mond were recommended, including] achievements in the future. The following resolution 
trade union recognition ; collective bargaining; the| was adopted :—‘‘ The delegates to the ‘ Engineers’ 


Week’ are convinced of the necessity of strong 
representation of engineers in the national advisory 
councils. They instruct their Committee of Manage- 
ment to endeavour to bring about agreement between 
all engineers’ associations to this effect, with a view to 
a common investigation of urgent problems affecting. 
the general interests of the profession and the question 
of the representation of engineers in the national 
councils.” 





One of the subjects set down for discussion at the 
International Labour Conference, which is to open at 
Geneva on May 30, is minimum wage-fixing machinery. 
In the course of a report published by the Office, it is 
stated that the great majority of the replies of the 
various Governments to the questionnaire sent out 
are in favour of a solution of the question by means 
of a draft convention containing general principles 
supplemented by a recommendation on certain methods 
of application. The Office is therefore submitting for 
the consideration of the Conference a draft convention 
concerning the creation or maintenance of minimum 
wage-fixing machinery in certain trades, and a recom- 
mendation concerning the application of such machinery 
in these trades. The aim of the draft convention is 
to promote the protection of the workers in as many 
countries as possible, by providing a broad basis for 
mutual obligations between countries which already 
possess a minimum wage-fixing system, and for the 
extension of the principle to other countries, besides 
laying a foundation for following up this first venture 
into tlie field of wages and pooling experience, which 
may lead to still further practical results in the course 
of time. The recommendation is intended to supple- 
ment the draft convention by putting on record for 
the guidance of the Governments certain methods of 
applying some of the principles contained in the draft 
convention, which methods are almost universally 
adopted and have been proved by experience to be 
best calculated to facilitate the purposes of minimum 
wage-fixing machinery. 





Speaking in the United States Senate on Monday, 
on the subject of unemployment, Senator Wagner, of 
New York, said that the country was facing a change 
in industrial organisation, and one which, in some 
respects, was as revolutionary as that which occurred 
in the beginning of last century. From farm and 
country, a steady stream of boys and girls was flowing 
to the cities, seeking the advantages to be gained from 
urban life. They no sooner reached the cities than 
they found small concerns becoming merged in larger 
and more economically-operated units. They found 
one machine, the result of a recent invention, perhaps, 
accomplishing the task of a hundred workers. They 
were caught between the lack of opportunity on the 
farms at home, and the Darwinian process of the 
survival of the fittest in the cities. There was only a 
casual reference during the debate, according to The 
Times correspondent at Washington, to a condition 
which is, he says, increasingly a subject of discussion 
in the United States, viz., the degree to which the 
growing perfection of technical processes contributes 
to unemployment. Mr. Julius Klein, of the Depart- 
ment of Commerce, was quoted as saying that ‘‘ many 
thousands who have admittedly been displaced in our 
factories by machinery have gone into non-manufac- 
turing pursuits;” but the fact of serious unemploy- 
ment is present, the correspondent says, to demonstrate 
that the slack cannot be taken up in this way indefi- 
nitely. 





Mr. Bruce, the Commonwealth Prime Minister, has 
replied to the Australasian Council of Trade Unions 
that the Government cannot agree to withdraw the 
Amending Arbitration Bill, which is designed, he says, 
to extend the principles which the trade union move- 
ment has long advocated and, assisted to establish, 
and which provides for effective self-government of 
the unions in accordance with the members’ wishes, as 
expressed in a secret ballot. These principles were 
endorsed, it is claimed, at the last general election, 
when the Government received a definite mandate to 


TY| place them on the statute-book. The Government 


offers, however, to give careful consideration to any 
additional representations the Council may make 
regarding the Bill, and, if the invitation to the con- 
ference is accepted, it does not propose to ask Parlia- 
ment to proceed with the consideration of the measure 
pending the conclusion of the conference. 





Royat AERONAUTICAL Socrety.—The lecture to be 
given by Dr. Rudorf, on ‘“‘ Testing of Materials Used in 
Aircraft Construction,”’ has been postponed from March 15 





engineers in the national advisory councils, 





to a later date in the session. 
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ROTARY VARIABLE-DELIVERY 
PRESSURE PUMP. 


THE main features of the Williams-Janney variable- 
delivery pump are probably familiar to most mechanical 
engineers. The pump was introduced in 1907, and since 
that time has been supplied in large quantities by the 
makers, Messrs. Variable Speed Gear, Limited, of , 
Broadway, Westminster, 8. W.1., both for pumping work 
proper and as an element in their well-known hydraulic 
transmission gears. The pump has, however, recently 
been re-designed by the incorporation of a number of 
important mechanical improvements, and the descrip- 
tion of an interesting plant, which has recently been 
installed at the large oil-cake mills in Liverpool, of 
Messrs. J. Bibby and Sons, Limited, forms a conve- 
nient opportunity for dealing with the new model of 
the pump, which is known by the makers as V. S. G. 
Mark III. The Liverpool installation, for permission 
to publish particulars of which we are indebted to 
Messrs. Bibby, may be referred to before passing to the 
details of the pump, as it forms an excellent example 
of one of the specialised duties for which the pump is 
well suited. 

The arrangement of the plant in the oil-cake mills is 
shown in Fig. 1 on this page. The pump, which is 
mounted on a common bedplate with its driving motor, 
has a variable delivery of from 0 to 110 gallons a minute 
against a constant head of 700 lb. per square inch. It 
supplies pressure oil direct to two accumulators feed- 
ing a battery of 30 seed presses and other hydraulic 
machinery. The electric motor, which drives the 
pump direct, was supplied by Messrs. the Lancashire 
Dynamo and Motor Company, Limited, of Manchester, 
and is of the enclosed squirrel-cage three-phase induc- 
tion type, operating on a 440-volt 50-period circuit. 
It has a normal rating of 60 brake horse-power at 720 
r.p.m. A star-delta George Ellison starter, which can 
be seen fixed on the wall in Fig. 1, completes the elec- 
trical equipment. The rate of delivery from the pump 
is controlled by the rise and fall of the accumulators 
through a chain and sprocket wheel mounted on the 
pump-control shaft, as shown in Fig. 1. This shaft 
operates the tilting box, as will be explained in connec- 
tion with the details of the pump. ‘The arrangement 
is such that the pump gradually increases its delivery 
when the accumulators are falling, and reduces it when 
they are rising, so that they are kept floating and there 
is always an ample supply of pressure oil available for 
the presses. Cotton-seed oil, which is filtered before 
passing to the pump replenishing tank, is used as the 
working fluid. he position of the tank above and the 
pump supply pipe are clearly shown in Fig. 1. The 
tank is equipped with a ball and float valve having an 
electrical cut-out to stop the motor in the event of the 
oil level falling below a predetermined minimum. It 
will be understood that this is the only motor-control 
gear apart from the star-delta starter. There is no 
speed control, the motor running continuously at a 
constant speed. 

The pump is illustrated in Figs. 2 to 6 on the oppo- 
site page. This model has been designed for heavy 
duty, and to run continuously, day and night, if 
necessary. If the drawings of it which we repro- 
duce are compared with those of the early model 
illustrated in our issue of January 31, 1913, it will 
at once be realised that very great developments have 
taken place in the mechanical features of this appliance. 
Rather, however, than to confine our attention to the 
enumeration of new features, it will be more satis- 
factory and useful to describe the pump again, calling 
attention to important new features where it seems 
desirable. Referring then to Fig. 2, the arrangement 
essentially consists of a casing with a valve plate 
at the left-hand end. A main shaft passes through 
the centre of the casing, and is coupled to the 
motor at its right-hand end, a gland being fitted 
where it passes out of the casing. At its left-hand 
end, the shaft carries a barrel which is formed with 
eleven cylinders bored parallel to the shaft and arranged 
equally around a circle with its centre at the centre 
of the shaft. One of these cylinders is shown in 
section in Fig. 2, and the positions of half of them 
can be seen in the sections given at the right-hand sides 
of Figs. 3 and 4. The burrel rotates with the main 
shaft, but is connected to :t through a universal joint 
in the form of a spherical seating which is shown in 
Fig. 2. The connection between the joint and the shaft 
leaves the barrel free to move axially. The barrel also 
rotates in contact with a valve plate which forms the 
left-hand end of the casing, and the flexible connection 
between the barrel and the shaft allows the former to 
bed itself properly on the valve plate. When the pump 
is in operation, the barrel is in hydraulic balance and 
is automatically kept up against the valve plate, but 
initial contact, when starting up, is maintained by the 
helical spring which can be seen inside the barrel in 
Fig. 2. 

The other main member of the pump consists of the 
tilting box and socket ring, which can be seen at the 
right-hand side, inside the casings, in Fig. 2. The tilting 
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box does not rotate, but is suspended so that it can be 
placed in any position between the vertical and that 
shown in Fig. 2. The position of the tilting box, 
which determines the output of the pump, is controlled 
from outside the casing, as for instance by the chain 
.and sprocket arrangement described in connection 
with Messrs. Bibby’s installation. The jsocket ring 
rotates inside the tilting box, and is carried round by 
the main shaft, to which it is connected by double 
gimbal rings, which give it complete freedom to tilt 
as required and follow the tilting box. The gimbal 
rings, with their pivots, can be seen in Figs. 3 and 4. 
Michell bearings are fitted around and at the back of 
the socket ring, between it and the tilting box, to take 
the thrust and radial load. This is one of the important 
features of the new model, roller bearings having been 
fitted instead of Michell bearings in earlier machines. 
The Michell blocks are clearly shown in Fig 6, which 
is a view of a partially dismantled pump showing the 
tilting box with the socket ring removed. Each of 
the 1] cylinders in the barrel is fitted with a piston 
connected by a rod to the socket ring. The rods have 
ball joints at each end, so that they offer no resist- 


clearly shown in Fig. 2. 
the cylinders have an opening at the bottom forming 
a port. The valve plate, against which the barrel 
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ance to the tilting of the socket ring as it follows any | 
movement of the tilting box. The arrangement is | downwards in their cylinders and expelling the oil in 
As this figure also shows, | them, through the valve plate port, to discharge.| The 
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This detailed description of the main parts of the 
pump will probably make its mode of action clear, 
but for completeness it will be desirable to explain 
that action. This may best be approached by assuming 
that the tilting box is upright, that is at right angles to 
the shaft. It will be clear that, in that condition, the 
pistons will have no reciprocating motion in their 
cylinders, and that the whole of the moving parts will 
rotate together in the casing without producing any 
external effect. The output of the pump in this case is 


| zero. Ifnow the tilting box be moved into the position 


shown in Fig. 2, it will be clear that movement of the 
pistons on one side of a vertical plane through the centre 
of the main shaft will be inward in their cylinders as the 
pump rotates, while those on the other side of the plane 
will move outwards. The particular pistons moving 
inwards or outwards is a matter of indifference, as the 
pump works equally well when run in either direction, 
but naturally in any installation the direction of 
rotation is arranged to suit the suction and discharge. 
Assuming that the pump is rotating so that the upper 
part of the barrel in Fig. 2 is moving forwards, that 
is towards anyone looking at the figure, then the 
pistons above the plane of the paper will be moving 


cylinders below the plane of the paper will, on the 
contrary, be drawing from the supply pipe through the 


works, is formed with two circumferential ports which | other valve port. As the barrel rotates, all cylinders 


register with the ports in the cylinder bottoms. The | alternately become suction cylinders and discharge 
| two circumferential ports each cover nearly half the | cylinders, and it will be clear that the discharge of the 
circle around which the cylinder ports rotate, but the | pump can be changed by varying the stroke of the 
two are separated at top and bottom by flat faces or | pistons, that is by altering the angle of the tilting box. 
lands. Short extension channels, or leads, connecting | The position shown in Fig. 2 is that of maximum 


to the circumferential ports, are cut in the lands. 


their function, in effect, is to diminish the width of the 


land while leaving it mechanically strong. The | 


They | 
do not, however, connect the two ports together, and | 


discharge, and any variation between this and zero 
may be obtained by moving the tilting box to the appro- 


priate position between that shown and the vertical. 
It will be realised from the geometry of the arrange- 


circumferential ports communicate one with the inlet | ment that as the cylinders change from suction to 


and the other with the discharge side of the pump. 





discharge, that is as they pass through the plane of the 
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upper valve shown in Fig. 5. As|important example of the improvements introduced 
will be seen, it is of the non-return | into the new model. From the illustrations given, it 
type. The lower valve in this figure | will be seen that four cylinders are fitted to the valve- 
is a relief valve, also of the ball} plate and that in them work simple pistons connected to 
type, which is situated on the de- | the tilting box by spherical-ended connecting rods, two 
livery side of the pump. on each side of the vertical centre line of the machine, 
Only these two valves are neces-| one being above and the other below the horizontal 
sary when one direction of flow is| centre line of the tilting box, as shown in Fig. 2. The 
required from the pump, but when | two cylinders to the right of the vertical centre line 
a pump is required to give reversible | connect with the right-hand port and the other two 
delivery, as when operating double- | with the left, so that it will be seen that whichever of the 
acting rams, &c., the valves are! valve-plate ports is under pressure two pistons will 
duplicated so that a replenishing | always be in operation. The pistons can be clearly 
valve and a relief valve are fitted | seen in Fig. 6. The purpose of these balancing cylin- 
to each of the valve-plate ports. A | ders is to facilitate control of the pump. When dealing 
feature of the relief valves, which are | with high speeds and pressures, the forces acting on the 
designed completely to safeguard the | tilting box are of considerable magnitude, and as their 
pumping equipment against pres-| centre of pressure varies in position rapidly during the 
sure overload, is that they connect | rotation of the piston group, control would become both 
the two valve-plate ports together, | heavy and subject to shudder unless some such balanc- 
and any excess in the pressure side|ing and damping devices were employed. So far as 
is relieved directly into the suction | damping is concerned, the pistons and cylinders act 
side, so that the volume of working} as pressure-filled dashpots, while, for balancing, it 
fluid is not depleted. The working | will be seen from Fig. 6 that the cylinders are not of the 
parts of the pump are continually | same diameter, and are so arranged that the difference 
drowned in oil, a connection being|in diameter is effective in balancing those reactions 
made between the casing and the| on the tilting box which normally resist endeavours to 
paper, their pistons are momentarily at rest. This| overhead oil-supply tank. The inlet to the casing is| increase the stroke. Due to the use of these balancing 
position is that at which the cylinder ports pass over | shown in Fig. 2, and the connecting pipe can be clearly | cylinders, large machines, which hitherto required 
the lands between the suction and delivery ports in | seen in Fig. 1. special control mechanism, can now be handled with 
the valve plate. On the inlet side of the pump there! Before concluding this description, reference must | little effort, even at maximum pressure and full speed. 
is a replenishing valve of the ball type. This is the | be made to the balancing cylinders which form an} The only other feature of the pump to which we need 
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refer is the arrangement for operating the tilting-box" 
This, however, requires little comment, as it is ade” 
quately illustrated in Figs. 3 and 4, which show alter 
native arrangements. The box is carried on trunnions’ 
and in the arrangement illustrated in Fig. 3 one of these 
trunnions projects to the outside of the casing through 
a gland. A lever keyed to the trunnion serves to tilt the 
box, the lever being connected to any suitable mechan- 
ism. In the arrangement shown in Fig. 4, the box carries 
a toothed sector which gears witha pinion carried by a 
shaft passing to the outside of the casing and fitted with 
a sprocket or handwheel. Movement of the sprocket 
tilts the box. This is the arrangement used in Messrs. 
Bibby’s installation, as will be clear from Fig. 1. 





SAMPLING ATMOSPHERIC DUST BY 
THE IMPINGER METHOD. 


THE simple apparatus developed by the United 
States Bureau of Mines (Circular No. 6048, by Alden 
H. Emery) for taking samples of atmospheric dust in 
mines, and other localities where frequent observations 
are desirable, consists of a collapsible stand carrying a 
hand pump and a sample bottle, the two being con- 
nected by rubber tubing. The stand is fitted with a 
stirrup at the bottom, in which the observer places 
his foot, while holding the rod of the stand with one 
hand and turning the crank of the rotary pump with 
the other. The pumping draws air through a }-in. 
glass tube, 8 in. high, into the liquid (water, alcohol, 
&c.) contained in the sampling bottle. The tube 
narrows down to an orifice of about 0-1 in. at its lower 
end, and about 0-2 in. below that orifice is fixed the 
impinger plate, 1 in. in diameter, which is made of 
bronze. When the air current strikes the plate, the 
dust is arrested by the plate and forms a suspension 
in the liquid. The tube is then taken out of the bottle, 
which is closed by a rubber stopper and sent to the 
laboratory for analysis. As some dust is soluble in 
water, 25 per cent. alcohol is mostly used as the 
liquid. The apparatus is noteworthy for its simplicity, 
and detailed instructions are given for its use. Pump- 
ing is generally continued for about 15 minutes. The 
record sheet, to be returned with the sample bottle, 
asks for detailed information about locality, time, 
nature of mine, &c. It is to be stated, for instance, 
whether water sprinkling or rock dusting is employed 
in the mine, and whether undercutting or drilling and 
blasting are employed, and the position of the spot 
is to be indicated with respect to face, cross cuts, air 
velocity, hauling, &c. All these questions are relevant, 
since the amount of dust in the air varies much in the 
course of the day and with the work going on; mere 
tests taken at odd, indefinite moments, might lead to 
quite erroneous conclusions. 








TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Indian Stores Department invite tenders 
for 31 bridge girders for the Railway Board. Order 
No. N-7979. Tenders to be received at the Indian 
Stores Department, Engineering Branch, New Delhi, 
by April 19. A specification may be seen on application 
to Room 50, at the Department of Overseas Trade, 
until March 10. (Ref. No. A. 5987.) A further call 
from the Indian Stores Department, New Delhi, tenders 
for which will be received up to March 29, is for the supply 
and delivery of one 70-kw., 120-volt direct-current 
steam-engine-driven generating set, intended for use 
at Port Blair, Andaman Islands. (Ref. No. BX 4256.)— 
The New Zealand Government Railway Department is 
calling for tenders, to be presented by April 17, for the 
supply of lubricating and gas-making oils. (Ref. No. 
B.X. 4258.) 





PERSONAL,—Lieutenant-Colonel C. Hardie, D.S.O., 
has been appointed general manager of the Chelmsford 
Works of Messrs. Crompton Parkinson, Limited, of 
Guiseley, Leeds.—Mr. Hugh Campbell, M.I.Mech.E., 
Newstead, Halifax, has commenced the manufacture of 
vertical and horizontal oil engines of the high-compres- 
sion, cold-starting, airless-inj ction type.—Messrs. Walker, 
Crosweller and Company, 54-58, Queen Elizabeth-street, 
London, S.E.1, have taken over the sole selling rights 
for the British Isles, and certain countries abroad, of 
the Dielectricmeter hitherto sold by The Empson 
Electrical Engineering Company, Limited.—The British 
Colliery Owners’ Research Association have appointed 
Mr. James G. Carson, B.Sc., who holds the position of 
under-manager at one of the collieries of the Ashington 
Coal Company, to the post of technical investigator.— 
Mr. H. R. Davis, consulting engineer and marine 
surveyor, 321, Tower Building, Liverpool, has been 
appointed the representative for Liverpool and district 
for Messrs. J. Samuel White and Company, Limited, 
shipbuilders and engineers, East Cowes.—An agreement 
has been entered into between Messrs. Automatic and Elec- 
tric Furnaces, Limited, North-road, Holloway, London, 
N.7, and Messrs. Alfred Herbert, Limited, of Coventry, 
for the sale of Wild-P arfield furnaces in Scotland. 
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SECONDARY StREssES: Erratum.—aA clerical error 
occurred near the middle of column three, page 261, anée, in 
connection with the criterion for redundancy. The sen- 
tence in question should read, ‘the number of bars plus 
six is more than three times the number of the joints.” 
By inadvertence minus was written instead of plus. 

THE INSTITUTION OF MECHANICAL ENGINEERS.—The 
general meeting of the Institution of Mechanical Engineers 
on March 16, at 6 p.m., will be preceded, at 5.30 p.m., 
by the unveiling ceremony of the George Stephenson 
memorial presented by the Railwaymen of the Argentine 
Republic in commemoration of the centenary of the 
opening of the Stockton and Darlington Railway, which 
was held on September 27, 1925. The memorial consists 
of a handsome bronze plaque mounted on a marble slab, 
and contains bas-reliefs of George Stephenson and the 
Rocket, with allegorical figures and an appropriate 
inscription, It has been erected at the entrance to the 
marble tea-room, and, as it has been presented through 
the Argentine Government, will be unveiled by the 
Argentine Ambassador, His Excellency Sefior Don 
Evaristo Uriburu. It is hoped that there will be a full 
attendance of members to signify appreciation of the 
honour done to the Institution by the representative 
of a vigorous and friendly State. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron T'rade.—Business in Cleveland pig- 
iron continues slowly but steadily to expand. Supply 
for the open market, after producers have made pro- 
vision for their own foundries and steelworks is not 
quite sufficient to cope with needs, and as demand 
promises to increase, and stocks are low, shortage may 
be experienced in the near future, unless output is 
enlarged. Local consumers who have to buy their pig 
iron are taking larger supplies, home users at a distance 
are purchasing more freely, and firms in Scotland are 
still buying fair parcels; the Continental inquiries circu- 
lating encourage the hope of an expansion in export trade. 
Makers adhere firmly to their fixed quotations. No. | 
grade of iron is 67s. 6d.; No. 3 g.m.b., 67s. 6d.; No. 4 
foundry, 64s. ; and No. 4 forge, 63s. 6d. 


Hematite.—Rather better accounts are given of the 
East-Coast hematite iron branch of trade. Both home 
and Continental demand is improving, and the curtail- 
ments of output promise to reduce production to near 
current needs. As yet, however, supply is ample, and 
makers are still unable to book orders except on terms 
that entail substantial loss. Prices are not quotably 
altered, but the tendency is upward. Mixed numbers 
are 708. 


Foreign Ores.—Sellers of foreign ore, though doing 
little business, take a very firm stand. Best rubio is 
21s. 9d. to 22s., c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is in 
only moderate request, and prices are rather easier. 
Good average qualities are put at 18s., delivered here. 

Manufactured Iron and Steel.—There is rather more 
business passing in several branches of the manufactured 
iron and steel trades. Home orders are coming forward 
more freely, and particularly is this the case as regards 
certain semi-finished steel commodities. Some improve- 
ments in export demand for plates and sheets is reported. 
Common iron bars are 101. 5s. ; best bars, 101. 15s. ; best 
best bars, 111. 5s. ; iron rivets, 111. 5s. ; packing (parallel), 
7l. 10s.; packing (tapered), 10/.; steel billets (soft), 
61. 15s. ; steel billets (medium), 7/. 2s. 6d. ; steel billets, 
(hard), 7/. 12s. 6d.; steel ship plates, 81. 7s. 6d.; steel 
angles, 7/. 17s. 6d.; steel joists, 7/. 17s. 6d.; steel 
rivets, 11/.; heavy steel rails, 8/. 10s.; and galvanised 
corrugated sheets (No. 24 gauge), 13/. 


Imports of Iron and Steel.—Returns of the Tees Conser- 
vancy Commission published this week show the imports 
of iron and steel to the Tees from Continental countries, 
from India, and from Coastwise ports, for the four months 
ending February 29 last, and also give the figures for the 
same months a year ago, as well as those for the correspond- 
ing pre-war period of 1913-14. Pig-iron received in the past 
four months is returned at 3,561 tons, as against 52,333 
tons a year ago, and only 54 tons in the pre-war period ; 
crude sheet bars, billets, ‘blooms, and slabs imported to 
the end of last month are given at 53,693 tons, as against 
71,999 tons a year ago, and 14,309 tons in the pre-war 
period ; and plates, bars, angles, rails, sheets and joists 
unshipped to the end of February last are shown at 
14,950 tons, as against 20,754 tons a year ago, and 7,906 
tons in the pre-war period. 

Shipments of Iron and Steel.—Aggregate shipments of 
iron and steel from the Tees last month reached 85,281 
tons, or 11,000 tons more than the January clearances. 
Of the 18,411 tons of pig iron loaded in February, 7,465 
tons went to foreign parts, and 10,946 tons went coast- 
wise ; of the 5,073 tons of manufactured iron despatched, 
3,866 tons went abroad, and 1,207 tons went coastwise : 
and of the 61,797 tons of steel shipped, 53,717 tons went 
overseas, and 8,080 tons went coastwise. As usual, 
Scotland was the chief buyer of pig iron, accepting 
7,426 tons, and Wales coming next with 3,470 tons. The 
Cape of Good Hope, with an import of 1,148 tons, was the 
largest purchaser of manufactured iron. The Argentine 
was by far the heaviest importer of steel, receiving 16,748 
tons, while India, hitherto usually the principal customer, 
took only 8,947 tons. Among other chief importers of 
steel were: Australia, 7,069 tons; Nigeria, 2,975 tons ; 
Ceylon, 2,590 tons; Natal, 2,310 tons; and Federated 
Malay States, 2,113 tons. 





InsTITUTION OF ELECTRICAL ENGINEERS.—In view of 
the comparatively small number of members who ex- 
pressed a desire to take part in the proposed suinmer 
meeting in Norway next June, it has been decided not 
to proceed with the arrangements. 





ConTRActTs.—Messrs. The Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, King’s 
Cross, N.1, have received an order from the Southern 
Railway for signalling apparatus for the Lewisham 
connecting lines, which includes the following :—109 
two-element vane track relays, 382 single-element vane 
line relays, 72 apparatus cases, 60 cable joint boxes, etc.— 
Messrs. The General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, have secured a 
contract from the Southern Railway Company for the 
supply of a large number of Osram lamps, including 
train-lighting lamps, over the period March 1 to August 
31, 1928.—An important contract, amounting to approx!- 
mately 185,000/., has been secured by the English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2, from the Egyptian Ministry of Public 
Works. The contract comprises the complete plant for 
the Belqas Power Station, and includes three 2,500-k.w 
turbo-alternator sets, with the necessary transformers, 





switchgear, boiler plant, and coal-handling plant. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Little or no improvement has taken 
place in the majority of local staple industries.* Business 
for all kinds of products ebbs and flows. Taken as a 
whole, however, the undertone is one of hopefulness, 
and the belief is held that a turn for the better will 
shortly be experienced. The steel-producing sections 
continue to mark time. Forward business is at a 
minimum. Continental quotations are inclined to 
decline owing to increased costs of production, and 
British users have hopes of capturing much of the 
business recently lost to foreign rivals. Increased 
orders are already being received for basic billets. 
Competition in wire rods continues exceptionally keen. 
Home mills, however, are meeting with an increased 
demand. Considerable overseas orders for railway 
materials are finding their way to this district. Tyre 
and axle plants are only working spasmodically. There 
is a lively demand for all kinds of electrical apparatus. 
Electric power schemes abroad are absorbing big 
quantities, while home requirements are increasing. 
The outlook for mining gear is brighter. With compe- 
tition from Germany and Czechoslovakia in all kinds 
of cutting steels, output from this district shows no 
signs of expanding. The call for steel and parts for 
the motor industry is considerable. The tool trades 
are patchy. Business is quiet in plantation tools and 
saws. Garden and farm implements are in growing 
request. Hopes are entertained of a resumption of 
Russian trade, which would provide Sheffield makers 
of saws and files, edge and engineering tools with plenty 
of work. A big volume of business continues to be 
done in Stainless steel, and if the present rate of output 
is maintained, last year’s record is certain to be eclipsed. 

South Yorkshire Coal Trade.—In practically every 
section the supply exceeds the demand. Sidings are 
choked with surpluses, and short-time working is the 
order of the day. Demand for industrial fuel is well 
below normal, but it is expected that an early improve- 
ment in the steel-producing sections would find stocks 
at works very low, and so necessitate an immediate 
demand. In the house-coal market the advent of 
warmer weather has had an adverse effect. Conse- 
quently an early revival is out of the question. Blast- 
furnace coke is dull on both home and foreign account. 
Foundry and furnace coke have improved, while gas 
coke remains firm. Quotations: Best branch hand- 
picked, 27s. 6d. to 298. 6d.; Derbyshire best bright 
house, 20s. 6d. to 21s. 6d.; best house coal, 19s. to 
20s. 6d. ; screened house coal, 16s. to 17s. 6d. ; screened 
house nuts, 15s. to 16s.; Yorkshire hards, 14d. 6d. to 
lis. 6d.; Derbyshire hards, 14s. to 15s. 6d.; rough 
slacks, 88. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s. ; 
smalls, 3s. to 48, 6d. 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel Trade.—Although the better feeling in 
the Scottish steel trade is still prevalent, there has 
been no change of any moment in the state of the indus- 
try. Output from some works shows expansion, but 
that is not very general, and current demands fall far 
short of capacity. Consumers are not inclined to fix 
up too much forward business, being of the opinion 
that prices will remain in their present region for a 
little time yet. Inquiries are not very numerous, but 
makers are hopeful of an increase in that direction, 
as the spring advances. Owing to fewer contracts 
having recently been booked for new tonnage, there is 
less doing in shipbuilding material. In the black-sheet 
trade there has been practically no change over the week. 
The demand is poor, and, despite the advance in the 
price of raw materials, producers are finding great diffi- 
culty in securing any increase in their prices, although 
the export figure is hardening up. The following are 
the current market quotations :—Boiler plates, 101. 10s. 
per ton; ship plates, 8l. 7s. 6d. per ton; sections, 
il. 17s, 6d. per ton ; and sheets, } in., 87. 12s. 6d. per ton, 
all delivered Glasgow stations. Galvanised corrugated 
sheets, 24 b.g., are called 131. 5s. per ton for home 
delivery, and 13/. to 131. 5s. per ton for export. 


_Malleable-Iron Trade.—A poor tone rules in the West 
ot Scotland malleable-iron trade, and makers are badly 
oft for orders. Competition from Continental material 
is rather keen at present, and this is a big factor in the 
qwetness at the local works. Re-rolled steel bars, like 
bar iron, are very quiet and dealings are on a limited 
scale. The price to-day for “Crown” bars is 10. 5s. 
per ton, and for re-rolled steel bars 7/. 15s. per ton, both 
for home delivery. For export the quotations are 5s. 
and 15s, per ton less, respectively. 

Scottish Pig-Iron Trade.—Little or no change has taken 
place in the pig-iron trade of Scotland since last report. 
lhe output at the moment seems quite ample for all 
calls, and there are goodly stocks on hand. Quite a 
healthy undertone prevails, and, as it is thought that 
prices Just now are about rock bottom, there are possi- 
bilities of some improvement in buying before long. 
Prices generally are firmer inclined, and the following 
are the current market quotations :—Hematite, 74s. 
per ton, delivered at the steel works; foundry iron, 


No. 1, 75s. per ton, and No. 3, 70s. per ton, both on trucks 
at makers’ yards. 

a Scottish Pig-Iron Shipments.—The shipment of 
Scottish 


pig-iron from Glasgow Harbour, for the week 
: Saturday last, March 3, amounted to 858 tons, 
al’ going overseas, For the corresponding week of last 
year the figures were, 1,256 tons foreign and 182 tons 
coastwise, making a total shipment of 1,438 tons. 


ending 





NOTICES OF MEETINGS. 





Puysicat Socrety.—To-night, 5 p.m., Imperial College 
of Science and Technology, South Kensington, S.W.7. 
Thirteenth Guthrie Lecture: “ Electrodeless Discharge 
through Gases,” by Sir J. Thomson. 


Junior InstTITUTION oF ENGINEERS.—To-night, 7.30 
p.m., 39 Victoria-street, S.W.1, “ Air Compressors ’’ by 
Mr. E. S. Huntingford. Friday, March 16, 7.30 p.m., 
Chairman’s Address: ‘‘ An Outline of Petroleum Dis- 
tribution,” by Mr. W. M. Hurrell. 


INsTITUTION OF ENGINEERING InsPECTION.—To-night 
7.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘‘ Limit System in Relation to Production and 
Inspection, and Some _ Inspection Problems,’’ by Mr. 
L. Nicholson. 


Royat InstitutTion.—To-night, 9 p.m., Albemarle- 
street, W.1, “‘ The Sun’s Outer Atmosphere,” by Mr. E. A. 
Milne. Saturday, March 10, 3 p.m., “ The Transforma- 
tion of Matter” (Lecture I), by Sir E. Rutherford 
Monday, March 12, 5.15 p.m. ‘* Wave Mechanics ” 
(Lecture III), by Dr. E. Schrodinger. Wednesday, 
March 14, 5.15 p.m., ““ Wave Mechanics ”’ (Lecture IV), 
by Dr. E. Schrédinger. Thursday, March 15, 5.15 p.m., 
** Optics and Chemistry ” (Lecture II), by Dr. J. J. Fox. 
Friday, March 16, 9 p.m., “The Quantum and Rela- 
tivity Theories of Light,” by Professor E. T. Whittaker. 
Saturday, March 17, 3 p.m., “The Transformation of 
Matter ” (Lecture II), by Sir E. Rutherford. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Scottish Branch : 
Saturday, March 10, 3.45 p.m. Royal Technical College, 
Glasgow. “Scottish Moulding Sands,” by Mr. F. 
Hudson. Lancashire Branch, Burnley Section : Tuesday, 
March 13, 7.15 p.m. Municipal College, Ormerod-road, 
Burnley, “‘ Foundry Conditions,” by Mr. W. H. Meadow- 
croft. Wales and Monmouth Branch: Saturday, 
March 17, 6.30 p.m., Technical Institute Newport. 
“Plaster Work and Plate Moulding,” by Mr. T. W. 
Markland. Lancashire Branch, Junior Section : Saturday, 
March 17, 7 p.m., College of Technology, Sackville- 
street, Manchester, ‘‘ Mass Production in the Foundry,” 
by Mr. W. Yates. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Birming- 
ham Centre : Monday, March 12, 7 p.m., Queen’s Hotel, 
Birmingham, ‘‘ Notes on the Single Sleeve Valve Prin- 
ciple,” by Mr. G. L. Ensor. 


InsTITUTION OF ELEcTRICAL ENGINEERS.—North- 
Eastern Centre: Monday, March 12, 7 p.m., Armstrong 
College, Newcastle-on-Tyne. ‘Insulating Oils-for High- 
Voltage Cables,”’ by Mr. T. N. Riley and Mr. T. R. Scott. 
Scottish Centre: Tuesday, March 13, 7 p.m., North 
British Hotel, Edinburgh. ‘‘ Practice and Progress in 
Combustion of Coal as Applied to Steam Generation,”’ by 
Mr. F. H. Rosencrants. London: Thursday, March 15, 
6 p.m., Victoria-embankment, W.C.2. ‘Some Con- 
siderations of the Economics of Electric Power Produc- 
tion,’ by Mr. W. T. Townend. 


InstitTuTE OF MeErtats.—sScottish Local Section: 
Monday, March 12, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. Annual General Meeting. London Local 
Section: Thursday, March 15, 7.30 p.m. Society of 
Motor Manufacturers and Traders, 83, Pall Mall, S.W.1. 
‘“* High Tensile Bronze,”’ by Mr. W. Lambert. 


INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, March 13, 5.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘‘ The Natural Gas of South 
Persia, Process Development and Exploitation,” by 
Lieut.-Col. S. J. M. Auld. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, March 13, 
6.30 p.m., 85-88, The Minories, Tower-hill, E.1. “‘ Recent 
Developments in Propelling Equipment Practice of 
Reciprocating Engined Steamers,” by Mr. G. R. Hut- 
chinson, 


INSTITUTION OF THE RUBBER INDUSTRY.—Tuesday, 
March 13, 8 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, 8.W.1. Lecture: “Scheme of Accelera- 
tor Classification,”” by Mr. R. P. Dinsmore. 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
March 13, 7.30 p.m., 198, West-street, Sheffield. ‘‘ The 
Erosion of Guns from the Metallurgical Standpoint,”’ 
by Dr. H. Moore. 


OVERHEAD LINES AssociaTION.—Wednesday, March 
14, 5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. ‘‘ Joint Use of Wood Pole Lines 
for Electricity Supply and Communication Systems,” 
by Mr. E. S. Byng. 


INSTITUTE oF FUEL..-Wednesday, March 14, 6 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
Symposium on ‘The Influence of Fuel on Industrial 
Costs.” 


INSTITUTION OF Ratway SIGNAL ENGINEERS.-— 
Jednesday, March 14, 6 p.m., Institution of Electrical 
Engineers, Victoria-embankment, W.C.2. ‘Speed and 
Route Signal Aspects Compared,” by Mr. C. W. Prescott. 


LIVERPOOL INGINEERING Society.-Wednesday, 
March 14, 6 p.m., 9, The Temple, Dale-street, Liverpool. 
‘** Development of Steam Turbine Propulsion,” by Mr, 
R. J. Walker. 


INSTITUTION oF CiIvIL ENGINEERS.—Wednesday, 
March 14, 6.30 p.m., Great George - street, S.W.1. 
Students’ Meeting. ‘‘ The Belgian Railways,” by Mr. 
H. M. Pearson. 


INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
March 14, 7.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4. ‘‘ Wells and Well Boring,” by 
Mr. G, A, Hughes, 





Royat Socrety or Arts.—Wednesday, March 14, 
8 p.m., John-street, Adelphi, W.C.2. ‘The Lead Acid 
Cell: its Place in Modern Industry,’’ by Mr. H. G. 


Brown. 


INstTiTUTION OF MINING AND MeETALLURGY.—Thurs- 
day, March 15, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ The Inner Crystal Structure 
of Some Native Metals,” by Professor H. C. H. Carpenter 
and Mr. 8S. Tamura. 


Royat AERONAUTICAL SocreTty.—Thursday, March 15, 
6.30 p.m. Royal Society of Arts, John-street, Adelphi, 
W.C.2. “‘‘ Flying Boat Maintenance and Equipment,” 
by Flight-Lieut. B. C. H. Cross. 


Royat Sanirary Instirute.—Friday, March 16> 
4 p.m., Town Hall, Scarborough. Discussion on ‘“ The 
Scarborough Water Supply and New Scheme,” by Dr. 
H. Lapworth. 


INSTITUTION OF PROFESSIONAL CIvIL SERVANTS.— 
Friday, March 16, 5.30 p.m., Royal United Service 
Institution, Whitehall, S.W.1. Lecture: ‘“‘ The Deve- 
lopment of High Speed Aircraft,” by Major J. S. 
Buchanan. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
March 16, 5.30 p.m., Storey’s Gate, 8.W.1. Unveiling, by 
His Excellency the Ambassador of the Argentine Republic, 
of the Stephenson Memorial, presented to the Institution by 
Railwaymen in the Republic, 6p.m., ‘‘ The Reorganisation 
of Crewe Locomotive Works,” by Captain H. P. M. Beames. 

West Bromwicu ENGINEERING Socrety.—Friday, 
March 16, 7.30 p.m., Kenrich Technical College, West 
Bromwich. Lecture: ‘“‘ Metallurgical Defects and Failures 
in Engineering,”’ by Professor D. Hanson, D.Sc. 


INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS : 
South-Western District—Saturday, March 17, 12 noon. 
St. Bernard’s, St. Andrews-road, Exmouth. ‘‘ Short 
Notes on Exmouth Municipal Undertakings,” by Mr, 
S. Hutton. Eastern District: Saturday, March 17, 
2 p.m., County Hall, St. Helen’s-street, Ipswich. 
“‘ Superelevation,”” by Mr. E. Tasker. ‘“‘ Bridge Recon- 
struction,’ by Mr. L. T. Weaser. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal Trade.—Tenders were opened in Cairo 
yesterday for the largest single contract for coal, by the 
Egyptian State Railways, since the war. The quantity 
is 340,000 metric tons of large Welsh coal delivered at 
Alexandria over the six months ending September next. 
Again, Messrs. Watts, Watts and Company, Limited, 
indicated the lowest price, with a quotation of 26s, 8d. 
per metric ton c.i.f. Alexandria, which is 6d. per ton. 
below the figure at which the contract for 100,000 
metric tons was secured in December last, and ls. 8d. 
per ton lower than the figure at which they obtained 
the order for 125,000 metric tons in May. The present 
figure of 26s. 8d., which remains firm for ten days, is 
the lowest quotation for the business during the last 
twelve months, comparing with 33s. 5d. per metric 
ton in March last. The scheme for the stabilisation of 
Welsh coal prices has not been completed, but another 
meeting of the committee dealing with the matter is 
to be held next week. In the meantime exports have 
been on a better scale than for some months past, 
but the prevalence of large stocks has prevented any 
improvement in prices. In the past week shipments 
of coal as cargo foreign totalled 503,030 tons, which was 
nearly 97,000 tons more than in the preceding week and 
500 tons more than in the corresponding period of last 
year, but 45,500 tons less than in the last week of May. 
The increase is all the more remarkable when it is men- 
tioned that shipments were reduced from the western 
ports but increased at Cardiff from 256,400 tons to 
359,240 tons and at Newport from 65,390 tons to 76,880 
tons, but lowered at Swansea from 39,820 tons to 38,270 
tons, at Port Talbot from 37,820 tons to 23,540 tons, 
and at Llanelly from 6,850 tons to 5,100 tons. Clear- 
ances to Argentina at 83,000 tons and to Egypt at 
56,000 tons were practically doubled, and also increased 
to France at 107,000 tons, to Italy at 55,000 tons, and 
to Spain at 31,000 tons. 

Coal Trade Losses.—The joint audit of the South Wales 
coal trade for the quarter ended January shows a loss 
of no less than 761,312/. compared with 656,838/. in 
the previous quarter or from ls. 3-52d. per ton to 
ls. 5:82d. per ton. Under the procedure laid down by 
the Conciliation Board the wages of the workers for 
the three months ended May should be 9-71 per cent. 
under the standard rates, but under the agreement the 
owners must pay 28 per cent. above the 1915 standard 
rates. The volume of the export trade in the three 
months was 174,000 tons less than in the preceding 
quarter, while the cost of production was lowered by 
53d. per ton, but on the other hand selling prices were 
reduced by 8-05d. per ton to 13s, 2- 68d. 


Iron and Steel.—Exports of iron and steel goods in 
the past week totalled 16,314 tons, against 19,896 tons 
in the previous week. Shipments of tinplates and 
terneplates were increased from 8,757 tons to 9,291 tons, 
and of galvanised sheets from 1,877 tons to 2,060 tons, 
but those of blackplates and sheets were lowered from 
3,396 tons to 710 tons, and of other iron and steel goods 
from 5,866 tons to 4,253 tons. 





RusstIaAN-MOoONGOLIAN TRADE DEVELOPMENT.—Ac- 
cording to The Chinese Economic Bulletin, the total value 
of the trade between Soviet Russia and Mongolia, during 
1926, was 12,186,000 roubles, as against 7,115,000 roubles 
during 1925, 
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THE ROADS COMPETITION. 


Ir we approached the subject of rail and road 
transport in the manner in vogue to-day, we should 
preface our remarks by the asserting our indepen- 
dence of either party. It is perhaps hardly neces- 
sary that we should do this, for our impartiality 
is plain from the fact that we have always encou- 
raged the development of road transport on sound 
lines, while at the same time have held the successful 
operation of the railways to be one of the most 
essential factors of our commercial prosperity. 
On the subject, however, of whether or not the rail- 
ways should have power to run on the roads, we 
see no reason to depart from our attitude of former 
years, which was that frankly we failed to see why 
these companies.should not be given such rights, 
and we confess, therefore, that to our mind the 
House of Commons last week did no less than justice 
demands, in passing the second reading of the Bills 
brought forward dealing with this question. 

It must not, of course, be judged that the matter 
is now concluded. Some five years ago, it will be 
remembered, the railways Bill was wrecked. in 
Committee by belated action of the Ministry of 
Transport, which, at the time, evoked very un- 
favourable comment. We trust that the Ministry 
is now in a more propitious mood, though Col. 
Ashley, in the debate, appeared to be almost as 
much in opposition as in support, at the second 
reading. His admission that the railway com- 
panies could not in equity be debarred from using 
the roads while everybody else could do so, taken 
with his other remarks on “ safeguards ’’ seems to 
imply that the principle is accepted, though details 
are not yet completed. We trust that the official 





requirements, when they are promulgated, will not 





make it impossible, as was the case last time, for the 
railways to proceed with the matter. 

It is difficult indeed to see why the railways 
should be perpetually barred from adopting im- 
provements which come with time. Some years 
ago when we were taxed with unfriendliness towards 
the road transport interests, because we held that 
the railways had a good case, we defended our posi- 
tion in the following words: ‘In our opinion the 
railways, as common carriers, should have the right 
to avail themselves, equally with any other concern 
which exists to sell transport, of any developments 


> | which the advance of applied science render feasible, 


not excluding those which they as ratepayers have 
helped to build up.” 

Supposing we look into the future, and if neces- 
sary stretch the imagination just a little to add point 
to the argument, we will perhaps see a time coming 
when air transport will be in common use. Shall 
we also see in those days the air transport com- 
panies contending that the older road hauliers should 
have no right to enter the air business ? The sugges- 
tion on the face of it is absurd, yet we know of not- 
able road transport men stating that if the railways 
cannot continue as effective machines in the face of 
modern developments, they must follow the way of 
the coaches and canals and go out of business. 
But the picture of the possible conflict of air and 
road interests we have sketched above is not quite 
a true parallel. The present case of the railways is 
stronger than that of the future road hauliers 
could be, since the latter would not be directly 
contributing to the success of their rivals by meeting 
charges made for the upkeep of airways. 

There is, we think, some little inconsistency in 
the road transport arguments. The railways, 
we are told, should put their house in order, should 
adopt modern methods, and do various other things, 
which, as is so often the case, the outsiders think 
they know more about than those really concerned. 
In the same breath, however, the road transport 
community states that the internal-combustion 
engine is the development of modern times which has 
made their industry possible. Why, if this is 
so, we may ask, are the railways not to be allowed 
the advantage of this particular appliance, among 
the other modern methods recommended? The 
reply will perhaps be that they are free to adopt it 
—on the railways. The railway interests, it is 
true, are well aware of the possibilities—and, at 
present, limitations—of the internal combustion 


=| engine for railway work, and need no advice on this 


score. While endeavouring to adapt it to the haulage 
of heavy trains, is there any reason, however, why 
they should not be allowed to advance with the times 
in directions in which it has already proved more 
practicable ? 

A little while ago we were told that the railways 
should be content with the heavy and long-haul 
traffic, leaving the rest for other systems. The 
railways, however, in our opinion, were called into 
being for the purpose of selling transport, and doing 
anything in connection therewith which might 
prove advantageous. Even to-day they run steamer 
services and own hotels. If in the old days a 
coaching concern or canal company had decided 
to secure powers to convert itself into a railway 
company, this would have been regarded as com- 
mendable enterprise ; the same would have been 
said of any business which successfully met 
changed markets by new methods. Yet now the 
railways are to be content with working what traffic 
is left to them after road transport has had its 
pick. Must the railway companies be for ever 
condemned in this way to be the drudges of the 
country—the hewers of wood and drawers of water- 
handling mainly the low-grade traffic in bulk and 
at low rates? Here, too, another point arises. It 
was not long since that we were told that the most 
economical traffic on the roads was for distances of 
something like 20 miles to 30 miles. This may or 
may not be so, but the road companies are certainly 
commonly operating over greater distances than 
these to-day, and probably expect the future to 
bring improvements which will make it economically 
possible to extend their services. What would the 
road transport services say if regulations were 
introduced, on their own argument, to preserve 
to the railways all traffic of over 26 miles haul % 
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A share of the workmen’s traffic might perhaps 
be at the same time imposed on the road people 
by way of a make-weight. 

The demand is made that the railways must at 
all costs be refused powers which might operate to 
produce a monopoly, yet a monopoly is what is 
asked for by the road companies. Recent history 
has shown that rate-cutting has existed between 
the road concerns themselves to a much greater 
extent than would be likely under proper regulation 
by railways competing with road companies. Hav- 
ing now eliminated many of the less sound businesses 
in their own ranks, and having learnt that unbridled 
competition is disastrous, the road concerns are 
anxious to dig themselves in and make the position 
sure against all comers. 

Much stress has been laid on the evil character of 
the railways, and of the bitter persecution with 
which they are supposed to pursue any competitor, 
to drive him out of business. This appeal may 
be effective in some directions, but it is hardly in 
line with modern thought. Even supposing the 
murky past of the railways to be full of records of 
criminal actions of this kind, we should have thought 


years, and justified the assumption that the existing 
protection works were adequate. 

It is very significant, however, that the average 
tide level at up-river stations has been steadily 
rising for the last thirty or forty years. Thus, 
comparing the average tide levels at Crossness 
and Hammersmith during the past three decades, 
it appears that the level at Crossness has remained 
sensibly constant, whilst in the case of Hammer- 
smith it averaged 11 ft. 8 in. during the period 
1898-1907. In the next decade this had increased 
to 12 ft., and for the decade 1918-27 the corre- 
sponding figure was 12-2 ft. A similar steady 
increase in the average tide level has been observed 
at other up-river points. These figures seem to 
indicate that the river improvements below bridge 
have facilitated the run upstream of the tidal 
waters. Floods of course tend to become accen- 
tuated as time goes on, owing to the more rapid 
run off due to improved drainage and to the 
growth of towns and villages. This, however, 
can hardly affect average levels, the rise in which 
must therefore be attributed to the tidal wave 
having an easier passage upstream than in the 





that, in these days of social reform, we had got a 
little further from the attitude responsible for the 
old saying, ‘* Give a dog a bad name and hang him.” 


honest oppressors, and are all their policies to be 
viewed with grave suspicion? After all, these | 
companies represent innumerable shareholders, and 
their prosperity is one of the best contributions to 
the good of all. If they are to be hampered, and 
their business to be taken from them, the results 
will soon be reflected in the need for higher rates 
on the low-grade traffic which the industrial com- 
munity wishes to have transported as cheaply as 
possible. The whole thing resolves itself into the 
question whether the railways shall be allowed to 


: . | January 6-7 last, lies in the fact that not merely 
Are the railways never to be anything but dis-| were all previous records exceeded, but the excess 


past. ' 
A striking feature about the disastrous flood of 


was unprecedently large. It is a commonplace 
that, in general, phenomena vary very slowly in 
the neighbourhood of a maximum and all prior 
experience of Thames floods has been consistent 
with this principle. There was, in fact, very little 
difference between the highest tide recorded and 
the next highest, but last January, the level attained 
was no less than 11 in. higher than the abnormal 
flood of 1881, which was only 3 in. higher than the 
previous maximum reached in 1875. There was 
thus no reason for suspecting that flood works 





develop in such a way as to retain and, if possible, 
improve their prosperity. On the broad issue we 
believe that it is to the national good that they 
should. 





THE THAMES FLOOD. 

Last January's disastrous flood led to a confer- 
ence of the various public authorities concerned, 
which appointed a committee to examine in detail 
the causes of the catastrophe, and to make recommen- 
dations as to what action should be taken in the 
future for the protection of low-lying areas. This 
committee included representatives of the Admiralty, 
the Meteorological Office, the Home Office, and 
of the Ministries of Agriculture, Health and Trans- 
port, as representing the national government. 
The Port of London Authority, and the L.C.C., 
were also represented, as well as five of the local 
authorities more immediately concerned. 

This committee has now issued a report which 
includes a highly-interesting review of the past 
history of Thames floods, some of the records 
dating as far back as the thirteenth century. 
The flood of 1663 is stated by Pepys to have 
been the greatest ever remembered, all Whitehall 
having been flooded. Apparently, however, the 
level reached on this occasion was not more than 
16 ft. 10 in. abeve ordnance datum. This level 
was not exceeded till 1874, although old London 
Bridge was finally demolished in 1834. A still 
higher tide was recorded in 1875, when the water 
rose at Westminster Bridge to 17 ft. 3 in. above 
ordnance datum. The consequent flooding caused 
great damage and hardship, but there was no 
loss of life. Other exceptional tides were recorded 
in the two succeedirg years, and authority was 
accordingly obtained for the construction of flood 
protection works. It was at first thought that a 
height of 17 ft. 6 in. would be sufficient for these, 
but this level was actually attained by the tide 
in January, 1881, and this led to the level for 
protection works being increased to 18 ft. above 
ordnance datum, ‘The works carried out in accord- 
ance with this provision proved perfectly satis- 
factory till the flood of January 6-7 last. In 
December, 1927, the tide reached a level of 
17 ft. 3 in. above ordnance datum, but there was 
no flooding, although not a little of the protective 
works are necessarily of a movable character. 


This December flood was the highest for forty-three 


providing protection for a height of 18 ft. above 
datum would prove inadequate. 

The abnormal height of January’s flood was 
apparently due to exceptional meteorological 
conditions. There was a strong north-westerly 
gale in the North Sea, and a westerly gale in the 
Channel, and there was a great deal of flood water 
coming down stream. The predicted height of the 
tide at London Bridge was 12 ft. 5 in., but a level 
of 18 ft. 3 in. was actually attained. At Richmond, 
the normal height would have been 13 ft. 10 in., 
whilst the tide actually rose to 18 ft. 6} in. At 
Tilbury again, the water rose 5 ft. 6 in. above the 
predicted level, and both here and at London Bridge 
high water was attained half an hour before the 
predicted time. 

The committee consider it essential that an 
effective system of warnings should be established, 
but realise the danger of “‘ the call of wolf,” The 
43 years’ of immunity indicate that it will be very 
difficult indeed to give only absolutely necessary 
warnings. They have, however, framed a scheme 
which they hope will be effective. An obvious pro- 
posal is to evacuate dwellings in low-lying areas, 
but this would be strongly resented by their present 
occupants, many of whom are riverside workers and 
prefer to live near their work. It is suggested, 
however, that in the case of new dwellings erected 
in the danger zone, the local authorities should have 
power to fix floor levels at a safe height. 

With regard to the existing protective works, 
these are now being thoroughly examined, and in 
future will be regularly inspected. A difficulty arises 
from the fact that it may not in all cases be possible 
to raise the height of protective walls without at the 
same time increasing the width of the base. If this 
prove necessary, the cost of the work will be greatly 
increased, and if required for the whole length of the 
river within the London area, may well amount to 
millions of pounds. 

One of the problems with which the committee were 
asked to deal was the probability of a repetition of 
January’s flood. They report, however, that the 
existing data are insufficient to provide a satisfac- 
tory basis for expressing an opinion on this head, and 
have advised that the whole subject of tides on 
the Thames requires additional expert investiga- 
tion, and have recommended that this work should 
be undertaken by the Liverpool Tidal Institute, 


department of the Admiralty, and with the Meteoro- 
logical Office. The cost of this investigation will be 
shared. by the Port of London Authority and the 
London County Council. 





THE ENGINEERING OUTLOOK. 
VII.—Tue Locomotive Inpvustry. 


Ir would probably not be incorrect to describe 
the locomotive industry as the most consistently 
depressed branch of engineering since the war, and 
there seems to be no immediate prospect of this 
industry returning to anything approaching its 
normal pre-war output. The policy of the home 
railway companies in manufacturing for their 
own needs, coupled with the expanding electri- 
fication of suburban lines, which spells prosperity 
to electrical manufacturers but disaster to private 
locomotive manufacturers so far as the home 
market is concerned, has rendered the locomotive 
industry essentially an export one. In this respect 
it is seriously handicapped, firstly by the reduced 
world demand for locomotives, secondly by the 
greatly increased productive capacity consequent 
on firms who were not previously engaged on 
locomotive manufacture resorting to this work 
when their original manufacture ceased to be in 
demand, and thirdly by the price factor. 

The absence of Ministry of Labour employment 
statistics renders it necessary in this case as in 
previous analyses to resort to the statistics of 
employment obtained from an investigation by 
sample in seven principal locomotive manufacturing 
districts in this country as an indication of the 
trend of production in the industry, and there seems 
no reason to question the accuracy of the movement 
this indicated. 


TABLE I.—Employment in the Locomotive Industry. 





| 
_—_— | Numbers employed. | Index 1914 = 100. 
! 











| 

io 15,248 | 100-0 
1920—May 14,510 | 95- 
1923— | 

ist half-year 4,192 | 27-5 

2nd_s,, 7,709 50-5 
1924— 

1st ‘ 4,905 32°3 

2nd_sSC,, 5,940 39-0 
1925— 

Ist Pe ee 7,242 47°5 

2nd_sSCi,, ad 7,453 48-9 
1926— 

1st Pe re 6,502 42-7 

2nd, me 5,044 33-1 
1927— 

Ist 2s sis 6,499 42-6 

2nd ps on 7,270* 47-8* 








* Estimated on incomplete returns. 


The effect of the coal stoppage is here ver) 
clearly marked—probably no industry was more 
severely hit by that catastrophe—and it was not 
until the end of the year 1927 that employment began 
to resume the level at which it appeared to settle 
in 1925. Keeping in view the gap which must 
inevitably occur between employment and pro- 
duction, this employment trend is strikingly con- 
firmed by Table II on page 295, which gives details 
of the exports of locomotives of British manufacture 
over a period of years. 

The low level of the first quarter of 1927 and the 
subsequent steady upward movement corroborates 
the increasing employment and may be taken to 
indicate that the early part of 1928 at least will 
see a continuation of the improvement established. 
The downward movement of the value per ton 1s 
a less pleasing feature. The value per ton in the 
last quarter of 1927 is not greatly in excess of the 
value per ton in 1913, and in the light of the 
increased price levels and inflated costs in every 
direction it is inconceivable, despite the fact that 
these prices are better than they were a year OF 
two ago, that on such a comparatively small output 
this work could have been done on a remunerative 
basis. 

It may be noted that the value per ton shown for 
1927 is, taken for the whole year, somewhat 1” 
excess of the value per ton in 1924. Now in 1924 the 
third census of production was taken, the results 
of which became available last year. Comparison 
by volume is not possible but according to the 
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production of locomotives and parts (excluding rail- 
way shops) was, in 1924, 4,265,0007. In 1907, it was 
4,406,000/., so that after making full allowance 
for reduced output it seems reasonable to utilise 
these figures in confirmation of the unremunerative 
prices obtained for locomotives taking into account 
the increased costs of labour, materials, charges, 
expenses, &c. Of the 4,265,000/. production of 
1924, 2,496,000/. or 58-5 per cent. was exported, 
leaving only 1,769,000/. consumed at home. It is 
noteworthy that the total value of output of loco- 
motive parts in 1924 amounted to 1,397,000/.— 
approaching one-third of the total—and it seems 
very likely that quite a fair percentage of this 
total is included in the home market quota of 
1,769,0007. 




















TaBLE II.—U.K. Exports of Locomotives. 
Monthly | Volume Index, Value Index, 
Monthly of 1913 = | perton | 1913 = 

Average for —! Exports. 100. Exports. 100. 
| Nl £ 
1913 ..| 3,927 | 100-0 | 59-0 100-0 
1922— 
Ist Qr. | 4,268 | 108-6 | 164-9 279-5 
2nd ,, | 1,741 | 44-3 | 168-6 285-7 
3rd, .-| 1,748 44-4 | 150-8 | 255-6 
4th ,, ..| 2,979 75-8 144-5 | 245-0 
1923— | poe, 
Ist .| 2,524 64-2 | 110-9 188-0 
2nd | $110 | (70rd 78-4 | 133-0 
3rd 2,227 | 56-6 | 81-8 138-6 
4th 3,024 | 77:0 85:5 | 144-9 
1924— | | 
Ist. ,, 2,694 | 68:5 | 72-2 | 122-4 
2nd ,, | 2,432 64-4 | 72-8 | 123-4 
3rd, 1,505 | 38-3 83-3 | 141-2 
4th ,, 1,203 |. $8i-1 98-2 | 166-4 
1925— | 
1st. 5. 3,548 90-2 | 83-0 | 140-6 
2nd 3,344 85-1 85-2 144 
3rd 1,520 | 39-6 97-9 165-9 
4th 1,363 | 34-6 91-5 155-1 
1926- 
Ist 4,387 111-7 90-6 153°5 
ond 2,936 | 74-8 905 153-4 
3rd 1,953 49-8 91-2 154-7 
4th 2,046 | 52-1 | 84-4 143-2 
1927- | 
Ist ,, 921 | 23-5 | 99-3 168-4 
2nd ,, 2,123 54-1 | 89-4 151-6 
3rd 2,426 61-8 | 85-3 144-5 
4th 3,509 | 89-4 78:1 132-5 





Imports have been in past years, and continue 
to be, a negligible quantity, but it is of passing 
interest to observe that they are steadily increasing 
in value as is shown in the following brief table, 
which gives for the years 1924, 1925, 1926, 1927, 
the value of imported locomotives and parts :— 


£ 
1924 5,303 
1925 9,079 
1926 12,746 
1927 16,565 


It is not suggested that this increasing importation 

has yet attained serious proportions, but, neverthe- 
less, it seems a pity that there should be any room 
for importation even to this extent. 
_ As has already been stated, the locomotive 
industry of this country is essentially an exporting 
one, and therefore one of the most satisfactory 
guides to the state of the industry is to be found in 
4 comparison of international exports. Accordingly, 
in the following Table No. III will be found, by 
value the exports of locomotives of the principal 
countries over a period of years. The values are 
given in pounds sterling, converted at the average 
tate of exchange for each year : 














TaBLe III.—International Exports of Locomotives. 
(Value in £, 000.) 
1913. | 1924. | 1925 | 1926 | 1927.* 
United Kingdom, 2,782 | 1,852 2,649 3,043 | 2,287 
risamgd ee 85 | 325 431 220 230 
vse -.| 2,698 | 1,042 1,338 1,228 1,790 
SA... --| 1,824 1,279 1,456 1,058 | 1,135 
6,889 | 4,498 | 5,874 | 5,549 | 5,442 
len | | 





* Estimated on incomplete returns. 
Unfortunately, statistics of volume are not 
ae from the United States of America, but 
© following Table IV gives the volume in long 
tons of locomotive exports for the three remaining 
countries shown in Table III. j 
The figures shown in Table III are declared 


“been prepared by the Department of Overseas Trade, 


necessary to bear in mind the rise in the general 
level of prices. Considerable reduction in world 
demand is therefore demonstrated by this table, 
and although the exports of some of the foreign 
countries have been estimated due to incomplete 
returns it seems almost certain that the world 
exports will have been smaller in 1927 than they 
were in 1926. This country continues to hold the 
premier position in the table, but Germany is 
becoming a serious challenger. Before the war 
German exports were almost equal to our own, 
and whereas in 1927 British exports did not continue 
the upward movement which was commenced in 
1924, German exports have created a new high level 
for post-war years. France and U.S.A. have also 
improved on their 1926 figures, but it is noteworthy 
that they are below the records which they estab- 
lished in 1925. It is not extravagant to suggest 
that the improvement in the value of exports of 
France, Germany, and U.S.A., as against the decline 


TABLE IV.—International Exports of Locomotives. 
(Volume—Long tons.) 





— 1913. 


1924. | 1925. 

















SAE SE, L = 
United Kingdom} 47,121 23,563 | 30,437 | 33,968 | 26,936 
France ..| 3.201 | 4,522 | 7,070 | 4,118 | 3,880 
Germany .. {53,560 | 16,900 | 22,220 | 16,850 | 25,000 
103,972 | 44,985 | 59,727 | 54,936 | 55,766 

* Estimated on incomplete returns. 


in British exports is no more than a legacy of the 
coal stoppage in 1926, because, after all, it has to 
be borne in mind that the construction of a loco- 
motive is a lengthy business, and it is conceivable 
that contracts which would have normally been 
commenced in 1926 were not commenced until well 
into 1927, and will not appear in the export list until 
1928, assuming always that the contracts were placed 
and were not irrevocably lost in consequence of the 
stoppage. 

According to Table III, there is still a very fair 
margin between the value of British exports and 
the value of German exports. Glancing at Table 
IV, however, it is seen that in volume, the margin 
between the two countries is very small indeed. 
Whilst this cannot be regarded as in any way proof, 
it is certainly an indication of the very great advan- 
tage which German producers have over British 
producers in the question of price, and it may be 
regarded as an explanation of the numbers of 
contracts lost during 1927 by British manufacturers 
to German manufacturers. This stern competition 
will undoubtedly continue, and it will only be the 
superior quality of the British product which will 
secure for this country an increased proportion of 
foreign orders. 

There seems little question that the restricted 
world demand for locomotives is an accomplished 
fact, and will continue because it seems certain that 
the electrification of railways will extend further. 
Nevertheless, the steam locomotive will always 
be a necessity, and probably in greater volume than 
at the present time. It is difficult to anticipate the 
placing of contracts, but on the assumption that the 
world demand has, of late years, been on the small 
side, and that replacements in a short time will be 
inevitable, it seems likely that further contracts 
will be put out before long in India and South 
America, and that British manufacturers will stand 
a chance of securing them on the quality factor. 
With no degree of certainty can it be said that 
the locomotive industry can look forward to any- 
thing approaching a prosperous year. All that 
one can hazard is that it will continue on pretty 
much the same level, and the end of 1928 may see a 
slight improvement, but it has to be borne in mind 
that any such improvement will start from a level 
of acute depression and cannot be expected to lift 
the industry into a condition of prosperity. 





Market FOR MorTor-Cars 1n SturrGart.—A _ short 
report on the market for motor-cars in Stuttgart, based 
on information furnished by the British vice-consul, has 


35, Old Queen-street, London, .S.W.1, and issued to 
firms whose names are on its special register. United 
Kingdom firms desirous of receiving a copy of. this 
report should communicate with the Department, 


NOTES. 
TEMPERATURE Limits oF THE MICHELL THRUST 
BEARING. 

Discussing a paper on the crankless engine, 
read on February 24, before the North-East Coast 
Institution of Engineers and Shipbuilders, Mr. H. T. 
Newbigin, who was responsible for the introduction 
into this country of the Michell thrust bearing, said 
that its working limits were fixed mainly by the 
temperature of the single thrust collar used. In 
the designs he prepared in 1908, lubrication was 
effected by simple jets of oil. So long as the rubbing 
speed did not exceed 30 ft. per second, these seldom 
gave trouble, but when the same plan was adopted for 
a longer bearing, in which the mean speed was 
40 ft. a second, the bearing had to be scrapped. 
The plan was then adopted of running the bearing 
in a casing filled with oil, and through which oil 
was constantly pumped. This plan proved satis- 
factory as fitted to marine turbines provided with 
single-reduction gearing, where the rubbing speed 
seldom exceeded some 80 ft. a second. With the 
advent of double-reduction gears and consequent 
higher rubbing speeds, trouble was experienced. 
With the arrangement described, the immersion 
of the bearing in oil was relied upon both for 
lubrication and for cooling, but it was found that 
the temperature of the oil escaping from the casing 
gave very little indication of the temperature at- 
tained in the lubricating film. It was, therefore, 
decided to separate the functions of lubrication 
and cooling, by forming oil-circulating ports in the 
bearing through which a free flow of oil was main- 
tained by the rotation of the collar. This not 
only provided unlimited lubrication for the pads, 
but, owing to the thorough circulation thus ensured, 
the temperature of the oil leaving the casing gave a 
fairly correct idea of the temperature of the collar. 
This, Mr. Newbigin said, was the vital factor in 
the whole problem. If the collar temperature ex- 
ceeded about 150 deg. F., there was a distinct 
danger of failure. At high rubbing speeds, a supply 
of oil ample for lubrication might be insufficient 
to keep the collar cool, and much more oil had to 
be supplied accordingly. 


Exastic HYSTERESIS. 


In a paper in the current issue of the 7'ransactions 
of the Faraday Society, Professor B. P. Haigh 
describes a series of experiments on the elastic 
hysteresis of metals, which appear to provide a 
rapid method of determining probable fatigue 
limits. He experimented with specimens subject 
to equal alternating tensions and compressions 
applied by electro-magnetic means at the rate of 
2,000 per minute. Thermo-couples fixed to the 
specimen showed the temperature gradient respon- 
sible for the flow of heat from the middle of the 
specimen to the ends. This heat corresponds to 
the net work represented by the hysteresis loop in 
a cyclical stress-strain diagram, in which the work 
done during the compression of the specimen is not 
quite the same as that done in the succeeding exten- 
sion. By the method of experiment described it 
was possible to study hysteresis for millions of cycles. 
As a result, Professor Haigh concludes that with 
cluctile metals three different types of hysteresis 
can be detected. In the primary stage, which 
endures for perhaps some quarter of a million cycles, 
the work done and heat liberated-is due to plastic 
flow of the metal. This is associated with the 
formation of frequent slip bands, and the metal is 
hardened by the process. The heat liberated per 
cycle falls rapidly to a minimum, and is then 
followed by the setting in of the secondary type of 
hysteresis which, in general, persists for many 
million cycles of stress, or possibly indefinitely. 
In the tertiary stage, which appears to be associated 
with the gradual opening of a crack, the heat 
liberated rises rapidly until final fracture. In 
“static tests’ of hysteresis, the number of cycles 
observed is so small that only the primary stage is 
investigated, and this has little or no connection with 
the fatigue limit of the’material. This primary stage 
is, however, only observed with plastic metals. In 
the secondary stage, the rate of heat liberation may 
either remain practically constant or may increase, 
and this increase may be observed in quite a brief 








values, and therefore in considering them it is 
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test. Where there is this increase of hysteresis, 
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it appears probable that the range of stress is in 
excess of the fatigue limit, and that the specimen 
will ultimately fracture if the test is sufficiently 
prolonged. Professor Haigh considers that his 
observations support the view that metals really 
have fatigue limits below which repetitions of stress 
can be repeated indefinitely. Both annealed and 
normalised specimens, though one may give an 
Izod test of 7-5 ft. lb., and the other one of 73 ft.-lb. 
have nearly the same fatigue limits, and liberate 
heat at the same rate in the secondary stage of 
hysteresis. In this secondary stage there is no 
hardening of the metal, few, if any, slip bands are 
formed, and Professor Haigh concludes that the 
heat observed is not generated by plastic flow of 
the metal. 


TURBINE-WHEEL FRICTION. 


The steady increase in pressures and temperatures 
and the growing insistence of station engineers on 
the fulfilment of guarantees, is compelling turbine 
designers to attempt closer and closer estimates 
of various parasitic losses. Attention may there- 
fore be directed to an improved formula for disc 
and blade friction which was published by Professor 
William Kerr in the Journal of the Royal Technical 
College, Glasgow, in December, 1924. Rotation 
losses have commonly been estimated in this 
country by another formula of Professor Kerr’s, 
which was published in 1912, and was based on one 
by Dr. Stodola, the coefficients being modified 
in accordance with tests on a Curtis wheel made in 
the laboratories of the Royal Technical College. 
Another series of experiments subsequently under- 
taken failed to fit in with this formula and 
led Prof. Kerr to make a further examination of 
it. This showed that the formula in question 
was dimensionally wrong, and hence could not be 
expected to hold good outside of a strictly limited 
range. From general considerations, it is evident 
that disc friction should depend on Reynolds’ 
number, which involves the viscosity of the steam, 
which is a function of the absolute temperature, 
and the effects of viscosity may therefore be repre- 
sented by a function of this temperature. On the 
other hand, the blade friction will be mainly due 
to the throwing off of eddies, in which case the 
resistance should be practically independent of the 
viscosity of the fluid. This is, in fact, what Professor 
Kerr finds to be the case, and his revised formula 
for the horse-power dissipated by the friction of 
simple impulse or Curtis wheels is as follows :— 
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Here 
N, Disc friction in horse-power,. 
No Blade friction in horse-power. 
S Mean blade speed (feet per second). 
d = Mean diameter of blading (inches). 
V_ = Specific volume of steam (cub. ft. per Ib.). 
1, = Blade height at inlet edge of first row 
(inches). 
1, = Blade height at outlet edge of last row 
(inches). 
T = Absolute temperature (deg. Fahr.). 
r = Ratio of are of admission to full circum- 
ference of wheel. 
b = 9-3 for one row wheel, 12-5 for two row 


wheel, 17-9 for three row wheel. 


CAUSES OF FIRE IN THE PETROLEUM INDUSTRY. 


In taking the chair at the meeting of the Institu- 
tion of Petroleum Technologists on February 14, 
Sir Frederick Black announced that the number of 
members of the Institution had risen above 1,000, 
to 1,007, since the previous meeting. The paper 
dealt with at the meeting was by Mr. C. Dalley, 
M.I.E.E., on “Causes of Fire in the Petroleum 
Industry, with Methods of Prevention.”” The range 


of explosive mixtures of air and petroleum vapour, 
he stated, was smaller than that of air and coal-gas 
mixtures, but oil leakages did produce inflammable 
mixtures. To minimise the risks, plants should be 





high-class and robust, and tanks should be placed 
far apart, if possible, which unfortunately involved 
long connecting pipes, and with special connections 
to the pump house for rapid emptying. Tank 
inlets and outlets should be provided with fittings for 
remote control. No gas holder seemed ever to 
have been destroyed by lightning, probably because 
the iron structure was well earthed and dissipated 
the atmospheric charge. But of 416 tank fires 
recorded in the United States in the 10 years 
ending 1925, 230 were ascribed to lightning; 
all except six of these tanks had wooden 
roofs, the six being of the steel-roofed type. The 
danger was due not so much to direct lightning 
strokes, as to the induced sparking from the metal 
sheaths and fittings on the wooden roofs across the 
vapour gaps to the tank. The chief engineer of the 
Standard Oil Company of New Jersey had stated 
that it was impossible to set fire by lightning 
to an all-steel gas-tight tank. The huge fire of a 
few years ago in the Union Oil Company’s tank 
farm in California had started during a thunder 
storm in the concrete-lined wooden-roofed tanks, 
and the oil in some all-steel tanks had actually 
remained intact though they were flooded outside by 
burning oil. Floating roofs were safe only as long 
as perfectly gas-tight. The dangers of spontaneous 
combustion of oil might be disregarded. In refineries, 
all plant should conform to the Home Office Rules 
for fiery mines. The risks of static discharges had 
been exaggerated. A road tank-car had exploded 
a year ago while being filled through a manhole, 
but in subsequent experiments the static charge had 
always escaped through some imperfect insulator 
before dangerous sparks had been formed. Foam 
extinguishers running on rails had done good 
service in refineries, especially when water was 
made to act on a dry powder; liquid carbon 
dioxide under pressure also gave good results, 
but jets of carbon tetrachloride were too small in 
volume for general use. Many of the rules in force 
relating to tankers in port and the handling 
of oil were obsolete, and actually increased the 
dangers. The Institution of Petroleum Technolo- 
gists, which had so successfully dealt with analyti- 
cal troubles, should also take up these problems. 








THE INSTITUTE OF METALS. 


THE twentieth annual general meeting of the 
Institute of Metals opened at 10 a.m. on Wednesday 
of this week, in the hall of the Institution of 
Mechanical Engineers, Storey’s Gate, Westminster, 
and was brought to a conclusion in the afternoon of 
yesterday. The chair was occupied by the presi- 
dent, Sir John Dewrance. 


REPORT OF THE COUNCIL. 


A brief outline of the report of the council for 
the year ended December 31, 1927, was given 
by the president. This showed that the member- 
ship of the Institute had risen from 1,801 in 
December, 1926, to 1,903 in December, 1927, an 
increase of 102. The council recorded with regret 
the death of several members of the Institute, 
among whom were Sir James Kemnal, Sir Gerard 
A. Muntz, Bart., and Dr. R. Pearce. The six 
local sections of the Institute had continued their 
good work during the year, and a notable feature 
of their meetings was that many were held jointly 
with other kindred societies. In connection with 
condenser-tube corrosion research, a programme 
of work, with new apparatus for large scale labora- 
tory tests, had been started at the beginning 
of the year. and had been proceeded with con- 
tinuously. The tubes tested included various 
types of 70:30 brass and Admiralty-alloy tubes, 
several compositions of cupro-nickel, and a few 
special-alloy tubes. The council was glad to be 
able to report that the long-needed expansion of 
the Institute’s office accommodation had been 
made possible during the year, an adjacent suite of 
rooms having become vacant. Thus the accommo- 
dation available had been more than doubled. The 
Institute had been represented by Dr. W. Rosen- 
hain at the International Congress for Testing 
Materials, held at Amsterdam in September last, 
and by Professor D, Hanson at the recent Empire 
Mining and Metallurgical Congress, Canada. 





Hon. TREASURER’S REPORT. 


The report presented to the meeting by the 
honorary treasurer, showed that the income for the 
financial year ended June 30, 1927, amounted to 
7,2561., and the expenditure to 6,7107. The balance 
of 5461., which was higher than for some years past, 
was largely the result of an increase in subscriptions 
and journal sales, the two main sources of income 
of the Institute. 


PRESIDENTIAL ADDRESS. 


The preliminary business having been concluded, 
Sir John Dewrance, the retiring president, inducted 
Dr. W. Rosenhain, the incoming president, into 
the chair. A hearty vote of thanks to Sir John 
Dewrance having been passed, Dr. Rosenhain 
proceeded to read his presidential address. In this 
he recalled that the first paper which he had contri- 
buted to the Institute at its first meeting in Bir- 
mingham in 1908 was entitled “‘ The Metallographic 
Investigation of Alloys”; it related largely to the 
methods used in the determination of equilibrium 
diagrams. It would not be inappropriate, there- 
fore, if in this address he attempted to give some- 
thing in the nature of an explanation—even a 
defence—of the equilibrium diagram, an explanation 
and defence which were not required by the scientific 
metallurgist, but were addressed essentially to the 
practical man. 

It was now some sixty-eight years since the 
first effort to solve what might be termed mysterious 
irregularities in alloys had been made by the applica- 
tion of the microscope to the examination of metals. 
The beautiful methods of microscopic metallography 
had been developed, first by Sorby in Sheffield, 
and later by a succession of workers, among whom 
the names of Roberts-Austen, Osmond, Martens, 
Stead, and Arnold would always: be remembered. 
At first, practical men were inclined to scoff at 
these new methods. The area which could be 
examined at one time under the microscope was so 
minute that it was urged that conclusions drawn 
from it could not be applied to masses of metal, 
weighing, perhaps, tons. In view of the importance 
which was rightly attached to microstructure to-day, 
it was surprising to find these adverse views expressed 
in all seriousness in the discussion of one of the 
earlier “‘ Alloys Research Reports,” presented not 
so many years ago, he believed in that room, to the 
foster-mother of the Institute of Metals, the 
Institution of Mechanical Engineers. 

The final state towards which every alloy tended 
on cooling was what was called the equilibrium 
condition. It was, for a cooling alloy, exactly what 
finding its level was for water, and just as the inter- 
position of a barrier of varying degrees of porosity, 
from that of sponge to that of cement, might 
retard or even prevent the attainment of its equili- 
brium level by water, so might the internal resist- 
ance to movement in an alloy retard or prevent its 
attainment of the equilibrium structure. It was 
doubtful whether true final equilibrium in alloys 
was ever really attained in the laboratory. Metal- 
lurgists sought, however, to approach this state 
sufficiently closely to enable them to judge correctly 
what that final state really was. It should be 
remembered by scientific and practical men alike 
that scientific guidance to industry demanded the 
very best that scientific methods and resources 
could produce. It was only the most accurate and 
advanced work, which was sometimes brushed aside 
as merely academic, that led to those far-reaching 
results upon which our great industrial advances of 
the future might be based. When, therefore, a0 
entire paper was devoted to the exact determination 
of a single line in one of the thermal-equilibrium 
diagrams, that paper should be regarded in its proper 
perspective as a valuable contribution, valuable in 
proportion to its accuracy, to a subject which was 
fully as important to the practical man as It Was 
to the scientific metallurgist. 

The most interesting and important results had 
come to light from the study of the exact limits 
of solid solubility. It was something of a ~ 
lurgical triumph to have solved the mystery sr 
age-hardening of Duralumin in this way. - 
ingenious German discoverer, or inventor, of we 
alloy frankly admitted that he did not aang 
why it underwent these changes, which were vita 
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to its usefulness. The discovery of this process of 
age-hardening, however, meant something far 
greater than the explanation of the mysterious 
behaviour of any one alloy or type of alloy. It was 
clear, to those who appreciated what the discovery 
meant, that age-hardening must be possible for any 
alloy lying in the range of a solubility curve which 
sloped in the same way as that of magnesium 
silicide, or of copper, in aluminium. In any such 
alloy it should be possible to produce a supersatu- 
rated solid solution by quenching and then to pro- 
duce hardening by subsequent ageing at room or at 
higher temperatures. This prediction had been 
realised already in a number of alloys, which had been, 
or were being, put on the market. Unfortunately, 
the patent law permitted those who exploited this 
discovery in regard to specific alloys to obtain patents 
for those alloys, while the original discovery, with 
all that it meant, had been freely given to the world 
by both the British and the American investigators. 


DETERIORATION OF LEAD CABLE SHEATHING. 


The first paper considered by the meeting was a 
contribution by Messrs. S. Beckinsale and H. Water- 
house, entitled ‘‘ The Deterioration of Lead Cable 
Sheathing by Cracking, and Its Prevention.” 
Mr. Waterhouse, who presented the paper, stated 
that the results obtained in the course of the present 
research indicated that the cracking of the lead 
sheathing of cables was a fatigue type of failure, 
produced by small alternating stresses. It had 
been found that the addition of other metals to 
lead raised the fatigue limit and so increased its 
resistance to this type of failure. Amongst the 
alloys which had been found very effective were 
certain ternary alloys containing cadmium. We 
intend to reproduce this paper in a forthcoming 
issue. 

The discussion was opened by Mr. P. Dunsheath, 
who stated that, as a cable maker, he appreciated 
the importance of the subject dealt with by the 
authors. The present investigation had placed 
definite data into the hands of manufacturers. 
He would like to say one word with regard to the 
method of testing adopted by the authors. They 
had used the Haigh machine and had taken the 
fatigue limit to be the range of stress which would 
cause failure after 10 million reversals. In the 
research laboratory of the cable-manufacturing 
works with which he was connected, distortion 
tests were favoured, and the number of distortions 
which a given sample of lead could withstand was 
ascertained. This decision had been arrived at 
after giving full consideration to the demands 
made upon a cable while in service. If, for instance, 
a cable were put on a bridge, it had to follow all 
the movements of that structure. This form of 
test, he had been gratified to find, had been adopted 
by some of the American investigators. The results 
obtained from distortion tests were not always in 
complete agreement with those obtained by the 
fatigue-testing method referred to in the paper. 
Hence, further probing into the question of tests 
was necessary. 

Mr. F. O. Barralet, who spoke next, stated that 
the use of alloy cables had been standard practice 
for some years; it was satisfactory, however, to 
have the definite assurance that they were prefer- 
able to plain lead cables. It was interesting to 
hote that Dr, Jewett had given an account of 
experiments, involving a crude form of fatigue- 
‘esting apparatus, in a paper read before the 
American Society of Electrical Engineers, as long 
4go as 1909. He had shown the superiority of lead 
containing from 1 per cent. to 3 per cent. of tin 
over pure lead. A pure-lead specimen tested in 
Dr. Jewett’s machine under a load of 13 Ib., had 
failed in 55 minutes. On the other hand, lead 
containing 0-5 per cent. of tin, tested under similar 
conditions, had failed in 32 hours, while lead con- 
ne | per cent. of tin had endured 74 hours 
refore fracturing. A sample of lead containing 3 per 
‘ent. of tin had withstood the condition of the test 


? 48 hours hefore fracturing. There was one type 
of failure which the authors had not mentioned. 
Some of the ir 


tdi illustrations depicted peculiar longi- 
th inal cracks and he would like to suggest that 
ese failures might be due to cold shut. 


The next speaker, Mr. H. C. Lancaster, stated 
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that, at the present time, the cable trade was using 
more lead than any other industry. Referring to 
the cracking of lead, the authors had stated in their 
opening remarks that, owing to the almost negligible 
elastic limit of the metal and its readiness to self- 
anneal at atmospheric temperature, it seemed un- 
likely that it could be in a state of internal stress 
of sufficient magnitude to cause intercrystalline 
failure of the season-cracking type. He could not 
imagine why it should be thought that lead behaved 
in a manner different from other metals. He con- 
sidered that when failure occurred it was due to 
the stress to which the metal had been put. Many 
thousands of tons of sheet lead were rolled annually 
and used, for example, on roofs, often under stresses 
of a high order. Nevertheless, cracking was a rare 
occurrence. It might then be asked why the metal 
should crack when used in cable sheathing. This 
was simply because it was subjected to severe 
extrusion stresses. Extrusion stresses were entirely 
different from rolling stresses. There were instances 
on record of the marked superiority of rolled over 
extruded material, and lead obeyed the general 
rule. 

In the course of a brief reply, Mr. S. Beckinsale 
said that the reason that they had used Haigh’s 
method of fatigue testing was that they had 
examined large numbers of fractured cables, and 
in no case had they found any evidence of distor- 
tion around the cracks. Haigh’s method was, in 
their opinion, fairer to the alloy under test than 
most others. They had purposely avoided men- 
tioning longitudinal splits ; these arose as a result 
of defective welds in the cable sheathing. They 
were due to films of oxide and impurities in the lead ; 
it was even possible to have graphite, or carbon in 
some form or other, present in these films. The 
cable companies had come to realise that pure lead 
by itself was not an ideal material for cable sheathing. 
On the other hand, impure lead was not satisfactory 
because it gave rise to corrosion troubles. Cables 
were costly articles, and demanded adequate protec- 
tion, consequently, pure lead alloyed with other 
metals, as indicated in the paper, was to be recom- 
mended. 


DitatomMetric Stupy or Liant METALs. 


The second, and last, paper taken on Wednesday 
morning, was, entitled, ‘“‘ The Dilatometric Study of 
Light Metals”; it was by Dr. H. Haas, who read it 
in abstract. This contribution, which we intend 
to reproduce in a future issue of ENGINEERING, 
contained data regarding the dilatometric examina- 
tion of light metals, and also a description of the 
modified Chevenard dilatometer of Oberhoffer- 
Esser. 

Colonel N. T. Belaiew, who opened the discussion, 
was of opinion that thermal curves of pure aluminium 
should have been put alongside the dilatometer 
curves of that metal, in order to prove absolutely 
conclusively that no allotropic change occurred. 
He would like to know how the idea of an allotropic 
change in aluminium had arisen, because it seemed 
now proved that no such change took place. The 
next speaker, Mr. H. Sutton, asked Dr. Haas if he 
had had evidence of any change taking place in the 
silica push rods used in his dilatometer. The author 
had mentioned the work of Késter and Miiller on 
the solid solubility of silicon in aluminium, and had 
stated that check experiments were now being made 
to determine the lower limits of the region of solid 
solubility. He would like to inform Dr. Haas 
that work done by American investigators, pub- 
lished ‘in September last, had fully confirmed the 
work of Késter and Miiller. He regretted that the 
author had omitted to include temperature and 
dilatation scales in his curves. Dr. M. L. V. Gayler 
stated that dilatometry afforded another method 
by which it was possible to determine limits of solid 
solubility in alloys. She would have liked to have seen 
more results on the application of this work to the 
age-hardening of alloys. In the course of a very 


brief reply, Dr. Haas, stated that he had endea- 
voured to construct parallel dilatometer and thermal 
curves, but the work was not complete. Changes 
taking place in silica had also been studied, and 
these, together with results obtained on various 
substances used in the ceramic industries, would be 
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At this stage, the president adjourned the meeting 
until2 p.m. We intend to deal with the subsequent 
proceedings in our next issue. 


(To be continued.) 





ELECTRIC EXPRESS PASSENGER 
LOCOMOTIVE FOR THE GREAT 
INDIAN PENINSULA RAILWAY. 


THE work of electrification of the Great Indian 
Peninsula Railway was commenced in 1922, and the 
first electrified section, viz., the Bombay Harbour 
branch, was put into operation in February, 1925. 
It is intended to employ electric working on the main 
line extending in a north-easterly direction from Bom- 
bay, via Thana and Kalyan to Igatpuri, a distance of 
834 miles, as well as on a line running in a south-easterly 
direction from Kalyan to Poona, the distance between 
Bombay and Poona being 118 miles. Both lines, of 
course, traverse the Western Ghats. It is expected 
that the equipment of the track, which is of 5 ft. 6 in. 
gauge, and the overhead construction work, which is 
on the catenary system, will be completed as far as 
Kalyan by the end of April next; Kalyan, it may be 
mentioned, is about 33 miles from Bombay. Power 
for working the line as far as Kalyanis purchased from 
the hydro-electric power stations of the Tata group, 
situated in the Western Ghats, whence it is transmitted 
at 100,000 volts to transformer receiving stations. From 
the latter, it is transmitted at 22,000 volts to rotary- 
converter sub-stations, which supply direct current to 
the overhead conductors at a normal pressure of 1,500 
volts ; the running rails are bonded for the return circuit. 
The whole of the work of electrification has been designed 
by, and carried out under the supervision of, Messrs. 
Merz and McLellan, 32, Victoria-street, S.W.1. 

For working the express passenger service on the 
main line, on which the minimum radius of the curves 
is 500 ft., and the maximum gradient 2-7 per cent., an 
experimental locomotive has been ordered through 
Messrs. Merz and McLellan from each of three different 
contractors, viz., Messrs. British Brown-Boveri, 
Limited, Trafalgar House, Waterloo-place, S.W.1, 
Messrs. The General Electric Company, Limited, 
Magnet House, Kingsway, W.C.2., and Messrs. Metro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester. That ordered from Messrs. British 
Brown-Boveri, Limited, has just been completed and 
tested at the Forth Bank Works of Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, Newcastle- 
upon-Tyne, where, by the courtesy of the consulting 
engineers and contractors, we recently had an oppor- 
tunity of inspecting the engine. It should perhaps 
be explained that Messrs. Hawthorn, Leslie and 
Company, Limited, carried out the mechanical part 
of the work as sub-contractors, and that the electrical 
equipment was constructed at the Baden works of 
Messrs. Brown, Boveri and Company, Limited. 

A longitudinal section of the engine is given in Fig. 1, 
on Plate XXXV, and from this it will be seen that it is 
of the 4-6-4 type. The three driving axles, however, 
are not coupled in any way, each incorporating the 
Brown-Boveri individual axle drive, to which we shall 
refer again later. The bogies are of the maker’s 
self-centring type, with brakes acting on all four wheels, 
asshown. There are six main motors, two driving each 
axle and these can be connected in series, in series- 
parallel, or in parallel for starting and speed regulation. 
In no case, however, does the voltage applied to any 
individual motor exceed half the line voltage, since 
with what are described as parallel connections, the 
two motors in each group are actually connected in 
series. Including weakened-field positions, nine econo- 
mical speeds are obtainable, as will be explained later, 
and the engine can be run at any of these speeds 
continuously. The principal data relating to the 
locomotive are as follows :— 


Total length over buffers ... 56 ft. 2} in. 
Rigid wheel base ooo, 35 ff. 
Bogie wheel base 9 ft. 


Diameter of driving wheels ... 
Diameter of bogie wheels 
Weight of mechanical portion, 

including drives ... 68,000 kg. (66-9 tons) 
Weight of six motors... ... 24,000 kg. (23-6 tons) 
Weightoftwocurrentcollectors 1,100 kg. (1-1 tons). 
Weight of apparatus and mis- 

cellaneous equipment . 11,400 kg. (11-2 tons) 


5 ft. 9 in. 
3 ft. 


Total weight ... --. 104,500 kg. (102-8 tons) 
Adhesive weight Pe --- 60,000 kg. (59 tons) 
Total H.P. at motor shafts 


(continuous rating) 1,890 H.P. 


The motors, one of which is illustrated in Fig. 2, on 
Plate XX XV, are of the six-pole type, series wound, with 
interpoles, and are each capable of developing 315 h.p. 
at 615 r.p.m. continuously, with 1,400 volts applied 
across the terminals of a pair, the current then being 








published at a later date. 


360 amperes ; on a one-hour rating, the power developed 








is 405 h.p. at 560 r.p.m., the current being 460 amperes. 
Air for cooling the motors is supplied by two electrically- 
driven blowers, located as shown in Fig. 1, the air being 
delivered through sheet-metal trunks to the opening 
shown at the bottom of the casing on the right of 
Fig. 2, and leaving through openings covered with per- 
forated metal at the commutator end. Fans are 
also mounted on the armature shafts for cooling 
purposes, and these provide sufficient ventilation for 
slow-speed and intermittent running. It is possible to 
use only one of the electrically-driven blowers, if 
desired, the inlet opening of the other blower then 
being covered. 

As previously stated, a pair of motors is coupled to 
each driving axle by means of the Brown-Boveri 
individual-axle drive, which is employed on the Swiss 
Federal Railways as the standard for high-speed 
running. The drive is partly shown on the central driving 
wheel in Fig. 1 on Plate X X XV, but perhaps more clearly 
in Fig. 5 annexed. A pinion incorporating a spring 
coupling, the inner member of which is shown in position 
on the left of Fig. 2, is mounted on the end of each 
armature shaft, the two pinions of a pair of motors 
engaging with a single gear wheel outside the driving 
wheels on one side of the locomotive and supported 
from the main frame of the latter; the gear ratio is 
1: 3-237. Referring to Fig. 5, it will be seen that 
pivoted on the outer face of the gear wheel are two 
short-toothed segments, the inner ends of which are in 
engagement as shown. ‘To the outer ends of the 
toothed segments are fitted links working in ball-and- 
socket joints. These links are connected to ball- 
ended crankpins on the driving wheels, the crankpins 
passing through holes in the gear wheel which are 
sufficiently large to give ample clearance. It will be 
understood that, with the arrangement described, a 
uniform torque, equally divided between the two links, 
is transmitted from the gear wheel to the driving wheels, 
although a certain amount of vertical and lateral 
movement is permitted between them. The engagement 
between the pinions and the gear wheel is, of course, 
unaffected by the movement between the gear wheel 
and the driving wheels. 

The whole of the gearing is normally enclosed in an 
oil-tight casing, built up of rolled sections, plates and 
steel castings ; a leather sleeve, of concertina form, is 
fitted around the crankpins between the gear wheel and 
the driving wheel to exclude water and dirt. Oil filled 
into the bottom of the casing is carried up by the gear 
teeth, and, being thrown by centrifugal force on to the 
casing, some is caught in one or other of the two reser- 
voirs shown on each side of the central gear wheel in 
Fig. 1; the reservoirs can, however, be filled inde- 
pendently if necessary. From the reservoirs, oil is 
drawn through filters, by a small duplex pump, driven 
from the main gear wheel as shown to the left in 
Fig. 1, and delivered to the main gear-wheel bearing, 
and thence, through suitable passages and channels, to 
the bearings and teeth of the toothed segments, and also 
to the ball and socket bearings at both ends of the 
links. The pinions and the motor-shaft bearings also 
receive a supply of lubricating oil from one part of 
the duplex pump, the pipes for this purpose being 
visible in Fig. 1. Several important advantages, which 
cannot be fully dealt with here, are claimed for the 
individual-axle drive described above, but among them 
we may mention the smooth running of the locomotive, 
reduction in the wear of gearing, tyres and track, 
efficient lubrication combined with low oil consumption, 
and easy accessibility of all parts requiring inspection, 

A photographic illustration of one of the pantographs, 
in the elevated position, is given in Fig. 3 on Plate 
XXXV, and both are shown, in the depressed position, 
in Fig. 1. They are of the double-bow pattern, as shown, 
and are raised and lowered by a compressed-air cylinder, 
which can be distinguished between the springs in 
Fig. 3. The height of the overhead conductor varies 
from a maximum of 20 ft. 6 in. to a minimum of 
14 ft. 10 in., so that the working range required for the 
pantograph is 5 ft. 8 in. From the pantograph, the 
current is led through isolating switches, which can be 
operated by handles inside the body, to a special form 
of high-speed circuit breaker, shown in position in 
Fig. 1, immediately above the blower on the left of the 
illustration. There are actually two circuit breakers 
connected electrically in parallel, and coupled mechani- 
cally so that one is opened a_ fraction of a second 
before the other. When the first breaker opens, it 
puts a resistance in series with the second breaker and 
so reduces the current to be interrupted by the latter. 
In both cases the contacts are only separated for a 
comparatively short distance, of the order of $ in., but 
a very powerful magnetic blow-out is provided to draw 
out the arc between circular are shields. Staggered 
radial ribs are provided on the opposing faces of the 
are shields, and these have a further attenuating effect 
on the are. The circuit breaker is tripped by no-voltage 
and overload relays. 

A photograph of a part of the main controller is 
reproduced in Fig. 4,on Plate XXXV. This controller, 
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and another exactly similar part, neither of which is 
shown in Fig. 1, are located at the opposite ends of 
the engine, and are used for cutting out the resist- 
ance in the armature circuit and also for weakening 
the fields ; each part deals with three motors. Of the 
controllers visible in Fig. 1, that on the left, near the 
circuit breaker, is employed for making the series, 
series-parallel, and parallel connections, while the 
next to the right, is provided to enable one or more 
motors to be entirely disconnected if they should be- 
come damaged. The two other controllers shown are 
used for altering the connections to the motors for 
reversing the direction of rotation. The whole of the 
controllers are operated electro-pneumatically from a 
master controller, one of which is provided in a cab 
at each end of the engine. Movement of the controller 
handle, and of a separate handle controlling the com- 
bination switch, which will be referred to agaia later, 
operates the electrically-controlled valves of compressed- 


Fia. 5. 


air servo-motors which rotate the shafts of the con- 
trollers and make and break the contacts as required. 

The slowest speed is, of course, obtained with all six 
motors in series, and with the whole of the resistance 
in circuit. To increase the speed, the resistance is 
cut out in 13 steps by the controllers, one of which is 
shown in Fig. 4, and when this has been done, the 
master controller handle is returned to any one of the 
first four positions and the connections altered 10 
series-parallel by a separate handle controlling the 
combination switch. With these connections, three 
motors are in series and the two groups of three in 
parallel. The resistance is then cut out in steps until 
it has all been removed, when the controller handle is 
returned to any one of the first six positions, the 
connections then being altered by the combination 
switch to connect three groups of two motors in 
parallel, the two motors in each group being in series. 
When the resistance has all been cut out, the speed can 
be still further increased by weakening the fields, and 
two positions on the master controller are provided 
for this purpose. The field could, of course, be weakened 
with the series and series-parallel connections, and by 
this means the nine economical speeds above referred 
to can be obtained. It may here be mentioned that 
the first movement of the master-controller handle 
from the off-position, switches in the low-voltage 
circuit for actuating the relays controlling the valves 











of the compressed-air servo-motors, by which the main 
controllers are operated. Signal lamps are provided 
to show when current is on the main and relay circuits, 
The handle controlling the combination switch has 
three positions :—Series, series-paralle! and parallel 
in both forward and reverse directions of running, 
giving six positions in all, and this handle is so inter. 
locked with the controller handle that it is not pos- 
sible to change from one type of connections to 
another unless a suitable amount of resistance is in- 
cluded in the armature circuits. In general, the 
movements are all interlocked to prevent damage 
by improper use, and it is also noteworthy that in 
changing the connections the motors are never en- 
tirely open-circuited. 

Although they are not shown in the drawing from 
which Fig. 1 has been reproduced, brakes, are, of course, 
fitted on all the driving wheels, as well as on the bogie 
wheels. These brakes are operated by compressed air, 
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and two electrically-driven compressors are provided 
to supply the air for this purpose, as well as for 
operating the pantograph and the servo-motors for 
the controller gear. A hand brake is also fitted on 
the engine, but regenerative electric braking is not 
provided for. Vacuum brakes are used on the train, 
and electrically-driven pumps are installed to produce 
the necessary vacuum. It may be of interest to 
mention in this connection that a proportional valve 
is fitted between the air and vacuum brakes, so that 
an application of the vacuum brake on the train 
automatically applies the air brake on the locomo- 
tive to the same extent. Other auxiliaries fitted mm 
clude the two blowers, already mentioned, for ventilat- 
ing the motors and a single motor-generator set pro 
ducing current at 50 volts, for lighting, operating the 
relays, ete. A small battery is also installed for 
supplying 50-volt current in emergency, or if the -— 
current is off. All the auxiliary motors are age 
at the full line voltage and are controlled by pus 
buttons and contactor switches. The former are 
mounted on the side of the driver’s cab, just above the 
controller handle, and can be seen in this position om 
the right of Fig. 1. 
The contract performance required from th ; 
motive was that, with current at 1,400 volts, 1t a 
be capable of exerting a tractive effort, measured # 
the wheel tread, of 24,000 Ib. at 36 miles per hour wi 
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full field, and not less than 6,300 lb. at 70 miles per 
hour with weak field. The maximum speed required 
in service is 75 miles per|hour, but the engine has been 
actually designed for safe running at 85 miles per hour. 
Another requirement of the contract was that in 
starting from rest up to 36 miles per hour a trailing 
load of 450 tons ona 1 per cent. gradient ten times 
at five-minute intervals, the temperature rise of the 
resistances must not exceed 210 deg. C., and when 
starting under these conditions, the tractive effort 
for each pair of driving wheels must not vary by more 
than + 10 per cent. from the mean value. 





LETTERS TO THE EDITOR. 


THE BRITISH INDUSTRIES FAIR. 


To THE EpiTor oF ENGINEERING. 

Str,—-During the period of the Birmingham British 
Industries Fair I had opportunity to meet quite a 
number of other exhibitors and customers who ex- 
pressed a few views which those responsible for the 
management might perhaps take into consideration. 
Firstly, is it necessary to have the White City Fair and 
the Birmingham Fair at the same dates ? The Birming- 
ham Fair is largely for the hardware, electrical and 
heavy industries. These to a great extent are not 
seasonal trades, and this Fair is supposed to be for the 
special benefit of the export trade. The general opinion 
was expressed that the date, the end of February, was 
wholly unsuitable for the purpose of attracting colonial 
and South American buyers. 

The season at which the general influx of visitors to 
Great Britain from the Dominions and abroad is at its 
height, is towards the end of May or beginning of 
June, and these are the customers whoeze interest we 
as exhibitors particularly desire to attract. But at 
the 1928 Fair they were largely noticeable by their 
infrequency. The opportunities at this Fair to meet 
potential Empire customers do not seem to be provided 
by a date in the middle of February. 

As regards the home trade, my firm circularised its 
customers regarding this Fair and received a consider- 
able demand for tickets from ironmongers and the like ; 
in fact, these continued to come in during the Fair. 
But the system at the door, whereby the admission 
tickets were taken from the holders, was rather an 
abuse. The Fair is so big that a customer wishing 
to examine the exhibits, cannot do so in one day, 
and he must either have another ticket, or pay 
2s. 6d. to come a second time. The general admis- 
sion of the public during the Fair is also a matter on 
which opinions can be expressed. It means that all 
price-lists, with discounts to the trade, must be with- 
drawn and every visitor to a stand questioned closely 
as to his business. One or two days should be strictly 
reserved to the traders and on these days the public 
not admitted. 

Finally, a word as to the railway arrangements. I 
travelled several times from Euston on the 9.10 express 
to Birmingham, but there was no through booking to 
Castle Bromwich, and although extra carriages were 
put on which could have been attached to the 11.20 
train to Castle Bromwich, this was not done in either 
direction, and the overcrowding of the trains was such 
that at the end of a tiring day many people were reduced 
toa stage of complete exhaustion. 

Yesterday particularly, I noticed whenever a chair 
was piaced in a vacant space it was seized by tired 
visitors. Surely more could be done in this matter, 
as it ls a truism to say the more the comfort of a 
customer is catered for the more chance is there of his 
paying another visit. 

. Yours faithfully, 
lor Rd. Johnson, Clapham and Morris, Limited, 
A. L. JoHNsSON, 
Chairman and Managing Director. 
23, Leadenhall-street, E.C.3. 
March 2, 1928. 





THE POST OFFICE TUBE RAILWAY, 
LONDON. 

f To tHE Eprror oF ENGINEERING. : 
ir,—Although this railway has been described in 
many publications, and has had such terms as “ First of 
its kind in the world ” applied to it, no indication has 
i en given as to who was its inventor or first proposer. 
n the absence of such information writers and others 
are, quite naturally, assuming that the idea originated 

with the Post Office or one or other of its engineers. 


Such, however, is not the case. In 1891 I read a 
Hyper entitled “An Electrical Parcel Exchange” at 
so ritish Association Meeting at Cardiff, in which an 
ps serground tube railway with electrical driverless 

4s Was proposed and explained in much detail, the 


Main difference from i 
thet it wae rom) the present Post Office Tube being 


not meant to serve Post Office purposes only, 





but to accommodate goods traflic between busy centres 
in London as well, with the view of mitigating the 
street congestion that was already in evidence. I 
indicated the position of my driverless trains in the 
tunnels, and signalled and shunted them, by means of 
track circuits (then, I believe, proposed for the first 
time) and used rising gradients to reduce momentum 
on entering stations: anticipating, in fact, practically 
all the essential devices employed on the Post Office 
Tube. 

My paper was discussed and pronounced practicable 
by the late Sir Frederick Bramwell, F.R.S., M.I.C.E., 
&ec., and the late A. C. Elliott, D.Sc., M.I.C.E., &c., 
then Professor of Engineering at the University of 
Wales, and others; facts which were reported in The 
Times and other journals.* 

The paper was published, with diagrams, in the 
chief engineering and electrical weeklies. A reprint 
was issued by Chorlton and Knowles, Manchester, in 
1891, and that being sold out, a second edition by 
Whittaker and Company, London, in 1892. Copies 
of these pamphlets may be seen at the library of the 
Institution of Electrical Engineers, at the British 
Museum and elsewhere. The project was admitted 
by the Patent Office as an invention and protected by 
Patents Nos. 12,934 and 13,961 of 1891. 

The late Sir William Preece, then Chief Engineer of 
the Post Office, was a member of the British Association 
Engineering Committee (Section G), and was present 
at that committee when it accepted my paper. The late 
Sir John Gavey, who succeeded Sir William as Chief 
Engineer, was likewise present at the B.A. meeting. 
The postal officials of the period were not, however, 
ripe for such an innovation, placing full reliance on their 
horse-van service to the railway stations ; and the fact 
that such a paper had been read and very widely 
published and discussed appears to have been forgotten. 

Although electric traction was not so fully developed 
in 189] as it is in 1928 it was still quite equal to Tube 
railways, and my British Association plans could, 
without substantial modification, be put into practice 
to-day. Relief to street vehicular traffic becomes 
increasingly urgent, and I believe can only be obtained 
by the connection of the docks, railway depots and 
other congested centres by an underground system 
such as I proposed at Cardiff 37 years ago. 

T am, Sir, 
Yours, &c. 
ALFRED ROSLING 
Union Club, Malta. 
February 24, 1928. 


BENNETT. 





THE IMPORT TRADE OF INDIA. 


AccorDING to a report which has been received from 
His Majesty’s Senior Trade Commissioner in India, and 
has been forwarded to us by the Department of Over- 
seas Trade, t he figures for the import trade of India have 
shown a general rise during the six months’ period of 
April 1 to September 30, 1927, when compared with 
the same period of the previous year. The value of the 
imports increased by 6 per cent., and amounted to 
Rs. 123 crores; while the total exports, including 
re-exports, rose by 3 per cent. to Rs. 155 crores. The 
exports of Indian merchandise showed an increase of 
3 per cent., and re-exports 26 per cent. Thus the grand 
total of imports, exports and re-exports, amounted 
to Rs. 278 crores, or an increase of 5 per cent. The 
figures for the total visible balance of trade, for the 
same six months’ period of the years 1925, 1926, and 
1927, are given in the report as Rs. 53,80, Rs. 16,10, 
and Rs. 17,74 lakhs. As might have been expected, 
following the coal stoppage and general strike in 
1926, the British share in the import trade, for the 
period under review, rose from Rs. 56,90 to Rs. 59,93, 
but the steady decline in the percentage of the total 
imports continued from 49-1 to 48-8. The German 
share of India’s imports fell from 7-6 per cent. to 
6-1 per cent., that of Japan from 7 per cent. to 6-8 per 
cent., that of Holland from 1-9 per cent. to 1-4 per 
cent.; while imports from Belgium remained fairly 
stationary at 2-9 per cent., and those from Italy rose 
from 2-5 per cent. to 2-6 per cent. owing to increased 
shipments of coloured piece goods and artificial silk 
yarn, The most striking development was the increase 
in the share of the United States from 7 per cent. to 
10 per cent., which was due to an increase in the impor- 
tation of raw cotton amounting to no less than Rs. 302 
lakhs, and an increase in the imports of kerosene oil of 
over Rs. 70 lakhs. Under the heading of machinery and 
millwork, a rise in the value of the total imports is 
recorded of from Rs. 665 lakhs to Rs. 767 lakhs, which 
is attributed to an improvement in the business for 
boilers, mining machinery, oil crushing and refining 
machinery, and textile machinery ; and it is encouraging 
to note that the British share rose from Rs, 525 lakhs 
to Rs. 601 lakhs. As usual, the United Kingdom supplied 


* Mr. Bennett’s paper will be found in our issue of 
September 25, 1891, and a report of the discussion on it 
in our issue of September 4, of that year.—Eb. E, 
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practically the whole of the boilers imported, the value 
of which rose from Rs. 36 lakhs to Rs. 61 lakhs ; 
944 per cent. of the cotton textile machinery came 
from these islands, the value of which rose from Rs. 85 
lakhs to Rs. 91 lakhs; while the value of the imports 
of British oil crushing and refining machinery rose from 
Rs. 9 to Rs. 33 lakhs out of a total of Rs. 41 lakhs. 
Again, owing to the industrial troubles of 1926, the 
British share in the imports of iron and steel, in their 
various forms, has advanced considerably during the 
period under review. Some of the principal items may 
be mentioned as follows :—the total imports of bars, 
other than cast steel, increased from 80,000 tons to 
91,000 tons, the British share rising from 4,777 tons to 
12,459 tons. The total trade in beams and bridgework, 
&c., rose from 44,659 tons to 78,871 tons, the British 
share advancing from 17,777 tons to 29,875 tons. 
There was a falling-off, however, in the imports of hoops 
and strips from 15,277 tons to 12,449 tons, but the 
British share managed to record a slight increase from 
6,377 tons to 6,745 tons. A very considerable increase 
is noted in the imports of galvanised sheets and plates, 
the total figure rising from 132,776 tons to 162,342 
tons, the British share increasing from 124,195 tons 
to 148,619 tens. This particular branch of the trade 
is regarded with considerable anxiety, as stocks 
are now very much inflated and dealers are in very 
grave difficulties. 

The imports of railway plant and rolling stock, on 
account of company-operated lines, rose in value from 
Rs. 193 to Rs. 206 lakhs, the British share again showing 
a rise of from Rs. 126 to Rs. 168} lakhs. The imports 
on account of State-operated lines also advanced from 
Rs. 148 to Rs. 199 lakhs, the British share rising from 
Rs. 95 to Rs. 105 lakhs. The share of Belgium records 
the greatest change, rising from Rs. 8 to Rs. 20 lakhs 
in the first case, and from Rs. 25 to Rs. 76 lakhs in 
the second. The steady increase in the total imports 
of motor-cars continued during the period under review, 
being largely influenced by the reduction of import 
duty ; the number of vehicles from the United King- 
dom rising from 713 to 1,033, and, as before, running 
third to those from the United States and Canada, but, 
however, slightly exceeding the latter in value. Im- 
ports of coal very naturally show a considerable 
increase on the previous year, the total figures being 
74,849 tons and 134,069 tons respectively ; the value 
of shipments from the United Kingdom rising from 
Rs. 1} to Rs. 84 lakhs, and that of shipments from the 
Union of South Africa from Rs. 9 to Rs. 15 lakhs. 





THE DETERIORATION OF LEAD CABLE 
SHEATHING BY CRACKING AND ITS 
PREVENTION.* 


By 8S. Brcxrnsarz, B.Se., A.I.C., and H. Warrr- 
HOUSE, M.Met. 

THE work described in this paper is part of an 
investigation commenced four years ago on behalf of 
the British Non-Ferrous Metals Research Association, 
by whose courtesy the present paper is published. 

The phenomenon of the cracking of lead cable 
sheathing had received little attention by metallurgists 
until recently, and had only been studied as a corollary 
to other forms of intercrystalline cracking, and, in parti- 
cular, season-cracking. The results of the numerous 
and extensive researches into the causes and methods 
of prevention of season-cracking of brass and other 
metals appeared, however, to be inapplicable to the 
case of cracking of lead. Owing to the almost negligible 
elastic limit of the metal, and its readiness to self- 
anneal at atmospheric temperature, it seemed unlikely 
that it could be in a state of internal stress of sufficient 
magnitude to cause intercrystalline failure of the season- 
cracking type. 

Probably one of the chief difficulties which prevented 
an adequate explanation of the cracking of lead from 
being found was the failure to reproduce the same type 
of cracking in the laboratory. During the course of 
the present research it has been found possible to 
accomplish this, and to obtain quantitative data 
regarding the susceptibility of lead and various lead 
alloys to this type of failure by means of alternating 
stress tests in the Haigh machine. Work on similar 
lines has been proceeding simultaneously in America, 
where J. R. Townsend has produced cracking of lead 
and lead-antimony alloys in the form of cable sheathing 
and extruded test specimens. Whilst the methods 
employed by Townsend are considered to be of a more 
empirical nature than those of the present investigators, 
he has demonstrated the increased resistance of lead- 
antimony alloys compared with pure lead to failure 
by cracking under small alternating stresses. 

Situations in which Cable Sheathing has Failed.— 
The samples of failed cable supplied for examination 
by makers and users varied between 0-3 and 1-2-in. 


* Paper read before the Institute of Metals, London, 
on March 7, 1928. Abridged. Communication from the 
Research Department, Woolwich. 








300 [Marcu 9, 1928. 


ENGINEERING. 


during transport to other countries, when long journeys | With two exceptions, which were found to be the 3 per 
by steamship and road or rail have been involved. The | cent. tin alloy, the failed cable sheathing consisted of 
cables have been tested and found free from cracks at| pure lead. No case of cracking in the 1 per cent. 
Railway Tracks.—Particulars received with the} the maker’s works, but on arrival at their destination, antimony alloy has yet been brought to notice. 
samples of failed cable, and information obtained from| the sheaths were badly cracked. Identical cables,| Since intercrystalline chemical attack had been 
cable makers and users, show that the failures along| made at the same time, under the same conditions and | suggested as a possible cause to account for the cracking 
of cable sheathing, the failed material was carefully 


in diameter, and were generally paper-insulated cables. 
The cables had failed by cracking in the situations 
indicated below. 





railway tracks (where the cable is usually above the| on the same presses, were installed satisfactorily in this 


ground in wooden boxing) generally occur on viaducts 
and bridges and in or near tunnels. 

Suspended Aerial Cable.—Suspended aerial cable 
sheathing shows a distinct liability to fail by cracking. 
Cable with pure lead sheathing has failed within a few 
years in positions exposed to vibrations set up by 





country, and have given normal service. 

Rxamination of Failed Cable Sheathing.—The cracks 
in the samples of failed sheathing examined were 
generally ‘* hackly,” but some had a more rounded 
appearance. Although those visible on the outside 
completely penetrated the sheathing, in general it was 


nal 1 











examined for corrosion product, but in most cases the 
interior surfaces retained the bright or blued surface 
found in new cables, and most of the corrosion found 
had evidently occurred subsequent to fracture. 
Chemical examination of the insulating papers taken 
from five failed cables showed that they were devoid 
of anything capable of causing corrosion of the lead. 

Some of the cable sheathing showed wide variations 
in thickness in a circumferential direction, evidently 
produced during manufacture by eccentricity of the 
cable in the die of the extrusion press. These variations 
were distinct from damage found in certain samples, 
where the thickness of the sheath had been reduced 
by unsuitable methods of support or . by mechanical 
damage. The cracks were not more prevalent in regions 
of minimum thickness due to eccentricity in manu- 
facture, but in cables where the thickness of the sheath 
had been appreciably reduced during handling sub- 
sequent to manufacture, the cracks were usually found 
in the damaged portion. 

Visual and microscopic examination of the samples 
after etching in 10 per cent. nitric acid solution or after 
electrolytic etching in solutions of ammonium nitrate 
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CrAcKED AERIAL CABLE SHEATHING MADE FROM PuRE LEaD. 
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INTERIOR SURFACE OF PURE L 
WHICH HAD FAILED IN SERVICE ON A SHIP. 


Fia. 5. 


gun-fire, but a cable with an alloy sheath containing 
3 per cent. of tin, suspended in a position where pure | 
lead failed rapidly, was free from cracks when taken | 
down 15 years after installation. The failures in | 
aerial cable suspended from poles generally occur where | 
the cable bends up toythe supporting pole. The | 
sheathing of aerial cables passing through walls on | 
which the shafting of machinery is fixed has also | 
failed by cracking. 

Underground Ducts.—The cracking of cable sheathing | 
in underground ducts is infrequent, but in the cases | 
investigated in which it occurred the ducts appear to 
have been in a state of vibration. The cracked sheath- 
ing examined had failed in ducts under cobble-paved 
roads, and there was evidence that the whole cable | 
had moved along the ducts. In another case a cable 
laid under a crane track had failed by cracking. 

Ships.—At present pure lead cable sheathing is | 
extensively used in ships, and the number of failures | 
by cracking appears to be increasing. There is evidence | 
that the failures are more frequent in ships fitted with | 
high-speed turbines than in those fitted with low-speed | 
turbines or reciprocating engines. 


Transport,—From time to time sheathing has cracked ated with the position of the sheath during service. | 





Fig. 9. 
CRACKS, 


EAD SHEATHING 
FuLu Sizez. 


only in the thinner cables that the fractures had become 
completely circumferential. Typical cracks are shown 
in Figs. 1, 2 and 5. After sectioning the cable sheathing, 
care being taken to avoid distortion, it was found that 
the cracks in the failed samples were much more 
numerous on the internal than on the external surfaces, 
and only the larger cracks had passed through the 
sheathing. In one interesting sample with a double 


| sheath, the maximum number of cracks was found 


on the interior of the inner sheath, and some cracks 
had passed through both inner and outer sheaths. 
These observations indicated that the cracks had 
commenced on the inside of the sheath; where the 
sheathing had not been distorted by bending there was no 
local deformation or surface rumpling near the cracks. 
An interesting feature noticed in these examinations 
was the tendency for the cracks in the sheathing to 
occur in two or four definite longitudinal bands, corres- 
ponding to opposite ends of diameters in the uncut 
cable. Attempts were made to correlate this obser- 
vation with other features, such as thickness of sheath 
and grain-size, but so far without definite success. The 
location of cracks in longitudinal bands may be associ- 


EroHeD IN 10 PER Cent. Nitric AcipD. 





InTERIOR SURFACE OF CRACKED CABLE 
SHEATHING. xX 1°5. 


Fig. 2. 





SURFACE OF SHEET LEAD SHOWING INTERCRYSTALLINE 


x 30. 


or ammonium acetate revealed wide variations 
crystal size (from crystals only visible under the 
microscope to crystals 0-15 in. across), and confirmed 
Archbutt’s opinion that the cracks were mainly inter- 
crystalline (Fig. 9). The structures found in the failed 
sheathing were similar to those found in new sheathing 
and sheet, and consisted of equiaxed polygonal crystals, 
some of which were twinned. In some cables large 
and small crystals were in juxtaposition, suggesting 
that a certain amount of recrystallisation and crystal 
growth had occurred, probably during or immediately 
after extrusion of the sheath. In others the variations 
in crystal size were arranged in well-defined !ongl- 
tudinal bands, which were probably associated with 
different rates of flow in the cable press. The uniform 
small-grained structures found in some failed sheaths 
were similar to those obtained in experimental! cable 
sheathing which had been effectively quenched in 
water within a short distance of the die. During these 
examinations the relation of cracks to crystal size was 
studied, but the results obtained indicate that the 
cracks may occur in large- or small-grained zoncs. 


(To be continued.) 
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THE THERMAL AND ELECTRICAL CON- 
DUCTIVITY OF SOME ALUMINIUM 
ALLOYS AND BRONZES* 


By Ezer Grirritrus, D.Sc., F.R.S., and F. H. 
ScHoFIELD, B.A., B.Sc. 


THERMAL conductivity is a physical constant which 
is rarely included in a programme of investigation of 
the properties of a series of alloys, for the reason that 
its determination is a time-consuming and difficult 
operation. Whilst it does not seem possible to reduce 
the time required for a determination below a limit 
fixed by the period necessary for setting up steady 
gradients of temperature, it is possible to devise very 
simple forms of apparatus for making the tests. 

The primary object of the present work was to 
obtain approximate values for the thermal conductivi- 


ties of alloys employed in the construction of aero- | 
Two different series of alloys were investi- | 


engines. 
gated: (1) Those rich in aluminium, with nickel, 
magnesium, iron, zinc, manganese, or silver, as second 
or third constituents. (2) Those rich in copper, with 
tin, zine, lead, manganese, or aluminium. The 
aluminium alloys were found to possess a thermal con- 
ductivity of roughly 70 to 80 per cent. that of pure 
aluminium, whilst the bronzes range from about one- 
fifth to one-tenth of the value for copper. 

In the course of the work both the thermal and elec- 
trical conductivities of the specimens were measured 


may be described as follows: One end of the bar 
was wound with a heating coil of nichrome ribbon, 
the other end of the bar was tapered, and this fitted 
into a sleeve, to the outer surface of which was soldered 
a spiral of copper piping. A steady stream of water 
flowed through the spiral, and the rise in temperature 
of the water was measured by a differential thermo- 
element, consisting of five copper-Constantan junctions 
in series. A number of equally spaced copper-Con- 
stantan thermo-elements were attached to the surface 
of the bar by drilling small holes and fixing-in the ends 
of the thermocouple wire by driving in metal plugs. 
Especial care was taken to keep the two points of attach- 
ment of the thermocouple in a plane perpendicular to 
the axis of the bar. The bar was enclosed in magnesia 
asbestos pipe lagging, from 1 to 2 in. in thickness, which 
extended 1 in. beyond the bar at each end. 

The heating coil was provided with current and 
potential leads, so that the watts dissipated in it 
could be measured. Then, by measuring the heat 
|input, the heat absorbed by the water at the cold 
end, and calculating the heat conducted through 
the lagging, it was possible to make a rough heat 
balance sheet. When this test was applied to the 
data, a satisfactory ‘check up” was obtained. Since 
the largest fraction of the heat transmission through 
the lagging occurs over the length of the bar occupied 
by the heating coil, and it is not possible to measure 
this heat leakage with the same precision as the 
heat absorbed in the water-flow calorimeter, the 
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at various temperatures in the range 80 deg: C. to 300 
deg. C., and the significant fact has emerged from the 
analysis of the results that, with one or two exceptions, 
notably the high-silicon alloy, the Lorenz law applies 
approximately to the data obtained with these alloys. 
It will be recalled that the Lorenz law was originally 
enunciated for pure metals and, expressed mathe- 
matically, states that— 


k 
XT = constant, 


where k is the thermal conductivity ; ) is the electrical 
conductivity ; T is the absolute temperature. This 
law has been found to hold only. approximately for 
commercially pure metals. In the course of the present 
investigation we found that the two groups of alloys 
had values of the Lorenz coefficient approximating 
to the values for the pure metals which formed the 
principal constituents of the ailoys—namely, 5-5 for 
the aluminium alloys and 5-9 for the copper alloys. 
It is frequently stated in the literature of the subject 
that the Lorenz formula fails when applied to data 
obtained on alloys. As a generalisation this state- 
ment appears to be erroneous, and it is not improbable 
that the thermal conductivity data upon which it is 
based were unreliable. If it should turn out that the 
main groups of alloys obey Lorenz’s law, this would 
have an important practical bearing in that it would 
mean that the thermal conductivity could be deduced 

Tom a measurement of the electrical conductivity. 
The determination of the latter constant presents far 
less difficulty than that of the former. 

For the experiments described in this paper, which 
did not aim at temperatures in excess of 250 deg. or 
300 deg. C., an apparatus was used which was originally 
developed by one of us.t It is similar in principle to 
that of Callendar and Nicolson,t but electric heating 
replaces steam heating, and a number of other detailed 
alterations are made. The essentials of the apparatus 
M - Paper read before the Institute of Metals, London, on 

arch 7, 1928. Abridged. Communication from the 





ee Department, National Physical Laboratory. 
- cmaflithe. Advisory Committee for Aeronautics, 
“ig! Amey Sub-Committee, Report No. 7, 1917. 

+ sneyclopesdia Britannica. Tenth edition, vol. xxvii, 
» 191, Conduction of Heat.” 
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usual procedure in the experiments was to base the 
computations of the thermal conductivity on the 
observed value of the heat reaching the cold end of 
the bar, adding to this the amount of the heat leakage 
through the lagging over the colder half-length of 
the bar. 

Electrical Conductivity of the Alloys.—The measure- 
ment of the electrical conductivity of the alloys has 
been undertaken merely to throw light on its relation 
to the thermal conductivity. For this purpose an 
accuracy of 1 per cent. suffices, so that an elaborate 
investigation has not been called for. The method 
used consisted in a comparison of the drop of potential 
across a measured length of the specimen with that 
across a standard resistance arranged in series with it, 
when a steady current of the order of 20 amp. was 
passed through the two. Into the specimen were 
pegged two thermocouples of copper-Constantan, 
which served not only to measure the temperature, 
but as potential leads for the resistance measurement. 
By appropriate switch arrangements, the thermo- 
couple wires could be rapidly altered so as to serve 
either purpose, as required. Since any temperature 
difference between the two ends of the bar would 
give rise to a thermal e.m.f. when measuring the poten- 
tial difference across the bar, readings of the latter 
were obtained for the two directions of the current, so 
that by taking the mean of these values the effect 
of the thermal e.m.f. was eliminated. Effects similar 
in character though smaller in magnitude, in the 
potentiometer circuit itself, were corrected for by 
reversal of the potential leads and the leads supplying 
the current to the instrument. 

Particulars of the apparatus are shown in Fig. 4. 
In order to economise time in testing the specimens, 
six were placed at once in the furnace, arranged in 
three pairs. As will be understood from Fig. 4, 
the three pairs of specimens, of which two pairs are 
shown, were contained inside a steel tube, and were 
separated from the tube and from each other by 
cross-pieces of “ mabor” brick, through which their 
connecting leads passed. These leads were of copper 
0-5 cm. in diameter, and were screwed into the ends 
of the specimen. The thermocouples, which were 
pegged into the bars, also passed through the mabor 


consisting of the iron tube and its contents, was 
pushed into the furnace made up of a refractory 
tube 6 ft. long, which was wound with nichrome 
wire and well lagged. Auxiliary heaters of fireclay 
wound with nichrome were inserted into each end 
of the furnace. By appropriate adjustment of the 
three heating elements, a reasonable uniformity of 
temperature could be obtained inside the iron tube 
containing the specimens. The details of the electrical 
connections to the specimens are shown in Fig. 4. 
The change-over switch C allowed the steady current 
of 20 amps., supplied by a battery, to be passed 
through any one of the three pairs of specimens. 
This current could be reversed by the switch D. 
The potential leads from the standard resistance, 
and the thermocouple leads from the specimen, were 
connected to a mercury cup selector board, and thence 
to a potentiometer. When using the thermocouple 
wires as potential leads for the resistance measurement 
the selector block, which is shown (enlarged) near 
the bottom of Fig. 4, was employed. This consisted 
of copper rods mounted in ebonite. By inserting 
the pins on one side or the other of this block into 
the mercury cups, the connections of the potential 
leads from the specimens could be reversed; while, 
by turning the selector through 180 deg. in the 
horizontal plane, either the pair of copper wires or 
of Constantan wires, forming the two thermocouples 
attached to the specimen, could be used as potential 
leads. When using the thermocouple wires for 
measurement of temperature, instead of resistance, 
the other selector shown in Fig. 4 was employed. 

In determining the resistivity the usual procedure 
was to make measurements at a series of rising 
temperatures, and repeat the process until a steady 
state had been reached. The effect of this treatment 
on some of the alloys was to produce changes in 
structure, and the stable state was only attained 
after several heatings. Other alloys which had been 
thoroughly annealed gave very consistent results 
from the start. The measurements of thermal 
conductivity were made after the specimens had 
attained the steady state as shown by the electrical 
measurements. 

Results obtained in the Study of the Bronzes.*—The 
main constituent in this series of alloys was copper, 
and a detailed analysis is set out in Table II. The 


TaBLE II.—Bronze Alloys. 











Percentage Composition. 
No. of 
mae Tin Zine Phos- Man- Alu- Copper. 
_ . phorus. | ganese. | minium.}Remainder. 
1 5-0 2-0 0-15 -- ms 92-8 
2 10-0 2-0 0-15 _ _— 87-8 
3 8-0 —_— 0-30 _— _ 91-7 
4 0-5 38-5 _— 0-30 _ 00-7 
5 10-0 2-0 — -- a 88-0 
6 _ _— _ _ 10-0 90-0 
Y 12-4 _ 0-4 _ — 87-2 























results of the thermal and electrical measurements 
are summarised in Table IV, which gives the tem- 
perature coefficient of resistance, and the product 
of the temperature coefficient and the resistivity. 











Taste IV. 

e Resistivity at 20° | Temperature Co-| Resistivity ~ 
No. of C. Ohms/em.3 x efficient from Temperature 
Bar. - 20° C. to 250° C.| Coefficient. 
1 9-3 0 -00095 0- 008% 

2 17-5 0 -00063 0-0119 
. 16-9 00006, 0-010, 
4 9-25 0-00132 0-012; 
5 16-0 0 -00065 0-010, 
6 14:7 0-00105 0-015, 
7 21-3 0-00057 0-012; 
Copper 1-7 0-0040 at 20° C. 0-0068 











Relation between Resistivity and Temperature Co- 
efficient.—It has been found that, in the case of copper, 
impurities, which may raise the resistivity by as much 
as threefold, have no appreciable effect on the value of 
the product of the resistivity and the temperature 
coefficient of resistance.; The resistivities of the 
bronzes here dealt with are considerably outside the 
range mentioned, but it is perhaps of interest to 
compare them in a similar way (see Table IV). : 

Except in the case of alloy No. 4, which contains 
38-5 per cent. of zinc, the total percentage of consti- 
tuents, other than copper, has varied only from 7 to 
13. Yet this comparatively small amount of dilution 
has produced a very marked effect on the conductivity, 








* The work on bronzes was carried out on behalf of 
the Engine Sub-Committee of the Aeronautical Research 
Committee, who have kindly authorised publication of 


the results. 4 
+ Dellinger, U.S. Bureau of Standards. Bulletin, 1910, 





blocks, as shown in Fig. 4. The assembled unit, 
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for whereas the value for pure copper at atmospheric 
temperature is 0-92 c.g.s. units, the corresponding 
values for the alloys range from about one-fifth to 
one-tenth of this amount. Dealing first with the 
effect of tin, which is the most common constituent of 
the alloys, a comparison with the present series of 
experiments (carried out in 1924) is afforded by the 
work of Lees,* of Grossmann,f of Schenck, and by a 
previous test carried out at the National Physical 
Laboratory in 1920. Approximate corrections have 
been applied to the values, where necessary, to reduce 
them to a common temperature of 20 deg. C., and the 
results are shown graphically in Fig. 8, which gives 
the relation between the tin content and the thermal 
conductivity. A thick line is drawn through the 
experimental points when they are not widely separated, 
according to percentage composition; and a dotted 
line, arbitrarily drawn, is used for the larger gap be- 
‘tween 25 and 75 per cent. of tin. It will be seen that 
there is a satisfactory agreement between the various 
determinations. 

A comparison of the observed values for bars 
Nos. 2 and 5, which are identical in composition except 
for a small amount (0-15 per cent.) of phosphorus, 
appears to show that the presence of the latter in 
minute quantities produces a very appreciable lowering 
of the conductivity. The figures for the two bars 
over the complete range from 75 deg. to 250 deg. C. 
differ on the average by 0-013 c.g.s. units, or by about 
10 per cent. (see Fig. 9). In confirmation of the effect 


Fig.8. THERMAL CONDUCTIVITY AT 20°C. 
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due to phosphorus, it may be stated that, according 
to Pfleiderer,§ the conductivity of copper at 30 deg. 
C. (0-93 c.g.s. units) was lowered to 0-25 and 0-12 
respectively by the presence of 0-63 and 1-98 per 
cent. of phosphorus. Two other alloys remain to be 
considered (Nos. 4 and 6). For a comparison with 
No. 4, the values obtained by Lees for brass (30 per 
cent. zinc), and by Wiedemann] for alloys containing 
11, 13, 18 and 32 per cent. of zinc, are plotted in 


Fig. 8. The figures of Wiedemann date from 1857, | 


and should be accepted with some reserve. 


to the inflection which it shows. The dotted portion 
of the curve is arbitrarily drawn and merely serves to 
connect points belonging to the same series. For 
alloy No. 6, containing 10 per cent. of aluminium, no 


parallel figures have been traced, but it is, perhaps, | 


worthy of note that the lowering of the conductivity 
of copper, due to an admixture of 10 per cent. alumi- 
nium, is comparable with that due to the same amount 
of tin. 

The above discussicn has been concerned with the 
thermal conductivities of the alloys at one temperature 
(20 deg. C.). The variations of conductivity with 
temperature are shown graphically in Fig. 9. For 
purposes of comparison the values for the pure metals 
composing the alloys are also indicated in Fig. 9. 
It will be noticed that, whereas the variation of the 
pure metals is small, being on the whole negative with 





* Phil. Trans, Roy. Soc., 1907, [A], vol. 208, pp. 381— 
443 


+ Beibl, Ann. Physik, vol. 29, pp. 4, 178-181 (1905). 

} Ann. Physik, vol. 32, p. 261 (1910). 

§ Ges, Abhandl. Kenntniss der Kohle, vol. iv, p. 409 
(1919). 

} Landolt, Phys. Chem. Tab. (5th edn.), 1923, vol. ii, 


p. 1295. 





A curve | 
has been drawn through all the values, but, for the | 
reason stated, no special significance is to be attached | 


rising temperature, the alloys show somewhat large 
positive coefficients. In all cases, the relation of 
conductivity and temperature is approximately linear. 

Relation of Thermal and Electrical Conductivity.— 
The relation of the conducting powers of metals for 
heat and electricity has for a long time engaged the 
attention of physicists. In 1853, Wiedemann and 
Franz propounded a law to the effect that the ratio 
of the thermal and electrical conductivity was a 
constant for all pure metals. In 1872, Lorenz sought 
to prove, both on theoretical and experimental grounds, 
that this ratio was proportional to the absolute tem- 
perature. On the development of the electron theory 
of conduction, Drude, H. A. Lorentz, and J. J. Thomson 
have independently arrived at the same conclusion as 
Lorenz. The experimental evidence available up till 
1900 was not sufficiently reliable to allow a definite 
confirmation of the theory. In that year, Jaeger and 
Diesselhorst published the result of their investigation, 
which gave directly the ratio of the two conductivities 
for a number of pure metals over the range from 18 deg. 
to 100 deg. C. They showed that the value of the 
function k/AT (Lorenz’s constant) was nearly constant 
over this range, and did not vary greatly from metal 
to metal. In 1905, Lees obtained a close agreement 
with the values of Jaeger and Diesselhorst at 18 deg. C., 
and carried the investigation down to — 170 deg. C. 
Down to — 100 deg. C., the value of the function 
showed, on the whole, a slight tendency to decrease, 





19.9. VARIATION OF THERMAL 


while, below — 100 deg. C., the decrease became more 


to alloy No. 4) is 5-83. We have studied a single 
crystal of very pure copper and obtained the value 
5-89. A comparison is also afforded by the work on 
the copper-tin alloys of Grossmann, whose values are 
set out in Table IX. 








TaBLeE IX. 
Tin Content. Per cent. Value of &/AT. 
10 5-95 x 10-9 
25 6-38 
75 5-63 
90 5-45 
100 5-88 





The conclusion, which has been reached above, 
that all the bronzes under investigation obey Lorenz’s 
law of the relation of thermal and electrical con. 
ductivity, has a practical bearing in that it means that 
the thermal conductivity could be deduced from a 
measurement of the electrical conductivity. The 
determination of the latter constant presents far less 
difficulty than that of the former, so that, if the assump- 
tion is made that Lorenz’s law applies to other alloys 
of an analogous nature, their thermal conductivities 
could be deduced with comparative ease by the method 
indicated. Since the temperature coefficients of 
thermal conductivity for the alloys do not differ very 
markedly, a rough value at any temperature could be 
obtained from a single measurement of electrical 
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marked, and wide divergencies appeared among|conductivity at atmospheric temperature, but a 


individual metals. Summarising the position as regards 
the pure metals, it may be said that from — 100 deg. C. 
to + 100 deg. C., and probably to much higher tem- 


in value from metal to metal, and is nearly constant, 


The position as regards alloys is not so clearly defined, 
since the very wide field of investigation which they 
present has hitherto hardly been explored at all. 
Turning to the copper alloys now under consideration, 
the value of Lorenz’s coefficient for the several specimens 
at the various temperatures was found to be in satis- 
factory agreement. The mean value of the coefficient 
for all the alloys, together with the percentage difference 
between the extreme values, is set out in Table VIII. 


TaBLeE VIII. 








| Lorenz’s Constant, k/AT. 





Temperature. 


e 
| 





Deg. C. micariahia forall |Percentage Difference 
| | the Bronze Specimens. | — Extreme 
| alues. 
20 | [6-15] x10-° | 6 
75 | 5-95 5 
100 5 +8, 4 
150 | 5+79 2 
200 5°7s 2 
250 5-8) 2 





Note.—The value of 20 deg. C. is obtained by extrapolation. 


Dealing with the range covered by experiment (75 deg. 
to 250 deg. C.), it appears that the mean value of the 
function k/AT is practically constant, and that the 
extreme range of values for all the bronze bars does not 
exceed + 2-5 per cent., an amount which is probably 
within the limits of experimental error. As to the 
absolute value of the function, it is to be noted that 
Jaeger and Diesselhorst’s mean value for eight pure 
metals at 20 deg. and 100 deg. C., is approximately 
| 5-75. Lees gives a similar value for the pure metals 
| at 20 deg. C., while his value for brass (which corresponds 





* In view of the fact that the function k/AT is not an 
absolute constant, it would be preferable to use the 
term coefficient for the numerical value appropriate to 
particular metals and groups of alloys. 





peratures, the function * k/AT does not vary greatly | 


showing a slight tendency to increase with temperature. | 





better approximation would be obtained if the electrical 
conductivity were determined at the appropriate 
temperature. 

Conclusions for the Bronzes.—The seven alloys tested 
|show thermal conductivities at room temperature 


TABLE XII, 














Alloy : Percentage 
No: Composition Per Cent. Conductivity. 
2312 4-5Cu “6 are ee ee 82 
2313 8Cu.. “* > <i or 82 

795 80u,3 Ni .. Ps ae os 77 

2311 4Cu,3Si.. os oe ee 77 
2358 fi .. ; aie “f ee 77 

921 12 Cu,1Fe .. és ac or 75 

* 762 8Cu,1Ni.. a ak ar 75 
888 8 Cu, 2 Ni, 1-5 Mg s oe 75 

785 8Cu,1Fe.. aS s ner 75 

| 798 7Cu,1Ag.. <a <* ea 75 
905 | 4Cu,2Ni,1-5Mg i 73 
| 886 | 4 Cu, 2 Fe,0-5 Mg <a. ra 73 
656 8 Cu, 1 Mn ae aA vie 73 

766 9Cu,2Ni.. we = Ee 7 

671 12 Cu.. i = we ‘is 71 

779 | 120u,3Ni.. 71 

792 12 Cu, 2 Ni ae 71 

829 9Cu,2 Ni,1 Mg .. 71 

| 

789 | 8Cu,2Fe.. af ae “ 69 

655 | 14 Cu ie owl Ueholy oe 68 

$10 | 8Cu,2Ni,2Meg .. “ Be 66 

661 | 3 Cu, 13 Zn & a as 64 








varying from about one-fifth to one-tenth of that of 
their main constituent, viz., copper. In contrast to 
copper and other pure metals, the alloys all give con- 
siderable increases of thermal conductivity wit 
temperature. A comparison of two bronzes of identical 
| composition, except for the presence of a minute 
| amount of phosphorus, shows that the latter produces 
|a@ marked lowering of the thermal conductivity. 

| the alloys follow Lorenz’s law of the relation between 
‘thermal and electrical conductivity and absolute 
temperature. 
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Results obtained in the Study of the Aluminium Alloys.* 
—The main constituent in this series was aluminium, 
with various amounts of copper in all except one. 
The third constituent when present was in relatively 
small percentages. Grouping the alloys in the order 
of their thermal conductivities and expressing these 
values as percentages of the thermal conductivity of 
pure aluminium (k = 0-54,), we obtain the list given 
in Table XII above. 

It is interesting to compare the effect of small per- 
centages of nickel, iron, and manganese on alloys con- 
taining 8 per cent. of copper. As shown in Table XIV, 
1 per cent. of nickel has apparently the same effect as 
1 per cent. of iron, while 1 per cent. of manganese has a 
slightly greater effect on the thermal conductivity than 
the 3 per cent. nickel, which has a higher conductivity 
than the 1 per cent. nickel or 1 per cent. iron alloy. 
Taste XIV.—Alloys containing 8 per cent. of Copper with 

a Small Percentage of a Third Metal. 








Percentage Con- 

y Third ductivity Relative 
No Constituent. to 

Aluminium. 

2313 0 82 
795 3 per cent. Ni 77 
762 1 per cent. Ni 75 
785 1 per cent. Fe 75 
656 1 per cent. Mn 73 
789 2 per cent. Fe 69 











As regards the Lorenz coefficient for these aluminium 
alloys, with the exception of the 13 per cent. silicon 
alloy, the 21 alloys give very consistent results, the 
mean values being shown in Table XV. A determina- 


The superheater is fitted in the firebox for boilers 
equipped with oil burners, and on top of the steam 
generating elements for solid fuel boilers. It is 
built with an arrangement of reverse flow bends 
which break-up, dry and superheat any globules of 
water which may be carried over with the steam. In 




















TABLE XV. 
Temperature. Lorenz Coefficient 
x 107°. 
80 5+31 
150 5°3, 
200 5e4, 








tion of the Lorenz coefficient for a single crystal of 
aluminium (99-6 per cent. aluminium) gave the value 
5-46 x 10-°, which is in good agreement with the 
mean value for this group of alloys, with the exception 
of the 13 per cent. silicon alloy. It will be observed 
that the Lorenz coefficient for the aluminium alloys is 
decidedly lower than the value for the copper alloys. 








BOILER FOR RAPID STEAM RAISING. 


Tue annexed figure shows a new model of their 
“Express” boiler, which has recently been introduced by 
Messrs. R. H. Bolsover, of Eaglescliffe, Durham. This 
model, which is known by the makers as their Type B, 
is a development from their earlier Type A, which has 
been in use for some years for high-speed steam launches 
and for use in conneetion with steam sterilizing, the 
cleaning of stonework of buildings, and other applica- 
tions in which a portable rapid-steaming generator of 
superheated steam is necessary. The boiler has also 
been used extensively as a replacement unit in 
Stanley and other steam cars. The Type A boiler 
is formed with a central steam and water drum 
surrounded by steam generating coils, but as will be 
seen from the figure, the central drum is dispensed 
with in the new model and straight tubes only are 
used. The inclined steam generating tubes are welded 
into vertical headers, the whole forming: a grid element. 
The headers are at their upper ends welded into a steam 
manifold and at their lower end into a water manifold. 
Steam is drawn from the upper manifold, by way of a 
superheating grid situated immediately over the burner 
at the bottom of the boiler. 

_ The steam generating elements in any boiler are all 
identical, and as shown in the figure are assembled 
alternatively with the steam header at the right-hand 
side and the left-hand side. The assembly shown on 
the figure is built up of four units, but any other combi- 
nation may be arranged. The standard units range 
from © to 20 sq. ft. of heating surface. <A boiler with 
67 sq. ft. heating surface may be built within outside 
dimensions of 16% in. by 14% in. by 28 in. Such a 
boiler is capable of a continuous output of 50h.p. The 
circulation in these boilers is very rapid and when an 
oil burner is used, the boiler may be put under steam 
from cold in 4 to 5 minutes. In the case of a boiler 
fitted to a steam wagon and using a solid fuel furnace, 
steam may be raised from cold in about 20 minutes. 
The boilers are tested hydraulically up to 1,200 Ib. per 
Square inch, and by steam up to 600 Ib. per square inch. 





« A Summary of the thermal conductivity data for 
© aluminium alloys was published in the Report of 


the Light Alloy Sub-Committee of the Aeronautical 


connection with the cleaning of these boilers, it is stated 
by the makers that as the interior of the tubes becomes 
thinly coated with oil carried by the feed-water, no 
actual deposit of scale takes place. The scale particles 
remain in suspension and, owing to the violent ebul- 
lition, they are carried along by, and withdrawn with, 
the steam. After several years’ use, no accumulation of 
scale can be detected on any’ portion of the boiler. 








EARTH-PRESSURE ON FLEXIBLE 
WALLS.* 


By R. N. Strover. 


Ir is a matter of general knowledge that sheeting 
piles, both timber and reinforced concrete, are usually 
much lighter than would be required to take the earth- 
pressure behind them, if the latter is calculated in the 
ordinary way; but it is not generally recognised that 
the earth-pressure and the resulting bending-moment 
on the sheeting vary with the thickness of the latter 
and that, within certain limits, the thinner the sheeting, 
the smaller is the bending-moment thereon. The 
problem of thin sheet walls has attracted the attention 
of engineers for some considerable time, and the first 
attempt to throw light on the apparent discrepancy 
between the light scantlings of sheeting and the earth- 
pressure it was supposed to withstand was made in 
1910 by Dr. H. Ehlers, engineer to the Hamburg 
Port Authority, who investigated a number of existing 
wharves of the type used in that neighbourhood and, 
with the wealth of material at his disposal, found that 
in all cases the sheeting was stressed extremely highly, 
when basing his calculations on the usually accepted 
formulas for earth-pressure, the average working 
stress being about 4,000 lb. per square inch, which 
for timber constantly immersed in water seems im- 
practicable. His explanation of the discrepancy was 
to the effect that two planes of rupture were formed 
instead of one, the head of the sheet piling being im- 
movable as well as the toe, and that therefore a double 
frictional or arching action took place between the 
two planes of rupture as soon as the sheeting began 
to deflect. To take this into account, he proposed 
calculating the earth-pressure in the usual way, but 
employing higher working stresses, 3,000 Ib. to 4,000 Ib. 
per square inch being recommended for timber. 

Even when no upper plane of rupture can form, a 
similar action is possible and occurs in the case of 
sheeting piles anchored at the top at ground-level. 
The essential difference between a retaining-wall 
supported in this manner and one supported at the 
bottom only, on the cantilever principle, is that any 
deflection of the latter produces no alteration of the 
conditions governing the calculation of the earth- 
pressure on the wall, the movements of the upper layers 
of the fill being always outwards in relation to those 
below. An entirely different case obtains with sheeting 





* Abstract of a paper read before the Institution of 


anchored at the top, inasmuch as the deflection of the 
sheeting is maximum at the middle and zero at the 
top and bottom, and any movement of the middle 
layers is outwards in relation to the layers above and 
below, the latter exercising a restraining influence on 
the movement of the middle layers, owing to the internal 
friction between them. The result is a reduction of the 
pressure on the wall, both locally in the middle of the 
span, and in the aggregate but, whereas it is not 
recommended to take any account of the reduction 
in total earth-pressure, the author proposes a formula 
for taking into account the local reduction of pressure 
towards the middle of the wall. This reduction leads 
to a considerable saving of material in the sheet wall. 
The formula suggested takes the form of a reduction- 
factor r for the bending-moment on the wall, as 
calculated in the ordinary way, and embodies the 
deflection d@ which would result from this moment, 
and also the soil factor or liquidity factor f = tan* 
(45 deg. — 4), where ® denotes the angle of repose. 
The arching effect increases with the ratio of deflection 
(d) to span H, and is also influenced by the internal 
friction, being higher in soils with great internal 
friction or a small value of f. In proposing the formula 
r = Hf/500d"> 2f, in which v isa fraction approaching 
1 and the constant 500 is the average of a great number 
of cases that have come under the author’s observation, 
a limiting value of 2f is imposed, as it would obviously 
lead to impossible results to carry the reduction to 
zero with an infinitely great deflection. In the absence 
of tests to destruction the lower limit 2f is proposed as a 
safeguard, the range of application of the formula 
being thus between the values r = 1 where the arching 
begins, and r = 2f, beyond which it is not recom- 
mended to reduce the bending-moment ; this may also 
be expressed by the lower limit being the thickness 
at which the deflection is about one-thousandth of 
the height, while the upper limit is the thickness at 
which the deflection is 2f times this value. 

The application of the principle discussed above to 
a form of wharf-construction, although comparatively 
new in this country, has been used very successfully 
on the Continent for some time. In one particular 
case, the principal feature is the flexible retaining-wall 
designed in accordance with the principles just de- 
scribed, but it also embodies some novel features in the 
way of anchorage. The retaining-wall consists of a 
line of sheet piles long enough to bring the head of the 
piles above H.W.L. and continued upwards as an 
ordinary wall to quay-level, while extending backwards 
is a platform bonded with the sheet piles in front and 
resting on raking anchor piles at the back, inclined 
both forwards and backwards. The platform acts as 
a tie between the front wall and the rakers and carries 
the fill and surcharge above the sheet wall, thereby 
relieving the sheeting from any earth-pressure due to 
this. The platform further supplies the necesary 
dead load for the rakers and acts as a very deep 
distributing beam for all forces and shocks from 
vessels. 

The earth-pressure on the sheet-wall is unaffected 
by any loading behind the wharf, and in addition to 
the sheltering effect of the platform, the raking piles 
further reduce the earth-pressure by preventing the 
usual plane of rupture from forming across them ; 
the dimensions of the sheeting can therefore be reduced 
very considerably. Anchorage by means of such rakers 
converts all the pull from the front wall into axial 
forces on the inclined piles, compression in the front 
pile and tension in the back pile, while the load from 
the platform provides compression in both rakers, so 
that any tension in the back pile can be neutralised 
or converted into compression by suitable design of 
the platform. By placing the latter above H.W.L. 
all tide work is eliminated, and this, combined with a 
minimum consumption of material and providing a 
maximum of strength and rigidity, is making this form 
of wharf-construction most economical in cost. 





INSTITUTION OF NAVAL ARCHITECTS.—The Council of 
the Institution of Naval Architects has awarded two 
premiums for the year 1927, one to Mr. H. J. R. Biles, 
for his paper, “‘ Notes on the Effect of Wind on Power 
and Speed,” and the other to Mr. W. C. S. Wigley, for 
his paper. ‘Ship Wave Resistance ; A Comparison of 
Mathematical Theory with Experimental Results, 
Part II.” The premiums will be presented at the 
annual general meeting, to be held at the Royal Society 
of Arts, John-street, London, W.C.2, and commencing 
on March 28 next. 





Tue Late Mr. G. L. HutcHinson.—It is with regret 
that we record the recent death of Mr. George Lascelles 
Hutchinson, which occurred, after only a few weeks 
illness, at the early age of 53. For the last 26 years, 
Mr. Hutchinson had held the position of district manager 
for the Newcastle district of the Iron Trades Employers’ 
Insurance Association, Limited, the previous 24 years’ 
having been spent at the Liverpool branch of the Ocean 
Accident Insurance Company. His loss is felt not only 
at the branch office at Newcastle, but also at the company’s 








esearch Committee, for whom the work was carried out, 


Civil Engineers on Tuesday, March 6th, 1928, 





head office, where he was greatly esteemed. 
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SEASON-CRACKING OF SMALL-ARMS 
CARTRIDGE CASES DURING MANU- 
FACTURE.* 


By Major F. S. Gruston, C.IL.E. 


THE failure of a small-arms cartridge case through 
bursting when fired in a rifle is a serious matter, since 
the escape of gases which follows is liable to injure 
the firer. If the marksman lacks confidence in the 
ammunition he is using and the possibility of such an 
occurrence as a burst is present in his mind, his perfor- 
mance is affected and his efficiency suffers. Conse- 
quently, this type of defect is looked upon as ed 





serious in the case of small-arms ammunition used for 
military purposes, and the specification for service | 
ammunition contains a special clause in order to guard | 
against this class of defect. .A burst is defined in | 
the specification as any fracture of the metal within | 
1} in. of the rim of the base of the case. Notwith- | 
standing the care which is taken in the manufacture of | 
small-arms cartridges, bursts at proof occasionally | 
occur with consequent rejection of output. The 
author believes that such outbreaks have occurred at | 
most large ammunition factories. | 

The Government ammunition factories in India | 
have had their share of failures, and the present paper | 
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Turrp Draw ExpaANDED CASE SHOWING 
LONGITUDINAL Cracks. X 4. 


Fie. 11. 


is written with the object of giving a history of the 
troubles which have occurred in India during the 
past 21 years, and the attempts made to discover the 
cause, ending with a series of experiments conducted 
by the author during the last three years at the Metal 
and Steel Factory, Ishapore, India. The whole of 
the work described was carried out on 0-303 in. small- | 
arms cartridge cases at various stages in their manu- | 
facture, the material used being 70:30 brass. The | 
specification lays down a copper limit of 68 to 74 per | 
cent. Until recently, there were two ammunition | 
factories in India, one at Dum Dum, on the eastern | 
side, about 5 miles from Calcutta, and one on the | 
western side, at Kirkees near Poona. Materials for | 
the cartridge cases, bullet envelopes, and caps for | 
both these factories, have been supplied in the form of | 
brass cups, cupro-nickel cups, and copper strip, from | 
the Metal and Steel Factory, Ishapore, near Calcutta, | 
the author having held charge of this factory for six | 
years, until July, 1926. 

The failure of ammunition due to bursts on firing 
was at its worst during the years 1906 to 1910. Com- 
plaints were received from troops of injuries caused 
by the escape of hot gases, and large quantities of 
ammunition were broken up. One of the most notice- 
able features regarding this trouble was that it was 
practically confined to ammunition made during the 
monsoon periods. Freedom from this defect during 
the cold weather and its recurrence year after year 
during the summer months, when the temperature 
and humidity are both high, clearly showed that the 
atmospheric conditions played an important part in 





* Paper read before the Institute of Metals, London, 
on March 7, 1928. Abridged. 





causing the trouble, and many theories were propounded 
to account for the connection, but no really satisfactory 
explanation was found. 

It was only natural that the ammunition makers 
should want to put the blame on the metal, and equally 
natural that the metal makers should suggest that 
the operations in the ammunition factory were respon- 
sible. It usually happened, however, that when one 
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Fic. 12. Turrp Draw ExPANDED CASE SHOWING 
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ammunition factory was getting trouble, the other was 
producing good ammunition from the same batch of 
metal caps, and this fact was naturally insisted upon 
by the metal maker. His salvation lay in the fact 
that there were two finishing factories, each of which 
usually had a different story to tell. The failures here 
referred to separate themselves into two classes— 
bursts “through the head,” i.e., through the rim of 
the case, sometimes extending into the cap chamber, 
and bursts “‘ under the head,” 7.e., in the conicak wall 
of the case, and close to the rim. 

The former type of burst was explained by Captain 
(now Lieutenant-Colonel) E. Parbury, R.A., who studied 
the matter closely during the years 1912 and 1913. 
His investigations showed that bursts through the rim 
of the cartridge were caused by season-cracks which 
were produced previous to firing. These season-cracks 
were caused by internal stresses in the metal round 
about the cap chamber and anvil, and were due to 
unsuitable tools used in forming the chamber and 
piercing the fire holes leading from the cap chamber 
to the inside of the case. Attention to the tools used 
in these operations cured this form of defect, which 
does not appear to have been heard of since. The 
cause of the other type of defect, i.e., bursts under 
head, however, remained a mystery, and has usually 
been attributed by the ammunition makers to ‘“ bad 
metal.” 

After mysteriously disappearing for some years, 
the defect appeared again in the summer of 1924, in 
the shape of a few bursts at the firing proof at Kirkee, 
and although no complaints from troops have been 
heard of, it was quite evident that the cause had not 
been eliminated. This trouble was again repeated in 
1925,ina mildform. An inquiry was made, but without 
any definite conclusions. These recent failures at 


proof also occurred in ammunition made during the 
monsoon. The ammunition factory at Dum Dum was 
closed in 1924, and the Kirkee Factory was enlarged. 
The comparison which used to be made between the 
behaviour of the metal at the two finishing factories 
was therefore no lunger possible. 

The more important operations involved in the 
manufacture of the case now under discussion, comprise 
essentially three drawings, following upon the cupping, 

| each operation being separated by annealing and 
| pickling of the material. The ingots are first rolled into 
| strip, which is annealed and pickled. The cupping 
| operation consists in punching out circular discs, which 
= rorced through a bell-mouthed die by a suitable 
punch. The pickling material consists of dilute sulphuric 
acid, and this operation is followed by washing. The 
cups are annealed for 50 minutes at 560 deg. to 580 
deg. C. in muffle ovens, and the subsequent annealings 
are carried out in continuous gas-fired muffle furnaces. 
It has been the custom in the ammunition factories to 
employ a certain test known as the ‘“ expansion test ” 
whenever bursts at proof have appeared. This test 
consists in driving a punch down the brass shell after 
the third draw stage, thus expanding the cylindrica) 
portion of the shell to within one-sixteenth of an inch 
of the base, and examining the surface of the metal. 
This operation causes any invisible cracks to open out. 








Fie. 13. TRANSVERSE SECTION THROUGH SECOND 
Draw CASE SHOWING SEASON CrAcK. X 100. 


The third draw case is annealed previous to this 
expanding operation. It has been found that a batch 
of cases, some of which show cracks when expanded in 
this manner, are liable to burst at proof. The con- 
nection between splits at the expansion test and bursts 
at the firing test has been definitely proved. Until 
recently, failure at the expansion test has been taken 
as evidence that the metal was impure or defective in 
some way. 

As this so-called expansion test has to a large extent 
been employed in the following experiments, a drawing 
of the punch used is shown in Fig. 7. The effect of this 
punch when inserted into the case is to increase the 
internal diameter approximately 14 per cent. in the 
region where cracks occur. In the experiments 
described in this paper, the first indent, which normally 
follows the second draw, has been omitted. In October, 
1925, an investigation to ascertain the cause of the 
trouble was started in the Metal and Steel Factory. 
Cups were made from uncropped ends of ingots and 
from ingots made by pouring metal at a low temperature 
into undressed chills, in order to induce metallic 
defects. Various impurities, including mercury, were 
also introduced into the metal. In fact, every conceiv- 
able variation in the process of melting and rolling 
was introduced, but no failures were produced. Atten- 
tion was then directed to the operations subsequent to 
the cup stage, and the design of the tools was studied 
in detail. 

Effect of Design of Die on Liability to Failure at the 
Expansion Test—It may be mentioned that Q.F. 
cartridge cases in India are made entirely at the Metal 
and Steel Factory and not at the Ammunition Factory’ 
The design of the tools used in drawing S.A. cases at 
the Ammunition Factory was compared with that of the 
tools used for the manufacture of Q.F. cases at Ishapore, 
and one of the points of difference noticed was that in 
the former case a conical die was used, and in the latter 
a bell-mouthed die with a cylindrical portion below 
the bell-mouth. A complete set of dies of the conical 
form was made up, also a set of dies of the bell-mouth 
type. The latter design will be referred to in the 
following paper as the ‘“‘M” design. The two designs 
of dies for the second drawing operation are shown 1n 
Figs. 8 and 9. Brass cups from current manufacture 
were passed through the first, second, and third drawing 





operations, using dies of the type shown in Fig. 9. 
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The work was annealed after the first and second draws 
at 560 deg. C. to 580 deg. C. for 50 minutes, and the 
speed of the drawing machine was 96r.p.m. A certain 
number of split cases was found at the expansion test, 
the incidence of failure being 1-3 per cent. This 
experiment was then repeated under the same con- 
ditions, but with the ‘“‘M” form of die. No failures 
were found at the expansion test. These experiments 
were repeated with similar results, and it became evident 
that die design played an important part in the tendency 
to produce splits at the expansion test. 

The defect was similar to that found at Kirkee during 
the expansion test there, and photographs of typical 
split cases are shown in Figs. 11 and 12. Other 
experiments were then tried to ascertain the effect of 
changes in the process, such as variations in the 
composition and temperature of the lubricant, varia- 
tions in the cleaning and pickling methods, &c. 
The only conclusion which all these experiments 
pointed to was that with the conical dies splits were 
sometimes produced, and at other times thousands of 
cups would go through the expansion test without a 
single defect; but with the ““M”’ design of die no 
splits were ever produced under any conditions. The 
uncertain results when using the conical form of die 
showed that some other factor besides the use of these 
tools was necessary in order to produce the defect. 


Fig.1s . SECTION THROUGH SECOND 
DRAWING OPERATION,USING 
SINGLE 'M” DIE & LARGE PUNCH. 
EXPERIMENT N°65. 
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Effect of Storage Conditions.—After a certain amount 
of study it was discovered that by employing a conical 
die and storing the second draw cases in the unannealed 
condition for several days large number of splits could be 
produced with certainty. In most of the preliminary 
experiments a certain amount of the liquid used for 
cleaning the cases, or pickle, was added to the soap- 
suds before sprinkling it over the stored cases; but 
the importance of this substance as an accelerating 
agent was not fully realised. An attempt was made 
to repeat some of these experiments at Kirkee, but no 
splits were produced in any of the batches after the 
expansion test. 

It then became necessary to ascertain in what way 
the conditions differed at the two places, in order to 
account for this negative result. Variations were 
suspected in the strength of the pickle added to the 
liquid in contact with which the cases were stored. In 
the Kirkee experiments, the pickle was taken direct 
from the cleaning tanks used in the case plant. The 
liquid in these tanks had probably been in use for some 
time, and it was noticed at the time that its action on 
the brass cases was very slight. Another point of 
difference was that at Ishapore the boxes used for 
storage had been in use for a very long time and were 
saturated with liquid, whereas those used at Kirkee 
were made of deal and were new. They absorbed any 
liquid put into them very quickly, and it was found 
that cases stored in these boxes were practically dry 
m a few hours. When more was known regarding 
chemical action, another experiment was carried out 
at Kirkee, in which large numbers of splits were pro- 
duced, confirming the Ishapore experiments. 

The practice in the ammunition factory is to pickle 
the annealed cases in dilute sulphuric acid and, after 
washing them in water, to transfer them to a vat 
containing soap-suds, for the purpose of neutralising the 
acid. ‘This so-called neutralising is, of course, only 
partial, and the coolies engaged in the pickling opera- 
tion occasionally omit to pass the cases through the 
Soap-sucs. In any case, a certain amount of acid is 
liable to be carried over into the case plant, and to 
contaminate the lubricant used on the machines. 
Numerous experiments were carried out with the object 
of ascertaining the effect of certain chemical substances 
and the conditions of storage on second draw cases 
drawn with conical dies, and stored in the unannealed 
condition for a number of days. ‘It was found that all 





proportions of suds and pickle tried produced failures. 
No failures occurred with 100 per cent. suds. Some 
failures were obtained with all proportions of sul- 
phuric acid and water only. Complete immersion in 
pickle for 24 and 48 hours produced failures, but the 
incidence appeared to be somewhat erratic. 

Careful experiment showed that the presence of sul- 
phuric acid in the liquid used as an accelerator appears 
to be necessary, and further experiments indicated that 
failure occurred when the proportion of sulphuric acid 
was as low as 1 part in 1,000. The most important 
inference to be drawn from these experiments is that 
conical dies leave the metal in a state of severe in- 
ternal stress, which results in season-cracking in a few 
days when acted upon by certain substances. Many 
other experiments of a similar nature were carried out, 
in some of which the solutions were stronger, and it may 
be mentioned that if the liquid in which the cases were 
stored was sufficiently active, season-cracking occurred 
in cases made with both types of die, but it was always 
found that the incidence of failure was much greater 
with the conical type. 

Effect of Humidity on Liability to Failure-—Mention 
has been made at the beginning of this paper to the 
fact that failures in ammunition, due to cracking, 
were confined to the monsoon periods, and the probable 
explanation of this is, that chemical action proceeds 
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more rapidly when the temperature and humidity are 
both higher than during the other seasons. An experi- 
ment was carried out to confirm this. Some cups 
were taken and drawn with conical dies up to the second 
draw stage. They were divided into four batches. 
Batches 1 and 2 were treated with a mixture of 10 per 
cent. pickle, consisting of 1 part sulphuric acid and 50 
parts water, and 90 per cent. soap-suds, consisting of 
4 lb. soap in 10 gallons of water. Batch 1 was shaken 
free of excess mixture and put into a dry wooden box 
in a dry desiccator. Batch 2 was put in a wooden box 
moistened with mixture, but containing no free mixture, 
and this box was then placed in a desiccator, the 
bottom of which contained some of the mixture, thereby 
ensuring a moist atmosphere in the desiccator. Batches 
3 and 4 were treated similarly to Batches 1 and 2, but 
the proportions of the mixture were 25 per cent. pickle 
and 75 per cent. soap-suds. After 10 days’ storage, 
the cases were taken through the third stage and ex- 
panded in the usual manner. The results are shown 
in ‘Table III. Although cracks are not usually visible 
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to the naked eye in the second draw stage, in cases 
treated as described above, they are occasionally 
large enough to be seen. A photomicrograph of a 
crack in a second draw stage case is shown in Fig. 13. 
The conclusions drawn from these experiments 
were as follows: The speed of the drawing machine 
appears to make some difference, but the results are 
inconclusive. Temperatures of annealing between 
the limits of 450 deg. C. and 600 deg. C. do not appear 
to influence the results. Strength of lubricant used 
on the drawing machines does not appear to influence 
the results. Cases which are washed and stored clean 
or in contact with soap-suds only do not appear to 
fail, whether made with conical dies or ‘‘M”’ dies, 
at any rate within the limits of storage periods adopted 
in these experiments. Cases containing sufficient 


internal stresses are liable to split within a few days 
if stored with the following liquids on them, (i) dilute 
sulphuric acid; (ii) a mixture of soap-suds and dilute 
sulphuric acid, provided that the proportion of acid 
is not less than 1 in 1000. The chemical agents (ac- 
celerators) just mentioned produce the greatest effect 
when the cases are stored in a vessel which contain 
enough liquid at the bottom to keep them wet, but not 
fully immersed. 

Although there are many chemical substances 
which produce corrosion in brass, those which act as 
accelerators in producing season-cracks appear to be 
few. The subject was investigated by Moore, Beckin- 
sale, and Mallinson, who state that the only substances 
found by them to produce cracks were ammonia, 
ammonium nitrate, and mercury, although the trials 
were prolonged and severe corrosion and pitting 











Taste IIT. 
| 
Mixture. Per cent. | Split Cases. 
3g ————_—_————| Methods of Storage. | ee whe 
Suds. | Pickle. Minor. | Major. 
1 90 10 Dry box in dry 9 2 
desiccator 
2 90 10 Moist box in moist | 24 7 
atmosphere 
3 75 25 Dry box in dry 2 0 
desiccator 
4 75 25 Moist box in moist | 23 10 
atmosphere 








occurred. The fact that season-cracking could be pro- 
duced in a few days with so weak an accelerator as 
a mixture of 1 part sulphuric acid and 1,000 parts 
water, in highly stressed cartridge cases, was there- 
fore somewhat unexpected. No attempt has been 
made to explain the exact nature of the action of this 
accelerator on the case. The important point is that 
the materials necessary to produce season-cracking 
are present in the case plant, and if the method of 
drawing is such as to produce severe internal stresses 
in the cases, it is very necessary to prevent even traces 
of the pickling liquids from being carried over into the 
receptacles used for holding the cases during the drawing 
operations. The need for cleanliness is far greater 
in hot moist climates, such as prevail in certain parts 
of India during the monsoon, than it is under the con- 
ditions usually met with in England. This may 
explain the fact that failures of cartridge cases through 
season-cracking have been far more frequent in India 
than in England. 

The Influence of Tool Design on the Development of 
Internal Stress—An attempt was made to ascertain 
the nature and existence of internal stresses by direct 
measurement. An experiment was conducted, the 
object of which was to ascertain whether the hoop 
stresses in the outer skin of a second-draw case, in 
the unannealed state, are sufficient to reduce the peri- 
phery when the inner supporting metal is removed. 
Ten second-draw cases, made with conical dies, and 
10, made with ‘‘ M” dies, were measured for diameter 
0-3 in. from the base (outside) in a Newall measuring 
machine. Measurements were taken across eight 
diameters, i.e., every 224 deg. Half the thickness of the 
wall was then bored away from the inside, and the 
diameters were again measured in the same places. 
Half the thickness of the remaining portion was then 
bored away, leaving the outer skin approximately 
one-quarter the original thickness of the wall. The 
diameters were again measured in the same. places. 
The contraction (average mean) in the outer skin was 
found to be 0-107 per cent. in the cases with ‘““M” 
dies, and 0-252 per cent. in the cases made with conical 
dies. Assuming a modulus of elasticity of 7,500 
tons/in.? in the case of 70 : 30 brass, the corresponding 
stresses in the outer skin are 18-9 tons/in.? in cases 
made with conical dies, and 8 tons/in.? in cases made 
with ““M”’ dies. 

The figure given here for the modulus of elasticity 
was taken from ‘“‘ Season-Cracking,” by Hatfield and 
Thirkell.* The yield point of the material in the 
hard state is not known exactly, but the figure of 
18-9 tons/in.? is in all probability very close to it. 
If the figures in the above experiment are-reliable, and 
represent typical cases made by the two designs of 
die, then the explanation why cases made with conical 
dies are liable to split if stored in contact with the 
substances used for lubricating and cleaning, whereas 
cases made with the “‘M” form of die do not usually 
split under these conditions, is complete. The figures 
in the experiment showed that considerable variations 
in contraction take place in cases made with the same 
type of die, and this would account for the variation 
in the incidence of failure. If the chemical action is 
weak, or the period of storage short, then only those 
cases, in which the stresses are greatest, fail. With 








* See ENGINEERING, vol. cviii, page 456 (1919). 
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stronger chemical action, or longer periods of storage, 
the cases with smaller stresses fail. 

Effect of Size of Punch and Arrangement of Dies.— 
Experiments on somewhat similar lines, with variations 
in the size of the punch, were carried out. It is well 
known that in tube drawing if the mandrel is small, 
so that the die merely reduces the diameter of the 
tube without effecting any reduction in the thickness of 
the wall of the tube, internal stresses are produced. 
This operation is known as “sinking.” A worn 
punch used in cartridge-case drawing would have a 
similar effect. The following experiment was arranged 
with the object of ascertaining the effect of (a) die design 
and (6) variations in the size of the punch, on the 
tendency to produce internal stresses in second draw 
cases. 

Cups from current manufacture were passed through 
first draw, annealed, and divided into six batches. 
Each batch was then passed through the second 
draw, using the punches and dies shown in Table V. 


TaBLe V.—Mean in Inches of Hight Diameters taken on 
each of Ten Cases made with a Particular Combination 
of Dies and Punches. 








Mean Mean 
Diameter | Diameter Mean Stress 
Dies. | Punch. before after Contrac- | in tons 
Boring Boring tion. per sq. 
10 cases 10 cases in. 
Inch. Inch. Inch. 
M Large* 0-52189 0-52171 0-00018 2-6 
MM # 0-52194 0-52135 0-00059 8-5 
cc a 0-52123 0-52059 0-00064 9-2 
M Smallt 0-52187 0-52141 0-00046 6-6 
MM - 0-52197 0-52121 0-00076 10-9 
ce » «| 0-52140 0-52060 0-00080 11-5 

















* 0-005 in. larger in diameter than standard Kirkee punch 
+ 0-005 in. smaller in diameter than standard Kirkee punch. 


Ten cases drawn with each of the six combinations of 
dies and punches were then measured for internal 
stress as follows :—Diameters every 22-5 deg. (eight 
readings) were recorded 0-35 in. from the base (out- 
side). Cases were then parted off 0-45 in. from the 
base (outside), the internal metal was bored away 
until the walls were about 0-01 in. thick, i.e., approxi- 
mately 0-25 of the original thickness, a ring 0-2 in. 
long was then parted off from each case, and the 
diameters every 22-5 deg. apart were remeasured. 
This operation was done by placing the ring on a 
mandrel with a slight taper. The ring was pushed over 
the mandrel with just sufficient force to support it during 
the measuring operation, but not enough to stretch it. 
The annealing was conducted at from 560 deg. to 580 
deg. C. for 50 minutes. The dies used were as indicated 
in Table V. The letter “‘M” denotes a single die of 
Metal and Steel Factory pattern, as shown in Fig. 8, 
and “‘ MM” two of these dies in tandem. The letters 
““CC”’ denote two conical dies in tandem. Three con- 
clusions were arrived at, namely, single dies produce 
smaller internal stresses than two similar dies in 
tandem. ‘“‘M” pattern dies in tandem produce 
smaller internal stresses than conical dies in tandem. 
Large punches, which give a relatively greater reduction 
in the wall of the case, produce smaller internal stresses 
than small or worn punches which effect a slight 
reduction in the wall. 

The stresses in the surface metal of the cases made 
with conical dies are smaller in this experiment than 
those in the previous experiment. This may be due 
to the fact that in the latter the measurements were 
taken nearer the base than in the present experiment. 
The tubular portion, just above the base, being thicker 
than it is higher up, the case may be more susceptible 
to the action of conical dies in producing internal 
stress. Although the difference between the two forms 
of die in their tendency to cause surface tension in the 
metal is not so marked in the second experiment, it 
shows in a very conclusive manner the superiority of 
single dies over tandem dies and the evil effects of 
using @ worn punch. 

It is now possible to offer an explanation of the effects 
of the different combinations of tools used in the last 
experiment on the internal stresses. Drawings to 
scale of the first and last combination in the second 
experiment are shown in Figs. 15 and 16. The punch 
is supposed to have advanced so that it stands 0-2 in. 
below the bottom surface of the die in each case. 
In the case of the single ‘“‘M” die, shown in Fig. 15, 
the metal is subjected to a sinking operation from 
a to 6. From b to c, however, the metal is 
compressed between the punch and the die. The 
length of this compressing portion of the operation is 
nearly 0-2 in., or about five times the thickness of the 
wall of the case. In the “CC” combination with the 


small punch shown in Fig. 16, however, the sinking is 
greater, and the length of the compressing portion of 
the operation from e to f is only about 0-05 in., or 
very little more than the thickness of the wall. The 
metal arrives at e in a state of compression circum- 


ferentially. The action of the die in compressing the 
metal from e to f, being short, is mainly on the surface. 
The compressive stresses in the surface layers of the 
metal are probably relieved; but this action does 
not extend throughout the wall of the case, conse- 
quently differential stresses are set up. This super- 
ficial action in the lower die is even more pronounced. 
The portion from g to h is only 0-017 in., or not much 
more than half the wall thickness. The die merely 
scrapes the surface and leaves the interior portion of 
the metal unaltered. This scraping or burnishing 
action merely pushes the surface of the metal in 
locally. 

The squeezing action between the die and the punch 
in the case of the single ““M” die being of much 
longer duration, plastic flow of the metal probably 
takes place throughout the entire wall. This view 
would appear to be justified from some experiments 
on cases of larger dimensions, which were started and 
afterwards discontinued. The most noticeable feature 
of these experiments was the difference in the appear- 
ance of the mouths of cases made with conical dies 
and “M” dies. Although the second draw cases 
made with both forms of die were identical in appears 
ance in all other respects, the two kinds could be 
picked out by eye at a glance. 

The author believes that the use of tandem dies is 
almost universal amongst small-arms cartridge makers. 
The reason for this appears to be that the bottom die, 
which determines the size of the case after each draw, 
having little work to do, wears less quickly than a 
single die, and, consequently, needs changing less 
frequently. This practice, however, is open to ques- 
tion, since it produces stresses of a high order. Inci- 
dentally, it may be remarked that dies of the ‘“‘“M” 
type wear far less rapidly than those of the conical 
form hitherto used at Kirkee. The reason for the 
adoption of the latter form of die appears to be 
obscure. The practice in making Q.F. ammunition 
cases at the Metal and Steel Factory, and, so far as is 
known by the author, at most other factories, is to 
use single dies at each drawing operation; and it 
would appear desirable to do so in the case of small- 
arms ammunition. The importance of this may not 
appear great in England; but in hot, moist climates, 
where chemical action is more intense, the point is 
worthy of serious consideration. 








British STANDARD SPECIFICATION FOR FIELD 
RHEOSTATS.—Field rheostats, for electric generators, 
motors, synchronous convertors and balancers, with 
direct-current excitation, are dealt with in a new stan- 
dard specification just published by the British Engineer- 
ing Standards Association, as No. 280—1928. The 
rheostats are intended to be used for all standard electrical 
voltages up to and including 660 volts. A compre- 
hensive list of definitions of types of rheostats and 
enclosures is given, and the specification proper deals 
with the current-rating of the regulating-switch and of the 
resister, general construction, temperature limits, non- 
interruption of field circuit, grading of resistances, &c. ; 
while, in addition to sections dealing with design and 
construction, and tests, two appendices are included 
covering the information to be supplied to the makers 
with inquiry, and the direction of rotation of operating 
mechanism. The methods of operation recognised as 
standard in the specification are direct hand-operation, 
remote hand-operation and remote electrical operation ; 
while the methods of mounting which have been taken 
as standard are front-of-board and wall-mounting, 
back-of-board mounting, floor mounting and ceilin 
mounting. Copies of this specification may be obtaine 
from the Publications Department, B.E.S.A., 28, Victoria- 
street, London, 8.W.1. Price 2s. 2d. post free. 





LAUNCH OF THE §.S. ‘‘ YARRAVILLE.’’—The launch 
took place on February 13 of the second of two oil 
tank vessels which are being built to the order of the 
Vacuum Oil Company, Limited, by Messrs. Lithgows, 
of Port Glasgow, under the supervision of Messrs, 
Flannery, Baggallay and Johnson, Limited, of London, 
The vessel, which has been named Yarraville, complies 
with Lloyd’s highest class for the carriage of petroleum 
oils in bulk, and is built on the Isherwood system of 
framing to the following main dimensions: length, 
460 ft., breadth, 62 ft. 6 in., and depth, 36 ft. 6 in., 
the deadweight being 12,770 tons on a draught of 
28 ft. The cargo is carried in nine main oil tanks 
sub-divided by a continuous longitudinal oil-tight 
bulkhead extending to the upper deck, while summer 
tanks are provided on each side in way of main oil 
tanks. The pump room, which is situated between 
Nos. 6 and 7 main tanks, and is extended to the upper 
deck, contains two horizontal duplex cargo oil pumps 
of Hayward-Tylor make, having a capacity of 500 tons 
per hour. Fuel oil is carried in a cross bunker and a 
tank at the forward end of the vessel, while the double- 
bottom under the engines and boilers is arranged for 
either feed or ballast water, a further ballast tank being 
provided under the forehold. The propelling machinery, 
which will be situated aft, consists of an inverted 
direct-acting triple-expansion engine, supplied by 
Messrs. David Rowan and Company, Limited, of 
Glasgow. Steam is supplied at a pressure of 220 lb. 
per square inch by three single-ended multitubular 
boilers, fitted to burn oil fuel on the Todd system, 





combined with Howden’s forced draught. 








CATALOGUES. 


Forced Lubrication.—Mr. Paul Dieny, 317, High Hol- 
born, London, W.C.1, has sent us a catalogue of the 
Frisch forced-feed lubricator containing a detailed 
description of its construction and operation. 


Electric Lamps.—A new catalogue of Osram gas-filled 
and vacuum lamps, with special types for automobiles, 
has been issued by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2. 


Tractors.—The Caterpillar Tractor Compariy, San 
Leandro, California, U.S.A., have sent us a copy of their 
periodical containing illustrations of their tractors applied 
to haulage, excavating, road-making and other work. 


Squared Paper.—A set of samples of papers ruled for 
graphical plotting and described as: sectional, progress, 
logarithm, polar, triangular, isometric, profile, &c., has 
been issued by Messrs. Wightman, Mountain and 
Andrews, Limited, 31, Victoria-street, London, S.W.1. 


Welding.—A catalogue of arc welding sets with 
practical notes on operation and illustrations of some 
difficult repair and construction work carried out with 
the apparatus is to hand from the British Secheron Com- 
pany, Limited, Abbey House, Victoria-street, London, 
8.W.1. 


Valves, Penstocks, &c.—Messrs. Ham, Baker and Com- 
pany, Limited, Langley Green, near Birmingham, have 
issued a book of illustrations of their works and products, 
showing foundries, machine shops, erecting shops and 
many of the large valves, penstocks and castings in 
which they specialise. 


Electric Generators.—The Oerlikon Company, Limited, 
28, Essex-street, Strand, London, W.C.2, have issued a 
bulletin describing two 11,000 kv.-a. single-phase water- 
driven generators, and a 14,000 kv.-a. three-phase 
machine, constructed by them for the Swiss Federal 
Railway power station at Vernayaz in the Rhone Valley. 


Locomotives.—The Berliner Maschinenbau Actien 
Gesellschaft (formerly L. Schwartzkopff) have issued, in 
the 75th year of the firm, an excellent series of illustrations 
of locomotives and road rollers with short particulars 
printed in German, English, French, Spanish and Italian. 
Their agent in this country is Mr. Fredk. A. Perry, 63, 
Queen Victoria-street, London, E.C.4. 


Engines.—We have received new catalogues of port- 
able and semi-portable steam engines from Messrs. Mar- 
shall Sons and Company, Limited, Gainsborough, show- 
ing a range of powers from 7 h.p. to 50 h.p. with single, 
double and compound cylinders, working at 150 lb. per 
square inch boiler pressure. Furnaces for burning low- 
grade fuels can be fitted when required. 


Steel Works Machinery.—A catalogue of steel-works 
plant is to hand from Messrs. Duncan Stewart and 
Company, Limited, London-road, Glasgow, showing 
machines for shearing billets, plates and slabs ;_ tyre and 
wheel-making machines; and improvements for appli- 
cation to existing rolling mills. The machines show 
many adaptations for special work and the catalogue is 
of exceptional interest in this respect. 


Worm Gearing.—We have received a booklet on worm 
gearing from Messrs. Joshua Buckton and Company, 
Limited, Leeds, dealing with the enveloping worm gear 
made by their associated company Messrs. Bostock and 
Bramley, Leeds. A very full explanation of the gear 
with diagrams and illustrations is given, and notes on its 
application to motor cars and vehicles, tramways, electric 
locomotives, machine tools, &c., are included. 

Electrical Machinery.—The January number of the 
A.E.G. Company’s journal Progress, which is print 
in English, contains descriptions of main shaft winding 
engines for a colliery in Japan and safety devices for 
winding gear when electrically driven. Articles are also 
included on electric-steel furnace regulation, pumping, 
and the laying of a submarine power cable, 1,300 yards 
long, to an island in the Baltic sea. The journal is dis- 
tributed by the A.E.G. Machinery and Apparatus Com- 
pany, Limited, 131, Victoria-street, London, 8.W.1. 
Circulars showing domestic electrical appliances are also 
to hand, 

Metal Cleaning.—The processes of cleaning castings, 
and metallic articles generally, by sand blast and tumbling, 
are described in a catalogue to hand from Messrs. J 
Jackman and Company, Limited, Blackfriars-road, 
Manchester. The sand-blast equipment described is 
suitable for open use or for use in rooms, cabinets, barrels, 
&c.; in all cases, careful attention has been given to the 
Home Office requirements for protecting the health of the 
operators. Fettling tables, tumbling barrels, grinding 
machines, chipping and caulking hammers, git cutters, 
exhausting fans, separators, &c., are also illustrated, in 
forms specially designed for the cleaning processes. 








WetsxH Trvptate TrapE.—According to the annual 
report on the Welsh tinplate market, compiled by Messrs. 
Sim and Coventry, of 110, Cannon-street, London, 
E.C.4, some 472,000 tons of tinplates and tinned shoets 
were exported from this country during 1927. This 
figure is nearly 100,000 tons greater than the 1926 total, 
but, unfortunately, is much less than the 1923, 1924, and 
1925 totals, which were al] well above 500,000 tons. 
On the other hand, it is stated that other countries have 
improved their export figures, notably the United States 
and Germany. Moreover, efforts are being made in 
various countries to produce sufficient material for their 
own needs. In this connection it may be poln 
out that during the last 15 years, Italy has more than 
doubled her output, France has increased production 
by about 80 per cent., while Czechoslovakia is now #mong 
our competitors in the export market. 








a= 6«65lUk em 0Oe bet at 


oe ™ ms 


Th 








par 
ric 


he 
ed 


nd 


ve 
tes 


eir 


1an 
ion 





MARCH 16, 1928.] 


A NEW THEORY OF SILT AND SCOUR. 


By W. T. Borromtey. 


water, according to the late Mr. P. A. M. Parker, 
M.Inst.C.E., is one of the least understood subjects 
in hydraulies.* Parker gave rules, based on observa- 
tions, for the relation between the velocity and the 
depth which fixes the limits when scouring begins 
and when silting begins, according to the size of the 
material carried. He says that the results are only 
approximate and, except for the conditions for fine 
silt, rest on very slender experimental evidence. 
articulars are also given by Thrupp (see Proc. Inst. 
C.E., vol. clxxi, page 346). The data from both 
these sources are somewhat indefinite. 
More definite information on the subject is given 
by Mr. R. G. Kennedy in a paper to the Institution 
of Civil Engineers in 1894 (see Proc. Inst. C.E., 
vol. exix, page 281). Kennedy observed that for 
canals of rectangular section in the Punjab which, 
through time, had reached a condition of equili- 
brium, that is to say, the beds were untouched by 
silting or scouring, the relation between the mean 
velocity of flow and the depth for all sizes of canals 
was given by the equation V = Cd®, where V 
is the mean velocity in feet per second and d is the 
depth in feet. The value of the constant C for the 
canals observed was 0-84, but the value varies for 
different countries. 
He explains the meaning of the non-silting non- 
scouring velocity by showing that the percentage of 
silt carried in the canals is the same in each case. 
and shows that the non-silting velocity is the velocity 
required to carry this percentage of silt. This, 
however, is arguing from the effect, and does not 
explain the cause which fixes the percentage silt 
carried. 
Kennedy assumes that the silt carried by the 
water depends on some power of the velocity, say, 
yn+1, and on the width of the canal, but is 
independent of the depth. That is to say, the silt 
carried in a canal of width 6 is kb V"+1, where 
kisa constant. The quantity of silt carried is also 
equal to pQ, where Q is the quantity of water 
flowing per second and p is the ratio of the quantity 
of silt carried to the quantity of water. 
We have therefore— 


kbV"+1 = pQ 
= pbd V. 
Therefore 
Py 
v=(E)'« 
When 
n = 1-56, then V = C d0-64 


This explanation is unsatisfactory, because it does 
not show why the value of the constant C is different 
for different countries, and also because the value 
of the index n appears to be arbitrary. In addition 
to this, the formula is only applicable to channels of 
rectangular sections, and no indications are given 
to show how the formula can be adapted for natural 
irregular sections of rivers. 

_ The error in Kennedy’s explanation appears to be 
in the assumption that the silt, carried by the water 
is independent of the depth, which is, in a way, 
begging the question, and which will afterwards be 
shown to be improbable. It is generally understood 
that the silt is lifted in the water by eddies or vortices 
created at the bed. One may presume that the 
lifting force is obtained in a similar manner to the 
partial lift of aeroplanes according to Lanchester 
and Prandtl’s theory, that is, by means of vortices 
which have an underspin relatively to the motion of 
the fluid. 

_Assuming that the water is flowing in the direc- 
tion from left to right, the bed has a retarding 
action on the bottom layer of water, and vortices 
are created which have a spin in a clockwise direc- 
tion. Owing to the retarding action of the bed, 
the vortices will move from left to right with a 
slower velocity than the velocity of the water. 
Relatively to the water, the vortices are moving 
from rizht to left with an underspin, and the 
resultant effect is to give the vortices an upward 
Swerve. The theory of the upward swerve on 








* Parker, Control of Water, p. 488 et seq. 


scouring velocities in canals, as indicated by these 
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the number and strength of the vortices and, there- 
fore, depends on the frictional resistance at the bed. 


force and the hydraulic gradient. 

Let P be the difference in pressure between two 
cross sections of a channel / feet apart, due to the 
hydraulic gradient s, and R be the resistance per 
square foot of channel bed or wetted surface. 

The total resistance to flowis equal to Rwl = AP. 
Therefore 


AP 
Rw = oe 


where w is the width of the channel bed or wetted 
surface, A the cross-sectional area of the flow, and 
p the density of water, the cross sections of flow 
being of any irregular shape. 

Since the silt is carried forward with a velocity 
proportional to V, the quantity of silt passing a 
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cross section of the stream per second is proportional 
to the frictional resistance R, the width of bed w, 
and the mean velocity V, and the percentage silt 
carried is 





- Rt eee ot the . Q) 
where & is a constant. The percentage silt carried 
by the water is, therefore, proportional to the hydrau- 
lic gradient and is independent of the shape of the 
cross-sectional area of flow. 

The equation for the flow of water in terms of 
the gradient can be obtained from Kutter’s, Bazin’s 
or other formule used by engineers. These formule 
are, however, empirical, and the flow can be repre- 
sented, with the same degree of accuracy as Ken- 
nedy’s observations, in the form given by Manning, 
namely : 


1-49 
=S 0°67 0°5, 
Vv N ’ . ° (3) 


where N is the value of Kutter’s N and r is the hy- 
draulic mean depth. 

If the percentage silt carried is constant, the 
hydraulic gradient is constant, then :— 


V=Croem. . . (4) 
This is the same form as Kennedy’s equation for 
the non-silting non-scouring velocity if the ratio 


of the depth to the hydraulic mean depth is constant. 
The conditions governing the non-silting non- 


considerations, may be explained thus: The per- 
centage silt carried by the main canal is determined 





* For constant gradient other equations of flow are :— 
According to Thrupp V = C r0-6l 
According to Lea V = Cr0-75, 
See Hydraulics, by F. C. Lea. 





vortices is explained at the beginning of an article | by the hydraulic gradient, and the same percentage 
on the Lanchester-Prandtl theory of aeroplane /}silt can only be carried through the distributary 
. lift and drag which appeared in ENGINEERING, | canals without silting or scouring if the gradients 
Tue silt-transporting power of a current of} vol. xvii (1924). 


of these canals are the same as the gradient of the 


The silt-supporting force of the water depends on | main canal. 


In order that a system of rivers and canals in 
the locality should have no tendency to silt or 


Since the frictional resistance at the bed can be deter- | scour, their gradients should be uniform and equal 
mined from the hydraulic gradient, it is possible|to the prevailing gradient of the country. In 
to determine the relation between the silt supporting | confirmation of this, consider the conditions of non- 


silting, non-scouring velocity in canals in other 
countries. In Egypt, where the canals are fed by 
the Nile, the gradient of which is flatter than those of 
the Punjab rivers, the value of the non-silting, non- 
scouring velocity officially accepted is two-thirds 
of the non-silting velocity in the Punjab for the 
same depth. In Sind, it is three-quarters of the 
Punjab velocity (see _Parker’s Control of Water, 
page 768). 

The following table shows the gradient of these 
canals obtained by means of Manning’s formula 
making N = 0-025, and the gradient of the parent 
rivers feeding them as given by Parker and others :— 





Gradient of Canals 
according to the 
Official Non-Silting 
Non-Scouring Velo- 


Gradient of 


Parent River. Parent River. 





city. 
Rivers in Punjab 1 in 4,000 1 in 4,500 
Nile... as at 1 in 11,000 1 in 10,000 
Indus in Sind .| Prevailing gradient 1 in 8,000 


about 1 in 8,000 











The figures are rough, but they are near enough to 
show that the non-silting, non-scouring velocity will 
be obtained when the gradient of the canal is of the 
same order as the gradient of the parent river, not 
only in the Punjab but in Egypt and in Sind. They 
also enable the non-silting, non-scouring velocities 
to be predicted in other countries where the gradients 
of the parent rivers are different and are known. 
While, on general grounds, it has been shown that 
for carrying a given percentage of silt without 
silting or scouring, the slope of different sizes of 
channels should be the same, yet according to 
Table IL in Kennedy’s paper, the slope of channels 
of rectangular sections should be steeper when the 
channels are smaller. 

In order to determine whether Kennedy was 
justified in basing his formula on the depth instead 
of the hydraulic mean depth, the writer has calcu- 
lated the hydraulic mean depths and the slopes of 
the twenty-two selected channels from which 
Kennedy deduced his formula. This can be done 
by means of equation (3), assuming Kutter’s 
N =0-025. For channels having rectangular 
sections, r = roy where 6 is the width of the 
canal and d the depth. 

The gradients thus obtained for the twenty-two 
channels plotted against the discharge, are shown 
in Fig. 1. It will be seen that the channels fall into 
two groups; the large channels of the main canal, 
which are those from 390 cusecs to 1,700 cusecs, 
conform closely to a constant gradient of one in 
4,500. The distributary channels with discharges 
from 26 to 220 cusecs, and called by Kennedy 
“Rajbahas,” have apparently slightly higher 
gradients conforming to an average gradient of one 
in 3,400. 

In Fig. 2 the same gradients are plotted against 
the ratio of width to depth. It will be seen that the 
gradient is constant for the main channels, although 
the ratio of width to depth varies from 7-5 to 12-5. 
The ratio of width to depth for the distributary 
channels varies between 3-5 and 6, and the gradients, 
as already shown in Fig. 1, are somewhat higher 
and not so consistent. 

The writer’s interpretation of Figs. 1 and 2 is 
that the main channels are operating under the 
same conditions, and support the view that the 
non-silting, non-scouring conditions are determined 
by the gradient and are independent of the shape or 
size of the channel, but the distributary channels 
are operating under different conditions which are 
arbitrary, and without further particulars it is not 
possible to draw definite conclusions from them. 
Kennedy shows that the distributary channels 
were operated in a different manner from the main 
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channels, for he says, ‘“‘ According to the system of 
distribution adopted, each distributary was as far 
as possible always discharged with its full supply. 
the total discharge of the canal being only sufficient 
to provide at one time for, say, nine out of the twelve 
minor channels.” 

It is difficult to say what the effect of this would 
be. The question largely depends on the meaning 
of what Kennedy terms the “ full supply,” which is 
the supply or discharge on which Kennedy’s figures 
were based. Kennedy says the full supply is 
greater than the average, but less than the flood 
discharge. It is possible that the full supply of the 





higher percentage of silt than the full supply of the | 


main canal, in which case the gradient would be Woods suggests that the relation between the depth 
and width should be d = 6°-*4, 


rather higher. 
It was stated above that the silt-supporting force 


of the water depends on the frictional resistance R | twenty-two channels. 
these channels are plotted against the depths, and 


at the bed. 
By equation (1), 
R= PAS. 
Eliminating s by equation (3) we have, 
prkV?  pkV? 


R yi-34 7-34 


The silt-supporting force, therefore, depends on the 
square of the velocity, and depends also inversely 
on the cube root of the hydraulic mean depth. 
Kennedy’s assumption that the silt-supporting force 
is independent of the depth is not, therefore, justi- 
fied on general grounds. 

If Kennedy’s formula is not quite correct, one 
would expect to see some signs of instability in 
channels designed on this basis if the ratios of the 
depth to the hydraulic mean depth were not con- 
stant. Statements made by Parker appear to 
confirm this, for he says that channels designed on 
Kennedy’s rules are more easily put out of regime 
than other channels, and are liable to heavy deposits 
of silt due to local obstructions, such as an almost 
buried tree or the pier of a bridge (see Control of 
Water, page 756). Parker also said that Kennedy’s 
rules are often considered useless by some engineers. | 
Kennedy’s rules, however, were a great advance on 
the previous knowledge on the subject, and the 
steady application of these rules has been the 
means of saving the Indian Government a consider- 
able amount of money in the maintenance of canals. 

The discrepancy in the formula has, however, 
tended to obscure the effect of the gradient on silting 
and scouring. It has also led to several misconcep- 
tions. For example, Kennedy pointed out that in 
designing a channel where sufficient slope to prevent 
silting is unobtainable, the rectangular cross section 
at which the stream will silt the least, and, therefore, 
cost the least in maintenance, is given when bd'+*4 
is a minimum for any given discharge. But accord- 
ing to equation (2) above, the percentage silt carried 
is proportional to the slope, and is independent of 
the relation between the width and depth of the 
channel. If, therefore, the slope is limited, the 
minimum amount of silting is obtained when the 
channel is designed to use the full slope available, 
quite apart from the shape of the cross section. 

According to Kanthack, the first practical appli- 
cation of Kennedy’s theory was to design channels 
with wide beds and small depth of water, but it was 
soon discovered that such extreme sections were 
very unsatisfactory, because the channels tended to 
silt. Kennedy fully recognised this later, and gave 
instructions limiting the ratio of width to depth 
according to the discharge (see Kanthack—The 

Principles of Irrigction Engineering, p. 239). 

It can be shown that, for a given discharge, wide 
and shallow channels designed on Kennedy’s basis 
would give a flatter gradient, and, therefore, would 
tend to silt. The fact that this tendency to silt has 
been found to occur in practice is an indication that 
Kennedy’s formula is not entirely satisfactory and 
supports the theory advanced in this article. 

Mr. W. M. Griffith in a recent paper* also 
attempts to find the best relation between width 
and depth. Using Kutter’s equation for the relation 
between the slope, discharge and the hydraulic 
mean depth, he finds the value of the mean depth 
for maximum percentage silt-carrying capacity. 





* Proc. Inst. C.E., 1927, 





He assumes that the mean depth is materially the 
same as the hydraulic mean depth, an assumption 
which is not permissible, and finds the value of the 
mean depth d which will give the minimum value 
of bd!-**. The depth he obtains in this way is con- 
siderably greater than that found in practice, in 
fact it is invariably about 14 ft., but he says the 
discrepancy does not disprove Kennedy’s or Kutter’s 
formule, but may be due to error in the value of the 
coefficients. It should be noted that Kennedy came 
to the opposite conclusion, namely, that the channel 
theoretically should be wide and shallow. Griffith’s 
deduction, however, cannot be correct because the 
distributary canals as defined carries a slightly | depth obtained is independent of the flow. 


ple tributary channels, which are marked with circles, 
w ‘ are designed differently from the main channels, and 
the two groups cannot be combined into one formula 
| with the same constants. Both groups of channels, 
(5) | however, show that the width increases with the 
depth. For the distributary channels, the width is 


main channels, with the exception of two, the width 
is between 10 and 12-5 times the depth. This agree- 
ment does not necessarily imply anything further 
than that the ratios of width to depth of these chan- 
nels were originally designed on a rule of thumb 


Woods’ suggestion, for the relation between width 
and depth cannot, therefore, be regarded as any- 
thing more than an arbitrary formula which happens 
to be applicable to both groups of Kennedy’s channels 
within certain limits. 
that other relations between the width and depth 


the contrary, the following table, giving particu- 


In a recent article in The Engineer*, Mr. F. W. 
His suggestion is 
based on the particulars given for Kennedy’s 
In Fig. 3, the widths of 


here again the results clearly show that the dis- 


between 3-5 to five times the depth, while for the 


basis, the rule being different for the two groups. 


Fig.3. KENNEDY'S CHANNELS. RELATION 
BETWEEN WIOTH & DEPTH. 
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There is no evidence to show 


On 


would not have been equally as satisfactory. 


lars of four of Kennedy’s channels, is sufficient to 
disprove any necessary relation between width and 
depth :— 











Bed | Ratio | Discharge 
a | Depth |Width | Width to Cusecs. 
| Feet. | Feet. | Depth. | 
| 
| | 
Main Canal. | | 
At Jaman a «of SG 66 | 12 940 
Above Bhambha bridge | 5°5 48 | 8-73 650 
Above Lulliani bridge ..| 5-0 6l | 12-2 700 
Above Gandian bridge | 4:8 36 75 390 
! 


| | 





Since the relation between the width and depth 
of canals is indeterminate, as far as silting or scour- 
ing is concerned, the relation can be determined 
from other considerations, such as minimum cost 
of excavation, or the necessity of obtaining sufficient 
fall of the channel bed, or conditions at the head 
works. 

It has been shown that the percentage silt carried 
by water depends on the gradient. If the water 
in a river flowing at a uniform gradient, carrying 
the percentage of silt due to the gradient, reaches a 
point where the gradient is less, the percentage of 
silt which the flatter gradient can support is less 
than the percentage silt in the water arriving at 
that point and the surplus will deposit by silting. 
Conversely, if the gradient changes to a steeper 





* “A New Hydraulic Formula,” The Engineer, vol. 


gradient, the amount of silt the gradient can sup- 
port is greater than the percentage silt in the 
water and the deficit will be made up by scouring. 
The question whether water will silt or scour locally 
is, therefore, relative, depending on whether the per- 
centage silt carried by the water at that point is 
greater or less than that which can be sustained 
due to the gradient. 

Although this explanation of the meaning of the 
non-silting, non-scouring velocity may appear to be 
self-evident, it does not represent the views held 
by recent writers on the subject. 

Woods assumes that there is only one condition of 
equilibrium, which he calls a “regime” channel, 
carrying a constant percentage of silt, this being 
applicable to all countries. He does not agree 
with the policy of altering the value of the constant 
in Kennedy’s equation to suit the prevailing gradient 
in different countries. 

Parker on the other hand, emphasises the import- 
ance of analysing the grading of the silt to be carried, 
and fixing the value of the constant C in Kennedy's 
equation according to the percentage of silt carried. 
This appears to be an indirect method of making 
the gradient of the channel equal to the gradient of 
the parent channel feeding it. 

Several phenomena of silting and scouring can 
be understood when the effects of gradient are 
considered. For example, the general tendency of 
rivers carrying silt is for the gradient to be uni- 
form throughout and equal to the average gradient 
between source and sink. For if a river com- 
mences with a steep gradient and ends with a 
flatter gradient, silting will occur at the point of 
change. Owing to silting, the flatter gradient will 
become steeper. In addition, the initial scour at 
the source tends to flatten the steeper gradient 
at the source. Vice-versa, if the river commences 
with a flat gradient and ends with a steeper gradient, 
scouring takes place at the change of gradient, 
which again tends to bring the gradient over the 
whole length constant. 

It is weli known that when a river carrying silt 
is dredged locally, the dredged channel will silt up 
to its former level unless dredging operations are 
carried out periodically. The effect of dredging is 
to make the gradient flatter locally and thus to cause 
silting. Scouring at the outer side, and silting at 
the inner side of bends in rivers, can also be under- 
stood. The pressure of water at the outer side of 
the bend due to gravity, is increased by the pressure 
due to the centrifugal force, and the resistance R 
at the side is increased, causing scouring. At the 
inner side, the centrifugal action of the water tends 
to relieve the pressure on the side due to gravity, 
and to reduce the resistance, causing the water to 
silt. 








British STANDARD SPECIFICATION FOR Bott HEADS, 
Nuts anp WasHERS.—A specification recently issued 
by the British Engineering Standards Association 
deals with the dimensions of black iron and steel, cup 


—|and countersunk bolt heads, nuts and washers. Six 


types of bolt-heads are dealt with in the specification, 
for use in connection with iron or steel work and woo 
work, and nine sizes are listed from }-in. to 1 in., M+ 
diameter. Hexagonal and square nuts are specified, 
the dimensions being those formerly issued by the 
Association in 1908, in report No. 28, The washers 
for use with the bolts are of five types, having round 
and square holes, and two patterns are of taper section 
for use with steel angles, channels and beams, Copies 
of this specification, No. 325—1928, may be obtained 
from the Publications Department, B.E.S.A., 28, Victoria- 
street, London, 8.W.1., price 2s. 2d., post free. 





TRIAL TRIP OF THE §.S. ‘“‘ THIRLBY.”—On February 29, 
the single-screw cargo steamer Thirlby, built by a. 
William Gray and Company, Limited, at the Centra! 
Marine Engine Works, West Hartlepool, to the order ° 
Messrs. The Ropner Shipping Company, Limited, © 
West Hartlepool, successfully carried out her official sea 
trials. Built to the highest class of Lloyd’s register 
with long bridge, poop and forecastle, the vessel 8 


418 ft. long overall, has a breadth of 53 ft. 6 in., and , 
moulded depth to the upper deck of 29 ft. 54 in. ag 
or 


arranged with a cellular double bottom, and f alk: 
aft peaks for water ballast, while six watertight b 4 
heads, together with a steel centre line bulkhead an 
shifting boards, divide the holds for grain one, 
The loading and discharging of the cargo 1s carried of 
by means of two steam winches working twelve = 8. 
Triple-expansion engines, constructed at the Centre 
Marine Engine Works of the builders, are fitted, a 
cylinders 26 in., 43 in., and 71 in. in diameter, bee “ 
stroke of 48 in. Steam is supplied by three boilers, 





exliii, p. 646. 


working at a pressure of 180 lb, per sq. n. 
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THE POST OFFICE TUBE RAILWAY, LONDON. 


Fia. 1138. PLatrormM CoNvEYoR AT PADDINGTON. 





Fic. 114. Pratrorm Conveyor sHOWING THROW-OFF. 


THE POST OFFICE TUBE RAILWAY, 
LONDON. 
(Concluded from page 251.) 


To enable the railway to be worked as efficiently 
48 possible and full advantage to be taken of the 
automatic operation of the trains, it is obviously 
desirable that the mail bags shall be passed from 
the ground level to the railway platform with a 
minimum of human intervention. This desider- 
atum is obtained by the employment of an extensive 
system of conveyors, elevators, spiral chutes and lifts, 
either individually or in combination. In general, 
it may be said that the lifts and elevators, combined 
with the conveyors, are used for the upward traffic 
and conveyors and spiral chutes for the downward. 
More particularly, conveyors are used for all the up 
traffic at Paddington and for the parcels at Mount 
Pleasant, and bag elevators, combined with con- 
veyors, ior the up traffic of letters at King Edward 
Building ind Mount Pleasant. 

When lifts are used the bags are loaded into 





the containers in the sorting offices, and are 
wheeled to the lifts by hand for the downward 
journey. At the railway platform level they are 
wheeled from the lifts by hand to the wagons, 
where they are placed in position, as described above. 
The elevators, which are of the bucket type, are 
loaded by conveyors, which are fed through hatches 
on the Post Office railway platforms. The bags are 
discharged from the elevators in the Post Office 
above and are deposited either on to the floor 
level or on to a short conveyor to facilitate clear- 
ance. A view of bags being loaded into a container 
from a conveyor is given in Fig. 134 on page 322. 
The under platform conveyors at Mount Pleasant 
and King Edward Building are loaded through 
hatches in the platform of the Post Office railway 
stations and deliver their contents on to elevators. 
At Paddington, owing to the layout of the Great 
Western station in relation to the Post Office 
railway, there is a considerable length of conveyor 
for the downwards delivery of mails, and the layout 
there is shown in Figs. 117 to 132 on page 311. These 


conveyors, which run in tunnels below the Great 
Western platform, are loaded through hatches and 
deliver their contents on to short conveyors or on 
to the loading table on the Post Office railway 
platform as shown in Fig. 113. At this station 
also there is an upward conveyor for parcels, which 
delivers on to the conveyor to the “lawn,” a portion 
of the station near the southern end of the main 
departure platforms. There is a similar upwards 
conveyor for letters while an under platform 
conveyor connects with the lower parcels conveyor. 

There are in all 21 band conveyors, five at 
Mount Pleasant, four at King Edward Building, 
seven at Paddington, and two at Liverpool-street, 
and one each at the Western, West Central, and 
Eastern Post Offices. This excludes a number of 
short conveyors at various delivery points. Gener- 
ally the construction of these conveyors is the same, 
and is shown in Figs. 113 and 114 annexed and 
Figs. 115, 134 and 136 on pages 310 and 322. 
We refer to some of these conveyors in more detail 
below. Modification in arrangements have, of 
course, had to be introduced at the particular 
stations, owing to the varying distances that it 
has been necessary to cover and different structural 
conditions. 

The band conveyors are, in general, employed for 
the transference of the mail bags. At Mount 
Pleasant, No. 1 conveyor runs under the eastbound 
platform of the Post Office railway, and delivers 
letter bags on to bag elevator No.1. This conveyor 
is 300 ft. long, 32 in. wide, and runs at 240 ft. per 
minute. Its maximum load is 30 cwt. It consists 
of two separate bands running parallel to the station 
platform, which are driven by the same motor and 
converge on one point. Each band delivers its 
load on to the bag elevator. This arrangement is 
made in this particular case, because the bag 
elevator is some distance from the end of the 
station platform ; and it is necessary that the whole 
length of that platform should be served by the 
under-platform conveyors. The bags are loaded on 
to the conveyors through hatches in the platform. 

The second conveyor (No. 2) at Mount Pleasant 
is of similar construction. It runs under the west- 
bound platform, and its general dimensions are 
the same as those of No. 1. It delivers on to bag 
elevator No.2. There is also a third conveyor (No. 
2a) which is installed in an inclined cast-iron lined 
tunnel. This conveyor, which is 190 ft. long 36 in. 
wide and runs at 180 ft. per minute, connects the 
Post Office railway platform with the parcel 
sorting office above and is used for the carriage of 
parcel bags. 

At King Edward Building there are two conveyors 
(Nos. 3 and 4), which run under the eastbound and 
westbound platforms respectively. These are fed 
through hatches as at Mount Pleasant, and deliver 
letter mail bags on to short lengths of similar 
bands running at right angles. These latter 
conveyors deliver the mail bags on to bag elevator 
No. 3. They are both 180 ft. long, 32 in. wide, and 
run at 240 ft. per minute. Their maximum load 
is 15 cwt. 

At Paddington, No. 5 conveyor is installed in a 
subway running immediately underneath the track 
of No. 11 platform in the Great Western railway 
station. It is 300 ft. long, 28 in. wide and runs 
at 250 ft. per minute. Its maximum load is 
30 cwt. and its duty is to transfer the letter bags 
from this platform to conveyor No. 6, which in turn 
delivers them by an inclined chute to the platform 
of the Post Office railway, which is situated im- 
mediately underneath the Paddington District 
Post Office. To facilitate the work, hatches are 
provided in the floor of the Great Western railway 
station platform, through which the letter bags 
can be loaded on to the conveyor. This conveyor 
runs horizontally for a certain distance and then 
dips down at an angle of 18 deg. to meet conveyor 
No. 6. For the latter part of its run, it is 
installed in an inclined cast-iron tunnel. 

An auxiliary conveyor (No. 5a) starts from near the 
end of the railway platform No. 11. It is 80 ft. 
long, 36 in. wide, and runs at 180 ft. per min. 
Its maximum load is 10 cwt. and it runs parallel 
to conveyor No. 5 in the same tunnel and is used for 
delivering parcels on to conveyor No.7. The parcel 





mail bags are loaded on to conveyor No. 5, through 
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a hatch on railway platform No. 11, by means of a 
small auxiliary band, which runs at right angles to 
the main conveyor (Fig. 113). 

No. 6 conveyor is partly horizontal and partly 
inclined at an angle of 18 deg. It is 225 ft. long, 
28 in. wide, and runs at 240 ft. per min. Its 
maximum load is 20 ewt.; and it is used for trans- 
ferring letter bags from platforms Nos. 8 and 9 
of the Great Western Railway station to the Post 
Office railway platforms. These mail bags, as in 
the former case, are fed on to the conveyor via 
chutes. This conveyor also receives mail bags 
from conveyor No. 5. 

Conveyor No. 7 is installed in the same tunnel as 
conveyor No. 6, and is used for transferring parcel 
mail bags from the Great Western Railway platforms 
Nos. 8 and 9 to the eastbound platform of the Post 
Office railway. It is 225 ft. long, 36in. wide, and runs 
at 240 ft. per min. Its maximum load is 20 cwt., 
and it is fed by separate hatches from those men- 
tioned above, and also receives parcels from conveyor 
No. 5a. 

As already mentioned, a large space to the south 
of the buffers of the departure platforms at Padding- 
ton station is locally known as the “lawn,” and is 
employed as a standing for mail vans, while loading 
and unloading. Two conveyors run from the Post 
Office railway station to this point, one of which is 
used for letter bags and the other for parcel bags. As 
the tunnel containing these two conveyors changes 
in direction both horizontally and vertically at 
one point, they have had to be made of two separate 
bands, which are connected by gearing. The loads 
are transferred from one conveyor to the other by 
chutes. 

Letter bags are delivered on to conveyor No. 8 
through a spiral chute, which connects the Padding- 
ton District Office to its upper end. Parcel mail 
bags are delivered on to conveyor No. 9 by means 
of an under platform conveyor. An emergency chute 
is provided for delivery direct on to conveyor No. 9, 
in case the under platform conveyor breaks down. 
Both these conveyors are 390 ft. long and run at a 
speed of 180 ft. per min. The arrangements at 
Paddington are shown in Figs. 117 to 132 on page 311. 

Turning now to the conveyor equipment at Liver- 
pool-street railway station, there are first two parcel 
bag conveyors (Nos. 12 and 13), by which the two 
L.N.E.R. railway platforms, Nos. 10 and 11, are 
connected with the Post Office railway station 
platforms. These are 315 ft. long, 36 in. wide 
and run at 180 ft. per min. Their maximum 
load is 30 cwt. As at Paddington, the bags are 
fed through hatches on the platform, but in this 
case two double-spiral chutes are employed as a 
link between the platform and the conveyor. In 
this case also the conveyor changes both in the 
horizontal and vertical directions at one point, so 
that it is constructed in two parts, which are con- 
nected by gearing and chutes. The other two con- 
veyors (Nos. 14 and 15) at this station are intended 
for dealing with letter bags, and are of the same 
general construction and dimensions as those we 
have just described, except that the belts are 28 in. 
wide. The remaining conveyors are installed in the 
buildings above the railway, and do not require 
special mention. 

The whole of the conveyors are driven by 
separate shunt motors, which are arranged for 
speed variation, and where two or more bands are 
included in one conveyor these bands are connected 
together by bevel gearing. Starting and stopping 
is effected by push-button control from the Post 
Office railway platforms, as well as from some 
suitable position at the head of the conveyors. 
In every case the construction is such that the band 
runs in a trough, the bottom of which consists of 
rollers placed not more than 4 ft. apart. The sides 
of the trough are of sheet steel and are 18 in. high. 
They are stiffened along the top edge by means of an 
angle iron in order to prevent bending. The sides 
are attached to the supports by countersunk bolts, 
so that it is impossible for the bags to catch in their 
transit along the band. Careful precautions have 
also been taken, so that there is a minimum of risk 
of bags becoming jammed or delayed in transit. 
Such precautions are especially necessary, because 
the bags are not always full and the material of 
which they are made may therefore form loose 
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folds, which are liable to catch in anything that may 
be protruding. At points where the bags are de- 
livered on to a band from any chute or loading point, 
the bottom of the trough consists of smooth oak 
boards or sheet steel in order that the loading shocks 
may be taken up. The conveyor bands are made 
of woven cotton throughout, and are provided with 
both aligning and automatic tensioning devices. 
The idler rollers and solid bottoms of the troughs 
are supported on a solid steel framework, which is 
rigidly fixed to station platform joists or to the 
sides of the tunnels. The idler rollers are hollow 
steel cylinders without flanges and are carried on 
standard ball bearings. The main drives for the 
conveyors are supported on roller bearings. 

In dealing with the general arrangement of the 
conveyors we have referred more than once to the 
bucket elevators, which are used at Mount Pleasant 
and King Edward Building for transferring the mail 
bags from the Post Office railway stations to the post 
offices above, where the horizontal distances are too 





small to render the use of band conveyors practicable, 








as the inclination would be excessive. At Mount 
Pleasant there are two of these elevators, both of 
which have a capacity of 20 cwt. An illustration of 
the top of one of these is given in Fig. 116. They 
run between the Post Office railway station and the 
ground floor of the new letter sorting office, the 
height between the extreme points being 65 ft. 
They receive letter bags from the two under-plat- 
form conveyors, with which we have already 
dealt. 

At King Edward Building there is one 20-cwt. 
bag elevator, which also receives its load from the 
two under-platform conveyors, and delivers it on to 
the ground floor of the building at a point in the 
lobby near the east loading platform. The maxl- 
mum height between the loading and unloading 
points is 69 ft. The speed of all three elevators 18 
75 ft. per min. 

All these elevators consist of a number of sheet- 
steel buckets, which are connected to two parallel 
endless chains moving in steel guides, the shape of 
which determines the path of the bucket. The 
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railway stations, and the post offices to the Post 
Office railway platforms. Double spiral chutes are 
installed at the Paddington, the Western District, 
Western Parcels, and the Western Central District 
offices, as well as at Mount Pleasant, King Edward 
Building, Liverpool-street station and the Eastern 
District Office for transferring bags from the post 
office to the Post Office railway stations. Except at 
Paddington and Liverpool-street stations these 
chutes deliver direct, one on to the east-bound- 
platform and the other on to the westbound plat- 
form of the Post Office railway. At Paddington 
and Liverpool-street the chutes deliver on to con- 
veyors, as already described. Except at Liverpool- 
street, the Western Parcel Office and Mount Pleasant 
Parcel Office, the chutes are 6 ft. in diameter, 
and are supported on a central column. They are 
installed in vertical cast-iron shafts, in which there 
is also aspiral staircase. This staircase runs round 
the outside of the chute. At the other stations the 
diameter of the chute is 7 ft. Fig. 135, on page 322, 
shows one of the spiral chutes at Liverpool Street, 
and Fig. 137 the top of one of the chutes at Mount 
Pleasant. 

The chutes are constructed of No. 12 8.W.G. mild 
steel, and are designed so as to be capable of dealing 
with both full and empty mail bags. This has 
necessitated great care being taken in the erection 
and fitting so that jamming is avoided. 

Lifts are provided at all stations and are used for 
parcel traffic in both directions and letter traffic 
in an upward direction, except at King Edward 
Building and Mount Pleasant where band conveyors, 
elevators and spiral chutes are employed, the lifts 
being available in case of emergency. The total 
number of lifts in use at the various stations is 
17. At all stations except Mount Pleasant there are 
25 ewt. lifts, while at Mount Pleasant, where the 
traffic is, of course, heavy, there are four 30-cwt. 
lifts, two in the parcel office and two in the letter 
office. The driving gear is situated at the bottom of 
the shaft in the whole of the installations, except in 
the case of the two lifts in the letter office Mount 
Pleasant, Liverpool Street, Western Post Office, and 
one lift at West Central District Office. One of 
the driving gears is shown in Fig. 133. 

Owing to the limited headroom available, a special 
parbuckle suspension has been provided at Liverpool 
Street, Western Post Office and Western Central 
District Office, the driving gear being fitted at the 
top of the shafts. Between the Post Office Railway 
station platform and the basement level of the Post 
Office above with which the railway connects, the 
lift well consists of a vertical circular shaft, which is 
provided with a cast-iron lining. When the lift is 
taken above the basement level, as it is in some cases 
as far as the second floor, the lift well is a rectangular 
steel structure, which carries the swing doors. Each 
supporting structure, which is suitably enclosed, 
is rigidly braced, the cross members being arranged 
so as to provide fixings for the cage and balance- 
weight guides. The lifts are operated by 440-volt 
direct-current motors and the maximum speed is 
200 ft. per minute, except in the case of the parbuckle 
lifts, in which it is reduced to 150 ft. per minute. 
When operated by the push-buttons the speed of all 
lifts within the buildings is reduced to 120 feet per 
minute. The cages of the Mount Pleasant lifts are 
9 ft. by 8 ft. by 7 ft. high, and of the other lifts 
8 ft. by 8 ft. by 7 ft. high. In each case the lifts 
are balanced for half the specified load. A clearance 
of 2 ft. is provided below the bottom of the balance 
weight, when the cage is at the top landing, while 
an overrun of 2 ft. is allowed for the cage below the 
bottom landing, before it touches the spring buffers. 
The lifts are provided with both push-button and 
car-switch control, a switch for changing over from 
one system to the other being placed on the station 
platform under the charge of the station foreman. 
Limit switches to prevent overwinding are pro- 
vided in each case, as well as a device which causes 
the lift to return automatically to the floor level, 
if it overruns the landing in the course of the travel. 
The lifts were supplied by Messrs. Marryat and Scott, 
Limited, and Messrs. A. and P. Stevens, Limited. 

As it is important that the air from the Post 
Office railway stations should not escape into 
the post offices a ventilating system has been 


' provided, whereby a continuous down draught is | 


po 


THE POST OFFICE TUBE RAILWAY, LONDON. 








133. Lirr Motor aNnD CoNTROL GEAR. 


exerted. The air is drawn over the plant, which 
is, as already noted, installed in the tube inverts, 
and thus caadioes a cooling effect. Finally, it is (Concluded from page 297.) 
exhausted into the open air. In all twenty-five} ON Wednesday afternoon, the 7th instant, at 
electrically-driven fans are provided, there being |2 p.m., the members reassembled in the hall of the 
two systems of ducts and fans at each station. One| Institution of Mechanical Engineers, and _ the 
of these is an inlet system, whereby air is drawn! adjourned annual meeting was continued. The 
down the lift shafts and discharged into a concrete | chair was again occupied by the president, Dr. W. 
chase cut in the floor of the station basement, | Rosenhain. 
and thence into the basement at intervals of 10 ft. Sis : 
through chequer plates. The openings in the Conpvorivirr oF SERIE Runes. 
plates are so arranged that the air is equally dis- The first paper taken dealt with “The Thermal 
tributed throughout the length of the duct. The and Electrical Conductivity of Some Aluminium 
other system, which is an outlet system, draws air Alloys and Bronzes.” It was by Dr. Ezer Griffiths 
from the ducts along the top of the station tunnels, | #24 Mr. F. H. Schofield, and was read in abstract 
the arrangement being such that air is drawn from by the former. This contribution to the proceed- 
the entire length of the station, and is discharged | 8S will be found on page 301 of our issue of last 
through a duct carried up one of the vertical shafts week. ' : 
and terminating in a weather-proof cowl above the In thanking the authors for their “er: the 
roof of the building over the station. President stated that metallurgists accepted the 
At most of the stations there are either one or | 2ccurate physical data which ‘it contained, and, 
two inlet fans with a capacity of 1,100 cub. ft. per| beyond this, there was very little that could be 
minute, but at the Western Parcel Post Office and | Said. It was certainly a striking fact that Lorenz's 
at Liverpool-street there are two fans with a constant varied from one value to another. He 
capacity of 4,500 cub. ft. per minute. The outlet only wished that the authors had been able to 
fans are 4,500 cub. ft., 6,000 cub. ft., or 9,000 obtain some of the high-purity aluminium alloys 
cub. ft. per minute in capacity. now available in America, in order to carry out 


The ducts are constructed of 16 S.W.G. galvanised further confirmatory tests. 
steel plate. Their area is such that the air velocity 
does not exceed 2,500 ft. per minute, and they are TY : d niet ams onli 
laid out so that sharp bends are avoided. Messrs. | ,, s eg: Pla ga Cart aides ni 
Davidson and Company, Limited, of Belfast, were | wa pps in aha Momtamtt) 3 M: Fs 
the sub-contractors for this work 'during Manufacture.” The author, Major F. 5. 
} % , |Grimston, C.LE., having already returned to 
We regret that on page 92 of our issue of | y in die ees weer dete ta. we 
January 27, the name of the executive engineer | — . ee oF xy it ie 
te : rand Mh; |meeting by Dr. H. Moore. The paper wi 
was given as Major W. G. Center. This should | 7 : ke yan 
have been Major W. G. Carter | found on page 304 of our issue < ne a 

ney Ser ; : T iscussi > Mr. A. H. Mundey, 

Finally, we should like once more to thank Major | 2 ee — dha Seems te 
H. C. Gunton and his assistants Messrs. W. H. Powell | 20 S°8t eh a Ss oe fact ae hell 
and J. R. Kingston of the Post Office Engineering | ag at the — ee ‘ts had 
Department, as well as the various contractors | “ pie alps "ace ee er ae material 
whose names have been mentioned, for the help | oversy pine ead t Res siemnd pase yickled under 
they have afforded us in the preparation of this |CV°™ Tamed, OU a was s pan believe 
: |unsuitable conditions. He could quite b¢ 


article. : a ee 
- \that a mixture of soapsuds and sulphuric acid 
| would prove a severe attacking medium. Further- 

TRIAL TRIP OF THE M.S. ‘ BELPAMELA.’’—The single- | more, even if the mineral acid were weak, 2 consider- 
screw motorship Belpamela, built to the order of Rederiet | bl ff fatty acid would be x nerated 
A/S, Oslo, by Messrs. Sir W. G. Armstrong, Whitworth | c amount of free fatty aci : vo + 
and Company, Limited, carried out successful sea trials| by the action of the sulphuric acid on the s0é P 
ne 23. be vessel, which complies with Lloyd’s | suds. This circumstance did not appear to have 
100 A.1l class and the requirements of the Norwegian been mentioned at all in the paper. A subsequent 


Board of Trade, is 325 ft. in length, with a moulded } “ni 
. a . A 7 7 7as pinion 
breadth of 49 ft., and is designed to carry a deadweight speaker, Dr. H. W. Brownsdon, was of the of ble 


of 4,325 tons on a mean draught of 19 ft. 9in. The main} that the paper might lead to very consideré 
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machinery consists of a set of four cylinder, reversible, | improvements in the technique of drawing opera- 
single-acting, two-cycle, Armstrong-Sulzer Diesel engines, | ,. . ° ° n had, however. 
constructed by the Marine Engine Department of the | tions in general. Major Grimston he if he 


‘limited himself to the third-draw product : 
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had taken all the products from the cup upwards, 
he would have found them all in a state of internal 
stress, which, under certain conditions, might lead 
to season cracking. Mr. J. Fox, who spoke next, 
said that the basis of all papers dealing with season- 
cracking was the question of internal stress. He 
was, however, of the opinion that the boring away 
of the wall of the cartridge case, as described by 
the author, did not give a true idea of the stress 
present. If the phenomenon of season cracking 
were studied from the point of view of internal 
couples, i.e., the sum total of all the stresses inside 
the tube instead of one single stress, he was of the 
conviction that the solution of the phenomenon of 
season-cracking and similar effects would speedily 
be solved to the satisfaction of industry in general. 

Mr. W. H. Craven described at some length 
experiments carried out by him in order to confirm 
some of the author’s conclusions. Generally 
speaking, his results, as regards single and tandem 
conical and M-pattern dies, were in substantial 
agreement with those of the author. Furthermore, 
he established that the angle of taper of a conical 
die and the radius of an M-pattern die had a 
considerable influence on the subsequent cracking 
of the product. The next speaker, Mr. F. 
Dickinson, also referred to check experiments, 
carried out at the Research Department, Woolwich. 
They, at Woolwich, had desired to prove definitely 
that highly stressed brass would crack in the 
presence of sulphuric acid. They had taken 70 : 30 
brass tubes from two sources, for the purpose of 
the test. These tubes had an internal diameter of 
2 in., and a wall thickness of 0-05 in. When 
tested in a solution of mercury nitrate, longitudinal 
cracking took place; 2-in. lengths of these tubes 
had been stored in the presence of dilute sulphuric 
acid, consisting, on the one hand, of one part of 
acid to 20 parts of water and, on the other, of 
one part of acid to 100 parts of water. The condi- 
tions of storage were similar to those given in the 
paper, 7.e., some tubes were immersed in the liquid, 
others were partly immersed, others again were 
stored in the presence only of the liquid; these 
latter were placed either in glass test tubes or in 
wooden boxes. About 120 specimens had been 
tested and the storage period was ten days. The 
results obtained confirmed some of those recorded 
by the author. A striking fact had, however, 
emerged from the investigation. Season-cracking 
had occurred in the case of those tubes stored in 
the wooden boxes only, and not in the case of those 
stored in the test tubes. Moreover, some of these 
latter had been subjected to the expansion test 
and no cracks had appeared. 

Mr. J. B. Nevitt thought that one point which 
had been overlooked was the possibility that the 
cracks, found in subsequent service, might have 
been caused by some contamination, possibly due 
to tropical conditions, with the mercury used in 
connection with the caps. He and his colleagues 
had also had to investigate the cause of season 
cracking of cartridge cases. They had tried the 
effect of sulphuric acid and had not produced crack- 
ing as a result. They had also experimented with 
soap suds and had not succeeded in obtaining 
failure. Upon looking round for further possible 
causes of the cracking, they had found, tucked away 
ma corner of the shop, a machine used for decapping 
defective cartridge cases, in the presence of water. 
Mercury fulminate was present in the caps, this, 
they ascertained, had found its way into the shop 
trucks, into which the decapped case had been put, 
and the trucks, when subsequently used, had 
contaminated what had previously been perfectly 
sound material. Dr. Moore, upon being asked to 
reply to the discussion, stated that he would leave 
all the main points to be answered in writing by 
Major Grimston. He thought, however, that Mr. 
Mundey had been too hard on Indian practice. 

he failures were really very rare. One burst in a 
thousand would be considered a very high propor- 
tion indeed. 


Density or METALS AND Co~p Work. 

The third paper considered by the meeting 
Was entitled “‘ Historical Note on Density Changes 
caused by the Cold-Working of Metals.” Mr. 
H. 0 Neill, the author, stated that priority for the 
observation that the density of a metal decreased, 
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when it was cold-worked, was generally attributed 
to certain Continental workers, notably to Spring 
(1891). It appeared that Berzelius (1844) might 
previously have noticed the effect, but it was certain 
that Charles O’Neill, of Manchester, published a 
careful research on the subject thirty years before 
the work of Spring had been printed. 

There was no discussion on this paper, and the 
meeting passed straight on to the consideration of 
the next contribution on the agenda. 


Batt HARDNESS OF COLD-WORKED Sort 
METALS. 


The fourth paper taken was entitled ‘‘ The Ball 
Hardness and the Cold-Working of Soft Metals and 
Eutectics”; it was by Mr. F. Hargreaves who 
presented it to the meeting. The author stated 
that experiments on pitch, vulcanite, and a number 
of soft metals and eutectics, in different conditions 
respecting the application of cold-work and annealing 
treatments, had shown that the relation between 
the diameter of the impression produced in the ball 
hardness test and the time of application of the 
load was expressed by the equation d= ct, or 
log d= s logt + loge, where d was the diameter 
of impression, ¢ the period of loading, and s and 
log c factors which varied in certain ways. The 
temperature of testing had a great effect, and it 
was suggested that the ball hardness of soft metals 
be expressed as in the following example: Tin 
(6:35 m.m.; 40-7 kg.; 30secs.; 15 deg.C.), Brinell 
hardness number = 5-3, s = 0-050. It was under- 
stood, of course, that standard ratios of ball diameter 
D to load P be retained. In the above example 
P/D?= 1/1. In all the cases examined the effect 
of work was to increase factor s, and, in the case of 
pure metals, it was suggested that it was a measure 
of the rate of spontaneous annealing. Investiga- 
tions carried out on the work softening of some 
eutectics had shown that, in the case of the lead-tin 
eutectic, the rapid decrease in Brinell hardness 
between 20 and 30 per cent. reduction in thickness 
was coincident with the rapid increase in the rate 
of spontaneous annealing of the main constituent 
tin. It also corresponded to a critical range in the 
value of log c. 

The first speaker in the discussion, Mr. A. H. 
Mundey, was of the opinion that Mr. Hargreaves 
had proved his point and had demonstrated that 
cold work did soften eutectics. In view of the fact 
that white bearing metals, as used on the railways, 
contained eutectics, he thought that the findings 
of the author were of some interest. Professor D. 
Hanson, the next speaker, thought that the paper 
constituted a definite contribution to our know- 
ledge of the slow deformation of metals under load. 
The alloys used by the author were in their normal 
annealing range and this might throw some light 
on the behaviour, under creep conditions, of metals, 
the annealing range of which was high. The third 
speaker in the discussion, Mr. H. O’Neill, agreed 
with Professor Hanson that the tests carried out 
by Mr. Hargreaves corresponded to creep tests in 
other metals. If a comparison, on an absolute 
temperature basis, were made, Mr. Hargreave’s 
alloys approached their melting points. In other 
words, it was like testing the Brinell hardness of 
copper at 580 deg. C. or of iron at 850 deg. C. It 
was an established fact that both lead, and tin 
hardened by cold work at room temperatures, but, 
on the other hand, the eutectic did not. He thought 
the lower melting point of the eutectic had an effect 
on this circumstance. He had confirmed Mr. Har- 
greave’s hardness tests, using lighterloads. He had, 
however, found that a single Brinell hardness value 
could not be taken as certain. To give a concrete 
example, a soft material which had been subjected 
to a reduction in height of 53 per cent. had been 
tested 2 minutes after removal of the load and had 
given a Brinell value of 9-1; 3 minutes afterwards 
the hardness value was 8-5 and 15 minutes after 
7-7. In another case, the values of a material, 
which had been subjected to a somewhat varied 
treatment before final deformation, after 14, 3, 14, 
and 21 minutes, were, respectively, 7-15, 7-15, 6-7, 
and 6-4. He was of opinion that a dynamic test 
using some form of conical indenter would perhaps 
be preferable to the Brinell machine for testing soft 
materials after deformation. 





Dr. W. Rosenhain thought that the question 


of the melting point was an important one wher 
considering the softening of eutectics by cold 
work. The fact that the mode of deformation 
of a eutectic was quite different from that of a 
pure metal had, no doubt, a great deal to do with 
the softening which took place. Mr. Hargreaves, 
in the course of a brief reply, stated that he did 
not agree that the softening, which took place, 
as a result of cold work, had anything to do with 
the melting point of the eutectic. He thought 
that it would eventually be proved that the 
softening was due to the non-recovery of the 
material from work. He had found that the 
ball of the Brinell apparatus stuck to the specimen 
firmly, and this, he thought, was an indication 
of the mobile state in which the atoms were at 
that juncture. The material did not recover 
from this mobile state quickly. 


THE Hot-rorGine oF METALS AND ALLOYS. 


The last paper taken on Wednesday afternoon 
was entitled, “The Behaviour of Metals and 
Alloys during Hot-forging.” In the unavoidable 
absence of the author, Dr. W. L. Kent, the 
contribution was introduced by Professor D. 
Hanson. The paper will be found on page 331 
of the present issue. 

The first speaker in the discussion, Mr. R. 
Genders, stated that the author had omitted to 
make a reference to the work of Doerinckel and 
Trockels, who had covered much the same ground, 
and who had obtained confirmatory results. The 
next speaker, Dr. H. W. Brownsdon, thought 
that the author had, in some respects, been 
unfortunate in the choice of his specimens. His 
colleagues and himself had found that the hot- 
forging properties of a material were definitely 
associated with the size of the sample. A large 
mass forged much more readily than a smaller 
mass. The author ought to have consulted 
industrialists with regard to his samples. Extruded 
material was used for hot-forging, whereas the 
author had taken rolled or cast metal. The 
properties of extruded metal were different from 
those of rolled or cast material. Again, the author 
had chosen a lead content of 0-5 per cent., whereas, 
in general, from 1 per cent. to 1-5 per cent. of 
lead was found in extruded material used for 
hot-forging. 

The President intimated that Dr. Kent would 
reply to the discussion by correspondence and 
adjourned the meeting until the next day at 10.a.m. 


DISSOLVED GASES IN Brass INGoTs. 


THE first paper considered when the members 
reassembled in the hall of the Institution of Mecha- 
nical Engineers, on Thursday morning, March 8, 
under the chairmanship of Dr. W. Rosenhain, was 
upon the subject of “The Influence of Dissolved 
Gases on the Soundness of 70: 30 Brass Ingots.” 
The author, Mr. G. L. Bailey, stated that the object of 
the work described was that of determining whether 
unsoundness could be induced in 70: 30 brass 
ingots by treating the molten metal with various 
gases before pouring. Preliminary experiments on 
bronze (an alloy known to be susceptible to gas 
effects) showed that treatments with nitrogen gave 
an ingot practically free from unsoundness due to 
gas. Comparative tests were made on samples of 
70 : 30 brass treated with nitrogen, hydrogen, and 
sulphur dioxide, poured in a series of moulds giving 
different speeds of solidification. No evidence was 
obtained, in any of these treatments, of unsound- 
ness in the ingots caused by gas evolution during 
solidification. It was concluded that if appreciable 
amounts of gases were soluble in liquid brass, the 
solubility in the solid state was sufficiently high to 
retain the gas in solution. The probability was, 
however, that the high vapour pressure of the 
zinc in molten brass precluded the solution of gas 
by the alloy. We intend to reproduce this paper 
in an early issue. 

The first speaker in the discussion was Mr. J. 
Cartland, who stated that the author had remarked 
that Guilleman and Delachanal, on evacuating a 
silica tube containing brass, inserted in a coke 
furnace, at about 1,000 deg. C., had obtained gases 
up to 70 times the volume of the specimen. He 





himself had studied the work of these two investi- 
gators, and desired to inform the meeting that, 
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while this statement was true, it was a little mis- 
leading. It made it appear that 70 volumes was 
the general average figure obtained by these two 
workers. As a matter of fact, the figures they did 
obtain varied between very wide limits. To quote 
specific experiments. On six of their specimens, 
containing 60 per cent. of copper, they had obtained 
the following figures: 1-12, 0-84, 26-0, 71-0, 
2-3, 0-43. It was, therefore, hardly fair to quote 
just the one figure of 70 volumes. In his own 
researches on 60 : 40 brass he had found gas present 
to the extent of 0-30 to 0-84 times the volume of 
the metal specimen. These figures, he knew, did 
not agree with the results of Bamford and Ballard, 
nor with those of Guilleman and Delachanal. They 
approached, however, those of Guillet and Roux. 
The gas he had obtained in his experiments con- 
tained 60 per cent. of hydrogen. As far as he had 
gone with his tests he had not been able to establish 
any connection between the volume or the nature 
of the gas obtained and the soundness or otherwise 
of the castings. 

Mr. H. C. Dews said that his first point was in 
connection with the nitrogen treatment of melts. 
This process had first come into prominence at the 
National Physical Laboratory in connection with 
work on aluminium castings. The exact effect of 
the nitrogen treatment had not yet, however, been 
properly understood. The author had assumed that 
in alloys of brass and bronze the nitrogen would 
eliminate any dissolved gases. That was an 
assumption that would require a great deal of 
experimental proof before it could be accepted 
as had been done in this case. As a matter of 
fact, the paper contained direct proof that nitrogen 
did not eliminate furnace gases in bronze. The 
author had recorded a case of unsoundness in 
5 per cent. tin-bronze treated with hydrogen. A 
fresh melt of bronze had been melted in the same 
furnace in a salamander crucible, nitrogen bubbled 
through for 45 minutes, and yet the metal was still 
unsound. Rather than jettison the nitrogen treat- 
ment, the author had preferred to assume that 
fresh furnace gases had been absorbed through the 
walls of the salamander crucible concurrently with 
the elimination of dissolved gases by the nitrogen 
stream. He (Mr. Dews) could only conclude that, 
as far as could be judged at present, the nitrogen 
treatment was not definitely reliable. 

Turning now to the moulds. The times of solidifi- 
cation (maximum 5 minutes), seemed high for 
such small ingots. He would like to know how 
these times had been arrived at and what the casting 
temperature had been. Furthermore, the author 
had assumed that the same time would apply 
equally well for brass and for bronze. From a 
consideration of the thermal conductivity, the 
specific heat and the latent heat of the two alloys, 
it seemed to him likely that the brass would cool 
more quickly than the bronze. The microstruc- 
tures given seemed to show that the brass had solidi- 
fied at a rate differing considerably from that of the 
bronze. With regard to the figures for the percen- 
tage voids, it would have been useful if the author 
had given the exact specific gravity and specific 
volume values of his specimens. 

Dr. M. Haas stated that work similar to that 
described by the author was being done in Germany, 
In coal-dust fired furnaces, sulphur in the form of 
sulphur dioxide was introduced on account of the 
pyrites contained in the coal. In oil-fired furnaces, 
both sulphur dioxide and hydrogen were intro- 
duced. He himself was interested in this SO, 
question and had found that the nitrogen treat- 
ment, especially in the case of bronze, had given 
good results. There was no doubt that the role of 
sulphur dioxide in bronze was similar to that of 
oxygen in iron and steel. He felt convinced that 
in a few years the nitrogen treatment would be 
standardised, and special bronzes would be cast 
by its aid. In closing the discussion, Dr. W. Rosen- 
hain, the president, said that the explanation of the 
action of nitrogen on a metal melt was quite clearly 
understood. Taking the analogous case of gases 
in liquids, if a gas were dissolved in a liquid, the 
amount of gas dissolved was dependent on the partial 
pressure on that liquid. If now an inert gas were 
passed through, the partial pressure would be 
reduced and the dissolved gas must come out of 


solution. Aluminium alloys could thus be freed 
from hydrogen by the passage of nitrogen, but it 
should be emphasised that this need not take place 
in the case of all metals. The nitrogen might 
combine partially with the metal. He was of 
opinion that Mr. Bailey ought to have tried the 
effect, on the density of his alloys, of pre-solidifica- 
tion, i.e., melting, cooling very slowly to expel all 
gases, remelting as quickly as possible, and casting 
immediately. 

Mr. Bailey, in reply to the discussion, stated 
that it had turned very largely on the question 
of the nitrogen treatment. Dr. Rosenhain had 
answered some of the questions put by Mr. Dews. 
He would like to emphasise that, during the nitrogen 
treatment, the gas must be in large excess ; it should 
be the sole atmosphere over the metal. The question 
of the use of the nitrogen treatment for bronze 
seemed to have been misunderstood by Mr. Dews. 
While he was of the opinion that this treatment had 
expelled the dissolved gases he had no intention of 
putting forward this process to bronze manufac- 
turers as a practical proposition. With regard to 
pre-solidification. This procedure had proved very 
useful in the case of the aluminium alloys, and 
Edwards and his co-workers had used it with great 
success in the case of pure copper. By the pre- 
solidification process, they had raised the density of 
cast pure copper to 8-5. On the other hand using 
the nitrogen treatment, they had obtained a 
density of 8-9. Consequently, he (Mr. Bailey) had 
decided to use the nitrogen treatment in preference 
to pre-solidification. He regretted that he had given 
a wrong impression with regard to Guilleman and 
Delachanal’s work ; he had quoted the high figure 
of 70 times the volume of the specimen because it 
indicated that their blank was not satisfactory. 
They had in fact been drawing gases through their 
silica tube. The time of solidification in his experi- 
ments had been taken from the beginning of actual 
solidification (and not from the time of pouring) to 
the end of freezing. The brass ingots had been 
poured at 1,100 deg. C., at standard rates. 

EFFECT OF QUENCHING AND TEMPERING SILVER. 

The next paper to be considered was by Dr. A. L. 
Norbury ; it was on the subject of ‘‘ The Effect of 
Quenching and Tempering on the Mechanical 
Properties of Standard Silver.’’ Dr. Norbury stated 
that standard silver, comprising 92-5 per cent. of 
silver and 7-5 per cent. of copper, as ordinarily 
annealed, contained a considerable amount of 
copper, in which some silver was dissolved, distri- 
buted in the form of small particles, throughout the 
silver solid-solution matrix. By suitable heating, 


e.g., for about half an hour at 770 deg. C., followed | 


by quenching, these copper particles might be 
dissolved and retained in supersaturated solid 
solutions in the silver. On tempering quenched 
specimens, structures reminiscent of martensite, 
troostite, and pearlite were obtained. The as- 
quenched «-solid-solution structure was similar to 
austenite. The martensite structure was the hardest 
and least ductile. The alloy, when in the quenched 


condition, was about 30 per cent. softer, and from | 


20 per cent. to 30 per cent. more ductile, than it was 
in the as-ordinarily-annealed condition. On suit- 
ably tempering the quenched alloy, e.g., for about 
half an hour at 300 deg. C., its Brinell hardness 
increased by about 300 per cent., and its tensile 
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100 deg. C., for half-an-hour. Tempering at that 
temperature for two or three days might have given 
instructive results. Mr. W. A. C. Newman, thie 
next speaker, also thought that the change should 
have been referred to as an age-hardening. it 
was similar to that which took place in Duralumin 
and in the Corson alloys. The next speaker, Mr. 
W. G. Turner, drew attention to the fact that the 
author had used a salt bath furnace for heating his 
silver prior to quenching. ‘He himself had no 
hesitation in saying that this type of furnace was 
ideal for heating silver. It could not, however, 
be used on a large scale, as his firm had found to their 
cost. They had once installed a large gas-heated 
salt-bath furnace for the treatment of silver in 
bulk. They had soon found, however, that, not 
only had an excessively large amount of gas to be 
consumed to obtain the required temperatures but 
that the furnace had to be kept going night and day 
and all through the week-end, otherwise the salts 
solidified, and many hours heating were required 
before they were completely molten again. The 
furnace had had to be abandoned, and, altogether, 
the experiment had proved the most expensive 
the firm had ever undertaken. Nevertheless he was 
still of the opinion that a salt-bath furnace was ideal 
for heating standard silver, and if it could be de- 
veloped on the right lines and adapted to large 
scale working it would prove a boon to silversmiths. 

Professor ©. H. Desch, expressed surprise that 
such an investigation as that put before the meeting 
by Dr. Norbury, had not been carried out before. 
The fact remained that most of the points were 
entirely new. Dr. Norbury’s micrographs showed 
that his alloys bore a striking resemblance to steel. 
On that account he would like to defend the term 
tempering. The changes which occurred were not 
quite the same as those which took place on age- 
hardening. One of the micrographs showed troo- 
stite, i.e., a constituent possessing clearly defined 
| boundaries. Age-hardening did not produce con- 
stituents of this type. The next speaker, Professor 
|D. Hanson, preferred the term age-hardening. 
| Troostite, with its sharp boundaries in steel struc- 
| tures, was produced by quenching, whereas in the 
|author’s experiments, the so-called troostite was 
|obtained as a result of reheating. The analogy 
with steel could, therefore, not be described as 
perfect. On the other hand, sharp troostite-like 
areas might be disclosed in Duralumin, if a suitable 
etching reagent could be found. In the course of 
a brief reply, Dr. Norbury stated that he had 
always associated age-hardening with time. He 
had used the term tempering because the structures 
he had obtained resembled those of steels. 





SEA-WATER CORROSION OF FERROUS AND 
Non-Frerrous METALS. 

The third paper taken was read by the author, 
Dr. J. Newton Friend. It had reference to ‘‘ The 
Relative Corrodibilities of Ferrous and Non-Ferrous 
Metals and Alloys,” and gave, the results of 
four years’ exposure in the Bristol Channel. Dr. 
Friend stated that 50 bars of ferrous and non- 
ferrous metals had been exposed for four years to 
|the action of the sea in the Bristol Channel. The 
| present paper gave an account of the behaviour of 
ithe 14 non-ferrous bars. Losses in weight, depths 
| of pitting, reductions in diameter, and fall in tensile 
| strengths in consequence of corrosion were correlated. 








strength by about 50 per cent. At the same time |The metals examined included tin, lead, nickel, 
its ductility fell by about 50 per cent. These effects | zinc, aluminium, and various coppers and brasses. 
were due to the decomposition of the supersaturated | We intend to publish this contribution to the 
solid solution of copper in silver. The hardening | proceedings in a forthcoming issue. 
obtainable by tempering was uniform, and was} Mr. U. R. Evans, who opened the discussion, 
consequently superior to that obtainable by rolling, | stated that practical men would often turn to 
stamping, and similar operations, in which the | Dr. Friend’s results when in doubt as regards choice 
hardening was not uniform, stresses and strains being | of materials. It was to be hoped, however, that 
set up within the alloy. they would not overlook the author’s wise warning 
The discussion which followed turned chiefly on | that it by no means followed that the metals would 
a question of nomenclature. Some speakers de- | exhibit the same relative corrodibilities if exposed 
fended the term tempering, as applied to standard | under different conditions. As to whether they 
silver, while others thought the term age-hardening | were able to judge, even approximately, the wwe 
was preferable. Mr. A. R. Powell, who opened the | of the difference in conditions between the Bristo 
discussion, was of the opinion that age-hardening | Channel and the place where the materials would 
was the more correct term to use. He thought | actually be used, must depend mainly on whether 
that a study of the effect of time in the tempering | the practical men who had to make ti “— 
operation would have been interesting. Dr. | possessed a scientific understanding of the mec 
Norbury had tempered some of his specimens at | anism of corrosion. Indeed, in considering 48) 
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paper of this character, the conclusion was invariably 
reached that the data would only prove really useful 
if used by men who realised how and why corrosion 
proceeded. It was a matter of vital economic 
importance that the elements of the subject should 
become widely understood, and should be regarded 
as an essential part of an engineer’s training. 
Hitherto, practical men had hesitated to spend 
much time in studying the scientific basis of corro- 
sion, excusing themselves on the grounds that there 
were an infinite number of conflicting theories, and 
that no two of the investigators were in agreement. 
Whilst such an excuse was no doubt valid in 1920, 
it was not valid to-day, when the majority of the 
investigators, who held any theoretical views at all, 
were in agreement on the really fundamental points, 
although no doubt still differing on details, and 
when many of the older theories had been definitely 
abandoned. 

Nevertheless, Dr. Friend’s attitude to the more 
newly-developed theories remained rather ambig- 
uous, and, consequently, it was impossible truth- 
fully to assure engineers that agreement was 
universal. Yet, until engineers were convinced 
that some finality had been reached, they would 
not be persuaded to give up valuable time to tackle 
an unfamiliar and somewhat difficult subject. For 
that reason, it appeared highly desirable that 
Dr. Friend should define his position regarding the 
views of corrosion developed in recent years. 
There were some welcome signs in the paper that 
he concurred in them to some extent, for instance, 
where he suggested that the primary corrosion 
products of zinc were zine chloride and sodium 
hydroxide, which yielded zinc hydroxide (or basic 
chloride) on mixing. Dr. Friend adopted an ana- 
logous mechanism for the corrosion of tin, and 
if he would agree to extend this mechanism to the 
corrosion of iron, it would, he thought, be per- 
missible to state publicly that general agreement 
had been reached as to the underlying reactions of 
wet corrosion. Such a statement would render 
overwhelming the case for the inclusion of the 
scientific study of corrosion in the curriculum for 
the training of engineers. : 

Dr. G. D. Bengough stated that the present paper 
was extremely difficult to interpret. It seemed, 
therefore, that data were being piled up which 
metallurgists would be rather afraid of using. He 
was doubtful whether the superiority of non-ferrous 
over ferrous materials could be proved in a paper 
of this type. Dr. Friend had shown this, in that he 
had omitted the ferrous metals from his order of 
merit. He had also said ‘‘apparent”’ order of 
merit ; this was, no doubt, because he was unable 
to give the true order of merit. The conditions of 
the test were peculiar. Sometimes the bars were in 
water about 38 ft. deep, and at other times they 
were uncovered. Again, the current at that par- 
ticular spot varied in swiftness, and there was the 
further question of erosion by stones. Probably 
all that could be got out of the results was that 
reactive metals and alloys, such as aluminium, 
zinc, and Muntz metal, behaved badly; rela- 
tively passive metals like tin, lead and_ nickel, 
behaved much better; and in between lay a group 
of copper alloys which it was impossible to dis- 
tinguish clearly. 

_ Corrosion was not a physical property of a metal 

like specific gravity or conductivity. This truth 
was due to the fact that two sets of factors were at 
work, one relative to the metal and one relative to 
the conditions. In the present tests one set of 
factors producing corrosion was quite unknown, 
namely, those outside the metal. It was abso- 
lutely necessary to conduct experiments in such 
a way that both sets of factors were fixed, if our 
knowledge on corrosion were to be increased. 
Progress would thus be rendered possible, both on 
theoretical and on practical lines, and the confi- 
dence of practical men would be gained. 

Mr. J. C. Hudson stated that it was desirable to 
conduct field tests on a reasonable number of dupli- 
cate specimens, not only on account of the unavoid- 
able and inexplicable differences that might be 
observed between two apparently similar specimens, 
but also because, when comparative results were 
sought for a number of different materials. It was 


side by side, and it was not easy to ensure that 
all the specimens were exposed under equivalent 
conditions, or that the corrosion of a specimen 
was not influenced to some extent by its position in 
the stand. It was therefore advisable, whenever 
possible, to carry out tests on several specimens 
placed in different parts of the stand. Variations 
due to sheltering effect had been found to occur in 
the case of outdoor exposure tests on the roof of 
the Royal School of Mines. It was probable that 
this sheltering effect was due both to the structure 
of the stand itself and to the environment in which 
it was placed. In order to minimise or eliminate 
errors due to these factors, it was advisable to 
expose duplicate specimens in different parts of the 
stand or to change periodically the positions of the 
specimens. 

Dr. Friend, in his reply, stated that he would 
answer Mr. Evans in writing. He would like to 
remind Dr. Bengough that the conditions under 
which the bars had been exposed were identical with 
those which had caused severe corrosion of the pier 
at Birnbeck Island, Weston-super-Mare. Moreover, 
if it were correct that it was possible to classify the 
corrosion-resisting properties of the metals with 
which he had been dealing into poor, good, and 
intermediate, he suggested that the research had 
not been altogether a failure. In answer to Mr. 
Hudson, he would like to point out that his speci- 
mens had been exposed for over four years. In that 
time, the conditions varied sufficiently to enable any 
slight differences in exposure arrangements to balance 
one another. Again, Mr. Hudson’s experiment had 
been carried out on wires, whereas all the specimens 
in the present investigation were bars of consider- 
able weight. He agreed, nevertheless, that the 
specimens should have been exposed in duplicate. 
The present experiments were, however, merely 
preliminary. A much more complete series was 
now being exposed at Southampton where there 
were 50 bars, in duplicate, under test. 


ALLOYS OF ZIRCONIUM. 


The last paper taken on Thursday morning, 
March 8, was by Dr. T. E. Allibone and Mr. C. Sykes, 
and was entitled, “‘The Alloys of Zirconium—I.” 
The contribution contained an account of some 
physical properties of certain alloys of zirconium. 
The structures of partial series of the alloy systems 
copper-zirconium to 35 per cent. Zr, nickel-zirconium 
to 55 per cent. Zr, and iron-zirconium to 30 per cent. 
Zr, had been studied. In each case, stated the 
authors, the system was eutectiferous, and inter- 
metallic compounds were formed. In the Cu-Zr 
system, the compound Cu;Zr was found, while in the 
Ni-Zr system, two compounds, probably Ni;Zr and 
Ni,Zr, were found in the range of alloys investigated. 
The solid solubility of zirconium in the pure metals 
copper, nickel, and iron was in each case very small, 
viz., less than 0-5 per cent. 

Mr. W. B. Clarke asked the authors whether they 
had carried out tests on the heat-resisting properties, 
or electrical-resistance properties at ordinary 
temperatures of the zirconium-nickel alloys. The 
properties and limitations of nickel-chromium alloys, 
with and without iron, were familiar to all, and it 
would be interesting to know whether zirconium 
might act as a successful substitute for chromium. 
Professor C. H. Desch, who spoke next, stated that 
all the systems were of the same type, namely, 
eutectiferous, with very limited ranges of solid 
solutions. This latter fact restricted their useful- 
ness. It was only when a system embodied a long 
range of solid solutions that its electrical properties 
were interesting. Zirconium was a difficult metal 
to work with; it combined readily with oxygen, 
carbon and nitrogen, consequently, all the alloys 
had to be made by melting in vacuo in an induction 
furnace. Zirconium appeared to alloy easily with 
all the metals tried, but, unfortunately, inter- 
metallic compounds were formed and not solid 
solutions. Professor D. Hanson, the next speaker, 
stated that the authors had shown that with the 
addition of only one per-cent. of zirconium to 
nickel, the tensile strength of the latter was increased 
by from 40 per cent. to 50 per cent., with but little 
loss of ductility, which was remarkable. On the 
other hand, the tensile strength of the pure nickel 
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seemed to him to be low. Dr. F. Johnson, who 
continued the discussion, asked the authors if their 
alloys were thoroughly uniform, and the last 
speaker, Dr. W. Rosenhain, stated that the present 
investigation should be regarded as being of a 
preliminary nature. Even the degree of solid 
solubility should not be considered as settled. 

Dr. Allibone, in the course of his reply, stated 
that the value given for the tensile strength of pure 
nickel referred to metal which had been melted 
in vacuo; this might account for the lower figure, 
as compared with nickel melted under normal con- 
ditions. They had examined their specimens under 
the microscope thoroughly, and were satisfied that 
they were perfectly uniform. They were publishing 
a further paper which would give full details regard- 
ing the resistivities of all the alloys examined. 
Compared with the nickel-chromium alloys, how- 
ever, the nickel-zirconium alloys did not seem to 
give particularly encouraging results. 

The other papers on the agenda were taken as 
read. The President thanked the authors of all 
the papers for their contributions, and the usual 
vote of thanks to the Institution of Mechanical 
Engineers for the accommodation which they had 
kindly afforded for the meeting, terminated the busi- 
ness portion of the proceedings. 

The afternoon of Thursday, March 8, was devoted 
to a special visit to the enlarged offices of the 
Institute at 36, Victoria-street, London, S.W.1. 
An adjacent suite of rooms having become vacant 
during 1927, it has been possible to more than 
double the Institute’s office accommodation. The 
Institute now occupies the whole of one of the floors 
in the building, known as Member’s Mansions, 
together with a portion of the floor above, and is 
exceptionally well housed. On the occasion of the 
special visit, there was an interesting exhibition of 
the latest metallurgical spectroscopic and micro- 
scopic apparatus, as well as a display illustrating 
corrosion problems. Several authors of papers read 
at the meeting showed specimens relating to their 
investigations. 

The annual dinner of the Institute was held at 
the Trocadero Restaurant on Wednesday, the 7th 
inst., the President, Dr. Rosenhain, being in the 
chair. The function was a very successful one, 
and atiracted a large attendance. The toast of 
the Institute of Metals was proposed by Mr. H. T. 
Tizard, C.B., in an amusing speech, which was 
responded to by the President, the remaining 
toast, that of the Guests, being proposed by Mr. A. H. 
Mundey, and responded to by Sir Richard Glaze- 
brook, and Mr. E. F. C. Trench, C.B.E. 





THE TRANSFORMATION OF MATTER. 


For his course of lectures at the Royal Institution 
this year, Sir Ernest Rutherford, F.R.S., has chosen 
the subject of ‘“‘ The Transformation of Matter.” 
The first lecture of the series was delivered on 
Saturday afternoon last. 

In opening his discourse, Professor Rutherford 
said that he intended to give an historical account 
of the development of the idea of the transforma- 
tion of matter, and, in particular, of those natural 
and spontaneous transmutations which were 
associated with the phenomena of radioactivity. 
He considered this subject to be one of the most 
fascinating in the whole field of physics and chemis- 
try, not only on account of the novelty of the 
methods employed in these researches, but also 
on account of the wonderful series of events taking 
place. He would try to illustrate by experiment 
some of the fundamental problems that arose, and 
to state what was, and what was not, certainly 
known. He proposed also to describe the methods 
of attack employed to-day. We knew now a great 
deal about what was occurring, but why the radio- 
active atoms broke up was still a mystery. On this, 
however, we might hope for light in the near 
future, in view of the large number of workers 
engaged on the problem and the more powerful 
means at their disposal. 

The possibility of transforming the elements 
exercised scientific minds in the Middle Ages. 
The idea that one metal might be transmuted into 
another arose early in the Christian Era amongst 








necessary to expose a large number of specimens 





had been given as 21 tons per square inch. This 


the Alexandrian Greeks. A papyrus of the third 








century gave detailed accounts of how to alloy 
metals so as to simulate gold and silver. Berthelot 
had suggested that these recipes for transmuting 
the nobler metals fell into the hands of the priests, 
and that in the course of time it was forgotten that | 
these were merely specifications for alloys, and the | 
belief arose that gold was actually formed. Apart | 
from this suggestion, it was difficult to see how the 
idea of transmutation was held so strongly in the 
Middle Ages. It was based on the philosophic 
idea (which we now knew to have much to recom- 
mend it) that the basis of every element was a certain 
prima materia, and that the different metals arose 
by a combination of this with varying proportions 
of the four elements of Aristotle, earth, air, fire 
and water. Hence, if the experimenter could 
remove or add these elements to a baser metal, it 





seemed possible that this might be converted into 
gold or silver. In the early ages, many, either | 
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| 
command. Nevertheless, certain evidence had | 
been brought forward by Lockyer which, it was | 
claimed, indicated that such transformations ‘were 
being effected in the stars. This view seemed not 
unreasonable, since the atoms must have been built 
up at some time and somewhere. 

This was the condition of affairs when two well- 
known chemists discovered phenomena which 
ultimately proved to be due to transmutations 
taking place before our very eyes. The discovery 
of radioactivity was due to the fact that Bec- 
querel, in 1896, thought he had reason to believe 
that X-rays and phosphorescence were associated 
phenomena. He determined, therefore, to see 
whether rays were emitted when certain bodies 
phosphoresced under the action of light. Amongst 
such substances tried was a double sulphate of 
potassium and uranium, which had been prepared 
by Becquerel’s grandfather. Having arranged this 


these three kinds of rays were passed through 
a magnetic field, the a rays and £6 rays were 
deflected in opposite directions, whilst the y-rays 
were unaffected. 

The «-rays were very much more effective in 
producing ionisation of the air than were the B-rays. 
and these again had far greater ionising powers than 
the y-rays. Representing the latter by unity, then 
the relative power of the $-rays was about 100, 
and that of the «-rays about 1000. 

The electrical effects of the rays from uranium 
were discovered by Becquerel, and following this, 
the Curies proceeded to test the radioactivity of the 
minerals from which uranium had been obtained. 
They first showed that radioactivity was an atomic 
property, and hence, when they found that various 
minerals were many times as radioactive as uranium 
itself, it was evident that these minerals must con- 
tain elements more active than uranium. Madame 
Curie accordingly set to work to carry through an 


imposters or self-deluded, believed that they had | above a photographic plate wrapped in black paper, 
the power to effect this, and some recipes had been | on which rested a metal cross, it became necessary 
given. It was supposed that mercury, or rather | to postpone submitting the double sulphate to light, 
a super-mercury, would be needed, and a prominent | owing to dull weather. The preparation therefore 
part would also be played by sulphur, in forming | stood in the dark for four days, and the plate was 
the philosopher’s stone, with which poverty could | then developed without the double sulphate having 
be immediately transmuted into riches. This | been exposed to light. It was then found that the 
dream had naturally a great attraction for kings, shadow of the cross appeared on the plate, as 
but the only effect of the transmuters employed indicated in Fig. 1, which was reproduced from 


ordinary routine chemical analysis of pitchblende, 
using as “indicator” the electrical properties of 
any radiations that might be emitted. She first 
found polonium, which came down in the same 
chemical group as bismuth, and in the next stage 
discovered that there was a still more active body 
which came down with barium. This latter element 
was given the name of radium. Although radium 
was only one of some 30 radioactive elements now 





by them was to debase the coinage. 

It was interesting to note how the problem was 
regarded by the honest scientific thinkers amongst | 
the alchemists. This subject had been studied by 
Professor Walden, from whose researches it seemed 








clear that whilst all of them believed in the theo- 
retical possibility of transmutation, they regarded 
the feat as impracticable and unlikely. Albertus 
Magnus and his successors were well aware of the 
fact that traces of gold were present in most 
minerals, and when they found traces of gold in 
their products they examined the materials used, | 
and often found gold therein. 

It seemed possible, indeed, that the idea of trans- 
mutation was much more prominent in what was | 
equivalent to the sensational press of that day 
than it was in the laboratories of the alchemists, 
and that the search for the philosopher’s stone 
played a much smaller part in the development of 
chemistry than had been often attributed to it. 

It was the same to-day. The speaker had himself 
had two or three claims submitted to him for the 
transformation of lead into gold, and had been 
shown portmanteaux full of the product. The 
daily Press had also ventilated claims for trans- 
muting mercury and lead into other metals. Such 
claims had, in fact, been made by men of scientific 
training in different parts of the world. In one 
case, gold was found to be present after the passage 
of an electric current through mercury vapour. 
The experimentalists jumped to the conclusion 
that they had transmuted mercury into gold. 
Careful experiments since made showed, however, 
that the gold found was already present either in 
the mercury or in the electrodes. He believed 
that, in this instance, matters had gone as far as 
the formation of a company to exploit the supposed 
discovery. To-day the claim was made that lead 
could be converted into mercury by means of the 
cathode rays. But here again no trouble had been 
taken to make sure that the materials used were 
really pure. They had merely been purchased 
as pure in the open market. 

The experiments above referred to were perfectly 
legitimate and proper, but there was no proof that 
such transformations could be effected on a large 
scale by the means *mployed. Were such trans- 
formations practicable, a necessary corollary would 
be that the cosmos would go through a complete 
cycle in a few hundred years. Moreover, there 
would be an accompanying radiation of a very 
penetrating character and very easily observable, 
and of this there was no reliable evidence. 

With the development of chemistry based on the 
atomic theory, which, incidentally denied the | 
possibility of transmutation, the view arose that | 
all matter could be divided up into some 80 elements | 
the atoms of which were apparently indestructible. | 
At the close of the 19th century, in fact, both | 
physicists and chemists believed that transmutation | 
was impossible by means of the agencies at their 
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the original photograph. It was thus evident 
that the double sulphate emitted a penetrating 
radiation even in the dark, and subsequent experi- 
ment showed that the rays came from the uranium. 
As stated, four days were required to produce the 
result shown. 


source of radiation. Further experiment showed | 
that these radiations could render phosphorescent | 
such substances as willemite and zinc sulphide. A | 
still more important point, however, proved to be 
the fact that these radiations rendered conductive 
any gas through which they passed. Hence, if a 
radioactive body were brought near a charged 
electroscope, the leaves of the latter rapidly col- 
lapsed. This property was used by the speaker in 
1898 for analysing the rays emitted by uranium 
oxide. A layer of this was placed on a horizontal 
plate connected to one pole of a battery. Above 
this layer was a second plate coupled up toa charged | 
electrometer. Under the ionising action of the radia- | 
tions emitted, a current passed between the two} 
plates, thus tending to discharge the electrometer. | 
Different thicknesses of thin gold leaf and aluminium 
foil were placed over the active preparation, and it | 





then became evident that two types of rays were | 
being emitted, which the speaker called « and B| 


rays, respectively. The latter had the greater powers | Electrical Engineers. 
As was now known, these « rays | competition should be about 1,000 words in length, and 
| should refer to the electrical industry — the nai 
. | tiation, All t reach the general secretary 

8 rays were electrons shot out at speeds approaching | : a an dee ' 


of penetration. 
were positively charged atoms of helium, whilst the 


that of light. A third type of radiation was dis- 
covered later, and called y-tays. These were the 
most penetrating of all, and were ultimately found 
to be light of extremely short-wave length. If 


|—The arrangements for the sixth annual competit 


| known, it was perhaps the most important, because 
it was easily separated, had a relatively long life, 
/ and emitted an active emanation. Work subsequent 
|to that of the Curies had given us first actinium. 
|ionium and radioactive lead, whilst still later, 
|Ur X was separated from the parent body by 
Crookes. At the time these experiments were in 
progress, the idea of induced radioactivity arose, 
because bodies placed near radioactive substances 
|also appeared to become radioactive. The cause of 
this was discovered by the speaker in 1900, when 
he found that thorium emitted a radioactive gas 
having stange properties. The apparatus used is 
represented diagrammatically in Fig. 2. In this 
case, air passed over thorium was sent into an 
ionisation chamber containing the three plates 
E, F, H, which were connected to electrometers. 
Electrical effects were produced in this chamber, 
and these died away with lapse of time. The 
substance carried over by the air from the radium to 
the ionisation chamber was named by the speaker 
thorium emanation. It appeared to behave as a 
gas, and a little later it was found that both actinium 
‘and radium also gave out emanations, but whilst 
‘that derived from actinium had an activity which 
' fell to half-value in 3-9 seconds, the corresponding 
| figure for the thorium emanation was 54 seconds. 
| It was this emanation which gave rise to the 
|effects which had been previously attributed to 
|induced radioactivity, and it was, therefore, very 
{important to establish its real nature. This was 





To-day, much stronger effects are . . ° Thev 
obtained in 5 seconds if radium were used as the | effected by Soddy and himself in 1902. They 


passed the emanation through reagents which 

vould precipitate anything but the inert gases, and 
they concluded from their results that the emana- 
tion was an element belonging to this group. The 
total amount of emanation with which this result 
was established was only 10-¥ c.c., as measured at 
standard temperature and pressure. They next 
tried the effects of heat and cold on this gas, 
and found that passage through a hot tube or over 
carbonic-acid snow had no effect, but when, later 
on, a supply of liquid air became available, it was 
found that the emanation appeared to be wholly 
condensed at the temperature of that substance. All 
electrical effects in the ionisation chamber ceased, 
but on removing the liquid air and letting the app@- 
ratus warm up, they reappeared. 





ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
ion 
for the W. E. Highfield Shield have now been completed 
by the Board of Control of the Association of Supervising 
The papers submitted for the 


Asso- 


later than noon on April 23 next. In addition to the 
| shield, five prizes will be offered, three to members an 
two to associates. The values of the prizes range from 
one to four guineas. Full particulars regarding tlic com: 
| petition may be obtained from the secretary of the An 
tion, Chalmers House, 43, Russell-square, London, W.C.!. 
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800-H.P. HEAT-EXTRACTION UNIFLOW COMPOUND ENGINE. 


CONSTRUCTED BY MESSRS. 





THE LATE COLONEL RALPH PEACOCK. | 
THE news of the death of Colonel Ralph Peacock, | 


at his home, Charters, Sunninghill, Berkshire, on | 
March 10 last, will be received with regret by a| 
wide circle in the profession. Colonel Peacock, | 
who was for many years a director of Messrs. Beyer, | 
Peacock and Company, Limited, Gorton Foundry, | 
Manchester, was .the eldest son of the late Mr. 
Richard Peacock, M.P., one of the founders of the | 
firm, and was born at Leeds on April 4, 1838. 
W hen he was still quite a child, his family removed 
to Fairfield, then a village to the north-east of 
Manchester, and the home of a thriving Moravian 
settlement. Young Ralph Peacock was sent to 
the Moravian school, which enjoyed a widespread 
reputation as an educational establishment, and 
remained there until he was sixteen years of age. 
“6 father, Mr. Richard Peacock, after serving as 
»omotive superintendent of the Leeds and Selby 
Railway, and subsequently of the Manchester | 
- Shettield Railway, became associated with Mr. | 
» Yer In establishing the Gorton Foundry, in 1854. | 
talph Peacock, who had just left school, entered | 








the Bonnarc . 7 ae Be 
i. Foundry and remained in it for the succeeding 
years, passing through all the various depart- 
ments, 
In 1860. at t} aia : 
‘ a "’. at the age of 22, he was sent to Paris/ing and lapping. 
reer to gaj > . * * 
26 ; sain some general experience abroad. | Colonel Peacock was granted patents for grinding 
en 


Compan V, 
tion with 
machinery, 
his n . 
Office 


the designing of bridges, dredging 


Mention should be made of his work in connection 
with the provision of travelling riveters and other 
hydraulic machinery, the introduction of multiple 
| tools, and the development of his patents for grind- 


0 the shops of Messrs. Ernest Gouin and | machines used in finishing holes in non-rotatable 
and was employed on work in connec- | pieces of work and also in the grinding of slots, 
a both straight and curved, 

— - lighthouses. Upon his return to/had a great deal to do with the introduction of 
te un Ty in 1862, he entered the drawing | the systematic testing of materials of construc- 
‘orton Foundry, and was engaged in the| tion at Gorton, and the selection and buying of | 


GALLOWAYS, 


(For Description, see Page 318.) 
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locomotive and also in the machine-tool sections. 
In 1876, on Mr. Beyer’s death, and the appointment 
of Mr. Lange as chief engineer to the firm, 
Ralph (now Colonel) Peacock became assistant to 
his father. Seven years later, the firm was converted 
into a private limited company, with Mr. Richard 
Peacock as managing director and his son Ralph 
as a director. In 1899, on the death of his father, 
Colonel Ralph Peacock was appointed managing 
director of the firm, a position he continued to 
hold until 1902. In this latter year, a public 
company, known as Messrs. Beyer, Peacock and 
Company (1902), Limited, was formed, and Colonel 
Peacock accepted a seat on the board, on which he 
continued to serve until his retirement in 1905. 
After having spent over sixty years in Lancashire, 
he went to live in the south of England. He 
purchased Avon Castle, Ringwood, Hampshire, and 
continued to live there until 1915, when he disposed 
of the property and went to reside at Charters, 
Sunninghill. 

Many matters of interest might be noted concern- 
ing Colonel Peacock’s activities at Gorton Foundry. 


In the years 1887 and 1889, 


LIMITED, ENGINEERS, 


MANCHESTER. 





materials always received his special attention. In 
his retirement, he continued to take a keen in- 
terest in the activities of his firm, and keenly 
followed the successful development of the Garratt 
locomotive and the introduction of the Ljungstrém 
steam-turbine locomotive. Until more recent 
years, Colonel Peacock was a member of the 
Institution of Civil Engineers, the Institution of 
Mechanical Engineers, and the Iron and Steel 
Institute. Colonel Peacock joined the Lancashire 
Volunteer Artillery in 1865, was promoted to 
the rank of major in 1870, and became lieut.- 
colonel in 1876. He retired in 1891, and was 
appointed honorary colonel, resigning this dis- 
tinction in 1901. Colonel Peacock received the 
Volunteer Officers’ Decoration in 1895. 





INSTITUTION OF MUNICIPAL AND CountTy ENGINEERS. 
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—A meeting of the Institution of Municipal and County 
Engineers will be held, in the Southern District, in 
Guernsey, from April 6 to 9 next. On Easter Saturday 
morning, April 7, there will be a general meeting, official 
welcome, and a paper will be read by Mr. T. J. Guilbert. 
The remainder of the time will be spent in visits to public 
works and places of interest. Further particulars may be 
obtained from the Honorary District Secretary, Mr. R. P. 
Pearce, Engineer and Surveyor, U.D.C. Offices, Melksham. 





THE InstitTuTION OF ELECTRICAL ENGINEERS. 
Following upon the decision not to proceed with the 
proposed summer meeting in Norway, the Council of the 
Institution of Electrical Engineers has received and 
accepted an invitation from the committee of the Scottish 


| Centre to hold the meeting in Scotland from June 26 to 


29 next. 
course. 


Further particulars will be issued in due 
It will be noticed that, owing to the change of 


date, this meeting will, unfortunately, take place on the 
same days as that arranged by the Institution of 
Mechanical Engineers. 
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800-H.P. HEAT-EXTRACTION UNIFLOW COMPOUND ENGINE. 


CONSTRUCTED BY MESSRS. GALLOWAYS, LIMITED, ENGINEERS, MANCHESTER. 


Fig.5. CROSS SECTION THRO’H.P VALVE. 
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800-H.P. HEAT-EXTRACTION UNIFLOW 
COMPOUND ENGINE. 


On this page, on Plate XX XVI, and on pages 317 and 
319, we illustrate a cross-compound heat-extraction 
engine, built by Messrs. Galloways, Limited, Knott Mill 
Ironworks, Manchester, to replace an existing set of 
engines in a Burnley textile mill. The engines thus 
replaced were of the cross-compound type, having 
cylinders 23 in. and 44} in. in diameter by 5-ft. stroke, 
the designed speed being 50 r.p.m. These engines were 
operated with steam supplied at a pressure of 150 Ib. 
per square inch and a superheat of 150 deg. to 200 
deg. F. They had given good service for many years, 
but when the need recently arose for extensive repairs 
it was decided to replace them with a plant still more 
economical in fuel. 

No alternative site being available, the new engines 
had to be designed to fit on to the existing bed plate, 
so as to reduce to a minimum the stoppage of the works. 
They have, therefore, also been constructed on the 
cross-compound princ'ple, but in other respects follow 
the present standard practice of the builders. They 
have cylinders 21 in. and 37 in. in diameter by 3-ft. 
stroke, and the speed has been raised to 125 r.p.m., 
an increase which has been facilitated by the use of 
oil relays for operating the valves. Provision has been 
made for tapping off as much as 6,000 lb. of steam per 
hour to the extraction mains, in which a gauge pres- 
sure of 30 lb. per square inch is maintained by the 
builders’ automatic pressure regulator. 

The general arrangement of the engine is clearly 
shown in Fig. 1, page 317, whilst the elevation and plan 
reproduced in Figs. 2 and 3, Plate XXXVI, show the 
principal steam connections, and also the location of 
the various accessories. Steam is supplied to the 
engine through the pipe a, shown on the left of Fig. 2, 
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Fig.6, CROSS SECTION THROUGH 
L.P VALVE. 
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Plate XXXVI, and after passing through the main stop | an eccentric on the lay shaft, as indicated in Fig. 6. 
valve and an emergency shut-off valve, as indicated, is |The engine governor releases the oil pressure by dis- 
led to the two valve boxes on top.of the H.P. cylinder. | placing a sleeve which surrounds the plunger and is 
The exhaust valves are below the cylinder, as best seen | fitted with ports through which the oil can escape into 
in Fig. 5, above, to which we shall make further | the surrounding chamber. A dash pot ensures the 
reference later on. The steam to the L.P. cylinder is | quiet closing of the valve. d : 
taken through the pipe 6, Fig. 3. This pipe passes| As indicated in Fig. 5, a spring-loaded relief valve is 
under the L.P. cylinder, as best seen in Fig. 6, on this | fitted at each end of the H.P. cylinder. Relief valves 
page, and is connected up both to the extraction main | are also provided at each end of the L.P. cylinder, but 
and to branches leading to the admission valves. The | these are opened by a variable cam gear. The LP. 
pressure in the extraction main is maintained constant, | cylinder being constructed on the Uniflow principle, 
within very narrow limits, by a pressure regulator, | it is important that the pressure, when compression 
which will be described in detail later. As an additional | commences, should not rise beyond a pre-determined 
precaution against over-pressure, a safety valve is fitted | limit. With normal pressure in the condenser, the relief 
to the receiver pipe. valves remain closed, but should the exhaust pressure 
The L.P. cylinder is constructed on the Uniflow | rise a spring-loaded relay brings the cams into action 
principle, as best seen in Fig. 4, Plate XXXVI. The | and the appropriate relief valve is held open until the 
admission valves are on the top of the cylinder and, as | piston has got far enough on its return stroke to ensure 
in the case of the H.P. cylinder, are of the relay-operated, | that the compression pressure will not exceed the de- 
drop-valve type. The exhaust connection is below and | signed limit. 
the exhaust pipe leading to the jet condenser is shown| As already noted, a sensitive regu 
at c, Fig. 3. The water-injection pipe is located at d,| for maintaining a constant pressure in the extraction 
Fig. 2. The pumps are driven by the tail rod of the | main. This regulator is shown in position in Fig. 3, 
H.P. cylinder, by means of a bell crank. A small barring | Plate XX XVI, and is illustrated in detail in Figs. 7 to 
engine is mounted in front of the H.P. bed plate, as | 10, page 319. A tank of mercury, shown at H, Fig. 8,18 
clearly shown in Figs. 2 and 3. provided in the chamber C, which is connected up to the 
As already noted, the admission valves of both cylin- | extraction main through the valve P, Fig. 9, vais 
ders are operated by oil pressure, practically the whole | loaded by the spring shown. An adjustable a 
of the working parts required being accommodated | valve is also provided at F, Fig. 8, and a constant : 
within the valve bonnets, as shown in Figs. 5 and 6, | small flow of steam is thus maintained through : P 
on this page. chamber C. The pressure in this can be regulated either 
The drop valves are pressed on to their seats by | by adjusting the spring or the leak-off, but this pressure 
springs, and are lifted by forcing oil under a piston on | is always proportional to that in the extraction pao 
the valve stem, by means of a plunger reciprocated by | Should this rise, so also will the pressure in the « hamber€- 


lator is provided 
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800-H.P. UNIFLOW COMPOUND ENGINE. 
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Mercury will thus be forced through the hole K, and 
will raise the float L, which is coupled up by the link 
work shown to the valves controlling the servo-motor 
cylinder shown near the bottom of the standard in 
Fig. 8. As the piston of this servo-motor moves over, it 
varies the cut-off gear to both cylinders and thus re- 
establishes the desired pressure in the extraction main. 
As usual, an overtaking gear is provided which restores 
the servo-motor valves to a neutral position. 











JETTY AND PUMP-HOUSE WORKS 
AT BARKING POWER STATION.* 


By James WILLIAMSON, M.Inst.C.E. 


[us power station is situated on the north bank of 
the river Thames, a short distance below Barking Creek, 
and is the largest which has been built in Britain as a 
complete station at one time. The jetty and works for 
the housing of the circulating-water pumps gave rise 
to a number of special problems, and included some 
sonal features in the arrangement and details of rein- 
‘oreed-concrete work applied to jetty and other con- 
structions in tidal waters. The works described com- 
a a coaling jetty, a barge berth for the export of 
fo es, and pump houses and inlet and outfall works 
or the condensing-water system. 
att is flat marsh land covered with rubbish. 
aa original level of the marsh was 5 ft. to 6 ft. above 
sta hance Datum. The river was retained from the 
cava tetract of a paper read before the Institution of 

““gmeers, on Tuesday, March 6, 1928, 
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marsh by an earthen embankment wall 18 ft. above 
O.D., and the spoil-heap on the site was generally 
higher than the top of the wall. The tidal range in the 
river is 17 ft. to 20 ft., and the highest recorded tide 
16 ft. 10 in. above O.D. The operating floor of the 
pump chambers and the deck of the jetty are at 20 ft. 
O.D. Below the original marsh level, the ground 
consists of layers of clay, peat and silt, with Thames 
ballast at — 20ft.O.D. The ballast is 15 ft. deep and 
rests on chalk. 

The jetty accommodates laden colliers of 3,000 tons 
capacity, and the works are so designed that later, 
by deepening the dredging from —23 ft. to — 30 ft. 
O.D., vessels of 8,000 tons could be dealt with. The 
main berth is 310 ft. long for the first unit and 460 ft. 
long for the double unit. A berth for ash barges, 
dredged to —17 ft. O.D., was required at each end of 
the main jetty, recessed so that the approach of colliers 
to the main berth would not be interfered with. 

The pump house is at the centre of and immediately 
behind the coaling jetty, which is therefore of open- 
work construction. The pump chambers have a depth 
of 40 ft. below the operating floor. The ultimate 
maximum quantity of water to be pumped is about 
60,000 tons per hour. The pump house structure 
(apart from the foundation) is independent of the jetty 
structure, so that the effect of an accidental blow on the 
jetty is not transmitted to the pump house. In the 
central 125 ft. of the jetty, the deck of which is 30 ft. 
9 in. wide, the pump house substructure forms the 
retaining-wall. In order to enable the pump chambers 
and screen passages to be carried out satisfactorily 








in the dry, the whole of the central portion, including 





Be 


the pump chambers for the second unit, was built 
within a large steel sheet-piled cofferdam. 

The main portion of the jetty east of the pump- 
house is of reinforced-concrete sheet piling, batter 
piling, and a sub-deck arranged to carry an anchoring 
load of filling, the front supports throughout being 
| cylinders 5 ft. 6 in. in diameter. The barge berth 
consists of reinforced-concrete piling and sheet piling 
in the lower part, supporting a front wall of reinforced 
concrete, and a sub-deck loaded with filling. In the 
extensions of the jetty and barge berth to serve the 
double unit, modifications were introduced to facilitate 
construction in the tide without the use of dams, which 
would have interfered with the free use of the existing 
jetty. The main jetty is formed in twenty-eight bays 
with twenty-nine cylinders along the front, at a spacing 
of 16 ft. 5} in., except in front of the pump house, where 
the spacing conforms with that of the screen and buttress 
walls. The jetty and pump-house structures are 
supported on a mass-concrete foundation resting on the 
ballast and covered with a slab of reinforced concrete. 
The jetty structure is separated from the walls of the 
screen chambers in front of the pump houses by a gap 
covered with timber hatches. 

For the wharf and jetty wall, continuous sheet piling 
at the back is driven into the ballast and built at the 
top into the reinforced-concrete sub-deck carried on 
groups of vertical and sloping piles. The sub-deck 
is about 17 ft. wide, with base at datum, 20 ft. below 
the main deck. A vertical reinforced-concrete wall 
is supported on the front of the sub-deck and retains 
the filling over the sub-deck and supports part of the 
main deck. A simple trussed frame of reinforced 
concrete connects each front cylinder with this back 
wall and provides support for the deck. The piles 
under the sub-deck are in close groups of eight, six 
sloping, and two vertical, the groups being spaced to 
correspond with the cylinders and frames. 

The horizontal pressure from the earth filling exerted 
on the upper wall is transferred to the sub-deck, partly 
direct and partly through the transverse frames. The 
continuous sheet piling below the sub-deck acts as a 
series of vertical beams to resist the ground-pressure 
behind, the tops of the beams taking support against 
the sub-deck and the lower parts against the material 
infront. Part of the horizontal pressure on the sheeting 
is therefore carried into the sub-deck and the remainder 
is taken by the ground. The horizontal forces resisted 
by the jetty structure are therefore concentrated at the 
sub-deck, which is purposely arranged to sustain a 
large vertical anchorage load of filling in addition to 
considerable load from the structure itself. The resul- 
tant total vertical load on a panel of the sub-deck, when 
combined with the corresponding horizontal force 
concentrated at the sub-deck, produces the inclined 
total resultant force acting on a group of piles. The 
wall above the sub-deck is designed as a flat slab, 
spanning from frame to frame to resist the pressure 
of the ground and as a very deep beam to support the 
crane rail and part of the deck. 

The barge berth at the east end is somewhat similar 
to the back part of the main jetty, with the main 
difference that the sheet piling is at the front and the 
wall above the sub-deck is buttressed at the back. The 
base of the sub-deck, in this case, is 2 ft. above O.D. 

The pump chambers were designed for construction 
in the dry within a cofferdam. The walls have to 
withstand a maximum pressure head on the outside 
of about 36 ft. Each pump house is 60 ft. long by 
20 ft. wide inside, and the long sides are supported by 
two intermediate partition walls. A thick foundation 
of mass concrete was laid in small sections to form a 
clean and firm floor for the reinforced-concrete work. 
The mass was tied by steel anchors to the superstruc- 
ture of the pump house, and assists in resisting flota- 
tion. Five vertical screen walls and two end walls 
project 20 ft. beyond the front wall of each pump 
house, acting as buttresses. The pump chambers 
and projecting walls form a cellular buttressed retain- 
ing wall to resist the overturning effect of the ground 
behind. The reinforced-concrete floor of the chambers, 
apart from the mass foundation, is designed to resist 
upward water pressure from the highest tide. The 
foundations and floor have wide projections beyond 
the walls as a safeguard against flotation. The foyn- 
dation is continuous from the back of the pump 
chambers to the front of the jetty cylinders. 

The contractors elected to carry out most of the 
work in the dry within a timber-sheeted earth-filled 
dam, continuous along the whole length of the works 
on the river side and returned at each end to join to 
the river bank. It passed in front of, and acted as 
reinforcement to, the front walls of the two steel-piled 
dams. The steel dams enabled construction within 
them to be carried out in the dry from the foundation 
upwards. The earth-filled dams elsewhere permitted 
the upper 20 ft. of the jetty and wharf on top of the 
piling to be carried out in the dry. 

The steel-piled cofferdam for the pump chamber was 





136 ft. long, 86 ft. wide, and had a maximum depth of 
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49 ft. In order to permit of a wide spacing of the 
struts vertically, a combination of steel joist king piles 
and Lackawanna steel sheet piles was adopted. The 
complete walls of sheet piles were driven first, the piles 
of the front wall being driven through the ballast into 
the chalk and those of the back wall not quite so deep. 
The king piles were then driven just within the sheet 
piling, in positions in the sides and ends corresponding 
to the eight rows of transverse struts and five rows of 
longitudinal struts. The close supports for the sheet 
piling were provided by horizontal timbers inserted 
between the vertical joists as excavation proceeded. 
The cofferdam was sited on the sloping foreshore, and 
the foundation was also stepped towards the river. 
As the strutting had to provide support equivalent 
to that removed in taking out the excavation, the main 
struts were placed on the slope and roughly parallel 
to the foreshore line. Excavation by grabbing proving 
unsatisfactory, hand labour was employed. Water 
was not serious until the ballast was almost reached, 
and throughout the critical part of the work the 
pumping was done by two Pulsometer pumps, a No. 10 
and a No. 6. 

For the main portion of the jetty, the ground was 
excavated down to the sub-deck to enable piles to be 
driven, but the cylinders were sunk from the original 
ground level, being built up and sunk in 12-ft. lengths 
to —30-5 ft. O.D. Four heavy steel joists were driven 
inside them into the. chalk to —40 ft. O.D. Most 
of the pile driving was deferred until cylinder sinking 
was well under way. For the construction of the sub- 
deck, the pile heads were stripped, the excavation was 
trimmed 6 in. below the under side of the reinforced 
concrete, and a layer of mass concrete was deposited 
in lieu of shuttering to form a clean floor for the 
erection of the steel reinforcement. The broad beams 
over the sheet piling and groups of piles were shuttered 
with timber and filled with concrete after the flat 
slab had been poured. 

Excavation for the barge berth was continued within 
the cofferdam to 5 ft. above O.D., which was con- 
venient for the driving of piles, but still a few feet 
short of the under side of the sub-deck. Vertical and 
batter piles were driven first, and the row of sheet 
piles at the front, last. It was important to obtain a 
good penetration of the sheet piles into the ballast, 
but it was very difficult to drive the points to —23 ft. 
O0.D., a penetration of about 4 ft. On completion of 
pile-driving, the excavation was taken out to the final 
depth, pile heads were stripped, and a thin floor of 
mass concrete was laid as shuttering for the sub-deck. 








ENGINEERING TRAINING AND 
EDUCATION. 


Surveyors’ Institution Scholarships.—As a result of 
the recent competitive examination, the Council of the 
Surveyors’ Institution has awarded scholarships to 
Messrs. W. K. Masters, R. J. Rackham, T. C. Robson, 
and G. 8. Short. The Surveyors’ Institution scholar- 
ships are tenable for three years at any university or 
affiliated college selected by the successful candidate 
and approved by the Council. Each scholar is ex- 
pected to pass the examinations qualifying for an 
honours degree of his university, in a course of study 
selected by him and approved by the Council of the 
Institution as being of advantage in the training and 
practice of a surveyor. 

The Institution of Electrical Engineers.—The Council 
of the Institution of Electrical Engineers is inviting 
papers suitable for meetings of students’ sections. 
Papers based on origina! work are specially welcome, 
but those describing plant or apparatus or sum- 
marising a subject in a useful way may be equally 
valuable. Students’ premiums, not exceeding 101. 
each in value, to the number of not more than six, 
will be awarded every year by the Council to the 
authors of papers of sufficient merit. For this purpose, 
papers are classified under six headings, namely, the 
design and manufacture of electrical plant and switch- 
gear, the generation and distribution of electric power, 
the utilisation of electric power, telegraphy and 
telephony, wireless, and miscellaneous subjects. 
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PerRsonaL.---Mr. E. J. Jarvis, who at present holds 
the position of engineer and manager of the Ilkley 
Urban Council’s electricity undertaking, has been 
appointed borough electrical engineer to the Scarborough 
Corporation, and will take up his new appointment within 
a month.—Messrs. William Beardmore and Company, 
Limited, announce that Mr. John Black, who held the 
position of chief naval architect and local director of 
Messrs. John Brown and Company, Limited, Clydebank, 
has been appointed chief naval architect and shipyard 
manager of their naval construction works at Dalmuir. 

Mr. H. S. Whiteley, A.M.I.Mech.E., chief engineer to 
Messrs. Spottiswoode, Ballantyne and Company, I. mited, 
1, New-street-square, E.C.4, has relinquished that 
position to join the firm of Messrs. Dawson, Payne and 
Lockett, Limited, Dean-street, Fetter-lane, E,C.4. 











BOOKS RECEIVED. 


Hokkaido Imperial University. Faculty of Engineering. 
Memoirs. Vol. I, No. 3. Circular Spark on the Dielectric 
Plate. By Y. IKEDA AND OTHERS. Further Researches 
on the Circular Spark. By T. Iron. On the Thermo- 
elastic Stresses of a Hollow Cylinder. By Y. IkEpA and 
E. Kato. Analysis of Rectangular Building Frames 
by the Mechanical Tabulation Method. By F. TAKABEYA 
Sapporo, Japan: Hokkaido Imperial University. 

The Manufacture of Artificial Silk, with Special Reference 
to the Viscose Process, By E. WHEELER. London: 
Chapman and Hall, Limited. [Price 12s. 6d. net.] 

Britain’s Industrial Future, being the Report of the Liberal 
Industrial Inquiry. London: Ernest Benn, Limited. 
{Price 2s. 6d. net. ] 

Aeronautical Research Committee. Reports and Memor- 
anda, No. 1104. On the Flow of Air Behind an 
Inclined Flat Plate of Infinite Span. By A. Face and 
F.C. JoHANSEN. [Price ls. 3d. net.] No. 1105. Whe 
Aerodynamics of a Simple Servo-Rudder. By H. M. 
GARNER and FIL-Lt. C. E. W. Lockyer. [Price 6d. 
net.] London: His Majesty’s Stationery Office. 

Department of Overseas Trade. Report on Economic and 
Financial Conditions in Venezuela, October, 1927. By 
H. Bancrort Livingston. London: His Majesty’s 
Stationery Office. [Price 9d. net.] 

Department of Scientific and Industrial Research. Forest 
Products Research. Technical Paper No. 1. The 
Movement of Moisture with Reference to Timber Season- 
ing. By 8S. T. C. Srirtwett. London: His 
Majesty’s Stationery Office. [Price ls. 6d. net.] 

Department of Scientific and Industrial Research. Building 
Research. Special Report No. 10. Slag, Coke Breeze 
and Clinker as Aggregates. By F. M. Lea and F. L. 
Brapy. London: His Majesty’s Stationery Office. 

_, [Price 9d. net. ] 

Uber die Strukturformen des Meteoreisens und ihre 
Spezielle Beeinflussung Durch Unwandlung und 
Biegemengten Phosphor. By Rupour Voce. Berlin: 
Weidmannsche Buchhandlung. [Price 7 marks. ] 

A Manual of Field Astronomy. By ANDREW H. Hott. 
Second edition. New York: John Wiley and Sons, 
Inc. London: Chapman and Hall, Limited, [Price 
10s. net. ] 

Mining Engineer’s Handbook. Edited by RosBerr 
PEELE. Second edition. New York: John Wiley 
and Sons, Inc. London: Chapman and Hall, Limited. 
[Price 50s. net.] 

The Design and Construction of Dams, Including Masonry, 
Earth, Rock Fill, Timber and Steel Structures, also the 
Principle Types of Movable Dams. By Epwarp 
WeEYMANN. Eighth edition, revised and enlarged. 
New York: John Wiley and Sons, Inc. London: 
Chapman and Hall, Limited. [Price 87s. 6d. net.] 

The Association of Engineering and Shipbuilding Draughts- 
men. Powering of Ships, Design of Lines and Screw 
Propellers. By A. Kart. The Centrifugal Pump and 
its Applications. By M. Heatu. London: Offices of 
the Association. [Price 2s. each.] 

Principles of Mechanism. By F. Dyson. Oxford 
University Press. London: Humphrey Milford. 
[Price 12s. net.] 

Protective Metallic Coatings. By Henry 8. Rawpon. 
New York: The Chemical Catalog Company, Inc. 
[Price 5-50 dols.] 

Werkstoff-Handbuch Stahl und Eisen. Edited by Verein 
deutscher LEisenhiittenleute. Dusseldorf: Verlag 
Stahleisen m.b.H. [Price 24 marks. ] 





HiyGiene IN But~pInG.—The second Bossom Gift 
public lecture, which, under the terms of the donation, 
must aid the advancement of hygiene in the direction 
of improved methods and materials of building, will 
be delivered at 8,15 p.m. on March 30 next, in the lecture 
hall of the Royal Institute of British Architects. The 
lecturer will be Dr. R. E. Stradling, Director of Building 
Research (Department of Scientific and Industrial 
Research), and the chairman, Mr. A. Bossom. The 
lecture is free and no tickets will be required. 


Contracts.—--Messrs. G. D. Peters and Company, 
Limited, of Windsor Works, Slough, have secured the 
order for. the supply of a further 154 sets of pneumatic 
door-operating gear, with electrical control equipment, 


: for the coaches, now under construction for the Piccadilly- 


Brompton section of the London Electric Railway, by 
the Union Construction Company, of Feltham. The 
value of this contract is approximately 20,000/.—Messrs. 
Riley Stoker Company, Limited, Palace-chambers, 
Bridge-street, London, S.W.1, have received an order 
from the Oxford Electric Company, Limited, for a 
single Harrington travelling-grate stoker, having 360 sq. 
ft. active grate surface and using preheated air, for 
each of their new boilers.—High-capacity Kathanode 
batteries, manufactured by Messrs. The D.P. Battery 
Company, Limited, Bakewell, Derbyshire, have been 
fitted in two battery-driven locomotives built by Messrs. 
The English Electric Company, Limited, for the Bombay, 
Baroda and Central India Railway, and in other locomo- 
tives built by the same firm for the Post Office Tube 
Railway, London.—Messrs. Imperial Chemical Industries, 
Limited, have placed a contract for steam turbines, 
with generators and condensing plant, with Messrs. Metro- 
politan Vickers Electrical Company, Limited. The 
contract comprises nine turbo-alternator sets, with an 
aggregate output capacity of 92,000 kw. These are to 
form the equipment of a new power station for the large 
chemical works now under construction for Messrs. Syn- 
thetic Ammonia and Nitrates, Limited, one of the con- 
stituent companies of Imperial Chemical Industries, at 
Billingham, near Stockton-on-Tees. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—An advance of a shilliny 
per ton this week in quotations for Cleveland pig iron 
appears to be no more than the position justifies. For 
some time past output has not been quite sufficient 
to cover current needs, with the result that stocks have 
been reduced to very small proportions, and they are 
still being drawn upon. Inquiries on Continental 
account show improvement and promise to expand 
further, while a moderate business continues with 
Scotland, though pig iron consumers beyond the Tweed 
are drawing large supplies from Northamptonshire and 
Lincolnshire. The bulk of the output is, however, 
going into direct consumption at Teeside foundries and 
steelworks. Home customers in other areas are taking 
rather larger supplies from this district. Altogether the 
situation is much better and prospects are decidedly 
brighter. No. 1 Cleveland pig iron is now 68s. 64d. ; 
No. 3 g.m.b., 66s.; No. 4 foundry, 65s.; and No. 4 
forge, 64s. 6d. 


Hematite-—Reduced output, and rather better home 
and Continental demand has not yet made much change 
in the East Coast hematite situation. Values certainly 
tend upward but they are not quotably advanced, and 
rates at which makers are accepting orders are well 
below cost of production. Ordinary brands are now 
seldom asked for, but the quotation of 70s. for mixed 
numbers still rules rates for iron made to special analysis 
to suit the particular purposes of customers. 


Foreign Ore.—Prices of foreign ore are strong, though 
transactions are few and small. Sellers confidently 
anticipate some shortage later in the year, and are not 
disposed to base values below 22s. for best rubio c.i.f. 
Tees. 


Blast-furnace Coke.—Coke quotations were barely up- 
held. Local consumers of Durham blast-furnace des- 
criptions are not buying at all freely; they claim that 
they can readily satisfy their needs at 18s. for good 
medium qualities delivered. 


Manufactured Iron and Steel.—Certain manufactured 
iron commodities are in rather better request, and semi- 
finished steel is selling better than for a long time 
past. Several descriptions of finished steel are more 
sought after as the result of advanced price of foreign 
products, deliveries of which, owing to increasing scarcity, 
are very irregular. All quotations are steady. Common 
iron bars are 101. 5s.; iron rivets, 111. 5s.; packing 
(parallel), 8/.; packing (tapered). 11/.; steel billets 
(soft), 62. 15s. ; steel billets (medium), 7/. 2s. 6d. ; steel 
billets (hard), 71. 12s. 6d.; steel rivets, 111. 5s.; steel 
ship plates, 8/. 7s. 6d. ; steel angles, 71. 17s. 6d. ; steel 
joists, 7/. 17s. 6d. ; heavy sections of steel rails, 81. 10s. : 
and galvanised corrugated sheets (No. 24 gauge), 
131. 7s. 6d. 








NOTES FROM THE NORTH. 


Griascow, Wednesday. 


Scottish Steel Trade.—The past week has not brought 
out much in the way of change in the Scottish steel 
trade. The all-round demand is of very modest dimen- 
sions, and specifications from the shipyards are not over 
plentiful. The general tone in the trade is still fairly 
good, and producers are hopeful that the further stiffen- 
ing of Continental prices will reflect in a better demand 
for local material. In the meantime the output falls 
far short of capacity, and inquiries to hand do not point 
to any immediate improvement. In the black-sheet 
grade the conditions are almost without change. The 
heavier gauges are in poor demand and _ galvanised 
sorts are moving slowly. Prices are nominally unchanged, 
and are as under: boiler plates, 10/. 10s. per ton: 
ship plates, 8/. 7s. 6d. per ton; sections, 7/. 17s. 6d. per 
ton, and sheets, } in., 8/. 12s. 6d. per ton. all delivered 
Glasgow stations. Under the rebate scheme, ship plates 
and sections are subject to a rebate of 10s. per ton in the 
above prices. 


Malleable Iron Trade-—In the West of Scotland 
malleable iron trade the tone continues very dull. 
Business is difficult to secure and no distance ahead can 
be seen at the works. Foreign competition is rather 
keen. There is also a quietness being felt in the re-rolled 
steel-bar departments, and output is small. Current 
prices are without change, and ‘ Crown ” bars are called 
10. 5s. per ton for home delivery, and 10l. per ton for 
export. Re-rolled steel bars are priced at 7/. 15s. per 
ton for home, and 7/. per ton for export. 


Scottish Pig-Iron. Trade.—The pig-iron trade of Seot- 
land has again changed little, during the week. A steady 
tone prevails but there is a want of life on all sides, and 
although prices are unaltered, the tendency is firmer. 
Consumers are not very prominent at the moment, and the 
day-to-day output continues to be quite ample to meet 
all calls. The following are the current market quote: 


tions :—Hematite, 74s. per ton, delivered at the stee 
works: foundry iron, No. 1, 75s. per ton, and No. 3 
70s. per ton, both on trucks at maker’s yards. 

Scottish Pig-Iron Shipments.—The shipment 0! Scot- 
tish pig-iron from Glasgow Harbour for the week a= 
Saturday last, March 10, amounted to 862 tons. Be 


that total, 766 tons went overseas, and 96 tons W vse 
coastwise. For the corresponding week of last year tit 
figures were 297 tons overseas and 72 tons cos 
making a total shipment of 369 tons. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel_—Taken all round, an optimistic tone 
prevails. The market for raw and semi-finished material 
reflects the dull conditions which obtain in the manu- 
facture of basic iron and steel. At present purchases 
of iron and steel-making materials are of hand-to-mouth 
character, being mostly confined to covering immediate 
contracts. Little forward business is being done. An 
early improvement is, however, anticipated. The rise 
in Continental prices, anticipated a short time ago, has 
now become an actual fact. The price demanded by 
foreign producers for basic billets, and the like, is only 
slightly higher, but the majority of other steel-making 
requisites show considerable reductions. Already home 
producers are receiving inquiries from former Continental 
customers. The superior quality of British products and 
the reduced margin in price, make it highly likely that 
increased business will be transacted in the near future. 
The finished branches are erratic. The flow of orders 
into some sections is considerable, but, in others, work is 
very scarce. The engineering trades are making moderate 
progress. The position of producers of railway rolling- 
stock, ship steel, marine forgings and castings, and heavy 
steelworks machinery shows no change. Great activity 
prevails in departments manufacturing electric apparatus. 
More orders have been booked in connection with foreign 
electrical development schemes. Home users are taking 
bigger supplies than for a long time past. The output of 
Stainless steel at electrical furnaces continues to be con- 
siderable. Sheffield is supplying bigger quantities of 
aircraft steel, while there is a sustained heavy demand for 
automobile steel and parts. The tool trades show slight 
signs of revival. Engineers’ tools are good lines. Garden 
and farm-implement makers are finding a moderate 
market both on home and foreign account. 


South Yorkshire Coal Trade.—Conditions generally are 
unsettled. The position is made obscure by the postpone- 
ment of the operation of the coal marketing scheme until 
April 1 next. A limited amount of business continues 
to be done on export account, while the home market is 
unaltered. There is a better demand for industrial fuel, 
but with railway companies and other big consumers 
showing no disposition to purchase ahead, sidings at 
collieries are choked, The return of wintry conditions 
has stimulated the call for house-coal, but, on the whole, 
the amount going into consumption is well below normal. 
Foundry and furnace coke is being shipped abroad in 
bigger tonnages, though the inland call is less substantial. 
Quotations: Best branch hand-picked, 27s. 6d. to 
29s. 6d.; Derbyshire best bright house, 20s. 6d. to 
21s. 6d.; Best house coal, 19s. to 20s. 6d.; screened 
house-coal, 16s. to 17s. 6d. ; screened house nuts, 15s. to 
16s ; Yorkshire hards, 14s. 6d. to 15s. 6d. ; Derbyshire 
hards, 14s. to 15s. 6d. ; rough slacks, 8s. 6d. to 9s. 6d; 
nutty slacks, 68. to 7s. ; smalls, 3s. to 4s. 6d. 





TENDER.-—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S8.W.1, 
notification of the following tender. Further details 
may be obtained on application to the Department at 
the above address, the reference number given below 
being quoted :—The Municipality of Alexandria invites 
tenders for the construction of a metallic swing bridge 
over the Mahmudia Canal, the free passage of which is 
18 metres, Tenders will be received until June 5. Local 
representation is essential. (Ref. No. A.X, 6030.) 


LAUNCH OF CHILEAN DESTROYER ‘‘ ORELLA.’’—The 
second of the six destroyers for the Chilean Government, 
now under construction at the Woolston Works of Messrs. 
John I. Thornycroft and Company, Limited, and named 
Orella, was successfully launched on the 8th instant, the 
launching ceremony having been performed by Madame 
Costa-Pellé, the wife of Captain Costa-Pell4, the Chief of 
the Chilean Naval Commission. The first of the six 
destroyers, named Serrano, was launched in January 
last, and particulars of the vessels, all of which will be 
identical, will be found in our issue of January 27, on 
page 111. 


InstrruTION oF NAvAL ARCHITECTS.—The annual 
meeting of the Institution of Naval Architects will be 
held in the lecture hall of the Royal Society of Arts, 
John-street, Adelphi, London, W.C.2, from March 28 
to March 30 next. The annual dinner will take place at 
the Connaught Rooms on March 28, at 7.30 p.m. The 
papers to be read and discussed are as follows: ‘‘ The 
Present Position of the Question of Fuel for Ships.” by 
Sir J. H. Biles; ‘“ Bending and Loading of Ships,”’ by 
Mr. J. Foster King; “A Note on Experimental Diesel 
Engines,” by Eng.-Capt. A. Turner, R.N.; ‘‘ Design and 
Propulsion of Fast Double-ended Screw Vessels,” by 
Mr. EK. H. Mitchell; ‘‘ Further Notes on the Relative 
Strength of Fine and Full Cargo Vessels,” by Messrs, E. L. 
Champness and F. McAlister; ‘“‘ An Experimental Com- 
parison of the Performance of Model Propellers Work- 
'ng in Air and in Water,” by Mr. W. Sprague ; ‘‘ Stresses 
in the Hulls of Stranded Vessels,” by Professor E. G. 
Coker; ‘The Effective ‘I’ of H.M.S. Wolf,” by Mr. 
G. H. Hofimann; “Some Modern Developments of 
Rigid Airship Construction,” by Lieut.-Colonel V. C. 
Richmond ; ‘‘ Experiments on the Propulsion of a Single- 


Screw Ship Model,” by Messrs. G. 8. Baker and J. L. 
Kent ; “The Vortex Theory of Propellers and its Appli- 
iggy to the Wake Conditions existing behind a Ship,” 
by Mr. W. G. A. Perring; ‘‘ Cavitation,” by Mr. J. 
futin ; and “ Statistical Analysis of Voyage Abstracts,” 
by Mr. J. L. Taylor. 


NOTICES OF MEETINGS. 





INSTITUTION OF PROFESSIONAL CiIvIL SERVANTS.— 
To-night, 5.30 p.m. Royal United Service Institution, 
Whitehall, S.W.1. Lecture: ‘“‘ The Development of 
High-Speed Aircraft,”” by Major J. S. Buchanan. 


INSTITUTION OF MECHANICAL ENGINEERS.—-To-night, 
5.30 p.m., Storey’s-gate, S.W.1. Unveiling, by His 
Excellency the Ambassador of the Argentine Republic, 
of the Stephenson Memorial, presented to the Institution 
by Railwaymen in the Republic. 6 p.m.: ‘“ The 
Reorganisation of Crewe Locomotive Works,’ by 
Capt. H. P. M. Beames. Western Branch : Wednesday, 
March 21, 7 p.m., Merchant Venturers’ Technical 
College, Unity-street, Bristol. ‘‘ Cutting Temperatures : 
their Effect on Tools and on Materials Subjected to 
Work,” by Mr. E. G. Herbert. North-Western Centre : 
Thursday, March 22, 7.15 p.m., Engineers’ Club, Man- 
chester. ‘“‘The Reorganisation of Crewe Locomotive 
Works,” by Capt. H. P. M. Beames. Yorkshire Branch : 
Thursday, March 22, 7.30 p.m., Hotel. Metropole, Leeds, 
Informal Discussion on ‘‘ Payment by Results.” 
London : Friday, March 23, 7 p.m., Storey’s-gate, S.W.1. 
Informal Meeting. ‘‘ Mechanical Handling of Goods,” 
introduced by Mr. J. H. Walker. 


Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. Chairman’s Address : 
** An Outline of Petroleum Distribution,’”’ by Mr. W. M. 
Hurrell. Friday, March 23, 7.30 p.m. Lecturette: 
‘“High-Tension and Low-Tension Supply for Wireless 
Receivers from Electric Mains,” by Mr. B. J. Axten, 


Royat Institution.—To-night, 9 p.m., Albemarle- 
street, W.1. “The Quantum and Relativity Theories 
of Light,” by Prof. E. T. Whittaker. Saturday, March 17, 
3 p.m. ‘The Transformation of Matter ’’ (Lecture IT), 
by Sir Ernest Rutherford. Thursday, March 22, 5.15 
p.m. “ Physiological Aspects of Flying ’’: (Lecture I), 
by Capt. M. Flack. Friday, March 23, 9 pm. ‘“ The 
Physical Chemist in Search of Purity,’’ by Dr. E. Cohen. 
Saturday, March 24, 3 p.m. ‘The Transformation 
of Matter ’’ (Lecture III), by Sir E. Rutherford. 


INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS,— 
South-Western District: Saturday, March 17, 12 noon, 
** St. Bernard’s,’”’ St. Andrew’s-road, Exmouth, ‘‘ Short 
Notes on Exmouth Municipal Undertakings,” by Mr. S. 
Hutton, Eastern District : Saturday, March 17, 2 p.m., 
County Hall, St. Helen’s-street, Ipswich. ‘‘ Super- 
elevation,’’ by Mr. E. Tasker. ‘‘ Bridge Reconstruction,” 
by Mr. L. T. Weaser. West Midland District: Friday, 
March 23, 5.30 p.m., Council House, Birmingham. 
Lecture: ‘‘ Birmingham’s Elan Water Supply,” by 
Mr. F. W. Macaulay. 


INSTITUTE OF British FouNDRYMEN.—Wales and 
Monmouth Branch: Saturday, March 17, 6.30 p.m., 
Technical Institute, Newport. ‘‘ Plastic Work and Plate 
Moulding,”’ by Mr. T. W. Markiand. Lancashire Branch, 
Junior Section: Saturday, March 17, 7 p.m., College of 
Technology, Sackville-street, Manchester. ‘‘Mass Pro- 
duction in the Foundry,” by Mr. W. Yates. East Midlands 
Branch: Saturday, March 24, 6 p.m., Technical School, 
Leicester. ‘‘Malleable Iron,” by Mr. F. H. Hurren. 


BRADFORD ENGINEERING SocreTy.—Monday, March 
19, 7.30 p.m., Technical College, Great Horton-road, 
Bradtord. Lecture: ‘Steam Meters,” by Mr. J. L. 
Hodgson. 


INSTITUTION OF CIVIL ENGINEERS.-—Tuesday, March 20, 
6 p.m., Great George-street, 8.W. ‘‘ Mining Methods 
Past and Present in the Morro Velho Mine of the St. 
John Del Rey Mining Company, Limited, and Lode- 
Changes which have Necessitated an Alteration of Sys- 
tem,” by Mr. A. G. N. Chalmers. Manchester and District 
Association: Wednesday, March 21, 6.45 p.m. Man- 
chester Literary and Philosophical Society, 36, George- 
street, Manchester. ‘‘The Utilisation of Pre-Cast 
Concrete in Municipal Engineering,’ by Mr. FE. M. 
Richardson. Yorkshire Association ; Wednesday, March 
21, 7.30 p.m., Grand Hotel, Sheffield. Discussion on 
“‘ Organisation as Applied to Engineering,” by Mr. R. A. 
Thwaites and Mr. O. F. C. Bender. 


InsTITUTE OF MetTAts.—Birmingham Local Section : 
Tuesday, March 20, 7 p.m., Engineers’ Club, Waterloo- 
street, Birmingham. Joint meeting with the Birmingham 
Metallurgical Society and the Staffordshire Iron and Steel 
Institute. ‘‘ Non-Ferrous Tubes,” by Mr. W. E. Ballard. 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
March 20, 7.30 p.m., 198, West-street, Sheffield. ‘‘ The 
Chemical Engineer and the Steel Maker,” by Dr. J. L. 
Pearson, 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaAnD.—Tuesday, March 20, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘The Development of the Fiat 
Marine Oil Engine,” by Mr. D. M. Shannon. 


Society or Guass TECHNOLOGY.—Wednesday, March 
21, 10 a.m., The University, Leeds. Refractories Com- 
mittee Meeting. 2.30 p.m., ‘‘The Study of a Funda- 
mental Reaction in Glass Making,’ by Mr. J. T. Howarth 
and Professor W. E. S. Turner. ‘‘ A Method of Testing 
the Probable Durability of Tank Blocks,’’ by Mr. E. J. C. 
Bowmaker. 


NEWCOMEN Socrety.—Wednesday, March 21, 5.30 
p.m., Prince Henry’s Room, 17, Fleet-street, E.C.1. 
“James Sadler, Aeronaut, Engineer, Chemist and 
Inventor,” by Mr. J. E. Hodgson. 


BELFAST ASSOCIATION OF ENGINEERS.—Wednesday, 
March 21, 7.30 p.m. Municipal College of Technology. 








Roya Mereorotocican Socrety.—Wednesday, 
March 21, 7.30 p.m., 49, Cromwell-road, South Kensing- 
ton, 8S.W.7. G. J. Symons Memorial Lecture: ‘The 
Sun’s Cycle of Activity,” by Mr. H. W. Newton. 


Royat Soctety or Arts.—Wednesday, March 21, 
8 p.m., John-street, Adelphi, W.C.2.  ‘‘The Modern 
Typewriter and its Probable Future Development,” by 
Lieut.-Commander R. T. Gould. 


INsTiTUTION OF ELEcTRICAL ENGINEERS.—Thursday, 
March 22, 6 p.m., Victoria-embankment, W.C.2. Electri- 
cal Research Association Report on ‘A Critical Study 
of the Continuous Rating of Low-Pressure Ordinary- 
Duty Fusible Cut-Outs,’’ by Mr. P. D. Morgan. London 
Students’ Section; Friday, March 23, 6.15 p.m., Victoria- 
embankment, W.C.2. “The Vacuum Tube Family,” 
by Mr. G. P. Barnard. 


INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Thurs- 
day, March 22, 6 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2, Annual General Meeting. “Address by 
the President, Mr. A. C. Adams, 


MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
March 23. 7.15 p.m., Engineer’s Club, Albert-square, 
Manchester. Annual General Meeting. ‘‘ The Influence 
of Metals upon Workshop and Design Problems,’’ by 
Mr. A. H. Goodger. 


Nortu-East Coast InstiTuTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, March 23, 7.15 p.m., Bolbec 
Hall, : Newcastle-on-Tyne. Informal Meeting. ‘‘ The 
Steering of Ships.”” Introduced by Mr. H. G. 
Williams. 

Society or CHEmIcAL InpusTRY: CHEMICAL ENGI- 
NEERING GRoup.—Friday, March 23, 8 p.m., Chemical 
Society, Burlington House, Piccadilly, W.1. ‘ Ultra 
Violet Radiation in Industry,” by Mr. A. A. King. 


Hutt AssocraTion OF ENGINEERS.—Saturday, March 
24, 7.15 p.m., Technical College, Park-street, Hull. 
“The Uses of Metallurgy in Engineering,” by Mr. H. J. 
Young. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—Conditions in the Welsh steam-coal 
trade have become more satisfactory of late by reason 
of the freer arrival of shipping; this has created a better 
outlet for collieries, particularly those producing the 
best classes of Admiralty large coal and the better 
descriptions of small. Though inquiries have circulated 
on more active lines, business has been slow to mature, 
and, with standing stocks still heavy, little variation has 
taken place in prices, though collieries producing the 
best Admiralties have been able to advance quotations 
by 3d. to from 19s. 3d. to 19s. 6d. per ton. Best seconds, 
too, were steady at 18s. 6d. to 19s., but ordinary Cardifts 
and Monmouthshires were still freely available at anything 
from 16s, 6d. to 18s. Best steam smalls were tight at 
12s, 6d. to 138., but inferior qualities were plentiful from 
10s. up. Demand for sized products wes less active, 
and with supplies more plentiful, prices were patchy, 
though duffs were tight and steady. The Egyptian 
State Railways’ contract for 340,000 metric tons of 
large coal for delivery at Alexandria over April-September, 
has been awarded to Messrs. Watts, Watts and Company, 
Limited, Cardiff, at 26s. 8d. per metric ton c.i.f. This 
news has been welcomed by the market, in view of the 
fact that prices were also submitted for north-country 
and German coals. Exports of coal as cargo foreign 
in the past week totalled 453,490 tons, which was 50,000 
tons less than in the preceding week, when the quantity 
shipped was the largest for some months. At Cardiff 
clearances were lowered from 359,240 tons to 295,720 
tons, at Swansea from 38,270 tons to 30,760 tons, and at 
Port Talbot from 23,540 tons to 20,720 tons, but increased 
at Newport from 76,880 tons to 97,960 tons, and at Llan- 
elly from 5,100 tons to 8,330 tons. Exports to France 
were raised by 20,000 tons to 127,360 tons, the largest 
quantity despatched in any week for some months, 
and to Italy by 23,000 to 78,910 tons. Shipments to 
Argentina, Brazil, Egypt, and Spain were, however, 
reduced, 


Iron and Steel.—Exports of iron and steel goods in the 
past week reached the second highest total for the year. 
Shipments amounted to 27,666 tons compared with 16,314 
tons in the preceding six days. Clearances of tinplates 
and terneplates were raised from 9,291 tons to 10,269 
tons, of blackplates and sheets from 710 tons to 3,805 
tons, and of galvanised sheets from 2,060 tons to 8,130 
tons, but those of other iron and steel goods were lowered 
from 5,462 tons to 4,253 tons. 





OnE-MILLION-BusHEL GRAIN ELEVATOR.—We learn 
that a new one-million-bushel grain elevator is to be 
constructed in the port of New Westminster, British 
Columbia, Canada. The work will be commenced imme- 
diately, and is to be completed by September 1 next. 
The elevator will be capable of loading ships at the 
rate of 25,000 bushels an hour. 





18-Ton Bourpon Bett ror New YorkK.—There was 
recently completed at the works of Messrs. Gillett and 
Johnston, Croydon, the largest bell ever cast in England, 
weighing 18} tons. The bell is the fourth largest in 
existence and the biggest that has ever been tuned. It 
will constitute the Bourdon bell of the Laura A. Spelman 
Rockfeller Carillon, which is shortly to be installed at the 
Riverside Church, Riverside Drive, New York, U.S.A. 





Belfast. “‘ Waste Heat Recovery,” by Major W. Gregson. 
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BOILER PLANT PROGRESS. 


EvEN twenty years ago it was very evident that 
revolutionary changes in the construction and 
working of boilers were long overdue. The intro- 
duction of the steam turbine had reduced enor- 
mously the engine-room space occupied per rated 
kilowatt, and efficiency ratios, though far below 
what is now demanded, were very distinctly superior 
to what was obtainable with standard types of 
reciprocators. At this era the turbine room was 
fast becoming a mere adjunct to the boiler house, 
and this characteristic became more and more 
marked as running speeds rose, and the size of 
units increased. There was for long no sign of 
any corresponding improvement in the boiler house. 
A coal consumption of 25 lb. per square foot of 
grate area, and an average evaporation of some 
3 or 4 lb. per square foot of heating surface, were 
fairly representative of what was considered good 
practice, and in spite of these relatively easy 
conditions boiler efficiencies ruled discreditably 
low. 

The Bettington boiler constituted an attempt 
to break from tradition and to establish new 
standards of performance. Its originator was, 
however, one of the early victims of the war, 
and, as is so frequently the case, the infant idea, 
lacking paternal care, failed to develop, and the 
initiative in the reform or rather revolution in 
boiler practice passed to America. Here the 
comparative rarety of municipal power stations, 
and the favourable financial conditions, made it 
easier to undertake costly large-scale pioneering. 
An interesting review of the difficulties and 
criticisms encountered in the ccurse of this work 
is given in a paper read last Tuesday at the 
Scottish centre of the Institution of Electrical 
Engineers by Mr. F. H. Rosencrantz, who dealt 
mainly with the use of pulverised fuel. As is 
invariably the case with really novel departures 
from standard engineering practice, the earlier 
installations were most severely criticised. In 
such cases it is the unexpected that invariably 
happens. Provision may be made against every 
reasonably conceivable contingency, and half the 
anticipated troubles for which provision has been 





made may never arise, but others totally unantici- 
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pated are almost certain to appear. These often 
discourage those financing such ventures, and lead 





*!to the temporary abandonment of many of the 


best-laid schemes. There have been no small 
number of promising ideas originated in this 
country, which had to cross the Atlantic in order 
to find the courage and enterprise necessary for 
their successful development. The steam turbine 
itself might well have provided a case in point, 
since the original partners of Sir Charles Parsons 
insisted on the abandonment either of his experi- 
ments or on the dissolution of the partnership. 
When Mr. Bettington was killed the attempt 
to develop the use of pulverised fuel for boiler 
firing apparently ceased in this country, and the 
credit of solving the many difficulties encountered 
in practicalising the scheme belongs te American 
engineers. 

In this connection it is of interest to note that 
Mr. Rosencrantz considers that in the United 
States the problem was somewhat simplified by 
the low ash and moisture content of the coals 
which were available. 

It soon appeared that very roomy combustion 
chambers must be provided for the satisfactory 
combustion of pulverised coal. As is common 
knowledge moreover, temperatures could be attained 
which, in conjunction with the deposition of molten 
ash, would flux any firebrick lining to the com- 
bustion chamber. This difficulty was aggravated 
by the introduction of the plan of pre-heating 
the air necessary for combustion. As a temporary 
measure temperatures were reduced by admitting 
a considerable surplus of excess air, but the true 
remedy has been found in definitely excluding 
firebrick from the combustion chamber. The 
molten ash still deposits on the water-lined walls, 
but each deposit as it grows in size, automatically 
scales off the metal, whilst on a firebrick surface 
it adheres and causes such rapid corrosion that 
maintenance charges become excessive. To-day 
Mr. Rosencrantz states that with pulverised fuel 
boiler efficiencies of 87 per cent. to 89 per cent. 
are being attained in a number of plants in spite 
of enormously increased outputs per square foot 
of heating surface and of floor space occupied. 
This progress has led to corresponding develop- 
ments by the makers of automatic stokers, and 
in some instances the amount of coal burnt has 
been raised to 50 lb. per square foot of grate area, 
whilst at the same time the CO, content in the 
flue gases has been increased from the 9 per cent. 
to 11 per cent. representative of previous practice 
to 13 per cent. or even 16 per cent. As was the 
case with pulverised fuel, however, maintenance 
costs have become excessive, and if such figures 
are to become standard practice with mechanical 
stokers, water cooling of the walls will be necessary. 

Practice in the use of pulverised fuel is still far 
from standardised, and Mr. Rosencrantz stated that 
no modern plant is as yet in existence, since it 
takes from 18 months to two years to pass from 
design to operation. However, refractories have 
been definitely excluded from all boilers now being 
constructed to work with pulverised bituminous 
coal. They may, however, he states, be retained 
where the fuel is anthracite or coke. Of the two 
methods of using pulverised coal, he considers 
that the direct-firing system is only suitable for 
small installations. This has the advantage of 
being less sensitive to changes in the moisture 
content of the fuel, but wear and tear is more than 
with its rival, although initial costs have been 
less. He believes, however, that as matters stand 
to-day, the cost of installation may be about the 
same for both systems. 

Whilst the use of pre-heated air has only recently 
become common in land practice, it has long been 
employed at sea. The system was first introduced 
in 1880 by Mr. James Howden, and its advantages 
formed the subject of a valuable paper read last month 
by Mr. A. Macfarlane before the Society of Con- 
sulting Marine Engineers and Ship Surveyors. It can 
hardly be denied that boilers at sea have commonly 
been operated with a somewhat low efficiency, but 
the steadily increasing competition of the internal 
combustion engine makes it necessary for adherents 
to steam to pay as much attention to its generation 











as to its use. High efficiencies are attainable with 
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the geared steam turbine, and, as in land practice, 
it is now the turn of the boilermaker to follow 
suit. 

Mr. Macfarlane states that in marine practice the 
CO, content in the flue gases is often as low as 7} 
per cent., whilst with hand firing it is difficult to 
raise this figure to more than 10 per cent. owing to 
the admission of cold air when the firing doors are 
opened. The theoretical figure corresponding to no 
excess of air is about 18} per cent. when coal is the 
fuel used. The introduction of automatic stokers 
would facilitate the increase of the CO, content and 
increase the boiler efficiency. A few such stokers 
have been installed on board the smaller class of 
steamship, and the system is being applied on a 
fairly large scale to water-tube boilers for a number 
of new ships now building on the Clyde and Tyne, 
whilst the S.S. Mercer, fitted with pulverised fuel 
plant, has successfully made the double journey 
across the Atlantic. 

The gains due to pre-heating the air necessary 
for combustion are very fully discussed in Mr. 
Macfarlane’s paper, and he also gives a convenient 
formula for the flue gas loss corresponding to 
different percentages of CO,. With average bitu- 
minous coal this loss is equal to pp 

Percentage of CO, 
where T denotes the flue temperature and ¢ that of the 
boiler room. Hence, when there is 10 per cent. of 
CO, in the flue gases each reduction of 100 deg. F. 
in the temperature at which they are finally dis- 
charged, corresponds to a heat saving of 3-88 per 
cent. In practice it is found possible without an 
excessive size of air heater to reduce the final 
temperature of escape to about 200 deg. above the 
boiler room temperature, but forced draught is 
then necessary, as for satisfactory natural draught 
a gas temperature of some 550 deg. F. is required. 
In one marine plant of which particulars are 
given in Mr. Macfarlane’s paper, the air entering 
the pre-heater had a temperature of 105 deg. F. It 
left the preheater at a temperature of 450 deg. F., 
and the temperature at the base of the chimney 
was 227 deg. F. only. "The stokehold temperature, 
it may be added, was 82 deg. F., and the tem- 
perature of the external air was 62 deg. F. A 
boiler efficiency of 78°8 per cent. was recorded, 
the fuel consumption being 16-7 lb. of coal per 
square foot of grate area. In another trial in 
which the fuel consumption was 15-7 lb. per square 
foot of grate area, the boiler efficiency rose to 82-9 
per cent. It will be noted that the rates of combus- 
tion were very low compared even with past prac- 
tice in electrical stations. By adding a pre-heater 
to a Lancashire boiler, Mr. Macfarlane states that 
the efficiency was increased from 61-5 per cent. to 
78°5 per cent., whilst at the same time the output 
was raised from 7,500 Ib. of steam per hour to 
16,800 Ib. per hour. 








STANDARDISATION AND SIMPLIFI- 
CATION. 


THE subject of standards is one on which there is 
ever some conflict of opinion. We have had brought 
home to us at one time and another the advantages 
of scientific standards, such as those, for instance, 
with which the National Physical Laboratory is 
concerned, and of the commercial importance of the 
work of the British Engineering Standards Associa- 
tion. Although the benefits are real, we are always 
faced with objections that standardisation leads to 
stagnation. Ridden too hard, the hobby may 
indeed prove dangerous, but the work of the 
Standards Associatior itself suggests that when 
properly controlled this fear should not arise. The 
Association has a large number of revisions to its 
credit, and these are given consideration whenever 
the demand warrants it. In the United States a 
large part of the work of the Bureau of Standards 
has been devoted to so-called simplified practice. 
This covers much more ground than does our 
Engineering Standards Association. The statistics 
collected by the Bureau have proved exceedingly 
interesting, and in many cases surprising. In some 
commercial goods, for instance, though the number 
of patterns on the market may have run into 
hundreds, possibly as much as 80 per cent. to 90 per 
cent. of the business has been done with, say, half 





a dozen. The conclusion from this is that it is 
hardly worth while making and marketing the 
others for so small a sale. This, of course, is quite 
a fair point, and the number of patterns is being 
steadily reduced by work of this kind. On the face 
of it this would appear to be all to the good; the 
cost of handling little-used kinds is eliminated, and 
the price to the consumer, or profit to the producer, 
should change to a corresponding degree. 

It is, we take it, with the object of following 
matters up on somewhat similar lines that the 
President of the Board of Trade convened a meeting 
on Thursday, the 8th inst., to consider this question. 
This meeting was attended by representatives of 
industry and commerce, and particularly of the 
engineering side of industry. It is hoped, we gather, 
that some inter-imperial movement of the kind 
may prove possible, and the establishment of a 
central committee has been proposed and decided 
upon, consisting in the first instance of the repre- 
sentatives who attended the meeting. Mr. H. G. 
Williams, M.P., Parliamentary Secretary to the 
Board of Trade, was chosen as chairman of the 
new committee. 

There is no doubt that a great deal of good can 
come of such a movement, rightly directed. A 
certain amount of caution is, however, necessary. 
In the United States, the manufacturers produce for 
their domestic trade, protected against foreign aggres- 
sion by means of a high tariff. If makers there 
decide that, say, four kinds of shovels are enough 
for the needs of the country, as nobody can buy 
any other pattern those selected types will actually 
prove sufficient. Supposing our makers were to 
take the same, somewhat autocratic, step; de- 
pending as we do on export business, it is more 
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this industry has just closed a year even less satis- 
factory than 1926, with all its evils. 

The Ministry of Labour do not publish employ- 
ment statistics relating purely to agricultural 
engineering, but we have available a sample of 
employment in the main agricultural machinery 
manufacturing districts. This is given in Table I, 
and may be regarded as thoroughly representative 
of the industry. 


TABLE I.—Employment in the Agricultural Machinery 





Industry. 
| | eee 
oe | Number Index, 
Year. | employed. 1913 = 100. 
‘=~ were’ al see es 
1914... ee mae 12,735 } 100-0 
1920 .. aces 16,275 | 127-8 
1923— | 
1st Half year me 6,892 | 54-1 
2n em = 9,535 | 74:8 
1924— | | 
1st Half year 8,335 } 65°4 
on, a) 9,241 72-5 
1925— | | 
1st Half year cat 10,045 78-9 
2n i ar | 10,542 | 82-8 
1926— | 
Ist Half year es 10,356 | 81-4 
2nd <e 9,746 | 76°5 
27—- | 
1st Half year | 9,696 76-1 
2nd ss sa 9,570 | 75-2 


The low level of employment to which the 
industry was reduced by the coal and general 
stoppages in 1926 has not been overcome. These 
depressing figures are substantially confirmed by 
Table II, which gives in monthly averages per 
quarter, the volume and value per ton of British 
agricultural machinery exports for a period of years. 

















than likely that in a very little while we should| T48"® 1. — United Kingdom Exports of Agricultural 
Ae : ° Machinery and Tractors. 

see complaints in the Overseas Trade Department | __ ~ Bat ent a 
reports and elsewhere, that our makers could not | | 2 | i 
° A ; x Monthly | Volume Index, aluenan| Index, 
expect to get business if they would not suit their] 4yorave for— | tons,” | 1913 = | One RT| 1913 = 
products to the markets. It is quite certain that, | | oo 4 Bas 

if our manufacturers do not study such markets, coat leaks 
others will, to our loss and their profit, so that the = -. «| 6,125 | 100-0 40-7 | 100-0 
subject wants handling with much judgment. Tae ler. 699 | ee 96:4 | 286-8 
Commonly, we are afraid, the complaint is that even| 2nd ,, 960 | 15-7 82-5 | 202-7 
now our goods are not well enough suited to the} 3r4 ‘ pond | a? 4 ea 
peoples to whom we want to sell them. We do not 1923 — | eer re mie 
wish the position | to become aggravated, At po “ 1, 4 | 484 a. 187-4 
present the United States is more or less indifferent | 3rd ,, 1,283 20-9 79-3 | ond e 

to foreign trade, save in special directions. It will wae.” are -s = | 
be interesting to note whether, in future efforts to| Ist. ,, 1,212 19:8 79-1 | 194-4 
secure such business, when the condition of their = * eee ae =: | 907-1 
domestic market makes that necessary, the number _ ’ 1,458 23-8 79-9 | 196-3 
of patterns handled will tend to increase. This, of | "]3¢ qr 1,665 97-2 76-2 | 187-2 
course, will only become evident after many years 2nd A 2,880 38-9 76-2 a 
> earli rd ,,; 99 2° " | 196-5 
at the earliest. : 4th ,, ..| 1,704 | 27-8 80-9 198-7 
§ § . ,] 926— | | 
The point we wish to make is that if, on the one | 1926 f 2 pce 
hand, we insist on the necessity of our manu-| Jt, Q" . --| 1228 — a | i 
facturers studying personally the needs of individual} 3rd_,, ..| 1,926 31-5 | 73-3 | 190°1 
markets, we cannot consistently embark on whole- | , 3!" » 7) a | oe 

sale simplified practice for our foreign trade.| 1st Qr. | 1,275 | 20-8 | 76-7 mee 
Possibly, by keeping in close touch with the pen ” " ware ie | =. is 
Dominions, a closer knowledge of their views and] 4th , -.| 1,876 | 22-5 | 78-0 194-0 


wishes might result ultimately in increased traffic 
with them. But this would not cover the foreign 
business. 

Against this argument may be placed the conten- 
tion that in a neutral market, the cheaper price of a 
‘simplified practice ’’ article would be so great an 
attraction that sentiment regarding design or other 
points might be outweighed. This, however, is 
by no means a certainty. Some few markets are 
worked mainly on prices, others on quality, and 
others on what may be termed local prejudice, and 
the fickle jades will not be dictated to. They need 
to be cajoled, or they will quickly turn to others 
who flatter them by pandering to their tastes. 





THE ENGINEERING OUTLOOK. 
VIII.—AgricuLTURAL MACHINERY. 

Last year it was suggested that whilst the 
agricultural machinery industry had no very 
satisfactory prospect for the near future, the hope 
might be entertained that this branch of engi- 
neering would share in the general improvement 
anticipated in 1927. This forecast, reserved and 
gloomy as it was, can hardly be said to have 
materialised, for on the basis of all available indices 





The total value of exports of agricultural machinery 
in 1927 was 1,500,908/., over 100,000/. less than 
the disastrous year 1926, and over 300,000/. less than 
1925. Our exports to Europe and “‘ other countries 
as classified by the Board of Trade, have increased 
in value, but exports to such vital and essential 
agricultural markets—and incidentally mainly 
Empire markets—such as South America, South 
Africa, British East Indies, Australia and New 
Zealand—have all declined very considerably on 
the 1925 and 1926 figures. Taking British South 
Africa as an example, our exports of agricultural 
machinery have declined from a volume of 17,068 
tons valued at 287,197/. in 1925, to a volume of 
10,047 tons valued at 156,280/. in 1927. To New 
Zealand, similarly, the export values have dropped 
from 112,7201. in 1925, to 56,6521. in 1927. 

In 1924, the total value of British exports wa* 
1,368,672. In the same year, according to the 
preliminary figures of the Census of Production 
issued last year by the Board of Trade, the total 
production was valued at 3,260,0007. Thus 
roughly 42 per cent. of production was —. 
Retained imports in 1924 amounted in value to 





370,933/., and therefore it may be calculated that 
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the total value of home consumption was 2,252,2611. 
Assuming for a moment that the ratio of exports to 
production remained the same in 1927 as in 1924, 
then, on the basis of an export value of 1,500,908/., 
production in 1927 would be valued at 3,573,5901. 
But retained imports of agricultural machinery 
have increased in value by about 200,000/. between 
the two years 1924 and 1927, and as there is no 
reason to suppose that there has been a decided 
expansion in the home market the conclusion is 
that production in 1927 was not very much greater 
than in 1924; that the home market has weakened 
further in favour of foreign products, and that a 
rather greater percentage of production was 
exported in 1927 than in 1924. No statistical 
accuracy is claimed for these deductions, but they 
appear to be adequately confirmed by the employ- 
ment figures shown in Table I. 

Whilst it is to be deduced from Table III that the 
volume of net imports remains on an average at 
about the same level as in 1913, at a value per ton 
of just double the pre-war figure, the volume of 
exports is only slightly over 25 per cent. of the 
1913 amount, at a value per ton 90 per cent. greater 
than in that year. 








TaBLe III.-—Net Imports of Agricultural Machinery 
and Tractors. 
| | | | 
Monthly | Volume | Index Value per | Index 
Average for | tons. 1915-100) ten—€ |1913-- 100 
a : —_ = 
1913 | 795 | 100-0 | 32-0 100-0 
1922 
ist Qr. 179 | 22-5 91-8 286-9 
2nd ,, 201 | 25-2 88-9 277-8 
3rd |} 186 | 17-1 93 +5 307-8 
4th -- _ - - 
1923— | 
Ist Qr 278 | 35:0 | 72-2 | 225-6 
2nd | 653 82-1 | 76-7 239-7 
3rd 311 39-1 | 69-6 217°5 
4th 214 26-9 | 86:7 | 270°9 
1924 
Ist Qu 863 108-5 | 61-6 | 192-5 
2nd | 481 60-5 | 76-5 | 239-0 
3rd _,, | 508 63-3 78-1 | 244-0 
4th (oF 97-0 | 67-8 211-9 
1925 
Ist. Qr. | 795 100-0 | 64-8 | 202-5 
2nd ., | 856 107-7 70°3 219-8 
3rd | 512 64-4 | 64-5 201 +7 
4th | $88 48-8 | 79-1 247-2 
1926 | 
Ist Qr. | 1,092 137-4 | 61-7 | 192-8 
2nd ,, | 584 73-5 | 60-2 | 188-2 
3rd | 412 | 51-9 | 69-9 218-8 
4th ,, al 555 69-9 | 75:3 | 285-3 
1927- | 
Ist Qr. 850 | 107-0 | 62-2 | 194-5 
2nd | 952 | 119-8 62-4 195-1 
Bd ,, . ..| 879 | 47-7 | 69-9 218-8 
Oh, .- e 667 84-0 66-3 207-2 


Whilst all the foregoing statistics show beyond 
question the critical position of the British agri- 
cultural machinery industry, an even better survey 
of the situation is to be gained from a comparison 
of international exports of agricultural machinery, 
as given in Table IV. The value of the exports of 
the four principal agricultural machinery exporting 
countries has been expressed in pounds sterling at 
the average rate of exchange for each year. 


Tasie 1V.—International Exports of Agricultural 
Machinery. (Value in £,000.) 





| 
1913. | 1924. 








| 1925. | 1926. | i927, 
| | | | 
z. nae | | a 
United Kingdom 2,989 | 1,530 | 1,804 | 1,612 | 1,501 
France . -.| 586 | 619 586 | 548 | 638 
Germany 1,752 | 1,044 | 1,766 | 1,882 | 1,682 
S.A, | 8,426 | 13,580 | 16,070 | 17,660 | 18,550 
| 21,702 [22,871 
| 


13,753 | 16,773 | 20.220 
| 


_ Both German and British exports have declined 
in 1927, as compared with 1926, but the United 
States of America, before the war the largest exporter 
of machinery, continues to go forward steadily, 
and the value of her exports in 1927 are calculated 
to be twelve times greater than the value of British 
*xports. It is seen that the world demand for 
agricultural machinery has increased steadily since 
1924, and therefore restriction in demand cannot be 
the explanation of the decline in British trade. The 
only explanation appears to be close proximity of the 
United States to the principal customer countries, 


coupled with their great domestic trade, making | gramme, for which orders have been placed. 


soe a vast production at an economical price. 
nfortunately, statistics of volume are not avail- 


able for the United States, but Table V gives the| during the year, and, as all ships on distant stations 
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volume of exports for the United Kingdom, France 
and Germany for a number of years. 


TasLe V.—ZInternational Exports of Agricultural 
Machinery. (Volume in Long Tons). 





— | 1913. | 1924. | 1925. | 1926. 1927. 


| 




















! 
20,303 | 19,367 


United Kingdcm)| 73,498 | 19,635 | 23,142 

France .. -| 12,120 | 13,450 | 14,390 | 19,020 | 16,650 

Germany 40,090 | 20,790 | 38,670 | 42,500 | 36,220 
72,237 


|125,708 | 53,875 | 76,202 | 81,823 
| | 








By comparing Table V with Table IV, the volume 
of work lost by this country and Germany to the 
United States is very clearly shown, and there would 
appear to be little doubt that what our Australian, 
New Zealand and South African markets lost in 
1927 have been gained by the United States. 

The outlook for the British agricultural machinery 
industry cannot be described as good. Agriculture 
itself in this country is in a precarious condition, 
and bearing in mind the increased importation of 
foreign machinery, there seems to be little prospect 
of any improvement in the home market. The 
United States continue to make progress in markets 
which were once virtually ours, and, short of a 
miracle, the British agricultural machinery industry 
will do well if it maintains the level established in 
1927. 





THE NAVY ESTIMATES. 


Ir is evident from the First Lord’s Statement 
Explanatory of the Navy Estimates, which was 
issued last week, that a certain amount of economy 
in naval expenditure has been possible in anticipa- 
tion of a prolonged period of peace. The net 
Estimates for 1928-29 amount to 57,300,000I., 
which is 700,000/. lower than the corresponding 
figure for the current year, and 1,150,000I. less 
than the current-year’s expenditure as amended 
by the Supplementary Estimates. For new con- 
struction, about 9,630,000/. are required in the 
1928-29 Estimates, and the First Lord explains 
that over 1,000,0001. have been saved on this item 
by a reduction in the cruiser-construction pro- 
gramme, as compared with the five years’ schedule 
decided upon in 1925. The programme for the 
ensuing year includes only two cruisers, instead of 
three, one flotilla leader, eight destroyers, six sub- 
marines, one submarine depot-ship, one river gun- 
boat and four sloops. The last, it is stated, are 
additional to the original programme. The two 
cruisers, and one of the six submarines, are to be 
built in H.M. dockyards. 

Expenditure on the Fleet Air Arm, on the other 
hand, is to be increased to the extent of 198,0001., 
mainly owing to the fact that two new flights of 
aircraft have to be formed this year for training 
purposes prior to the completion of the work on 
Glorious, which, as mentioned on page 257 ante, 
is being reconstructed as an aircraft carrier. The 
work is being carried out at Devonport, but will 
not be completed until 1929. From the notes 
accompanying the statement, we learn that con- 
siderable progress has been made in the use of air- 
craft with the Fleet, and it may be of interest to 
mention, in this connection, that a catapult has 
been installed on Resolution as well as on Vindic- 
tive. Several kinds of catapult are being con- 
structed or designed in order to determine the types 
most suitable for different classes of vessels. 

An interesting matter in connection with the 
machinery of the ‘“‘O” class submarines, account- 
ing for the delay that has occurred in the progress 
with these vessels, is also referred to in the notes. 
It appears that torsional vibration was experienced 
in Oberon, and, as a result of investigations subse- 
quently carried out, it has been found necessary 
to modify the design of the motor shafts. One of 
the submarines of the 1926 programme, it is stated, 
is being fitted with a hydraulic clutch between the 
oil engines and the motor, in place of the usual type 
of clutch, and similar provision has been made in 
the case of the six submarines of the 1927 pro- 


Long-distance communication by ~ short-wave 
wireless telegraphy has been further developed 
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are now fitted with the necessary apparatus, it is 
possible for the Admiralty to communicate with any 
one of them during some part of the day of 24 
hours. Short-wave wireless equipment at Admiralty 
shore stations has also been improved, and efficient 
communication between the Admiralty and such 
places as Hong-Kong, Singapore and Ceylon can 
now be maintained for many hours of the day. 
This method of communication, it may be added, 
proved of great value during the recent troubles 
in China, and has also resulted in a considerable 
measure of economy, since cabling is now rarely 
necessary. 

The floating dock for the Singapore naval base 
was illustrated and described in our issue of 
January 20 last, on page 84, and arrangements have 
been made to commence the operation of towing 
it from this country to its site in June. The dock 
should arrive about November, and is expected to 
be ready for service about four months later. Ex- 
penditure on the base is being mainly confined, at 
present, to work connected with the installation 
of the dock and to various investigations and pre- 
liminary work. Tenders have, however, been in- 
vited for the main portion of the work, and these are 
due at the end of this month. 








NOTE. 
THe ArrR EstTIMaTES AND AERONAUTICAL PROGRESS. 


In his speech introducing the Air Estimates in 
the House on Monday last, the Secretary of State 
for Air, Sir Samuel Hoare, mentioned that the two 
new airships, building at Howden and Cardington, 
respectively, should both be completed and undergo 
their flying tests during the current year. The 
greater part of three years, he said, had been spent 
upon research and experiment in connection with 
these airships, and he hoped and believed that the 
designs would prove the value of this work. The 
structural strength was greater, and the horse- 
power higher, than those of any previous airship, 
and every possible precaution had been taken 
against the risk of fire ; in the case of the Cardington, 
airship, it was hoped to include the new safeguard 
of heavy-oil engines. The work must, however, be 
judged by results, but if these were satisfactory, a 
new industry would have been created and the 
most distant capitals of the Empire would have 
been brought within a fortnight of London. It was 
hoped, in the course of the year, to commence a 
weekly mail service to India, using heavier-than- 
air machines, experience having shown that the air 
services should be primarily Imperial rather than 
primarily Continental. It had also become evident 
that it was essential, if civil aviation were to be 
self supporting, for new types of machines and 
engines to be brought into service at comparatively 
short intervals. As evidence of this, Sir Samuel 
mentioned that in 1922 the running cost of a 
machine was 4s. 2d. per ton-mile, while the corre- 
sponding figure for the latest type of three-engined 
aeroplane was ls. 10d. If, at regular intervals, 
further new types could be introduced, the time was 
not so very far distant when civil aviation would 
no longer need to be subsidised. After a full en- 
quiry, it had been decided to enter into a new 
agreement with Messrs. Imperial Airways, to be 
based upon three main conditions. These included 
the organisation of the weekly mail service to India, 
above referred to, a subsidy that would enable the 
Company regularly to substitute new types for old 
types of machines, and the right of the State to 
share in any ultimate prosperity which the Company 
might achieve. The details of the agreement, Sir 
Samuel stated, were still under discussion. Review- 
ing progress in the Royal Air Force, Sir Samuel 
stated that the principal features of the current 
programme were an increase in strength, amounting 
to four squadrons, and a provision for equipment 
which, although substantially the same as that in 
last year’s Estimates, showed that maintenance 
costs were being steadily reduced by the introduc- 
tion of new machines. The programme of research 
and experiment, we may point out, contains an 
item of considerable technical and scientific in- 
terest and importance, viz., the provision for the 
construction of a tank for testing model seaplanes 














and a variable-density wind tunnel. These matters, 
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it may be remembered, have been under considera- 
tion for a year or two, and it is satisfactory to learn 
that it has now been decided to proceed with them, 
as the results obtained will doubtless be of consider- 
able utility to aircraft designers. Metal construc- 
tion for aircraft, as is now generally known, is being 
actively developed, and the provision in the Esti- 
mate for new aeroplanes will be allocated mainly 
to machines of this class. It is stated that seven 
types of metal machines will come into general use 
in the course of the year. The development of 
long-range flying boats for both military and civil 
purposes is another important feature of the pro- 
gramme; two new flying-boat units are being 
created, and six new types of flying-boat are being 
laid down. 





- THE LEIPZIG FAIR. 
(Concluded from page 286.) 

THE number of exhibits at the Leipzig Technical 
Fair, which was open from March 4 to 14, and of 
which we conclude our account this week, was so 
large that it is impossible even to mention the 
majority of firms showing, and detailed descriptions 
can be given only in isolated cases. Among the 
large number of exhibits in the machine-tool hall 
which were of particular interest, there were, how- 
ever, some displays of grinding machines to some 
of which we may refer. 

For instance, of the centreless grinders shown 
by Messrs. Herminghausen-Werke G.m.b.H., of 
Hannover, one was intended for use in railway 
shops and rolling mills. This machine has three 
wheels, for roughing, semi and full finishing re- 
spectively in one pass, three separate feed wheels 
being employed. Additional horizontal feed wheels 
are provided on auxiliary tables, both in front of 
and behind the machines, so that long bars can be 
dealt with. A subsidiary use for this machine is 
the removal of boiler scale from locomotive boiler 
tubes, with wire brushes, while it can also be em- 
ployed for taking off rolling mill scale in place of 
a cold-drawing bench, thus effecting a saving in 
tool wear during the subsequent processes. 

A high-capacity internal grinder, the table and 
tools on which are operated by electro-hydraulic 
methods, was exhibited on the stand of Messrs. 
Wotan-Werke A.-G. of Leipzig. This system of 
drive enables speed changes to be made rapidly and 
simply. The machine is also arranged so that the 
internal diameter of the work being ground can be 
gauged without removing the grinding wheel and 
its support from the interior of the work and with- 
out stopping the machine. The measuring device 
consists of an adjustable arm, provided with a scale, 
upon which the internal diameter can be read off and 
checked by the gauges. Internal diameters of 
from 40 to 400 mm., and lengths up to 250 mm., 
can be dealt with. An automatic device withdraws 
the grinding wheel electrically when the work is 
finished. It can be used in connection with all 
types and sizes of work. It is set at the beginning 
of the operation, and the machine subsequently 
runs automatically until the job is finished. 

In the latest type of internal grinder, which was 
shown by this firm, the movements of the table 
and of the head-stock are effected by hydraulic 
means. This enables gear wheels to be eliminated 
and an even work speed of from 0-3 to 12 r.p.m. 
to be obtained. The wheel spindle speeds can also 
be gradually and smoothly adjusted from zero to 
500 r.p.m. 

The advantages claimed for the surface grinder 
which was shown on the stand of Messrs. K. Jung, 
of Berlin, is that the table can be operated at any 
speed within wide limizs and can be stopped in any 
desired position. The driving medium is oil under 
pressure, and great attention has been paid to 
enclosing the driving mechanism, so as to prevent 
the penetration of dust into the bearings and 
other parts. To effect this a powerful extractor 
fan is fitted. The method of operation with oil 
under pressure enables the grinding speed to be 
regulated in steps of 5 revs. per second. This flexi- 
bility in operation, it is claimed, gives this machine 
an advantage over those of the ordinary design, 
for roughing can be done quickly, and the speed and 
feed then gradually slowed down so as,to obtain 
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a smooth and even surface towards the end of the 
process. 

An interesting grinder, which was being shown by 
Messrs. Schuchardt und Schiitte A.-G., of Berlin, is of 
the duplex chucking type, with two rotating work 
heads. This machine has been designed for 
the mass production of small work, where the 
circumference to be ground must run true within 
close limits to the bore or any recessed parts of the 
piece, and which therefore cannot be satisfactorily 
ground on a centreless grinder. The machine is 
adapted for dealing with parts up to 1} in. external 
diameter and 13 in. in length, as well as profiled 
parts of all kinds. Time lost in chucking has been 
eliminated by designing the headstock as a two- 
spindle turret head. When the machine is running, 
one of the spindles is in the working position and 
the other in the chucking position, so that the 
operator can load the latter, while work is being 
ground by the other. During grinding slow-feed 
motion is obtained by a worm gear and belt 
drive, and this can be changed over to the 
indexing motion by a lever, which cuts out 
one of the worm wheels and shifts the belt 
on to a fast pulley. The change back to the 
slow feed motion is effected by two cams, which 
are located on the circumference of the turret 
drum. One of these shifts the belt to the loose 
pulley by unlocking the return spring and the other 
actuates the friction clutch. These operating cams 
can be adjusted to conform to the grinding time 
per piece. 

Micrometer gauges and other precision measuring 
instruments made by Messrs. Carl Zeiss, of Jena, 
were also being exhibited on this stand. These 
included an optical dividing head for use when 
the ordinary dividing head is not accurate enough, 
owing to the errors inherent in such parts as in- 
dexing plates having drilled holes or notches, worm 
gearing and change-speed gears. The only work 
performed by the ordinary head, for which it is not 
suitable, is that in connection with cutting spirals. 
On the other hand, it can be employed for measur- 
ing angles within closer limits than the bevel pro- 
tractor as well as for indexing faces at given angles 
for milling, and drilling operations. 

The index is formed by a glass ring inside the 
body. This ring is graduated to 360 deg., and is 
viewed from outside through powerful lenses. One 
degree of arc in the field of vision is seen as 45 mm. 
(13 in.), and is divided into 60 mm. by means of a 
second scale, which is projected by the eye piece. 
The divisions of this scale appear in the image 
about 0-75 mm. (0-03 in.) in size, and may be 
readily subdivided by inspection. The head is very 
rigid and is designed to swivel from 5 deg. below 
the horizontal through 115 deg. The spindle 
is mounted in a taper front bearing, is bored to 
Morse taper No. 4, and is fitted with a centre, 
for which an arbor may be substituted. These 
parts are secured by a draw-in rod. A set of tables 
permits the operator to move the head speedily 
over a wide range of divisions. The accuracy of the 
head itself is within + 4 sec. and an accuracy of 
+ 20 sec. can be obtained on the work. The tail- 
stock has a hardened and ground spindle, which is 
vertically and laterally adjustable. 

The Fair contained a very complete and extensive 
display of wood-working machinery. Several firms, 
for instance, were exhibiting vertical saw-frames 
for dealing with the largest sizes of logs. Among 
these mention may be made of the equipment 
shown by Messrs. Maschinenfabrik Esterer A.-G., 
of Altotting, a novel feature about which is that 
the saw holder does not move in rigid vertical 
guide-ways, the latter being borne in a frame so 
that they can swing backwards and _ forwards. 
The advantages claimed for this arrangement are 
that the points of the saw-teeth are enabled to follow 
a circular path, and can thus be easily removed 
from the work after the cut has been completed 
while the sawdust is thrown well clear of the blade. 
On the horizontal sawing machine, exhibited by 
Messrs. Handel und Reibisch, of Dresden, the saw 
is maintained in the correct position with regard 
to the work by oil pressure, while automatic feed 
and quick-speed return devices are features of the 
apparatus shown by Messrs. Gebr. Lein G.m.b.H., of 
Pirna, 








The firm of Messrs. Erfordia Maschinenbau A.-G., of 
Erfurt, were exhibiting a number of sawing machines 
for dealing with rough timber, including a vertical 
saw frame 29 in. wide and a horizontal sawing 
machine, which measures 5 ft. 4 in. between guides. 
Messrs. F. W. Hofmann, of Breslau, had also a 
vertical sawing frame on view, which was arranved 
for mounting on a trolley, to be easily portable. 
It is necessary, however, that the wheels shall be 
removed before the saw is used, since it is not con- 
sidered safe to run it at full speed when mounted on 
its trolley. 

A machine, which was being shown for the first 
time this year, has been designed for gluing joints 
on wooden planks up to 75 mm. thick. The feed 
mechanism is driven by a separate motor, the pieces 
which are to be treated being brought up by an 
endless chain at the rate of 13m. per minute. Messrs. 
Richard Butterling, of Leipzig-Plagwitz, exhibiting 
this machine, also had a circular saw for edging 
boards. The feed on this machine was also effected 
by chain, the rates being 9, 18 or 36 m. per minute, re- 
spectively. Messrs. Bottcher und Gessner, of Altona- 
Bahrfelder, were showing a tenoning machine 
intended for the mass-production of such articles 
as the parts of doors and window-frames. Straight 
or inclined tenons can be cut with this on both sides 
of a plank simultaneously. The same firm was 
showing a direct-driven planing, slotting, and 
grooving machine. This is fitted with seven cutter 
spindles, and its maximum feed speed is 130 m. 
per minute. All the spindles are driven by the 
same motor through bevel gearing. 

A general review of the metal-working and wood- 
working machines exhibited at Leipzig this year 
shows that constant attempts are being made, with 
a good deal of success, to design machines so as to 
increase both production and efficiency. 

Several interesting applications of the so-called 
flange-motor were to be seen. This motor is a 
natural development from the days when the large 
number of belts necessitated by the steam drive 
was sub-divided, rather than eliminated, by the 
coming of an electric motor to drive a group of 
machines. The next step was to drive each machine 
by its individual motor, though this was not achieved 
without difficulty and discussion. At this year’s 
Fair, it was evident that a third step has been taken 
in German practice, for it is becoming more and 
more usual to drive, not only each machine, but 
each motion on that machine, by a separate motor. 
To do this economically, advantage has been taken 
of every available space in the frame, while the 
motors operating the feed drive on radial drills and 
other similar machines are often of the vertical 
type and are mounted on the top of the column 
itself. The flange motor has facilitated this arrange- 
ment, though it may be pointed out that it was first 
designed to overcome the vibration, which arose 
from the high stresses, which occurred when an 
ordinary motor was used for driving through gearing. 

Such arrangements as these not only reduce the 
employment of belts, but by enabling the driving 
units to be split up permit increased ease of control, 
and thus economy in energy consumption. A 
natural result is that it is usual to find the various 
drives on a machine controlled by push buttons, 
and when it is of any size, a complete set of these 
convenient devices is placed in one or more positions. 
Certain mechanical controls are still, of course, 
necessary, but it is noticeable that these are being 
operated electrically in an increasing number of 
cases, e.g., tail stock movements on large lathes 
are driven by small motors. 

The developments which we have just described 
were first introduced on metal working machines, 
but it is now obvious that they are being pretty 
generally extended to machines designed for dealing 
with wood. 

The significance of the machine tool exhibit at 
Leipzig to British manufacturers and exporters 
sufficient excuse for having dealt with it at so great 
a length, but its importance must not be allowed 
to obscure the fact that this year, on the same site 
at Leipzig, there were exhibitions of industrial 
motor vehicles, internal combustion engines, textile 
machinery, foundry plant, building machinery. 
hardware and electrical equipment of a very com- 





plete and instructive character. These cannot 
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Fic. 25. Koswa VALVE; Messrs. SCHUMANN Fie. 26. Motor Omnisus; Messrs. AUTOMOBILEWERK H. Bussine. 
A.-G. ; 
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Fig. 27. Fie. 28. 
Fies. 27 anp 28. 65-H.P. Dresei ENGINE; Messrs. MASCHINENFABRIK AUGSBURG-NURNBERG. 


be dealt with in detail, but reference to some of the | This had an output of 170 h.p. and was designed for | with temperatures up to 400 deg. C. Devices for 


exhibits may be made. driving a generator or pump through gearing. It | making these valves quick-acting, both when opening 
Germany was the birthplace of the inventor of| is specially intended for employment in textile | or closing, or for controlling them from a distance 
the Diesel engine, and his memory is still kept green | factories. | can also be fitted. 


by the large number of examples of this type of | A large number of pumps of all kinds were also} Brief reference may next be made to the exhibi- 
prime mover which were being shown. These, | on view, together with valves and fittings of various | tion of motor-omnibuses and industrial vehicles 
however, were more or less of standard pattern, and | designs. As an example, the firm of Messrs. Schu-| which was arranged by the German Automobile 
it will be sufficient to say that the equipment! mann A.-G., of Leipzig-Plagwitz, were exhibiting a| Association. This, as stated last week, was housed 
exhibited by such firms as Messrs. Bohn und Kahler, complete range of the Koswa valve, a typical | in a new hall, which has a span roof and no columns 
of Kiel, Messrs. Motoren-Werke, of Mannheim, | pattern of which is illustrated in Fig. 25, on this page. | to cut up the floor space. This exhibit indicates 
and Messrs. Junkers-Motorenbau, of Dessau, were | In this, advantage is taken of the contraction which | that the problems of road transport are likely to 
satisfactorily illustrative of recent German practice. | occurs when the direction of flow of a fluid is altered. | become as urgent in Germany in the near future as 
Messrs. Motorenfabrik-Deutz, of Cologne-Deutz, |The valve is arranged at the place where this | they already are in this country. It is evident that 
to mention one firm only, were making a special | contraction is a maximum, the interior of the| attempts are being made to provide a road service 
display of engines for agricultural purposes. The | housing being shaped to correspond with that of the | competing with the railway, and as an example of 
inlet and exhaust valves of these engines, which are | steam flow. The valve casing, and indeed the | what is being done it may be mentioned that during 
one above the other, are operated by tappet rods. | whole construction, can therefore be made smaller | the Fair a regular service by comfortable six-wheeled 
The valves are mounted directly in the cylinder | than usual for the same pipe diameter. The weight | motor-omnibuses was regularly maintained between 
heads, which are easily removable. A feature of | of the valve is thus reduced by some 25 per cent. to | Leipzig and Chemnitz, a distance of 50 miles. Two 
the Deutz jet-injection engine, several examples of | 30 per cent., the packing is more accessible, and | differences between Germany and this country may, 
which were also shown, is the self-adjusting nozzle | the cost less, while the first cost of a new installa- | however, be noticed. In the first place, the railways 
used in conjunction with the piston-head. This is| tion is reduced, owing to it being possible to use| are in the hands of the State, a factor which may 
hollowed out into hemispherical or nearly hemi-} smaller diameter pipes. profoundly affect road development. On the other 
spherical shape. This, it is claimed, greatly improves; In the particular pattern of valve illustrated in| hand, the German roads are not so good as ours. 
the fuel consumption, the figure being ‘only from | Fig. 25, the housing is of cast-iron, the gland bush | Six-wheeled vehicles are much in evidence, and are 
165 to 170 gm. per brake horse-power-hour. | being of high-percentage nicke! alloy. The valve | fitted with engines which enable high speeds to be 
The well-known firm of Messrs. Maschinen- | spindle is of steel, and the whole equipment is| obtained and heavy loads to be carried. The 
fabrik Augsburg-Nurnberg, were also showing | suitable for pressures up to 180 lb. per square inch | coachwork of these vehicles, when they are intended 
examples of their engines, including a six-cylinder, | and a moderate degree of superheat. A similar | for passenger traffic, is generally of a high class. 
=80-350-h.p.,  solid-injection engine. They were| valve with a cast steel housing can be used on} An example of one of these modern German pas- 
also almost alone in exhibiting a steam turbine. | pressures up to 200 lb. per square inch or more and |senger vehicles is illustrated in Fig. 26, above. 
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by Messrs. Maschinenfabrik Augsburg- 
Nurnberg A.-G. This engine is illustrated 
in Figs. 27 and 28, on the previous page. 
It is fitted with overhead valves, which 





levers, the latter being accessible through 
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This is manufactured by Messrs. Automobilewerk 
H. Bussing, of Brunswick, for carrying both mails 
and passengers. It is fitted with Knorr compressed- 
air brakes on all wheels, a practice which it is 
interesting to note, is also being adopted by Messrs. 
Hansa-Lloyd, of Bremen, Messrs. Mannesmann- 


Mulag, of Aix-la-Chapelle, and several other firms. | 
The air compressor, which supplies the air for this | 


purpose, is driven by the main engine and is cut in 
or out automatically as the pressure rises above or 
falls below predetermined limits. The air supply 
to the brake cylinder on each wheel is admitted 
through a valve controlled by a pedal in the ordinary 
way. Hydraulic brakes were being exhibited by 
Messrs. Ate-Lockheed. 

It is evident that attempts are being made to 
modify the design of the gearing used on commercial 
vehicles with a view to obviating the necessity for 
frequent gear changing and thus reducing the time 
lost on omnibus journeys, where frequent stops 
and slowings down are necessary. For instance, 
Messrs. Allgemeine Berliner Omnibus Gesellschaft, 
of Berlin, showed a constant-mesh gear-box. while 
another firm, Messrs. Dix-Werke, of Eisenach, were 
exhibiting a gear of the centrifugal type, in whict. 
the various speeds ase brought into engagement 
automatically as the revolutions of the engine 
increases. It is claimed that this arrangement 
enables the vehicle to be accelerated more rapidly 
than when ordinary gearing is used. 

Considerable attention is also being paid to 
springing, and Messrs. Friederich Krupp A.-G., of 
Essen, have evidently made use of their experience 
with gun carriages on the vehicles they are showing. 
Helical springs, enclosed in dashpots, are used and 
connection is made to the frame through rubber 
blocks. 

In dealing with the engines, it will be sufficient 
to mention the 65-h.p. engine of the Diesel type, 
which is being exhibited on the chassis of a 5-ton lorry 





Automatic ELectric WELDER; MEssrs. 
SIEMENS-SCHUCHKERT- WERKE. 


the valve covers. The engine is braked 
by admitting air into the cylinders, an 
arrangement which, it is claimed, reduces 
wear, over-heating stresses in the gear, 
| box, and locking of the back wheels. 

The chassis of this vehicle is of high-grade steel, 
|and three-point suspension of the engine and gear- 
| box is used. Transmission is by a cardan shaft, 
‘and the reaction is taken up by a torque tube, 
| whose front end rests on the centre frame cross-stay. 
The same firm were showing a motor omnibus with an 
exceptionally low-slung frame to facilitate entry and 
exit. Incidentally, this practice is becoming usual. 

Two interesting auxiliary devices, which were 
!noted in this Hall, were an adaptation of the 
Flettner rotor for ship propulsion to the ventilation 
| of the interior of vehicles, via cowls on the roof, and 
|front wings suspended by heavy iron brackets to 
assist in supporting the weight of long bars when 
| these are being carried on a lorry which they over- 
hang. 
We must pass over the exhibits of foundry 
machinery, refrigerating plant and textile machinery 
and turn, in conclusion, to the electrical equipment 
which was on view. This does not call for a great 
| deal of comment, except on the grounds of quantity. 
In the Haus der Elektrotechnik, small switches, 
| measuring instruments, lighting fittings, and domes- 
| tic apparatus are shown in great profusion, while 
| almost the whole of another of the halls was devoted 
to wireless apparatus, thus making it evident that 
the cult of broadcasting is as widely established in 
Germany as in this country. 
The increasing use of high tensions was illustrated 
in the displays of ironclad switchgear on a number of 
| stands, in porcelain insulators of the largest size 
}and in the attention that is clearly being paid to 
| synthetic insulating materials of all kinds. The 
| displays made by the smaller manufacturers of 
these classes of goods tend to be overshadowed by 
the exhibits of Messrs. Siemens-Schuchkert-Werke, 
}and Messrs. Allgemeine Elektrizitats Gesellschaft, 
| of Berlin, whose products sufficiently indicate the 
| trend of modern German practice. 








HiaH-SPEED Circuit BREAKER ; 


are operated by camshafts and rocking 











| facturers. 


Messrs. SIEMENS-SCHUCHKERT- WERKE. 


Perhaps the most interesting exhibit on the stand 
of the former firm was a device, which has for its 
object the maintenance of the water level in an 
open or closed tank. No float is used and the 
whole of the control apparatus is arranged outside 
the tank where it can be kept under observation. 
This apparatus consists essentially of two glass bulbs, 
which are connected by a narrow glass tube to form a 
vessel of hour-glass shape. This is carried on one 
end of a counterweighted arm, the movement of 
which makes of brakes contacts in the circuit of the 
motor driving the pump. The level of the liquid in 
the tank and in the glass control apparatus being the 
same, as the water level in the former rises, water 
enters the lower bulb and gradually forces its way 
up into the upper bulb, thus causing the arm to tip 
and the motor to be switched out. As the water 
level in the tank falls, the bulbs are gradually 
emptied, the arm rises and the motor is switched in 
again. 

The same firm were showing a number of their 
standard motors, both alone and in conjunction 
with machine tools and other machinery, a special 
feature also being made of small grinders which are 
driven by flexible shafts. They were also exhibiting 
several types of industrial heating apparatus, 
including especially spot, seam and butt welders, 
all of which are water-cooled. One of the seam 
welders shown was fitted with both air and water 
cooling, the whole equipment being self-contained, 
so that no connection to a water supply is necessary. 

Fig. 29, on this page, illustrates an automatic 
welder, which is intended for building up such parts 
as worn out gear-wheels and for welding roller 
chains. It comprises a welding transformer and 
switchgear, while the mechanical portion includes 
the welding head and the device for turning the 
rollers. A small motor in the head, the speed of 
which is controlled by relays, feeds up the wire 
electrodes slowly and constantly at a rate which 
depends on the length of the are. By an appropriate 
modification of the mechanical portion, the same 
electrical equipment can be employed for welding 
traction gear wheels, as well as for producing longi- 
tudinal or circular seams. 

A wide range of switchgear was also 
exhibited by the same firm. Armour-clad equ!p- 
ment is increasingly in evidence, but its design 18 
not so robust as that produced by British manu- 
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with vanes so that air is drawn in from both sides, 


EXHIBITS AT THE LEIPZIG FAIR. and expelled through the louvres visible in the illus- 


tration. In this way sufficient cooling is obtained 
at a reduced air velocity, windage losses and the 











amount of dust drawn in being thus reduced. The 
brush lifting and short-circuiting gear is simple and 
easily accessible, and is illustrated in Fig. 33. Its 
action is positive, and the switch blades can be 
quickly renewed. 

Omey Another novelty on this stand was a device, 


which eliminates the necessity of tipping a mercury 
i 
| ; ; 


metallic strip, which is included in the circuit 
of the auxiliary electrode. At starting, this electrode 
is immersed in mercury, but as the current passes 
the strip becomes hot and expands unequally, 
thus causing the electrode to lift and strike the 
are. 

Mention may also be made of a new star-delta 
switch for motors up to 6 kw., which has been 
designed to comply with the regulation that the 
change-over from one set of connections to the 
other must be made at a high speed, which is inde- 
pendent of the operator. When the handle is first 
moved a spring is placed in tension, but a locking 
device holds the contacts in their original position, 
until a connection is made between the spindle 
carrying them and the handle detents. The latter 
then release the lockirig device and the spring forces 
the contacts rapidly into their new position. 

In concluding our account of the Leipzig Fair 
jit must be observed that there is nothing to indicate 
|that we are falling behind the Germans in design 
or production in any branch of engineering. A 
searching examination of all the various machines 
and equipment shown would doubtless lead to the 
discovery that they are in advance of us in certain 
matters of detail. It would most surely equally 
show that in others we are in advance of them. 


vapour rectifier at starting. This consists of a bi- 





Fie. 31. 300,000-KV.-A. Om Crrcuir Breaker; Messrs. SIEMENS-SCHUCHKERT-WERKE. The fact that a searching examination is necessary 


proves that, broadly speaking, there is little to 
choose between the two countries. It also proves 














that we can compete with them on quality in any 
market. It is doubtful, however, whether we are 
doing so. 

it would certainly appear that considerable 
advantage lies in specialised engineering trades 
taking part in a national exhibition of this kind, of 
which this country now has a corresponding 
function in the British Industries Fair. It is clear 
that very large numbers of foreign buyers may be 
attracted to a display of this kind who are not 
likely to travel long distances to visit a trade exhibi- 
tion strictly limited to one more or less specialised 
branch of engineering, while the specialist himself 
will not be kept away by the knowledge that he 
will see most of the latest developments in other 
than his own limited field. 
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THE MARKING OF IMPORTED CABLES AND WrirES.—The 
Fig. 33. Standing Committee, appointed by the Board of Trade, 
have reported on their enquiry, under the Merchandise 


Figs. 32 anp 33. TuHrEeE-PHasE Motor; Messrs. ALLGEMEINE ELEKTRIZITATS GESELLSCHAFT. Marks Act, 1926, as to whether imported insulated electric 


speed circuit-breakers, and the model illustrated in { 
Fig. 30, opposite, which can be used for controlling | 
both generators and feeders, may be taken as typical. | 
The employment of circuit-breakers of the smallest | 
capacities are now, it is evident, becoming increas- | 
ingly common in Germany, and are used on circuits | 
the circuit current capacity of which does not exceed | 
2 amperes. At the other end of the scale are, of 
course, the oil switches, and a pattern which the | 
Siemens-Schuchkert-Werke were showing for the | 
first time is illustrated in Fig. 31, above. This 
has a rupturing capacity of 300,000 kv.-a., and 
18 intended for carrying currents up to 600 amp. | 
It is suitable for all types of mounting, and can be | 
arranged for either hand or solenoid operation. | 
Special features are that there is a considerable oil 
level above the contacts, each phase is contained in a 
Separate compartment and the tank walls are 
Protected from decay by hard paper cylinders, 
and are constructed to withstand explosive stresses. 
There is no earthed metal in the contact chambers, 
and the breaking velocity is high. 

_ 4t Was interesting to see, as a result of an inspec- 
hon of the stands in the Haus der Elektrotecnik, 
the larger and larger role which the three-phase 
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cables and wires should be required to bear an indication 
. ; , po: : of origin. The report is obtainable, price 3d., from H.M. 
motor is assuming as a power-unit. This applied | Stationery Office, Adastral House, Kingsway, London, 
especially in the smaller and more moderate sizes, | W.C.2. 

where a squirrel cage motor can safely be employed. 
On these motors, roller bearings are now becoming AGRICULTURAL MACHINERY PRODUCTION IN CANADA. 


. +4 —According to a report issued by the Canadian Bureau 
standard and in addition to the flange motor to of Statistics, the production of agricultural implements 


which reference has already been made, the pro- | and machinery within the Dominion during 1926 was 
tected and the protected-ventilated types are | valued at 38,269,214 dols., an increase of no less than 


-eivi mnecial ; icati ‘ om 54 per cent. over the 1925 figure. The output was the 
receiving special application from the chemical greatest reported since 1921, when the value recorded 


+— 








industry and in agriculture. was 38,947,968 dols. 
A new development in motor design was to be —— 
found on the stand of Messrs. Allgemeine Elektriz- RoAD-MAKING MACHINERY IN CoLomBIA.—The British 


itits Gesellschaft, of Berlin. This motor, which is een . ger egg e menenniate 
: .. Th 6 : : _| relative to the possibilities of selling road-making 
illustrated in Figs. 32 — e = —— ™ ye machinery and steel bridges, &c., in Colombia. Firms 
factured for moderate and large outputs, and for] in a position to supply British materials can obtain 
speeds between 500 and 1,500 r.p.m. As regards | further particulars on application to the Department of 
the stator, the usual hand wound windings in semi- Overseas Trade, 35, Old Queen-street, London, 8.W.1. 
closed slots are only useg on the patterns whose out- The reference number, A.X. 5996, should be quoted. 

put does not exceed 32 kw. Above that output ‘ 

former wound coils and open slots are employed, a _PuLp AND PAPER Mitt, NEw BRUNSWICK, CANADA.- 
Jeparture which bl h coil to be tested at We have been informed that a mechanical pulp mill, 
Ses Sa Sa ee costing 2 million dollars, is to be erected at Edmundston, 
the working pressure before assembly. These|N.B. It is anticipated that wood pulp and paper board 
former windings are secured in position by Presszell | will be produced in the new plant before the end of this 


7 , year. The new mill will be operated by hydro-electric 
wedges, and can be evenly arranged round the power generated at Grand Falls on the St. John River. 


stator periphery so that ventilation is facilitated. The mill will have a daily capacity of 150 tons of pulp, 
No special fan is employed, but the rotor is fitted | and a paper-board capacity of at least 60 tons a day. 











LABOUR NOTES. 
| .Or the agenda which the Trades Union Congress 
General Council has prepared for the forthcoming 
discussions on industrial peace with the Mond group of 
employers, Industrial News, an official publication of 
the General Council, says that, broadly speaking, it 
is divisible into five parts. In one part are all the 
questions affecting the relations of the trade unions 
with the employers, including recognition of the 
unions, victimisation, collective bargaining and works’ 
councils. In another, all the questions are brought 
together which concern industrial conditions, viz., 
unemployment, minimum wage principles, legal regula- 
tion of hours, the high wages policy, participation of 
the workers in the benefits of increased production, 
and publicity for the facts of industry. A third group 
of questions consists of the topics which particularly 
relate to the more efficient national organisation of 
industry. Under this heading are the questions of 
management and labour, the organisation, technique 
and control of industry, the effects of unnecessary 
internal competition on the standards of labour, 
problems of distribution and technical education. 





The fourth group includes the financial problems 
affecting industry, viz., industrial finance, taxation 
and local rates, and the bearings of the banking and 
credit systems and policy upon economic enterprise, 
and the fifth takes in the international aspects of 
industry, including the competition of countries with 
lower labour standards than bur own, the effects of 
international agreements and conventions, and the 
work of the International Economic Conference. “* It 
will be seen,” the writer says, “‘ that the ground to be 
covered in the joint discussions is to be exhaustively 
surveyed. The governing consideration is that higher 
all-round efficiency in the organisation and conduct 
of economic enterprise is to the advantage of every- 
body. It involves no sacrifice of principle on either 
side to settle down to a commonsense examination of 
all the factors which affect production.” 





Some time ago we mentioned that the General 
Council of the Trades Union Congress had devised a 
scheme for the organisation of unemployed workers 
under the auspices of the local Trades Councils. It 
has now been decided to put the scheme experimentally 
into operation at Manchester, Liverpool, Bradford, 
Sheffield, Hull and Walsall, and to consider, in the 
light of the experience gained in these centres, its 
extension to Bath, Middlesbrough, Wolverhampton, 
Leicester, Leeds, North Staffs, Gloucester, Newcastle, 
Ipswich, Plymouth, Oldham, Swindon, Bolton, Roch- 
dale and Ashton-under-Lyne. Under the model 
constitution that has been framed any unemployed 
person will be eligible to join the local Unemployed 
Association by the payment of a penny per week on 
the understanding that on securing employment 
such member transfers to the appropriate trade union. 


The object of the movement is declared to be to 
bring pressure on the Government and local authorities 
to take the fullest measures to organise relief work, 
and to obtain for the unemployed as high a standard 
of living as possible. The executive of each local 
association is to consist of two representatives from 
each branch of unemployed, two from the Trades 
Council, two from the Board of Guardians Labour 
group, and two from the Labour group of the local 
governing body. Other persons may be co-opted in 
an advisory capacity. Trade unionists who enrol are 
to be advised to retain membership of their trade 
unions. 


The Finnish Council of State has decided that 
during the current year the Eight Hour Day Act 
shall not apply to the following industries, undertakings 
and occupations :—Construction, repair and main- 
tenance of private dwelling-houses and outhouses in 
rural districts ; clearing, cleaning and drainage opera- 
tions performed in direct connection with forestry 
work; tree-felling and wood-cutting ; the hauling cf 
timber, and the floating thereof on waterways, other- 
wise than at the actual sorting places ; railway traffic 
in so far as the staff employed is paid by the year or 
month, except in the case of locomotive drivers ; the 
postal and telegraph service, except as regards workers 
employed by the telegraph department ; the customs 
service, except for the stations for keeping watch on 
shipping routes and the eastern frontier, and the 
customs offices within the country ; workers in hospitals, 
and prisons, and on canals and swingbridges. 





Under the agreement covering the iron and steel 
industry, recently arrived at by the Fascist General 
Confederation of Italian Industry and the National 
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are normally to be 48 per week and eight per day, and 
workers are not to be at liberty to refuse to work in 
shifts after a preliminary agreement has been reached 
as regards the time-table. In undertakings engaged 
in continuous processes, the members of each shift are 
required by turns to work the overtime necessitated 
by the requirements of the work in hand. In addition 
to ordinary wages they will be paid overtime rates, 
which are fixed in advance. In undertakings where 
work is carried on uninterruptedly for seven days a 
week, hours of work are to be 144 for each period of 
three weeks (56, 48 and 40 hours). Piece-work rates 
will be so arranged that a worker of average capacity 
may be able to earn slightly more than the basic wage. 
When, over a period of 15 days, the average earnings 
from piece work show a decrease, the workers’ organisa- 
tions are entitled, after investigating the situation, to 
nominate three to five delegates from among the 
workers of the different undertakings to negotiate an 
agreement with the heads of undertakings appointed 
to meet them by the corresponding employers’ associa- 
tions. 

The supplementary payments to be added to the 
basic wage earned by ordinary labourers and skilled 
workers engaged by the hour are to be fixed by special 
agreements, account being taken of the various elements 
which go to make up the workers’ remuneration. 
Work executed outside normal hours of work, night 
work and work performed on holidays will be paid for 
at increased rates in proportion to the normal wages. 
In addition to public holidays recognised by the State, 
workers have a right, after 12 months’ service, to at 
least six days of paid annual holidays. 





The March issue of the Amalgamated Engineering 
Union’s Monthly Journal states that representatives 
of the Executive Council have met representatives of 
The Associated Blacksmiths’ Society in accordance 
with the resolution of the National Committee, 1927, 
in regard to the piecework earnings of strikers. The 
question, which is an old-standing one and somewhat 
involved, was discussed, Mr. Brownlie says, on 
general lines. Afterwards it was agreed that the 
representatives should recommend their respective 
Executives to appoint a joint sub-committee to fully 
investigate the matter with a view to arriving at an 
amicable settlement. The Executive Council have 
endorsed these findings and appointed their representa- 
tives to the proposed joint conference. 


The following communication has been sent by 
Mr. Smethurst, the General Secretary, to secretaries of 
branches of The Amalgamated Engineering Union :— 
“The attention of the Executive Council has been 
called to duplicated matter which has been circulated 
by the Minority Movement on behalf of certain candi- 
dates in the elections now pending for general officers 
of the union. Your members will, we think, realise 
that such action is not in accord with the practice of 
our union, and we trust that the communications 
referred to will be totally disregarded, as the adoption 
of such methods and the interference by outside bodies 
with respect to the affairs of the union is to be depre- 
cated, and should not be countenanced.” 


The writer of an editorial note in the March issue 
of the A.#.U. Monthly Journal claims that the hopes 
expressed by him in January of an improvement in 
trade “‘ are likely to be realised.” One or two sections 
of the engineering industry are not, he admits, improv- 
ing as rapidly as is desirable, but apart from that 
the industry as a whole is, in his opinion, improving 
month by month. The returns from branches in 
respect of unemployed members belonging to the 
A.E.U. show, he points out, that at the end of January, 
1927, the members signing the vacant books numbered 
21,527; at the end of February, 1927, it was 18,583, 
at the end of January, 1928, 13,102, and at the end of 
February, 1928, 12,892. Between January, 1927, and 
February, 1928, the percentage of unemployed fell 
from 10-27 to 6-24. “ We think,” the writer adds, 
“the foregoing fully justifies the opinions expressed 
that there has been a steady improvement, and that 
we can with confidence look forward to a continuance 
of this.” 

In the course of a reference to the Washington 
Hours Convention, the same contributor says :—‘* The 
question of an agreement being arrived at by industrial 
countries in respect to reduction in the number of 
working hours per week is one of paramount import- 
ance, having regard to the number of unemployed 
workpeople. In our view, it is not one that should 
be made use of for party purposes, and we regret 
that our Government has not used the influence it 
possesses to accelerate the ratification of the 
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will have a detrimental effect upon the policy of the 
other Powers, and possibly delay the agreement being 
arrived at by other industrial nations.” 





The Ministry of Labour states that on March 5, 
1928, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,094,500. Of these 788,400 were wholly unem- 
ployed, 237,300 temporarily stopped, and 68,800 
persons normally in casual employment; 880,100 
were men, 32,800 boys, 149,900 women, and 31,700 
girls. On February 27, 1928, the number of un. 
employed persons was 1,108,676, of whom 889,025 
were men, 34,617 boys, 151,432 women, and 33,602 
girls. Of the total number 803,571 were wholly 
unemployed, 237,472 temporarily stopped, and 67,633 
persons normally in casual employment. The number 
of unemployed persons on March 7, 1927, was 1,144,060, 
of whom 926,975 were men, 29,931 boys, 154,852 
women, and 32,302 girls. 





A pamphlet entitled The Mond Moonshine; My 
Case Against the Peace Surrender, by Mr. A. I. Cook, 
has been issued by Workers’ Publications, Limited. 
In the course of it Mr. Cook says :—“‘ It was tragic to 
me, over twenty years a Socialist, to hear members of 
the General Council shed their Socialism for Mondism. 
The workers will now see the hypocrisy of the General 
Council, who sneered and criticised Baldwin's plea 
for ‘ peace in our time,’ attacked—mildly, it is true— 
Havelock Wilson, only now to take the initiative them- 
selves. This seems to have dawned upon one, at any 
rate, of the members of the General Council—Mr. 
Citrine. He has in recent speeches and contributions 
to the Daily Herald made it clear that he, for one, 
hopes that the meetings with the Mond group will 
develop in a permanent Economic Council of employers 
and employed, having powers to pronounce with 
authority upon every question arising in industry— 
wages, hours, and working conditions. The merest 
beginner in the study of Trades Unionism must see 
that this is indistinguishable from a system of ‘ company 
unionism ’ made universal. And who needs to be told 
that ‘company unionism’ is ‘ bosses unionism’ ? or 
that it differs from Havelock Wilson’s Industrial 
Peace Unionism only by being even worse from the 
workers’ point of view. - You cannot be a 
Socialist and at the same time help the employers to 
rebuild capitalism. Capitalism and Socialism are 
antagonistic terms. We must either decide to stand 
by capitalism and abandon Socialism, or to work for 
the destruction of capitalism. There is no middle 
ground.” 


Mr. Cook believes that before there can be any general 
discussion with representative employers, such as the 
Confederation of Employers Organisations, or the 
F.B.I., the very minimum proposals the workers’ 
representatives should advance for consideration are: 
(1) Full recognition of trade union membership for 
every worker, male and female. (2) No victimisation 
of workers for political or industrial activities. (3) 
Repeal of the Eight Hour Act and the Trade Union 
Dispute Bill. (4) No attacks upon wages and hours 
of the workers. As far as the miners are concerned, 
the wage reductions now decided upon in Durham and 
Northumberland not to be operated.” ‘* These are, 
he adds, ‘‘ just a few of the many demands that would 
have to be satisfied before any talk of peace in industry 
was in order.” 


Means were found at the last moment to avoid the 
threatened extension of the labour trouble in the Berlin 
metal industry. On Thursday last week the Arbitra- 
tion Board decided that the questions of time, wages 
and piecework rates over which about 1,000 toolmakers 
were on strike should be referred for consideration to a 
joint committee of employers and workers. The 
employers accepted the award, but the Berlin Metal 
Workers’ Union rejected it. The difference Was 
accordingly referred to an arbitrator appointed by the 
Minister of Labour, who, on Saturday, “in the public 
interest,” formally declared the Arbitration Board's 
award to be binding on both parties. 


t ace ill 
A conference on the wages question took place 


London yesterday between representatives — of 0 
Engineering and Allied Employers’ Federation { 
representatives of the Engineering Trade lt — 
The unions have applied for an advance of Ss. pet ‘eis 
and at the meeting exhaustive statements W oe ated 


support of the claim. The shipyard unions ‘ ‘iding 
to the Federation of Engineering and Shi) bui — 
Trades have decided to ask the Shipbuilding Employ wot 
Federation for a further conference on the ba 
question, the offer made recently by the employe 





Convention. It appears to us that its recent action 
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being deemed to be unsatisfactory. 
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THE BEHAVIOUR OF METALS AND 
ALLOYS DURING HOT-FORGING.* 
By W. L. Kent, Ph.D., B.Sc. 


{HE research described in the present paper was 
initiated in order to investigate the forging properties of 
metals and alloys, with a view to the application of a 
forging test as a measurement of their malleabilty at 
high temperatures. Many workers have endeavoured 
to measure this property by means of ordinary 
mechanical tests, but the results given have not been 
satisfactory. Indeed, it may be said that no mechanical 
test may be satisfactorily used for this purpose, and 
that the only way in which the malleability of a material 
may be determined is by actually rolling, drawing, or 
otherwise working it under industrial conditions. 
However, the present work has shown that in certain 
cases useful information may be obtained regarding 
the variation in the working properties of a material 
with rise in temperature, by combining the results of 
the test to be described and the Izod test. 

So far as the author is aware, the only previous work 
on the hot-forging of metals is that of Ellist on the 
effect of constitution on the malleability of steel at 
high temperatures. The experimental methods em- 
ployed in the present work were similar to those of 
Ellis, and consisted in the forging of small cylindrical 
samples (previously heated to the required temperature) 
on the anvil of a small drop-stamp with a predetermined 
energy of blow. The samples were allowed to cool 
in air and, in the case of aluminium, copper, and the 
brasses, the Brinell hardness was then determined. 
The results obtained suggested some _ interesting 
conclusions concerning the mechanism of hot-forging, 
and lead to an extension and modification of the 
original research in that direction. It has been shown 
that certain metals strain-harden during hot-working 
in the same way as at ordinary temperatures, but not 
to the same extent. The degree of strain-hardening 
decreases progressively with rise in temperature, the 
rate of fall being greater in the case of aluminium than 
copper. It has been concluded that the continuous 
hot-forging of copper is made possible by its instan- 
taneous recrystallisation at 650° C. (with a given degree 
of cold-work), but that in the case of aluminium the 
actual softness of the metal is an aid to hot-forging. 

The drop-stamp used in this investigation had a 
hammer weighing 87} lb., and the maximum height of 
fall allowed of the use of an energy of blow of 400 ft.-lb. 
The height of fall was regulated by means of a special 
clamp attached to one of the guides of the drop-stamp. 
The clamp was fixed firmly at the required height, 
the hammer was drawn up until it pressed against the 
lower surface of the clamp, the specimen placed in 
position on the die and the hammer allowed to fall 
under gravity. As soon as the blow had fallen the 
hammer was raised and the specimen withdrawn. A 
similar procedure was employed for tests at elevated 
temperatures, the specimen being rapidly transferred 
from the heating medium to the anvil of the drop-stamp 
by means of tongs heated at the same time as, and 
side by side with, the specimen. The methods of 
heating and the ranges of temperature employed were 
as follows : 


Water bath Room temperature to 100 deg. C. 
Oil bath 125 deg. C., to 325 deg. C. 
Salt bath 350 deg. C. to 600 deg. C. 
Electric furnace 650 deg. C. to 1050 deg. C. 


The usual soaking period was 15 minutes, and the 
maximum (in the case of the electric furnace only) 
20 minutes to 25 minutes. The time elapsing between 
the withdrawal of the specimens from the bath or 
furnace and the fall of the hammer was only about a 
second, and very little chilling occurred. The forged 
samples were allowed to cool on the concrete base of 
the stamp. All tests were carried out in duplicate, 
and the results expressed as a percentage decrease in 
height, which has also been termed the percentage 
deformation. Preliminary experiments at ordinary 
temperatures with 0-5 in. and 1 in. normalt samples 
indicated that those of the former size were the most 
convenient to employ, except in the case of lead, and 
that 50 it.-Ib. was the best blow to use as a standard 
for high-temperature work. 

Hardness tests were made on aluminium, copper, 
and the brasses, using the small Brinell machine with a 
I-mm. ball. In all cases the load was maintained for 
30 seconds, and at least three impressions were made 
on each specimen. A load of 5 kg. was employed for 
Saminium, and one of 10 kg. for the other materials. 
; heney ‘x possible, the materials were obtained in the 
orm ot rod drawn to size. In some cases, however, 





me Was not possible, and castings were prepared in the 
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laboratory and machined to the required size. All 
samples were annealed at an appropriate temperature 
in order to remove any strains set up in machining. 
Particulars of the materials and the treatments 
accorded them are given below. 

Tin.—The tin was C.T.S. brand, with a purity of at 
least 99-9 per cent. All ingots were cast at a tempera- 
ture of 300 deg. C., and samples were annealed at 
100 deg. C. for 10 minutes. 

Lead.—The lead was obtained by the reduction of 
red-lead by charcoal. All ingots were cast at a 
temperature of 380 deg. C., and samples were annealed 
at 100 deg. C. for 10 minutes. 


Fig.1. FORGEABILITY OF TIN, LEAD 1IN.SAMPLES), 
AND ZINC AT ELEVATED TEMPERATURES. 
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Fig.3. HARDNESS OF ALUMINIUM AFTER FORGING. 
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Fig.4. HARDNESS OF COPPER SPECIMENS 
AFTER FORGING. 
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Zinc.—The metal used for the experiments recorded 
here was of 99-95 per cent. purity. All ingots were 
cast at a temperature of 495 deg. C., and specimens were 
annealed at 100 deg. C. for 10 minutes. 

Aluminium.—The aluminium contained 0-17 per 
cent. iron and 0-20 per cent. silicon. The metal was 
cast at a temperature of 700 deg. C., and all specimens 
were annealed at 450 deg. C. for 30 minutes. 

Copper.—The material used was best American 
wire-bar, and all samples were annealed at 650 deg. C. 
for 30 minutes. 

Brass.—Two grades of brass were obtained, namely, 
70:30 and 60:40, and pure and leaded samples of 
each were investigated. The analyses of the materials 
used are shown in Table I. The prepared samples 
were annealed at 650 deg. C. for 30 minutes and allowed 
to cool in the furnace. There was very little oxidation 
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Results Obtained.—The results obtained for tin are 
plotted in Fig. 1. The first portion of the curve is a 
straight line, but there is a marked change in direction 
between 130 deg. and 155 deg. C., after which the 
curve assumes a different form. The change in form 
occurs at a temperature very near to that of the 
allotropic change at 161 deg. C. The deformation 
increases very rapidly with rise of temperature from 
180 deg. C. to the melting point. 

As previously stated, 0-5 in. normal specimens were 
employed in the case of all the metals but lead, where 
it was found advisable to employ 1-in. samples. It 
will be observed (Fig. 1) that the deformation curve 
for lead was comparatively smooth and presented no 
special feature. It will be noted, however, that the 
deformation did not increase very rapidly with tem- 
perature, and was only in the neighbourhood of 
40 per cent. when the metal was quite near the melting 
point. 

The curve for zinc (Fig. 1) showed peculiar variations 
at temperatures beyond 150 deg. C., somewhat similar 
to those observed by Bingham* in elongation tests. 
Although the whole curve was not checked by a further 


TABLE I.—Analyses of Brasses. 











70: 30. 60 : 40. 
Element. —_—_—_—- — 
A. B. C. | D. 
Copper, per cent. 72 +2 70°1 60-2 | 60-4 
in, - Nil Nil Nil Trace 
Lead, sa 0-01 0-178 0-006 0-56 
Tron, pe 0-05 0-027 0-027 0-18 














series of experiments, typical points were confirmed by 
separate tests. The deformation curve does not 
indicate the working range in the same way that 
notched-bar impact test results do.f 

Two entirely separate series of tests were carried 
out on aluminium. The object of performing the 
second series was in order to confirm, if possible, the 
character of the first curve, but micro-examination 
of typical samples showed that full agreement could 
not altogether be expected, since the structure in the 
first series consisted of elongated grains with layers of 
small ones between, and the second of uniform poly- 
gonal grains with » larger average size than the first 
series. However, “the small increase in forgeability 
at a temperature of only 50 deg. to 100 deg. C. was 
confirmed (Fig. 2), together with the existence of a 
cusp in the curve at 300 deg. C. There was a marked 
change in direction in the first’ curve at 450 deg. C. 
but this was hardly confirmed by the second. Having 
regard to the low temperature at which aluminium 
softens, the hardness results (Fig. 3) are of interest, 
since it is remarkable that even specimens forged at 
600 deg. to 650 deg. C. were still harder than the 
original material, the Brinell hardness of which was 
18-8. 

The forgeability of copper (Fig. 2) appears to increase 
slightly with rise in temperature up to 100 deg. C., 
but then remains constant to 200 deg. C. and again 
increases gradually up to 950 deg. C., the curve forming 
a series of small loops. It should be mentioned that 
the agreement between duplicate samples in this series 
and with all the brasses was very close indeed. The 
Brinell hardness (Fig. 4) increased from 43 to 73-5 
on forging at ordinary temperatures. The value fell 
quickly on working at only 50 deg. C., but then very 
gradually up to 550 deg. C., when a very sudden 
fall occurred, and no increase in hardness was dis- 
cernible in specimens forged at 650 deg. C. Micro- 
examination showed that a recrystallisation took 
place at 600 deg. C. and was completed at 650 deg. C. 
A further small increase in hardness took place up 
to 800 deg. C., when it decreased again to a minimum 
at 1,000 deg. C. The increased hardness at 1050 deg. C. 
was probably due to the fact that excessive oxidation 
occurred at that temperature and oxide was forced 
into the surface of the specimen by the hammer-blow. 
In connection with the recrystallisation occurring at 
650 deg. C., it is interesting to note that Bengough and 
Hanson, investigating the tensile strength of copper 
at elevated temperatures, found that the elongation 
curves suffered an abrupt change in direction at 650 deg. 
C. They associated this point with the recrystallisation 
of the metal, and although it may be pure coincidence it 
is significant that the corresponding elongation was 
27-5 per cent., while in the present experiments the 
deformation was 27 per cent. 

The effect of the temperature on the forgeability 
of brass is shown in Fig. 5, the broken lines indicating 
the lead-free brass in each case. The deformation of 
70 : 30 brass increases a little with the temperature of 
forging up to 400 deg. C., remains constant to 500 deg. C. 





* Journ. Inst. Metals, vol. xxiv., p. 333 (1920). 
+ Greaves and Jones, ENGINEERING, vol. cxx., p. 308 
(1925). 








in any of the specimens. 
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It increases slightly to 550 deg. C. or 600 deg. C., and 
then apparently falls off again very slightly before 
increasing rapidly after the temperature of 700 deg. C. 
has been reached. Samples of pure brass deform a 
little more readily at 930 deg. C. than at 900 deg. C., 
but the impure material behaved as if very near to the 
melting point—due, perhaps, to the influence of the 
lead. The form of curve gives no indication of the 
presence of that element, although the notched-bar 
impact test indicates the presence of between 0-01 
and 0-02 per cent.* The surfaces of all the samples of 
pure material were smooth and free from cracks 
whatever the temperature of working. Samples of 
brass B, however, showed a considerable number of 
cracks when ‘tested at temperatures in the neighbour- 
hood of 350 deg. C. and above. The cracking increased 
in severity at 550 deg. C. and again at 750 deg. C., 
and at 850 deg. C. spread to the sides of the specimens. 
Micro-examination showed that the cracks were 
largely imtercrystalline, even at 350 deg. C., and con- 
firmed the opinion that their presence was due to the 
influence of the lead. The hardness (Fig. 6) was in- 
creased from 54 to 90 by working at room temperature 
and, after forging above 450 deg. C., fell gradually, 
until at 900 deg. C. it was the same as that of the fully 
annealed material. There were signs of the com- 
mencement of recrystallisation in the specimens forged 
at 900 deg. C. 

The forgeability of 60:40 brass remained nearly 
constant up to 400 deg. C., after which it increased 
fairly rapidly up to 650 deg. C., and then very rapidly 


1g.5. FORGEABILITY OF 70:30 AND 60:40 





nical tests, except in one particular. Bunting* con- 
cluded from his temperature-Izod value curves that 
the influence of lead on « brass (65 per cent.) is not 
harmful in hot-stamping, provided that the working 
temperature is high enough and the finished article is 
not called upon to resist shock stresses, yet « brass 
(70 per cent. copper) containing lead would not forge 
under the drop-hammer without cracking. This 
property of indicating whether or not a material will 
crack when forged is one of the chief advantages of the 
drop-stamp over the Izod test for malleability measure- 
ments. It also gives the forging test a claim to priority 
over the impact hardness test, which is made by allowing 
a weighted, hardened steel ball to fall upon the metal 
from a given height and then measuring the indentation 
produced, which has also been recommended by some 
authorities for malleability determinations. 

The results of notched-bar impact tests at high 
temperatures have shown that a high Izod or Charpy 
value usually indicates good working properties, and 
that the best working temperature is that at which the 
Izod value attains a maximum. In this respect the 
notched-bar test is superior to the forging test, but 
the latter gives very useful information when the 
appearance of the sample is taken into account, and 
defines the limits of a working range much more pre- 
cisely than the notched-bar test. However, high Izod 
values are sometimes obtained when the material 


melting point. 





will crack severely under the drop-hammer, and appar- 
ently the joint results of both tests would be of value. 
Care must be taken in interpreting the results of the forg- 


4. The slope of the deformation- 
temperature curve for copper indicates that the hard- 
ness falls off but slowly with increase in temperature, 
and not rapidly as indicated by the tensile test. 

The Effect of Quenching Hot-Forged Samples.—A 
number of copper samples were forged at temperatures 
from 600 deg. to 750 deg. C. and quenched immediately 
after the blow had fallen. Unfortunately, the samples 
did not belong to the same batch as those previously 
employed, and their hardness was slightly greater, but 
the results are quite comparable with those already 
discussed. It will be seen from Table V that quenching 
does not affect the recrystallisation taking place at 
600 deg. to 650 deg. C., nor does it affect the final 
hardness of the specimens. 


TABLE V.—Forging and Quenching Experiments with 








Copper. 
Sample Temperature and | Deforma- Hardness 
“aor Treatment. tion. Hardness. | Previous 
= Deg. C. Per cent. Series. 

C 43 600, quenched 23-8 59°5 58-7 to 46-7 

44 650, a 25-9 45-3 43-6 

47 650, air-cooled 25-9 45-9 

40 700, quenched 25-3 46-3 44-6 

48 750, ” 27°3 46-5 45-0 

















Table VI shows the average hardness of samples 
forged at temperatures from 450 deg. to 650 deg. C., 
and that of samples forged and quenched at similar 


Fig. 6. HARDNESS OF 70:30 AND 60:40 BRASS AFTER FORGING. 
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indeed. The presence of lead has very little influence \ 
on the form of curve obtained. At about 350 deg. C. % 
the samples of lead-brass showed surface cracks which re 
became more severe at 550 deg. C. and 650 deg. C. 50 
The amount of cracking then decreased, so that the oO 700 200 300 400 500 600 700 800 900 
material was fairly malleable at 700 deg. C., and quite (oe) Temperature of. Forging, Degrees Centigrade See 


malleable at 750 deg. C. and temperatures above. In 
the malleable range the buttons produced had smooth 
clear surfaces and neatly rounded sides, indicating 
ease of working and a high degree of forgeability. These 
properties, and the absence of cracking, were probably 
due to the fact that the alloy becomes all B at about 
750 deg. C. 

The pure brass did not crack at low temperatures, 
but did not forge so well at temperatures above 
650 deg. C., and showed marked side cracks at tempera- 
tures beyond 750 deg. C. The sides were irregular in 
contour, and it was quite evident that the impure 
material was more satisfactory for high-temperature 
forging. The surface-cracking noticed above in 70 : 30 
brass B and in 60 : 40 brass D at intermediate tempera- 
tures was not obtained in this series at all, but at 
temperatures approaching the melting point there 
was a tendency for the side cracks to spread inwards 
from the edges. As in the case of 70 : 30 brass, micro- 
examination showed that cracks in the lead-brass 
followed the crystal boundaries, and chiefly the boun- 
daries between a and § grains, where the lead was 
segregated. The absorption of « by the § became 





ing test with materials having a columnar structure 
(like zinc), since the result is dependent on the direction 
of the blow relative to the grain formation. If the 
sample is struck in such a way that the crystals are 
forced to interlock no cracking will occur, provided 
that the temperature is within the working range. 
However, if the blow is struck in any other direction, 
severe cracking will occur no matter what the 
temperature may be. 

The Mechanism of Hot-Forging.—The results of 
tensile tests at elevated temperatures appear to indicate 
that metals soften very rapidly with increase in 
temperature, since the strength decreases very consi- 
derably long before the melting point is reached. 
However, the results obtained in the present investi- 
gation suggest that the materials tested are not 
exceptionally soft even at temperatures just below 
the melting point ; the reason for the apparent anomaly 
is, of course, the time factor. As a result of these 
observations, experiments were devised in order to 
supplement the data already obtained so that definite 
The results already 





noticeable at 600 deg. C., and complete at 750 deg. C.| conclusions might be drawn. 
to 800 deg. C. The disappearance of surface cracking | obtained may be summarised as follows : 
in the lead-brass may be accounted for by the growth| 1. The hardness of aluminium which has been forged 
of the 8 grains, since the lead was no longer concen- | at high temperatures is still above that of the annealed 
trated on the grain boundaries. The hardness (Fig. 6)| material. In this connection it is interesting to note 
was increased from 70 to 102 by working (11 per cent.)| that Hansont has shown that aluminium strain- 
at room temperature. The value fell to about 86 at | hardens under creep stresses at 250 deg. C., at which 
550 deg. C., and then rose again to over 90 at tempera- | temperature the metal may be completely softened 
tures beyond 800 deg. C. |in a comparatively short time. 2. The hardness of 
The results obtained in the present series of forging | hot-forged copper falls slightly up to 550 deg. C., 
tests, considering the deformation curves and surface | but at temperatures beyond 600 deg. C. it is approxi- 
appearance of the samples jointly, agree well with| mately the same as that of fully annealed material. 
those of practical experience and those of other mecha-| 3. Metals have an appreciable hardness near the 








| 


* Greaves and Jones, ENGINEERING, vol. exx., p. 308 * See ENGINEERING, vol. cxix, p. 368 (1925). 


.and copper in order to compare the hardness of cold- 





(1925). } + Hanson, Metallurgist, 1927, April 29, p. 54. 


temperatures. It will be observed that quenching 
had no effect on the final hardness, and it was therefore 
concluded that any hardness changes occurred during 


TaBLe VI.—Forging and Quenching Experiments with 
Aluminium. 











Sample. | a Treatment. | Hardness. 

Average | 450 air-cooled ss ee 22-1 
A lll 450, quenched... ere | 22-4 
Average 500, air-cooled... fe re ee 
A117 500, quenched | 21 3 
Average | 550, air-cooled ae 21 3 
A118 | 550, quenched... os oe 21 0 
Average | 600, air-cooled - ¥ 20°8 
123 | 600, quenched 21-0 


and immediately after forging, and that the cooling 
period had no effect on the final hardness and condition 
of the samples. 

The Effect of Annealing Cold- Worked Sample 3.—A 
number of experiments were performed with aluminium 


worked and annealed samples with that of the hot- 
forged specimens. The samples were forged cold : 
groups of four with such a blow that those in eae 
group were deformed the same amount as_samples 
hot-forged at 300 deg., 450 deg., 550 deg., 600 deg» 
650 deg., 700 deg., and 850 deg. C. respectively with 


blow of 50 ft.-lb. They were then annealed at the 


appropriate temperature for varying times. le Y 
results obtained by annealing cold-worked s wit “ nd 


copper at 300 deg. C. are shown in Table ; 
indicate that slight softening (about 7 per cent.) oct 
only after two hours. . 


The specimens annealed at the other temperatures, 
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however, were completely softened after annealing for 
only 10 minutes, and the average hardness of all four 
samples has therefore been recorded in Table VIII. 
The hardness of the cold-worked samples is shown in 
the first column, the average hardness of the annealed 
TABLE VII.—Annealing of Copper at 300 deg. C. 





| Hardness. 


tion, and takes place much more slowly than in the 


case of copper. At a temperature of 400 deg. C. it 
takes 30 seconds to reduce the hardness of a cold-forged 
aluminium specimen to the same as that of a sample 
hot-forged an equivalent amount at that temperature. 
TABLE IX.—Short Period Annealing of Copper. 















































| | } ; Hardness. 
No. | Deformation | Time of Anneal. | No | Deformation a Time 
Percent. | Minutes. | | sta | Per cent. D “Co Seconds. 
| | | Before. | After. | Lens Before. | After. 
i ee ce | | 
| { | | 
C110 | 20°6 | 7 (heating to tem- | 75-9 | ae71 C181 23-2 500 20 | 73°9 72-4 
| | perature) | 183 21-2 900 30 77-1 44-4 
118 | 20-0 12 | ark | 77-1 182 23°3 00 60 75-9 44-0 
122 19-4 | 22 | 75-9 | 75-9 177 | 24-0 550 10 75-9 | 72-8 
121 19-1 | 127 | 75-2 | 70-6 170 24-4 550 20 75-1 42-2 
aah | | 178 | 24-6 550 60 74-7 | 42-6 
Fs 4 : Syl 175 27-4 600 5 76-3 2 
TABLE V IIT. -Comparison Hardness after Cold- Forging, 173 | 25 6 600 15 74-7 2 3 
Cold-Forging and Annealing, and Hot-Forging.* 174 26-1 600 60 73°2 41-2 
_ BE EE SE RS eS | 
| Ss 
P »gg ¥ 7 | oa - i , = ons 
Hardness of Samples. [ABLE X.—Short Period Annealing of Aluminium. 
a a a —| Temperature a 
Pe | Cold-Worked | Deg.c. | | 5 | Hardness. 
Oold-Worked. | and Annealed. | Hot-Worked. | N | Deformation | Tempera- | Time 
| | B | - 
| ead Pee |e ss Per cent. | Bay Seconds. | 
aR ore | i. l | | Peace | | Before. | After. 
16-0 77 to 70°5 | 68-6 300 | | 
75°8 43-8 67-0 | 450 ae tas 
77°5 42-4 66-9 550 1A 88 | 455 | 400 15 30-3 27-5 
79-0 43-9 |} 58to 46-7 | 600 | 84 42-9 400 | 30 | 32-0 34-0 
80:3 42-9 | 42-6 650 | 87 | 47-3 400 | 45 | 30-8 | 18-3 
_ 42-9 | 44-6 | 700 | 144 | 55-0 500 | 5 29-8 | 27-7 
3 42-7 | 44°5 | 850 } 143 | 57-4 500 | 10 30-0 22-3 
— 4 } { |} 142 | 57°5 500 | 30 | 29-0 16-5 
* All results are for specimens with corresponding deformations. | ——! L 


samples in the second column, and that of the hot- 
forged specimens in the third, while the temperature of 
annealiny or forging is shown in the fourth column. 
Short-period annealing experiments were then 
carried out, and the results are recorded below in 
Table IX. The results obtained were similar to those 
of Pilling and Halliwell,* and indicate that the period 
for compl:te annealing (for the appropriate deforma- 
tion) at G09 deg. C. is between 5 and 15 seconds, and at 
900 deg. C. between 20 and 30 seconds. Hence the 
Suggested sudden recrystallisation at 650 deg. C. is 
confirmec, and it is concluded that continuous hot- 
forging is rade possible by the instantaneous recrystal- 
lisation of work-hardened material. Similar experi- 
ments were conducted with aluminium, and the results 
(Table X) show that the softening is a gradual opera- 


—___ 


* Pro hei 
97-119 (1925) r. Soc. Test. Mat., vol. xxv., (II.), pp. 








It has already been shown that aluminium samples 
were always somewhat hardened by working at 
elevated temperatures, and, since quenching has no 
effect on the final hardness, it may be supposed that 
during working some advantage is derived from the 
relative softness of the metal at the higher tempera- 
tures. The slope of the temperature-deformation 
curve for this material tends to confirm such a suppo- 
sition. 








BRASS AND COPPER SHEETS FOR INDIA.—The Com- 
mittee for the Development of Arts and Industries in 
one of the Indian States asks to be put in touch with 
suppliers of brass and copper sheets suitable for cold- 
working. Firms in a position to offer British materials 
can obtain further particulars on application to the 
Department of Overseas Tradé, 35, Old Queen-street, 
London, 8.W.1. Reference No. A.X. 6002 should be 
| quoted. 




















H.M. RIVER GUNBOATS FOR CHINA. 


As is well known, the British Admiralty have had in 
service for many years on the upper Yangste-Kiang 
shallow-draught gunboats which have proved very 
‘successful in use on this difficult and dangerous part 
of the river. The section between Ichang and Chung- 
king, on which these boats operate, is extremely diffi- 
cult to navigate, there being numerous rapids, shoals 
and rocks, with a very swift current. The conditions 
require very shallow-draught boats, and it was for this 
service that Messrs. Yarrow and Company, Limited, 
of Scotstoun, devised the tunnel system of propulsion ~ 
combined with the Yarrow balanced flap, an arrange- 
ment which was first embodied in H.M.S. Widgeon, 
some 25 years ago. 

The same firm has recently supplied, to the order of 
the Admiralty, for service in the same waters, the gun- 
boats Gannet, Peterel, Seamew and Tern, the last- 
named being illustrated in the annexed figure. These 
vessels are all of the same type, but the Seamew and 
Tern are slightly smaller and not quite so fast as the 
other two. The two smaller vessels have a length 
over all of 167 ft. 9 in., and a length between perpendi- 
culars of 160 ft. The beam moulded is 27 ft., and the 
depth moulded, amidships, 7 ft. The machinery, in this 
case, consists of single-reduction geared turbines de- 
veloping 1,370 shaft horse-power at 450 r.p.m. Steam is 
supplied by two Yarrow water-tube boilers, each having 
1,530 sq. ft. of heating surface and fitted for burning 
oil. These two boats were designed to give a contract 
speed of 14 knots. 

In the case of the larger vessels, the Gannet and 
Peterel, the length overall is 184 ft. 9 in., and between 
perpendiculars 177 ft. The beam moulded is 29 ft. and 
depth moulded, amidships, as before, 7 ft. These 
two boats have single-reduction steam turbine instal- 
lations, developing 2,250 shaft horse-power at 400 
r.p.m., and the two oil-burning Yarrow boilers fitted 
have each a heating surface of 2,500 sq. ft. The 
contract speed, in this case, was 16 knots. 

In all four vessels, the armament consists of two 3-in. 
breech-loading guns and eight 0-303 in. Lewis guns, the 
three breech-loaders and six of the Lewis guns being 
mounted on the battery deck, and the remaining two 
Lewis guns on the fighting top. The accommodation 
provides quarters for the commander, three officers, 
14 petty officers, a European crew of 40 and a native 
crew of nine. Accommodation for the European crew 
is on the battery deck, the rest being all on the main 
deck. Searchlights, electric lighting throughout the 
vessels, ventilation and wireless service are supplied 





























with current from a steam-driven Peter Brotherhood 
set, and an oil-driven set run by a Gleniffer motor. 

The delivery of these vessels was effected in a some- 
what unusual manner. Commonly, light-draught vessels 
are built up in this country in floatable sections, and, 
after launching and the completion of trial trips here, 
the vessels are dismantled and the sections shipped out 
for assembly at their destination. This method is costly, 
the sections are liable to suffer distortion, and the 
system imposes limitations on design. In the present 
instance, with the co-operation of Messrs. Butterfield 
and Swire, of Hong Kong, Messrs. Yarrow and Company 
were able to undertake delivery of the vessels complete 
at Hong Kong, the trials being run there instead of in 
this country, and the vessels being subsequently handed 
over to the Admiralty authorities. The boats were, 
therefore, merely erected at Messrs. Yarrow’s Scotstoun 
yard, dismantled, packed, and shipped, and re-erected 
and completed at Messrs. Butterfield and Swire’s 
Taikoo Dockyard, the builders remaining responsible 
until the final handing over after the trials. Re-erection 
and completion were carried out by the Taikoo Dock- 
yard and staff, under the supervision of Mr. White, 
representing Messrs. Yarrow and Company, and of 
officers appointed by the Admiralty.. The re-erection 
was completed without any difficulty, and on trial all 
vessels exceeded their contract speed. These are the 
first turbine-driven vessels on the Upper Yangtse. 





THE DETERIORATION OF LEAD CABLE 
SHEATHING BY CRACKING AND ITS 
PREVENTION.* 


By S. Becxrnsacez, B.Sc., A.I.C., and 
H. Warernovse, M.Met. 


(Concluded from page 300.) 


Possible Causes of Failure.—Consideration has been 
given to the various explanations put forward from 
time to time to account, wholly or in part, for the 
cracking of lead sheathing and sheet. These may be 
enumerated under the following headings ¢— 

(1) Deleterious impurities. 

(2) Overheating of the metal during extrusion or 
rolling. 

(3) Grain growth or abnormal grain size. 

(4) Embrittlement due to an allotropic change. 

(5) Intercrystalline corrosion. 

(6) Prolonged tensile stresses. 

(7) Vibration. 

1. Deleterious Impurities—The possibility of im- 
purities causing cracking was dealt with at some length 
by Archbutt, who analysed several samples of cracked 
lead-cable sheathing and parts of a sheath away from 
the cracks. His analyses, which included oxygen 
determinations, indicated that the lead used in making 
the sheaths was of a very high order of purity, and that 
there was no difference between the nature and amount 
of the impurities present in the cracked and sound 
samples from the same sheath. In the present investi- 
gation, in view of the order of purity of the failed 
samples analysed, three, together with a sample of 
high-grade lead used in fatigue tests, were submitted 
to spectroscopic examination. The results generally 
confirmed those of chemical analysis, and did not 
reveal the presence of any element not found by analy- 
sis. 

2. Overheating during Working Operations.—It has 





| 





been suggested that the cracks found in cable sheathing | 
may have been formed during manufacture of the | range of temperatures —75 deg. C. to +300 deg. C. have 
cable and have merely opened up in service. In order | shown that there are no discontinuities in either the 
to determine whether lead of the order of purity used | tensile or impact properties over that range of tem- 
for sheathing could be cracked by working operations | perature. Thus no evidence of allotropic change has 
at any practicable temperature, tests: were carried out | been obtained, and it is considered, in agreement with 


by rolling lead at different temperatures, using both 
heavy and light reductions. The tests were made on 
extruded rod, 1 in. diameter, and on cast lead 1 in. 
thick by 1-5 in. wide, at atmospheric temperatures and 
temperatures of 50 deg., 100 deg., 150 deg., 200 deg. 
250 deg., 300 deg., and 325 deg. C. The reductions 
at each pass at each temperature were 0-05 in. in one 
series and 0-12 in. in the other. The lead was retained 
at the raised temperatures for 15 minutes, given two 
passes through the ro!ls, reheated for 15 minutes at the 
same temperature and given two more passes. This 
was repeated until the desired thickness of 0-1 in. was 
attained. The lead rolled satisfactorily at all tem- 
peratures and no edge crack appeared. After rolling, 
the strips were pickled in 10 per cent. nitric acid 
solution. Microscopic examination revealed no cracks, 
and the only difference observed between the lead rolled 
at the raised temperatures and that rolled at atmos- 
spheric temperatures was the rather larger grain-size 
in samples rolled at temperatures exceeding 300 deg. C. 
Pieces of the strip were also tested in tension, but no 

* Paper read before the Institute of Metals, London, 
on March 7, 1928. Abridged. Communication from the 
Research Department, Woolwich. 
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cracks opened, and the fractures were the usual wedge- 
shaped fractures obtained in sound lead. 

3. Grain Growth or Abnormal Grain Size.—It was 
stated by L. Archbutt* that there was a difference in 
the microstructure of etched samples taken from 
cracked and uncracked parts of the same cable sheath, 
the crystals in the cracked part generally being larger 
and having smoother and straighter boundaries than 
the crystals in the sound portions. Through the 
collaboration of makers and users, the present investi- 
gators have been able to examine many more failed 
cables taken from a greater variety of positions than 
those examined by Archbutt. This examination has 
indicated that there are wide variations in crystal 
size, not only in the cracked samples considered as a 
whole, but in the same sample. A comparison of 
the structures in failed and new cables suggested that 
no appreciable grain growth had occurred during 
service. The maximum crystal size in cable sheathing 
usually occurs in two longitudinal bands diametrically 
opposite one another. It is considered that the 
grain size in a sample of lead sheathing has little 
influence on its liability to fail by intercrystalline 
cracking in service. 

4. Embrittlement Due to an Allotropic Change.— 
Considerable support has been accorded from time to 
time to the idea of an allotropic change occurring in 
lead, and this has been used to explain failures by 
corrosion and cracking. It has been stated that lead 
can be changed into a brittle form by treating it with a 
solution containing lead acetate and nitric acid, known 
as Heller’s solution. Rawdon studied the action of 
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this solution and showed that although the lead was 
severely attacked, the particles of lead which remained 
were the original crystals with the typical properties 
of lead, including a high degree of malleability. 
Recently Travers and Houet claim to have discovered 
three allotropic modifications of lead. By means of a 
dilatometer, they detected slight changes in the co- 
efficient of expansion at 60 deg. C. and 180 deg. C. in 
cast lead during heating. The value of these results is 
considerably impaired by the presence of 0-21 per cent. 
of impurities in the lead used. 

With a view to obtaining evidence of allotropic 
changes, pure lead was heated and cooled alternately 
between —40 deg. C. and + 350 deg. C. in an apparatus 
constructed to eliminate errors due to condensation of 
moisture. Heating and cooling curves, taken on a 
Rosenhain plotting chronograph, showed no arrest 
points other than the melting point. Determinations 
of the mechanical properties of pure lead over the 


Rawdon, that the possibility of such changes being in 
any way responsible for cracking may be dismissed. 

5. Intercrystalline Corrosion—It has already been 
shown that the cracks in cable sheathing tend to 
commence on the interior of the sheath, and this 
observation has an important bearing on the question 
of corrosion, since it reduces the possibility of the 
defects being caused or assisted by atmospheric or 
other external chemical influences. In all cases where 
the failed cables had been suspended in the open, a 
certain amount of corrosion product has been found 
on the interior of the sheath, but only at places where 
the sheath is cracked sufficiently to permit the entrance 
of moisture. Except for this local corrosion, the 
interior surfaces of partially cracked cable sheathing 
showed no sign of corrosion and were as free from con- 
tamination as new cable sheathing. 

In view of the work of Rawdon and his collaborators 
on the inter-crystalline cracking of lead by the simul- 
taneous action of tensile stress and certain corroding 
media, to which reference has already been made, it 
was thought advisable, at the outset of the present 

* «Failure of the Lead Sheathing of Electric Cables,” 
Trans. Faraday Soc., vol. xvii, pp. 22-35 (1921). 
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research, to conduct experiments on lines similar to 
those of the American workers. Although at a ‘ater 
stage it was realised that corrosion at most could be 
only a subsidiary cause of the cracking of lead-cable 
sheathing, the tests were continued, since they fur:ish 
valuable information regarding the comparative be- 
haviour of pure lead and a number of lead ailoys 
under investigation, when submitted to these severe 
conditions of corrosion. 

The effect of the simultaneous action of solutions 
likely to corrode lead and of prolonged stress were 
studied by experiments on lengths of rod passing 
through a rubber stopper which closed the lower end 
of a 3-in. length of glass tube holding 10 c.c. of solution. 
The test-pieces, made from rod 0-25 in. in diameter 
in the extruded or annealed conditions, were subjected, 
under a stress of 0-13 tons/in.?, to the action of (a) 
normal and (6) semi-normal solutions of the following:— 


Nitric acid. Sulphuric acid. 
Lead acetate. Acetic acid. 
Nitric acid + lead acetate. Caustic potash. 
Hydrochloric acid. 


Losses due to evaporation were made up by daily 
additions of distilled water. This tended to confine 
the water-line attack to a comparatively short length 
of rod. Intercrystalline fractures were obtained with 
solutions containing acetic acid and lead acetate. 
The most rapid failure occurred in the lead submitted 
to the action of normal acetic acid. This solution 
was therefore chosen for the further series of tests 
designed to compare lead and its alloys in their resist- 
ance to this form of failure. No fractures had occurred 
in the test-pieces submitted to the action of nitric, 
sulphuric, and hydrochloric acids, and caustic potash, 
but while the nitric-acid attack was intercrystalline, 
that in the other solutions was general. 

From the results obtained, it appears that 0-05 per 
cent. of silver diminishes the resistance of lead to 
acetic-acid corrosion. Copper, bismuth, and nickel have 
a similar effect, but in a lesser degree. Arsenic and 
cadmium increase the resistance, but the most marked 
improvement is found in the case of the tin and 
antimony alloys. The 3 per cent. tin alloy is very 
resistant. The superior resistance of the tin alloys 
to acetic-acid corrosion in these tests was probably 
due to the early formation of an adherent yellowish- 
white corrosion product at the water-line, which 
appeared to protect the underlying metal from further 
attack. The surface attack then extended to regions 
above and below the water-line. In the only sample 
containing 3 per cent. of tin which fractured, corrosion 
extended over a length of about 2-5 in. Previous 
annealing, in practically all cases, retarded the failure 
by combined stress and corrosion, and in most cases 
the longer annealing period of 24 hours had the greater 
influence. The tendency for the attack to be inter- 
crystalline was more pronounced in the coarse-grained 
annealed test-pieces. 

Acetic or other organic acid corrosion appears to 
have played an important part in the failures, by 
corrosion, of Jead sheet and cable sheathing in contact 
with oak, and indicates the advisability of keeping 
lead out of contact with oak. The pitch-pine or 
deal generally used for supporting cable sheathing, 
either as boxing or brackets, appears to be without 
action on lead. The creosote often used in the treat- 
ment of boxing and other woodwork into which cables 
| might come in contact has very little action on lead 
if free from acetic acid. Lengths of a 0-25-in. diameter 
lead rod, which had been annealed at 250 deg. C. for 
2 hours in order to produce a comparatively coarse 
grain size, were free from general corrosion and inter- 
crystalline attack after 18 months’ immersion I 
creosote. 

6. Prolonged Tensile Stress.—The possibility of the 
cracks in cable sheathing being due to prolonged stress 
was considered by L. Archbutt, who carried out 4 
number of tests on lengths of sound sheathing taken 
from a cable where parts of the sheathing had failed 
by cracking. These lengths, some of which were 
annealed for long periods, were stressed in tension by 
hanging 70-lb. weights on them. Fracture occurred 
in from 190 to 480 days. Similar test-pieces sub- 
mitted to the effects of vibration broke in 2 shorter 
time. The annealed samples took longer to fracture 
and stretched to a smaller extent than the unannealed 
samples. Cracking without stretching, similar to that 
found in failed cable, was not produced. 

Similar tests have been made in the present ! 
but, instead of using lengths of cable sheathing 


research, 
. pure 


lead rod, 0-25 in. in diameter with a gauge length : 
10 in., was employed. Some of the samples were — 
anneé 


in the extruded condition, and others after re 
for 2 hours at 250 deg. C. The rods were su rr “ 
in frames, and tension was applied by means of lea¢ 





weights fastened to special grips. Two annex d = 
pieces (Nos. 12 and 13) were placed near an eleci may y 
driven pump, and the remainder in position> as _ 
from vibration as possible. The extensions we™ 
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measured at frequent intervals, and the results are 
shown in Table IV. 

The test-pieces annealed at 250 deg. C. have a 
smaller rate of extension, and less total extension 
than the extruded rods. The fractures obtained 
in these tests were very similar to those in rods of lead 
broken at the normal rate of loading employed in tensile 
tests. Thesurfaces of the annealed specimens roughened 
during the prolonged stress tests, and, when examined 


than the copper conductor of the cable, and the lead 
sheathing is more exposed to changes of temperature 
than the insulated copper, falling temperature can 
induce tensile stress in the lead, and if the cable is in 
tension, the stress, on falling temperature, is taken by 
the lead rather than by the copper conductor. The 


to induce relatively high stresses when certain common 
methods of suspension or support are employed, and 





TABLE IV.—TuHE Errect oF PROLONGED STRESS ON PuRE LEap. 

















—~ | 
| | Time to Total 
No. | Load. | Fracture. | Elonga- 
of Condition of Lead. Ton per _ | _ tion. Remarks. 
Test- | |} Sq. In. | | | Per Cent. 
Piece. | Days. | Hours. | on 10 in. 
=, Seer | 
} | 
1) | (0-472 — | 2 14-6 Broke outside gauge marks. 
2 | | | 0-423 — | 6 11°5 
3 $| As extruded AP 0-395 = |) 8 14-5 
5 II | 0.334 4 | 0 10:8 Broke outsi 
5} | | : y 0- utside gauge marks. 
6) | 0-265 40 14 15°8 Broke outside gauge marks. 
} 
71] | ( 0-488 2 0 aL Broke outside gauge marks. 
8 || ¢ | | 0-472 2 6 7:6 ; 
9 (| Annealed 250 deg. C. for 2 hours : ‘| ee : : oo Broke outside gauge marks. 
10 | | | | 0-396 oe 
11) } | (0-333 51 0 10-0 Broke outside gauge marks. 
13) | Annealed 250 deg. C. for 2 hours ; | 0-472 — 8 7°5 
r 
13} | Tested under vibration. . | 0-472 _— 8 10-8 
| 














All test-pieces were 





Fic. 15. Pure Leap Haien Fatiave Test Pieces AFrer TEST. 


under the microscope, slip planes were visible on the 
surfaces of the crystals. In only one specimen, the 
annealed sample No. 11, was there any indication of 
intercrystalline cracking, but even this broke with a 
wedge-shaped fibrous fracture away from the cracks. 
It would therefore appear that the development of 
intercrystalline cracks in pure lead under prolonged 
stress is unusual, and that when it does occur the 
cracks are accompanied by much deformation of the 
surrounding crystals, and in this respect differ trom 
the cracks found in cable sheathing. 

7, Vitration—The failure by cracking of cable 
sheathing in positions known to be subjected to 
Vibration, and often to variations of temperature, 
Suggested that the cracking of cable sheathing 
might bc a fatigue type of failure. Vibration is an 
undesirably vague term for use in a scientific investi- 
gation of the failures in question, but it will be clear 
that any quantitative estimate of the periodic variation 
of the stresses set up in cable sheathing held by supports 


subjected to vibration in service is in most cases 
Practically out of the question. Nevertheless, it is 


‘xtreme! probable that the oscillatory stresses set 
up in leac-cable sheathing, in situations such as those 


in which failure by cracking occurs, are high relatively 
7 the very low elastic limit and tensile strength of lead. 
hanges of atmospheric temperature are probably 
o_o in this connection, by causing contraction 
le “er = ble on cooling and expansion on heating. Since 


‘ much higher coefficient of thermal expansion 


0-25 in. in diameter. 


to favour the oscilla- 
tory variation of these 
stresses when the sup- 
ports are gubjected to 
vibration. 

The tests 12 and 13 
reported in Table IV, 
where the loaded test-pieces were hung near an electric 
motor, did not cause cracks resembling those occurring 
in cable sheathing. Even had cracks been obtained, this 
type of test is very unsatisfactory, being open to the 
objection that the rate and degree of variation of stress 
are quite unknown. It seemed probable, however, that 
useful information might be obtained from quantitative 
alternating-stress tests. The Wé6ohler machine is 
unsuitable, because of the sagging of the lead and the 
difficulty of gripping. The Haigh machine is free 
from these disadvantages, and arrangements were 
therefore made with Professor B. P. Haigh for the 
tests to be carried out at the Royal Naval College, 
Greenwich. 

Fatigue Tests.—Since the cracked sheathing appeared 
to be free from distortion, it seemed probable that any 
alternating stresses to which it may have been subjected 
were of a type with a mean of zero. It was decided to 
use this type of stress in the Haigh fatigue tests. The 
first tests were made on test-pieces 0-75 in. in diameter, 
machined from extruded lead rod, 1 in. in diameter, of 
99-99 per cent. purity. The alternating stresses, which 
were applied at the rate of 2,000 per minute, varied 
between + 0-4 ton per square inch and + 0-175 ton 
per square inch, the mean stress being zero. The 
test pieces underwent no permanent change in length. 
The results are plotted in Fig. 14. The fatigue limit, 
taken as the range of stress which will cause failure of 
the test-piece after ten million reversals, was + 0-18 


x 09. 


form and weight of lead-sheathed cable are such as | 


pieces after test, and shown in Fig. 15, bear a striking 
resemblance to those in failed cable sheathing. 

In order to study the formation of the cracks in 
Haigh fatigue test pieces more closely, one of the test 
pieces, of circular cross section, was etched in 5 per cent. 
nitric acid. The machining operations involved in the 
preparation of test-pieces had produced a very fine- 
grained surface layer which was only removed with 
difficulty. This etched test-piece was tested at + 0-25 
ton per square inch and was kept under observation 
during the test. The cracks which formed gradually 
developed along the crystal boundaries. Fig. 16 shows 
the appearance of the surface after testing in the 
| Haigh machine. In order to ascertain the effects of 

variation of grain-size on the susceptibility of lead to 
intercrystalline cracking, further series of tests were 
made. 

Tests on Annealed Extruded Lead.—Four test pieces 
| made from extruded pure, lead rod were annealed for 
100 hrs. at 250 deg.C. Marked crystal growth occurred. 
The results of Haigh fatigue tests on théSe test-pieces 
are plotted in Fig. 14. A fatigue limit of + 0-18 ton 
per square inch was obtained. 
| Tests on Rolled and Annealed Lead.—Some of the 
| extruded lead was melted and cast into a mould 4 in. 

square and 10 in. high. The resulting ingot was cold 
rolled to a thickness of 1-1 in., and Haigh fatigue test 
| pieces, of circular section and the same dimensions as 
| the first series of tests, were machined from the rolled 
| metal. Four of the test-pieces were tested in the 


| 
rolled condition, and two others after annealing at 250 
| deg. C. for 1 hour. 


The results of these tests are also 





Fic. 16. Curvep Surrace or Haieu Fatiauve Test Preck Ercuep 
AFTER TEST, SHOWING INTERCRYSTALLINE CRACKS. 


x 20. 


plotted in Fig. 14. The fatigue limit of the specimens 
annealed for 1 hour at 250 deg. C. is + 0-20 ton per 
square inch, and is slightly higher than that of the 
cold-rolled specimens, which was + 0-175 ton per 
squareinch. From the tests on the annealed, extruded 
and rolled test-pieces, it appears that the influence of 
crystal size on fatigue limit, and therefore probably on 
the susceptibility to intercrystalline cracking, is very 
slight and of no practical importance. 

Tests at Raised Temperatures.—Since it is possible 
that lead may be subjected to alternating stresses at 
raised temperatures, either during service or at the 
works of the manufacturer, it was thought desirable 
to ascertain the effect of temperature on the fatigue 
limit. Test-pieces, made from the extruded 99-99 
per cent. lead rod, were tested at 100 deg. and 150 deg. C. 
in the Haigh machine. The test-pieces were completely 
enclosed in a Nichrome-wound resistance furnace, and 
were allowed to attain the desired temperature before 
stress was applied. The results obtained are given in 
Table VII, and indicate that rise of temperature 
lowers the fatigue limit of lead. 


TaBLeE VII. 











Endurance 
Temperature of | Range of Stress. 
Mark. Test. Ton per sq. in. be ey of Stress 
racture. 
| = 
ESL 2 Atmospheric | + 0-25 1-170 x 106 
100 deg. C. | + 0-25 0-988 x 106 
12 150 deg.C. | + 0-25 0-566 x 106 
| 








~ The Prevention of Intercrystalline Cracking in Lead.— 
While it is desirable to reduce the probability of failures 
occurring by adopting methods of manufacture, 





ton per square inch. The cracks found in the test 
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- 
4 
































































336 


sheet which will eliminate vibration effects, a safer and 
simpler method is to raise the fatigue limit of lead by 
alloying it with some other metal. It has been found 
that even very small amounts of metals, such as 
bismuth and silver, which are regarded as undesirable 
impurities in certain respects, have a beneficial effect 
in raising the fatigue limit. The most satisfactory 
method of raising the fatigue limit, however, is to use 
the binary or ternary alloys of lead containing tin, 
antimony, or cadmium; 0-5 per cent. of cadmium 
increases the fatigue limit to more than three times 
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| The sprays were afterwards fixed through the coal- 
firing holes on the top of the kiln, which gave very 
satisfactory results. The oil had to be properly 
screened with very fine silk screens, and then heated up. 

Since the coal dispute ended, further experiments 
have been carried out, essentially to overcome the diffi- 
culties of the starting kilns, in order that oil firing might 
be used at any time when necessary without serious 
delay. From the results of these recent experiments 
| at the Friden Works, the plan, in future, would be to 
| place another (third) type of burner, Fig. 2, at each end 





that of pure lead, while similar increases can be | of the kiln, in all after the starting kiln, and accelerate 
obtained by using ternary alloys containing cadmium, | with the previous (second type) jets on the top as the 
and either tin or antimony. These ternary alloys| temperature increased. The third type was a burner 
have not only a high fatigue limit, but they also have a | of the Incandescent Heat Company, previously used by 
permanence of composition during melting and resist- | Messrs. George Howson and Sons, Limited, of Hanley. 





ance to oxidation at raised temperatures superior | 


to the binary alloys, while they possess good corrosion- 
resisting properties. 








PRACTICAL EXPERIENCE OF FIRING 
REFRACTORY MATERIALS WITH OIL.* 
By Frank West, M.I.Mech.E. 


At the Friden works, near Buxton, the Derbyshire 
Silica Firebrick Company manufacture silica refrac- 
tories from silica sand with a clay bond. The squares 
and blocks produced are used for combustion chambers 
of furnaces, gas retorts, coke ovens, and other places 
where working temperatures ranging from 1200 deg. C. 
to 1500 deg. C. are required. Two types of kilns are 
in use. These are the semi-continuous down-draught | 
kilns, built in benches of 6 kilns to 17 kilns each, and 
the down-draught bee-hive kilns. 

In the semi-continuous kilns, there s the usual 
starting kiln, in which it is necessary to start from 
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Fig.2. 
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| 
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Steam 


cold, and the rest of the kilns are partially heated 
up to about 800 deg. C. by the forward heat from the 
previous kiln before the real firing commences. ‘These | 
are fired from the top, and there is induced draught | 
on most kilns. 

Oil firing is not now in use, as it would not be| 
economical under existing circumstances, but it was | 
adopted for a time during the coal trouble in 1926, and | 





an account of experiences then obtained may be of | —— 


value in case of unforeseen difficulties in the future. | 
If orders are in hand it is always better to keep going, | 
even at increased cost of working, than to stop the | 
works and incur the loss of the permanent overhead | 
charges as well as the dissatisfaction of customers. 

Experiments with liquid-fuel firing of the kilns were | 
first made in 1919. They proved unsatisfactory, but | 
provided some useful data. Liquid tar was injected by | 
means of steam injectors, Fig. 1, fixed at each end of a | 
30-ft. kiln, viz., the starting kiln of a range of semi-con- | 
tinuous kilns. A very intense flame was produced, and | 
the kiln was burnt off to an average temperature of | 
1420 deg. C. within 24 hours, as compared with 80 hours | 
using coal. The heating was too rapid, all the ware | 
being cracked. At that time, oil was also tried on | 
the boiler, but it proved very costly. Other substitutes | 
were tried on boiler and kiln, including a mixture of coke | 
breeze and tar, which was used in the same way as | 
coal on the kilns and boilers. This proved quite | 


effective, at less cost than coal at the time (1919), | + 


until the price of tar increased to such an extent that | 
it could no longer be used for the purpose. 

In 1926, it was decided to try oil firing again, but | 
to use coal in the starting kiln and oil for the others, 
with the help of the forward heat. This method proved 
very satisfactory, and was used for firing large quantities 
of bricks and blocks. 

Oil was forced through very fine sprays or jets into | 
the kiln, these sprays being different from the burners 
previously used. At first, one spray was fixed at each 
end of the kiln, but, though effective, it was troublesome 
to keep the sprays clean, and growth of carbon occurred, 
particularly where the oil struck the hot brickwork. 





* Abstract of a paper read before the Ceramic Society, 
Stoke-on-Trent, February, 1928. 





Oil-Firing of Bee-Hive Kilns.—These were 22 ft. 6 in. 
| in diameter, and 12 ft. high inside, with 11 furnaces to 
j}each kiln. The fire-mouths were built in, leaving only 
| small spaces (which could be regulated) for ingress of 
air. Burners of the third type were placed in each 
furnace. For the first experiment, the bags inside were 
as for coal-firing, but afterwards an annular space sur- 
rounding the actual setting was arranged to serve as the 
combustion chamber, and the setting of the ware was 
altered to give more efficient circulation of the gases. 
It was also decided to increase the size of the steam 
pipes to maintain a pressure of at least 30 lb. per sq. in. 
The oil consumption for the first burn was 154 tons, 
but in the second burn this was reduced to 11-69 tons. 

For the second burn, three burners were placed at 





equal distances apart, and after 26 hours another 
burner was put on. Between, the 38th and 46th 
hours, five burners were working, and thence on to 
the end of the burn seven burners were in action. 
The comparative results of coal and oil burning are 
given in Tables I and II. 


TABLE I.—Results of Burning Silica Goods in Different 
Types of Kilns with Coal and Oil at the Friden Works 
of the Derbyshire Silica Firebrick Company, Limited. 








| COAL. | OIL. 
] Tota Tat y 
Description | Capacity | bp oe | bis | * | Grog and 
of Kin, =| Sin. used per | used per | Wasters. 
equivalents’ 1 900 3-in. | 1,000 3-in. 
equivalents equivalents 
| | 
c. q. Ib.| c. q. Ib.| Per cent. 
Series of six | 36,050 a2. 2 _ 7-5 
semi-continu- | (1,093 Ib.) 
ous kilns S Ses | 8 18s 6-0 
(428 Ib.) 
| 5:3 0 5-6 
(644 Ib.) 
Bee Hives 25,760 16 0 22 _ 3-8 
(1,814 Ib.) | (1,017 Ib.) 
909 2-25 














TaBLE II.—Costs of Fuel per 1,000 Squares, 3-in. 




















equivalents. 

| Cost per 
Description Total Weight Rate Total 1,000 3- 
of Kiln. of Fuel. 7 Cost. in. Equi- 
valents. 
Ti ics qb} 2, | Bie nd, tea oe: 
Series of six 17:12:09 °O | 25/22 0'¢ 012 2 
semi-con- | Coalf7 2 2 0 25 818 1 as ghee 

tinuous Oil 617 2 0 85 | 29.4 5& 
kilns 10 8 0 O 8 | 44 4 0 1 4 6 
ea 1 Oonll 20:27. 0.0: | 25:8 3S" |e Oo. Ss 
Bee Hives \/ oi 1114 0 0| 85| 4914 6 | 118 7 








All work is expressed in the number of equivalent 
9-in. by 4}-in. by 3-in. bricks, although in the con- 
tinuous kilns there are always shapes as well as squares. 
In the bee-hives usually squares are burnt. The 
comparative results are given on the same type of 
kilns at similar temperatures, the average temperature 
to which the goods are burnt being 1,500 deg. C. 


Oil Firing in Semi-Continuous Kiln.—A starting 
<iln of a range of semi-continuous kilns had a burner 
of the third type fitted to each of the four furnaces, 
and a burner was also placed at each end of the kiln. 
combustion chamber about 18 in. wide was made, 
bounded by the kiln walls and bags, and in the middle 
of the chamber a dividing wall was built so that the 
flame would be deflected on to the setting. The 
two end burners were started and kept in operation 
for 45 hours, and were then moved to the two end 
fire-mouths until the finish of the burn. The total 
fuel consumption was 3-7 tons. Comparative results 
are given in Tables I and II. The arrangement of the 
burning was highly satisfactory, and the burners 
proved easy to control. In all cases after oil firing, the 
goods were in excellent condition and looked very 
clean. 

The cost of labour with oil firing is about the same 
as with coal, on the proportion of kilns under survey. 
It would probably show in favour of oil if all the kilns 
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as regards wear and tear of kilns, but judging from 
appearances it is very probable that the oil firing would 
show up more favourably than coal in this respect, 
The extra cost of steam for oil burners is not taken 
into account, but it would certainly neutralise some of 
the advantages of oil firing. 

The results show, particularly on the semi-continuous 
kilns when burning to an average temperature of 
1,500 deg. C., that 644 Ib. of crude oil is equivalent to 
1,093 lb. of good coal per 1,000 squares (3-in. equiva- 
lents), or, in other words, oil is equivalent to the 
price of coal at 21. 10s. 5d. per ton, with the labour 
and other conditions about the same in both cases, 

In conclusion, it may be stated that the results have 
shown that oil may be used for firing with success when 
the cost of coal is prohibitive, or when coal is difticult 
to obtain, and it will certainly act as a standby in the 
works mentioned if such conditions should occur 
again. 

It should be mentioned that, for the sake of compari- 
son, the results given are taken up to the desired 
temperature, but fuel used for soaking is left out, 
as this varies according to requirements. 

Analyses, &c., of the coal and oil used are as 
follows :— 








CoaL, 
Proximate Analysis, 
Ist. 2nd, 
Moisture... ... 5:55 percent. 6-16 per cent. 
Volatiles ... 34°61 - 33°83, 
Fixed carbon --- 52-89 aa 54-23 
Ash C95 ss 5-78 
Ultimate Analysis. 
Carbon . 74-38 per cent. 75-57 per cent. 
Hydrogen ... «xo | 385 is or re 
Sulphur 3°05 ke 2-45. -,, 
Nitrogen 0-92 os 1:08 _ ,, 
Ash... are ss 640 80 * 6-16, 
Oxygen bydiflerence 9-44 9 9:37 
B.Th.U. per B.Th.U. per 
lb. Ib. 
Calorific value determined 13,700 13,700 


O1L.—ANGLO-PERSIAN FUEL. 
Approximate Specification. 
Specific gravity at 60 deg. F. 
Flash point, not less than 


Viscosity (Redwood)— 
At 100 deg. F. 


895/900 
150 deg. F. 


not more than 100 seconds 


At, 70 deg. F. ee  — 
Sulphur sae ue wine tos 1-5 per cent. 
Hard asphalt ... Bee ee ae. i. ae 
Aa 5. roe aes sis — 0-02 ,, 
Water and sediment oats — 0:75 


Chemical Analysis. 

Carbon me aug : 85-00 per cent. 
Hydrogen wae ‘ae wile 10-9 
ue 


Calorifie value 19,400 B.Th.U. per Ib. 








Ture Ex-BririsH-WESTINGHOUSE AssocraTIon.—The 
tenth annual dinner of the Ex-British- Westinghouse Asso- 
ciation was held at‘the Hotel Cecil, London, on Friday, 
March 2, under the chairmanship of Mr. A. McKinstry. 
The vitality of the association was illustrated by the fact 
that after ten years of activity the attendance was greater 
than ever before, with the exception of one previous year. 
In view of the success of the association and the energy 
and enthusiasm which he had shown in connection with 
it, a presentation was made, in the course of the evening, 
to Mr. L. S. Richardson, the Honorary Secretary. 





INSTITUTE OF MARINE ENGINEERS.—The annual report 
of the Council of the Institute of Marine Engineers 
shows that the members on the roll, on December 31 last, 
numbered 3,162, as compared with 3,024 on December 31, 
1926. During 1927, ten papers were read at meetings 
of the Institute. The Denny Gold Medal was awarded 
to Dr. F. Sass for his paper, ‘A New Type of Solid- 
Injection, Double-Acting, Two-Stroke Oil Engine, and 
the Institute’s Silver Medal was awarded to Sir Robert 
Hadfield for his paper, ‘‘ Progress in the Development 
and Practical Application of Heat-Resisting and Non- 
Corroding Steel.” The 1927 Lloyd’s Register Scholarship 
Examination was held in London, Glasgow, Cardiff, 
Sunderland, South Shields, and Belfast, and the scholar- 
ship was awarded to Mr. E. R. Hall of London. 





New ZEALAND GOVERNMENT TENDERS.—We under- 
stand from the High Commissioner for New Zealand, 
that specifications have been received in coma 
with the following Government contracts —h 
manufacture, supply and erection of a pipeline about 2,4! 

ft. long, complete with manholes, air-inlet holes, &e., 


to connect with the Lake Coleridge power station. 
Tenders to be received in New Zealand by May 29. 
2. A 7,500-kw. generator and turbine for the Public 
Works Department. 3. The material required in 
connection with the new railway workshops including 
the following: 13 electric rivet heaters, four ventilating 
and heating units, four battery shunting loom 
and charging sets, four milling machines, &c. ~~ 
details regarding these tenders may be obtained ee 
the High Commissioner for New Zealand, 413, Strand, 





were oil fired. Comparative details are not-available 


London, W.C.2. 
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THE DILATOMETRIC STUDY OF 
LIGHT METALS.* 
By Max Haas, Dr.Ing. 
atometric study of iron and its alloys by 
his co-workers, as well as the investi- 
vations in similar lines by Swedish, English, French, 
‘American, and Japanese workers, led the author to 
the systematic dilatometric examination of light metals 
and their technically important alloys. ; 
Description of the Apparatus. The photographically 


Tue dil 
Oberhoffer and 








recording, differential dilatometer of Chevenard, and 
the modified Chevenard dilatometer of Oberhoffer- 


| The furnace designed by the author is similar to that 
of Gray,* with certain important exceptions. The 
| main heating tube consists of nickel, and for uniform 
heating chrome-nickel strip is used in network form, 
about which mica insulation is wound. Two copper 
heads, with the necessary holes for the dilatometer 
tubes, thermocouple, and current leads, serve as heat 
reservoirs at the ends of the nickel tube. The whole 
is surrounded by a second nickel tube wound with 
| chrome-nickel wire, the number of turns being increased 
at the ends. There are three separate parts insulating 
the surrounding furnace, and the whole is covered 
with a casing of aluminium sheet. The furnace is 
easily taken to pieces in case of defects, and gives a 





Esser, were used in the present research. The dilato- 


met 


characteristics of the Oberhoffer-Esser dilatometer 


are as follows: (1) Prevention by oil damping of 
vibration of the dilatometer casing. (2) Furnace, 
dilatometer tubes, and dilatometer casing stand at | ¢ 








Fia. 1. 


Fig. Ja. DILATOMETER CURVE OF PURE ALUMINIUM 


WITH CHEVENARD DILATOMETER 


er used by the author is illustrated in Fig. 1. The large uniformly heated field. 


of the test-bar should approximate that of the compari- 
son-bar, so that horizontal curves may be obtained 


Dilatometer Bars.—It is necessary that the expansion 





and dilatometric effects may be clearly indicated. Pure 
' 











GENERAL VIEW OF DILATOMETER. 


Fig.9b. DILATOMETER CURVE OF PURE 
ALUMINIUM WITH CHEVENARD 
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636.C) 


right angles to the camera. There are, therefore, 
two means of optical registration; either in the 
direction of the furnace on a screen covered with 
sensitive photographic paper, or by the reflection of 
the light rays on to a photographic plate by means 
of a mirror set at an angle of 45 deg. (In the first 
case there is the advantage of obtaining any desired 
magnification, but the disadvantage that a dark room 
is hecessary.) (3) Possibility of measurement of the 
absolute coefficient of expansion of metals at higher 
temperatures. (4) Possibility of electrical conduc- 
tivity and magnetic measurements at higher tempera- 
tures by means of certain accessories. 

Furnace.—The first requirement is the regular and 
uniform heating of both expansion bars. This is 
repeatedly referred to by Daweke, Esser, Chevenard, 
as well as by the Bureau of Standards, P. Hidnert and 
others. or small test-bars less than 5 cm. long, a 
nickel tube is sufficient, closed and insulated at both 
ends and placed in a bifilar chrome-nickel wire-wound 
tube furnace with additional end windings. Without 
the inner nickel tube, disturbing “‘ humps” appear 


aluminium suggests itself as the standard for the 
examination of aluminium-rich alloys for, as shown by 
the author, it expands in a regular manner. A dis- 
turbing compression of the test-bars at high tempera- 
tures as the result of increasing plasticity is counter- 
acted by an extremely fine pressure-spring and by the 
use of a thicker specimen with the head rounded (in 
contrast to the pointed heads used in steel bar tests). 
When pure copper is used as the standard, the surface 
must be first thoroughly cleaned with ether, for example, 
in order to minimise irregular and disturbing oxidation. 
The use of nitrogen as an inert atmosphere is then 
unnecessary. 

Dilatometer T'ubes.—The test-bar and standard are 
placed in silica tubes closed at one end. The author 
preferred fused silica tubes, as it was then possible 
to see the specimens before and after test and to 
observe signs of impurities, deformation, oxidation, 
and other irregularities. 

Dilatometer Head.—A system of levers and mirror is 
used. The expansion of the bars is transferred by means 
of thin silica rods and lightly placed small steel pistons 





in the curves on rapid heating. For larger test-bars 
4 very long furnace or a nickel block furnace is necessary. 

* Paper read before the Institute of Metals, London, 
on March 7, 1928, Abridged. 





on two levers, which must be accurately placed. In 





* A. W. Gray, ‘‘ Production of Temperature Uniformity 
in an Electric Furnace,” U.S. Bureau of Standards 


Scientific Paper. No. 219. 


place of the original heavy prism a small, light, silver- 
surfaced plane mirror was used set at an angle of 45 deg. 
to the mirror table. The three supporting screws 
of the mirror table were tipped with rubies and could 
move with fine precision on highly polished rustless 
steel. An elastic silver-steel spring held the mirror 
system and the levers in contact with the dilatometer 
rods; in this way, a light and almost frictionless 
movement was obtained. As a source of light a small 
microscope lamp—‘ Mignon ”’ (manufactured by Leitz) 
is recommended. By paying close attention to 
details extremely beautiful differential expansion 
curves of light metals and their alloys can be obtained 
showing the smallest thermal anomalies.* 

Dilatometry of Pure Aluminium.—In order to solve 
the question as to the possible allotropy of aluminium, 
as maintained for a long time by Guertler and his 
co-workers ; also in view of the work of Honda and 
Igarasi, dilatometric curves of the purest American 





Fig. 8. DILATOMETER CURVE OF PURE 
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Hoope aluminium, free from gases and 
porosity, were made up to a temperature 
of 610 deg. C. Strains due to casting or 
working were removed by a half-hour’s 
heating from room temperature up to 600 
deg. C. On subsequently heating the 
specimen up to 610 deg. C., a smooth, 
regular curve was obtained, as given in 
Fig. 8, indicating no allotropic change.t 
This result is in agreement with the well- 
| known investigation of Rosenhain and Archbutt.} 
| Guertler,$ as a consequence of similar researches at the 
| Technische Hochschule, Charlottenburg, agrees with 
| the results obtained by the author. The determination 
of thermal changes about 620 deg. C. in pure alum- 
inium by Saburo Umino, using differential thermal 
analysis,|]} was not confirmed by the author or by A. 
Muller] of the Kaiser-Wilhelm Institut fur Eisenfor- 
schung, Dusseldorf, who used the Saladin method. It 
is probable that impurities played an important part, 
|; and check experiments are being carried out. 

In order to investigate the effect of too great a spring 
pressure, two exposures were made with the Chevenard 
dilatometer, using the same annealed pure aluminium. 
The curves obtained are given in Figs. 9a and 96, pure 
aluminium being the standard. In the first curve, plastic 
deformation at about 550 deg. C. is strongly marked ; 
in the second, up to a temperature of 500 deg. C., only 
small plastic deformation occurred. Similarly, with the 
author’s apparatus, the same occurred when the spring 
pressure was too great. 

Dilatometry of Silumin.—The following results were 
obtained with the well-known commercial modified 
pure eutectic aluminium-silicon alloy, silumin. About 
400 deg. C., deformation was strongly marked in con- 
sequence of the lowering of strength on heating. With 
modified and chill-cast material a distinct dilatometric 
effect at 250 deg. C. is shown in the curve given in 
Fig. 10 (Chevenard optical dilatometer curve), owing 
to the separation of finely divided crystals of the 
silicon from the supersaturated solid solution (quenching 





* All the author’s curves are shown with the usual 
co-ordinates. The points in the curves represent 
intervals of 100 deg. in the heating curves. 

+ M. Haas, Z. Metallkunde, 1927, 19, 404-406. 

t W. Rosenhain and 8. L. Archbutt, ENGINEERING, 
vol. xcii, page 438 (1911). 

§ W. Guertler, Werkstofftagung. 1927. 

|| Private communication (October 7, 1927). 

4 A. Miiller, “‘ Uber den fraglichen Unwandlungspunkt 
des Aluminiums bei etwas 575 deg.,” Z. Metallkunde, 
vol. xix, pp. 414-415. 1927. 
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effect on casting), followed by re-solution in the | being hot forged (50 per cent. reduction). One series with excellent results by means of the new method of 
solid solution region. The diagram of Késter and | of the forged ingots was annealed at 520 deg. C. for | jointing he had described. Had he allowed for the 
Miiller* in Fig. 11 gives the limit of solid solubility of | 20 minutes, and after quenching in water allowed to | effect of thermal E.M.F., which in the case of copper. 
silicon in aluminium. Soft annealed, and previously | age for five days. Cast ingots aged and unaged, as nickel alloys would be material in such precise measure. 


modified silumin, expands up to 350 deg. C. in a| well as forged ingots aged and unaged, were studied. | ments as those described ? Difficulty was often 


: ve ; expen. 
regular manner without any effect at 250 deg. C.;| As expected, the tests on the cast alloys showed only | enced in obtaining a definite area of contact iebie 
above 350 deg. C. plastic deformation begins. The | small dilatometric effects, the forged alloys showed | mercury and a copper rod dipping into it Varnishing 
form of the curve remains the same on repeated dila- larger effects due to the refining action of hot-working, | of the copper did not help matters, but no difficulty 
tometric tests. Check experiments are now being | while the forged and age-hardened alloys showed typical | arose if the copper was nickel-plated. It would be 


made to determine the lower limits of the region of |and marked effects. At about 300 deg. C., finely , advantageous to include the annealing temperatures 
solid solubility. The dilatometric effect on tempering | divided CuAl, separates from the supersaturated solid | in the paper for future reference. _As the tests occupied 
silumin points to the consideration of an age-hardening | solution. At 445 deg. C., a change occurs in the /a considerable period of time, it must be borne in 
effect. Attention must be paid to the effect of the | original direction of the curve of the alloy containing mind that secular changes might occur in the standani 
silicon nuclei which exist in unstable equilibrium when | 2-501 per cent. copper, showing | that the solid solu- | resistances in the bridge. 

the alloy is quenched from temperatures above the | bility limit has been reached. Up to 500 deg. C. no|__ Dr. R. S. Hutton, on behalf of the Non-Ferrous 
solubility limit. The author found it possible to show such change is given by the alloy containing 4-822 Metals Research Association, expressed appreciation 
by mechanical data the thermal effect on the heating | per cent. copper, indicating that the limit of solu- | of the encouragement given to the author by the 
and quenching of refined silumin. Silumins possessing | bility is not yet reached. ; | Physical Society’s publication of his paper. The 
a suitable third component naturally show increased; Some dilatometric curves of duralumin were also | problem of corrosion was so complicated that it would 
solubility of the silicon solid solution. 'made. The test-bar was heated up to 300 deg. C.,| be most valuable to have a simple method applicable 
| followed by subsequent slow cooling. pure copper | under widely varying conditions, like that described. 
| being the standard. At 250 deg. C., the separation of | Dr. W. H. J. Vernon said that he had watched the 
|excess Mg,Si begins. Similar results were obtained | work with great interest, and was impressed by the 





Fig.10. DILATOMETER CURVE OF SILUMIN 
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P. Hidnert, on making measurements of the thermal 
expansion of an alloy containing 12-55 per cent. 
silicon, 0-56 per cent. iron, 0-08 per cent. copper, 
remainder aluminium (a typical and normal silumin), 
found a marked effect at about 250 deg. C. on the heat- 
ing curve. On a second heating the clearness of the 
effect somewhat diminished. On testing the modified 
alloy (refined with metallic sodium) he was unable 
to discover any such effect. His curves (Fig. 10) 
nevertheless show an effect about 250 deg. C. with the 
modified alloy, although not so clearly marked as in 
the normal alloy. In the author’s opinion, this 
effect is present in all quenched silumins. The magni- 
tude of the dilatometric effect depends on the quality 
of silicon which separates from the solid solution. 

Dilatometry of Aluminium-Copper Alloys.—Hecker 
has determined the dilatation effect on tempering 
aluminium-rich copper alloys. Using the alloys, the 
compositions of which are given in the following table, 





| Silicon. 





| 
Copper. Tron. 

No. Per cent. Per Cent. | Per Cent. 
ome |——______ _ — 
1 0-642 0-437 0-482 
2 1-936 0-384 0-330 
3 2-446 0-428 0-527 
4 2-501 | 0-384 0-413 
5 4-822 | 0-541 0-483 

i] 





he checked the limit of the solubility curve by this 
method. The aluminium-copper alloys were made in 
an electric furnace and cast into ingots, one series 





* Késter und Miller, ‘‘ Uber die Léslichkeit des Sili- 
ziums in Aluminium,” Z. Metallkunde, 1927, vol. xix, 
page 55. 


| by Hecker on the age-hardened alloys. 








THE PHYSICAL SOCIETY. 


| 

| 

| At the meeting of the Physical Society, held on 
| Friday, February 10, 1928, at the Imperial College 
of Science, with Professor O. W. Richardson, in the 
chair, a paper on ‘A Simple Graphic Method for the 
Determination of Galvanometer and Fluxmeter Con- 
stants, with a Note on the Measurement of Intense 
Magnetic Fields,” was presented by Dr. Allan Ferguson, 
M.A., and Mr. E. J. Irons, B.Sc. The paper dealt with 
methods for evaluating the principal construction 
constants of moving coil instruments by the graphical 
treatment of observations of logarithmic decrement and 
its variation with circuit resistance. It also discussed 
the application of these methods to the measurement of 
intense magnetic fields. 

In presenting the paper, Dr. Ferguson suggested 
that instrument makers should revert to the practice 
of locating the zero at the centre of the fluxmeter 
scale, as the sensitivity in one direction often differed 
slightly from that in the other; and also that they 
should mark on the instruments the values of construc. 
tional constants such as the number of turns in a coil 
and its area. 

Dr. D. Owen said that the paper would be much 
appreciated by those making a study of the principles 
underlying the use of the moving-coil galvanometer. 
The assumption, however, of constancy of field for all 
positions of the coil was scarcely justifiable in an 
accurate treatment. It would thus be of interest to 
learn how far the values of constants as deduced by 
the methods of the paper agreed with direct calculation, 
wherever this was possible. In regard to the flux- 
meter, there could be no doubt of appreciable departure 
from constancy of field, and this fact involved a calibra- 
tion of the scale for accurate work. It was much to be 
desired, on this and other grounds, that the fluxmeter 
should be provided with a means of zero adjustment. 
He expressed the hope that the makers of these instru- 
ments would turn their attention to the remedy of 
what was a serious defect. 

Dr. Ferguson, in reply, said that the advantage 
of being abe to read the throw in both directions was 
that this procedure indicated whether anomalies were 
present or not. 

A paper on “‘ The Application of Electrical Resistance 
Measurements to the Study of the Atmospheric Corrosion 
of Metals,” was read by Mr. John Christopher Hudson. 
This paper described in detail an experimental pro- 
cedure for quantitative field tests on the atmospheric 
corrosion of metals, which was based on the deter- 
mination of the change in the electrical resistance of 
wire specimens produced on exposure. The method was 
capable of a considerable degree of accuracy ; the changes 
produced in duplicate specimens agreed to. within 
5 per cent. The validity of the results had been estab- 
lished, in the case of the metals investigated, by cor- 
relation with the corresponding weight changes of the 
specimens. In the case of copper, it had been found 
that the percentage resistance changes due to corrosion 
was inversely proportional to the diameter of the wire ; 
it was thus possible to use the method as an “‘ accelera- 
tion test’ by conducting experiments on relatively 
thin wires, which were appreciably affected by corrosion 
within a few weeks. 

Mr. J. H. Coste, in the discussion, said that the 
author’s method struck him prima facie as being satis- 
factory, unlike certain methods in which attempts were 
made to scrape off the corroded metal. Had the author 
any data as to the composition of the air to which the 
specimens had been exposed ? 

Dr. E. H. Rayner, said that some time ago he had 
advised the author aginst the use of bridge methods, 
on account of secular change in the resistance of wire 








author’s accuracy and thoroughness. While the society 
| would be mainly interested in the method as such, from 
/ an economic point of view the important matter would 
| be its application in obtaining corrosion data under a 
wide range of conditions. Arrangements were being 
made for observations at six stations engaged in research 
on atmospheric pollution. The method of accelerating 
results by reducing the diameter of the specimens was 
much superior to methods in which artificial corrosion 
was produced, since the results of the latter bore little 
relation to natural corrosion. Acceleration was neces- 
sary, since the later course of a corrosion process could 
|not be inferred from its earlier stages; thus arsenical 
copper, for instance, was at first more rapidly tarnished, 
| but after long exposure much less tarnished, than pure 
per. 

| The author, in reply, thanked Dr. Rayner for the 
| suggestion as to the use of nickel-plated copper for the 
| mercury contacts. He had eliminated the effect of 
| thermal E.M.F. by adopting a careful routine, and had 
re-calibrated the standard resistances from time to 
time, in addition to using unexposed blanks as controls. 
By arrangement with Dr. J. 8. Owens, the field work 
would be associated with the research which is being 
carried out on atmospheric pollution. 





| 





LAUNCH OF THE M.S, “‘ Copric.”—The successful launch 
took place at Wallsend, on February 21, of the M.S. 
Coptic, the second of two twin-screw cargo motorships 
building by Messrs. Swan, Hunter and Wigham Richard- 
son, Limited, for the Shaw, Savill and Albion Company, 
Limited, of London. The vessel, the length of which 1s 
approximately 500 ft., has a total deadweight, including 
the weight of refrigerating machinery and installation, 
of about 11,190 tons. She is arranged with five spacious 
holds, and ’tween decks refrigerated space for the carriage 
of meat, dairy produce and fruit, the total capacity being 
404,000 cub. ft., while there is also an uninsulated 
capacity of approximately 262,000 cub. ft. The loading 
and discharging is done by twenty electric winches 
working a similar number of derricks, for lifts of 7 tons 
to 10 tons, a special derrick being fitted for lifting 
heavier loads, such as machinery. Four double-berth 
state rooms are arranged in a house on the forward end 
of the bridge deck, together with a saloon and smoke- 
room. The propelling machinery will consist of twin, 
reversible, single-acting, two-cycle Diesel engines of the 
Wallsend-Sulzer type, built by The Wallsend Slipway 
and Engineering Company, Limited, of Wallsend-on- 
Tyne. a 

Corrop1Bitity oF Cast Iron.—The results of an mves- 
tigation relating to the corrusion of ordinary cast Iron im 
acids and alkalis, conducted by Dr. Ing. H. G. = 
appear in Stahl und Hisen, December 15, 1927, pages 211 
to 2117, As Dr. Haase first removed the skins of his 
samples by grinding on a corundum disc, his experiments 
seem to have been conducted under conditions which do 
not correspond with service conditions. The influence of 
the skin is, however, the subject of a special inquiry. 4 
wanted, in the first instance, to find the best composition 
for a non-corrodible cast iron of ordinary type, not rich 
in silicon. He found that a material of the following 
average composition was least attacked by acids (st : 
phuric, nitric and hydrochloric): carbon, 3°3 to 3°5 per 
cent.; silicon, 1°4 to 1°5 per cent. ; manganese, ()*/o Lae 
cent.; phosphorus, not above 0-2 or 0-3; sulphur, no 
above 0-07; nickel, 0-3 to 0-5 per cent. The sulphur 
percentage should be kept as low as possible ; the acs 
of manganese is advantageous in this and other pie : 
but there are various reasons for not having more t _ 
1-2 per cent. of manganese in cast iron, and as rege i 
the corrodibility, 0-75 per cent. is sufficient. Ra a 
percentage of nickel is also advantageous. In their g ne on 
trends, the corrosion curves in the several acids pn 
similar. Whilst diluted alkalis do not attack eg and 
dissolve silicon, so that nothing is gained by a high silicon 


percentage, as regards corrosion by alkalis. Iron —- 
on the other hand, resists alkalis so that the su ar 
content does not matter in this respect. A cast iron : ” 
3-3 to 3-5 per cent. of carbon, 1-2 to 1-4 per mente 


silicon, 0-3 to 0-4 per cent. of manganese, 0-3 ( 


nickel, and not above 0-2 per cent. of phosphoru= should 





joints; but the author had overcome this difficulty 


be fairly resistant to alkalis. 
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MARCH 23, 1928.] 
ELECTROLYTIC IRON: ITS _INCEP- 
TION AND DEVELOPMENT. 


Untit recently, the production of electrolytic 
iron received little or no attention, even after the 


ENGINEERING. 


connected with the Royal Mint, visited St. Peters- 


paper before the Iron and Steel Institute in 1887, 
but nothing further appears to have been done. 
In 1887 and 1888, Alexander Watt published 
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| 
| by wrapping steel sheets around mandrels, holding 


| burgh and investigated the process, and read aj them in position and finally removing the original 


|Sheet with the deposited sheet, annealing and 
|separating. Separation was found to be facilitated 
| by previously coating the matrix sheet with copper 


successful application of refining copper by elec- | particulars of the work done on the electro-deposition | in an alkaline electrolyte, which was superseded 


trolysis, on account of its low intrinsic value and 
the difficulties of obtaining it in a form suitable 
for commercial purposes. The electro-deposition of 
iron suitable for commercial use is, indeed, a very 
dificult problem, as compared with the electro- 
deposition of copper, zinc, lead, nickel and many 
other metals. 

Alfred Smee, in his book on electro-metallurgy, 
which was printed in 1851, makes the following 


remarks :—‘* The reduction of iron, from a pecuniary | 
| too slow to render the process commercial. 
range of electric metallurgy, for the metal is scarcely | not until the year 1900 that he succeeded in obtain- | from ore, such as hematite. 


point of view, is the very worst process in the whole 


worth anything in comparison with others. Iron- 
masters doubtless sleep in perfect security when 
they are told that from one equivalent of galvanic 

















Fia. 1. 


power derived from my battery, costing one- 
twentieth of a penny, 28 grains of iron are reduced, 
so that the reduction of 1 lb. of iron, worth about a 
penny, would cost more than a shilling for the bare 
materials used in its production, added to the value 


| pits ; ex-foliated deposits ; the 
|sheets or tubes from the cathodes or matrices ; 


of iron, which is recorded in his book published in 
1889. Sherard Cowper-Coles, in the year 1898, made 
a number of experiments based on work he had 
already done in connection with copper, an 
important feature being the rotation of the 


|mandrel or cathode at a critical speed. Ho | 


produced electrolytic-iron plates and tubes of 
considerable thickness, but not in a condition that 
could compare favourably with that of a drawn tube 
or rolled sheet ; the rate of deposition, moreover, was 
It was 


ing some tubes of a quality equal to a solid-drawn 


tube by employing a high current density. The 
chief difficulties encountered were gaslines and 
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removal of the 


obtaining the right quality of iron ; and maintaining 
the electrolyte in the best working condition. 
An important factor in the electro-deposition of 


of the metal. In this aspect of affairs not only the | iron is the runnirg of the mandrel or cathode at 


blast, but even the puddling and smelting furnaces, | 
| point out this fact, both as regards iron, copper 


are likely to continue to send forth their pestiferous 
fumes by day and their pandemonium looking 


a minimum speed. Cowper-Coles was the first to 


and other metals. One method of determining the 


flames by night, corrupting the atmosphere to the | speed was by revolving cones inside a conical anode 


injury of vegetation as well as to the detriment of | with a surface parallei to the cone. 
rotation increases, the deposit passes from a rough 


the health of human beings.”’ 


As the speed of 


Since Alfred Smee made these observations 73/ granular form to a smooth surface, which is of very 
years ago great progress has been made, the cost of | close texture, hard and springy. The effect is shown 


production of electrolytic iron having been reduced 
from over a shilling per Ib. for iron in a rough form, 
which required smelting and rolling, to about one 
halfpenny per Ib. for iron obtained in a finished 
state. In 1857, Feuquieres exhibited specimens of 
electrolytic iron at the Paris Exhibition. Jacdbl, 
in collaboration with Klein, introduced a process in 
Russia for the production of iron electrotypes for 
banknote printing, the plates being made of solid 
electrolytic iron, instead of being copper faced with 
iron, and in 1869 the process was described before 
the British Association. The electrolyte used was 
Composed of ferrous and magnesium sulphates, a 
current density as low as 0°30 ampere per square foot 


in Fig. 1. Hitherto, it had been the practice to 
rotate the cathode only quite slowly, so as to 
change the relative positions between anode and 
cathode and to stir or move the electrolyte, but 
not with the idea of rapidly throwing off the 
cathodic film and impurities in suspension and 
obtaining surface friction. 

The late Mr. Arnold Hill, of the Thames Iron 
Works and Shipbuilding Company, Limited, became 
interested in the experiments, and a small syndicate 
was formed in 1906 to carry on the work, an experi- 
mental plant being erected for the production of 





both tubes and sheets. The electrolyte was circu- 
lated by means of an iron centrifugal pump through 


|shortly afterwards by electro-depositing lead in 
place of the copper. The results obtained were a 
great improvement on what had previously been 
| effected, but were not far enough advanced to be 
| turned to practical account, and it was not until the 
year 1908 that sheets and tubes were produced under 
| practical conditions, of a quality equal to rolled or 
drawn iron, and with a surface that required no 
| after treatment, such as rolling or drawing. 

A large number of trial sheets and tubes were 
produced, and tests were made working direct 
The results of 
| these experiments were so satisfactory that Mr. 
Boucher, of Prilly, Switzerland, came over and saw 
the process in operation and took a licence in 1908 

















|for Switzerland. A small plant was erected and a 
| number of tubes”produced of quality equal to those 
| now being produced on the larger plant at Grenoble. 
| The tubes were deposited on mandrels thinly coated 
with lead by electro-deposition, and rotated at a 
critical speed. The electrolyte was circulated 
through a tank containing scrap iron, turnings, or 
iron oxide, or a soluble iron ore ; to ensure it being 
kept sufficiently neutral, iron shot was also em- 
ployed. A number of satisfactory tubes were also 
made hy keeping finely-divided carbon or graphite 
in suspension. Experiments were also carried out 
on the deposition of iron and nickel and various 
other alloys. The licence was eventually extended 
for France, and a company was formed called La 
Societé Anonyme Le Fer. A plant was erected at 
Grenoble at the works of Mr. Bouchayer, which 
have been considerably extended from time to 
time. Fig. 5 shows a group of tubes made at 
Grenoble. The process is identical with the original 
process of Cowper-Coles, except in a few minor 
details which are of necessity modified when de- 
veloping a process on a commercial scale. 

The chief feature of the Cowper-Coles process 
thus evolved consists of a cathode rotating at a 
critical speed, using a ferrous-sulphate solution, or 
ferrous sulphate combined with ferrous chloride, 
keeping the solution as neutral as desired by means 








being necessary, and one and a half months being}a sump and storage or regenerative tank, filled|of iron oxide or finely-divided iron, keeping the 


required to give a thickness of 2 milimetres. 
Several years afterwards, Sir Robert Austin, then 


| with scrapiron, for the purpose of reducing the ferric 


|salts. Figs. 2 to 4 show how sheets were produced 


ferric salts reduced by means of scrap metal and 


| depositing on a mandrel previously coated with an 
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intermediate coating of lead under such conditions 
that when heated it readily leaves the mandrel. 
Numeious solutions were tried and modified from 
time to time, but no special claim is made for 
any electrolyte in particular ; a variety of solutions 
can be used with equally satisfactory results. 

Mr. Boucher, the original licensee of Cowper- 
Coles, has taken out patents, in one of which the 
claim is that the solution is kept in the ferrous 
condition by contact with iron, such as turnings and 
scrap iron outside the electrolytic vat ; in another 
the principal! claim is the use of insoluble anodes 
combined with soluble ones. Both these methods 
were employed with the plant at the works 
of the Thames Iron Works and Shipbuilding 
Company, and are referred to in a paper read 
before the Iron and Steel Institute in 1908, as 
follows :—‘‘ The process briefly consists in placing 
crude iron (which may contain those elements 
which are at present so detrimental to the 
production of high class iron or steel) or finely- 
divided iron ore in suitable containing vessels in 
which an acid solution is circulated, using an 
insoluble anode material, or further the process 
may combine the use of soluble and insoluble 
anodes.” 

In that paper, the electrolytic recovery of iron 
from its ores was described, and the general arrange- 
ment of the apparatus employed when depositing 
from crude iron or the ore is illustrated in Fig. 6. 
The paper stated that “in the former case, the iron 
is arranged around the cathode, and in the latter, 
insoluble anodes—of graphite for example—and a 
small electric current are employed to assist the 
leaching process. It is conceivable that, in some 
cases, iron might be recovered without mining, acid 
liquor being circulated over the ore deposits. The 
process might lend itself more especially to the 
recovery of iron from the “blue-billy,” or carbonated 
ores, lake, and bog ores. An electric process will 
no doubt also prove to be a valuable adjunct where 
pig iron is used for precipitating copper, enabling 
the iron to be recovered instead of running to 
waste.” 

Mr. C. F. Perin, after seeing the Cowper-Coles 
process in operation at the works at Grenoble, 
started experimental works at Cambridge, Mass., 
for depositing iron direct from the ore, such as 
hematite and lomorite, which resulted in the forma- 
tion of the Milford Electrolytic Iron Company, 
Milford, Conn. Mr. Perin has since come to a work- 
ing arrangement with Mr. Boucher, and a plant of 
considerable size has been erected at Niagara to 
produce, in particular, high-pressure gas bottles. 
The current density employed is 100 amperes per 
sq. ft., and tubes are being produced up to 10 in. 
in diameter and 13 ft. in length. 

In 1922, Cowper-Coles made some fine powdered 
iron by his electrelytic-iron process and submitted 
it to the Western Electric Company, who now have 
works at Hawthorn, Ill., which are equipped to 
deposit about 2 tons of iron a day in a very brittle 
form. This is readily ground to a fine powder and 
compressed into magnets for telephone work, which 
are found to have a high permeability and low 
hysteresis. The iron, before being compressed into 
magnets, is treated with zine dust, which is found 
to reduce the eddy currents. 

It occurred to Cowper-Coles that a great saving 
might be effected by making cartridge cases for 
large guns in one piece of electrolytic iron, and, if 
necessary, coating with zinc by the Sherardising 
process or brass by electro-deposition. A sample 
was submitted to the Ordnance Board before the 
war, but no steps were taken to prove its value. 
The Germans, towards the end of the war, are 
reputed to have made considerable quantities of 
electrolytic iron in the form of rough ingots, 
which were worked up into driving bands in the 
place of copper driving bands, as electrolytic iron 
can be produced as soft as copper by annealing. 

Another development in connection with the 
electro-deposition of iron is the building up of worn 
or undersized parts of machinery, and this was 
applied to great advantage during the war. Although 
this application was patented in 1900 by F. Krupp, 
it was not applied commercially until 1915, when 
Cowper-Coles, who was unaware of Krupp’s patent, 
was making some large gauges for tail shafts of sub- 
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marines for the Admiralty, and built up by electro- 
deposition some of the gauges which were found 
to be undersized when finished and had been 
rejected ; they were then reground and passed by the 
inspectors. He communicated the idea to the Air 
Board, with the object of- relining cylinders for 
aeroplane engines. This created considerable 
interest, and resulted in the establishment of 
several works in France for building up worn parts 
of guns, motor cars, and various parts of machinery. 
In connection with the work now being done at 
Grenoble, it is estimated that 1-kw. hour is necessary 
to purify 1 kg. of iron, and would cost 0-05 fr. The 
cost of working (labour, maintenance of the electro- 
lyte, general expenses, &c.) does not appear to be 
higher than the price of energy, and in consequence 
the refining works out at about 100 fr. per ton. 
With mild-steel anodes at 175 fr. per ton. electrolytic 
iron would thus cost approximately 275 fr. per ton, 
and could compete with pure Swedish iron. Accord- 
ing to L. Guillet, the cost of raw electrolytic iron 
should not exceed 200 fr. to 220 fr. per ton. 
Coarse electrolytic iron, in the unfinished state, 
contains a very small proportion of impurities, such 
as silicon, phosphorus, sulphur, manganese and 
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carbon. Most samples of electrolytic iron, as 1t 


comes from manufacture, also contain certain gases, 
viz., carbon monoxide, carbon dioxide, nitrogen, and 
above all, hydrogen. The hydrogen can be elimi- 
nated by annealing. The appearance and the 
physical characteristics of the iron, to a great extent, 
depend upon the percentage of hydrogen it con- 
tains. Electrolytic iron containing hydrogen is also 
magnetic, and has low hysteresis and high perme- 
ability. Using a cast-iron containing 2-35 per cent. 
carbon, 1-31 per cent. silicon, and 1-07 per cent. 
phosphorus, the electrolytic iron prepared from it 
only showed 0-004 per cent. carbon, 0-007 per cent. 
silicon, 0-006 per cent. sulphur, and 0-008 per cent. 
phosphorus, which indicate the degree of refinement 
that can be attained. 

The mechanical properties of electrolytic iron, 
such as tensile strength, bending, elongation, hard- 
ness, &¢c., vary according to the method of treat- 
ment. A tensile strength of 30-9 kg. to 32-8 kg. 
per sq. mm. was obtained with an elongation of 
40-3 to 43-1 per cent. with electrolytic tubes an- 
nealed for two hours at 900 deg. C. in magnesia. 
As regards hardness, the raw electrolytic iron, as it 
comes from the bath, is hard and brittle, and gives 
a Brinell test of 193 (diameter of ball, 10 mm. pres- 
sure, 3,000 kg.) Reheated at 900 deg. C., the hard- 
ness falls to 90. 

Electrolytic-iron tubes are now being manufac- 
tured on a large scale at the works of Bouchayer 
and Viallet. up to 4 and 5 metres in length, 10 to 
12 cm. in diameter, and from 0-1 to 6 mm. in thick- 
ness. Special tubes are also being made for radiator 
work. These tubes offer various advantages. It is 
well known that considerable difficulties are met 
with in the manufacture of thin iron tubes of 
uniform thickness by the drawing processes in 
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common use, the thickness of the final product being 
irregular and the bore often eccentric, whereas by 
the electrolytic process the thickess is uniform 
whatever the diameter, thickness, and length of the 
tube. The tubes are used for a number of pur- 
poses, such as pipes for conveying water, steam, 
and compressed-air, for radiators, and also for cas 
bottles, and are found to be more reliable than 
steel. Any scrap is disposed of for electric-welding 
purposes, for which it is found to be very suitable, 
Uniform iron plates are also obtained directly by 
electrolysis, without rolling. The metal is of first - 
class quality, iseasy to work, and can be subjected 
to severe strains in the cold state. 

Owing to the magnetic properties of electrolytic 
iron, it offers advantages in the construction of trans- 
formers, generators, and motors. By using sheets of 
electrolytic iron, the weight efficiency of transformers 
can be increased by about 35 to 45 per cent.; in the 
case of alternating-current motors and generators, an 
economy of about 16 per cent. can be effected in the 
weight of iron used. It is well known that the losses 
tend to increase with ti.e time of service of a trans- 
former, and the deterioration of the plates takes 
place more rapidly as the temperature increases. 
Electrolytic iron, however, gives no trouble from 
ageing, as its crystalline structure is very stable. 

The production of electrolytic iron has made 
little or no progress in England, owing to the set- 
back it received from the closing down of the 
Thames Iron Works and Shipbuilding Company. 
This company had a controlling interest in the 
syndicate called the Thames Iron Syndicate, 
Limited, formed to develop the Cowper-Coles elec- 
trolytic iron process, which, therefore, become 
involved. It was only in 1914, just before the 
war, that the syndicate again found itself in a 
position to carry on work. Nothing, however, was 
done, as the Government at the time could give 
none of the facilities necessary. It was only 
towards the end of the war when it was found 
that the Germans were making rough electrolytic- 
iron ingots, smelting them, and working them up 
into tubes and driving bands, that the matter was 
taken up more seriously, but it was allowed to drop 
again as soon as peace was declared. A small trial 
unit, based on the Cowper-Coles process, has since 
been erected in Cheshire. 

Although large sums of money have been spent 
in trying to produce iron products by several com- 
panies, the only commercially successful plant is 
that at Grenoble, as the technical difficulties are 
great, and there are so many mechanical, elec- 
trical, and chemical conditions to be observed. As 
soon as iron can be electro-deposited as ductile as 
copper, without the necessity of annealing, there 
will be new and very large fields of application. 





LAUNCH OF THE S.S. “ Bacrrta.”—The launch took 
place, on Tuesday, March 6, of ;the single-screw steamer 
Bactria from the North Sands Shipbuilding Yard, 
Sunderland, of Messrs. Joseph L. Thompson and Sons, 
Limited. She is the second of four similar vessels at 
present building by this firm to the order of the America- 
Levant Line, Limited, the managing owners of which 
are Messrs. Stanley and John Thompson, Limited, of 
London. The vessel has been built to Lloyds’ highest 
class with two complete decks, a long bridge amidships, 
and a top-gallant forecastle for the accommodation 
of the crew, the principal dimensions being—Length 
303 ft., breadth 45 ft. and depth 22 ft. 6 in. Messrs. 
John Dickinson and Sons, Limited, of Sunderland, are 
supplying the propelling machinery, which consists of ® 
set of triple-expansion engines, with cylinders 24 in., 
40 in. and 66 in. in diameter. and a stroke of 45 in. Steam 
is supplied by two boilers at 180 Ib. pressure. 


BRITISH STANDARD SPECIFICATION FOR STEEL FIsH- 
PLATES.—-A revised edition of the British Standard 
Specification for steel fishplates for British Standard 
bull-head and flat-bottom railway rails, has just been 
issued. This specification, which is designated No. 
47-1928, was first published in 1909, revisions being 
issued in 1914 and in 1919. In regard to fishplates tor 
flat-bottom rails, the new publication gives details of 
the section to be used in conjunction with the revised 
series of rails included in specification No. 11-1926. 
As regards fishplates for bull-head rails, no changes ~~ 
been made in the sections. Full-size drawings of al 
the fishplates are included for the first time. Various 
modifications have been made in the matter of chemioe! 
analysis, and the maximum limits of phosphorous -— 
sulphur have been raised to 0-075 per cent. wag 
of the new specification may be obtained from the 
B.E.S.A. Publications Department, 28, Victoria-street, 
London, S.W.1, price 5s. 4d. post free. 
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NATURAL GAS IN THE SOUTH 
PERSIAN OILFIELD. 

THE utilisation of natural gas, which is always 
particularly difficult in hot climates, is in some 
cases rendered still more difficult by the poisonous 
character of the gas. In South Persia, as is also 
the case in Texas and Mexico. the proportion of 
sulphuretted hydrogen in natural gas may exceed 
10 per cent. Lieutenant-Colonel S. J. M. Auld 
D.Se.. did not deal with the poison risks in the 
paper entitled ‘‘ Development Problems in the 
Exploitation of Natural Gas,” which he read before 
the Institution of Petroleum Technologists, on 
March 13, but he discussed some other problems 
which had to be solved in the South Persian 
oilfield from the theoretical and practical stand- 
points. 

For various reasons, he stated, it was desirable to 
separate gas from oil in stages at any chosen pres- 
sure. As most proprietary types of separators 
appeared to have been designed for comparatively 
low gas-oil ratios, and were of the vertical type, 
giving insufficient evaporating surface and low 
settling capacity, they had constructed a type of 
horizontal separator. worked usually at pressures 
ranging from 60 Ib. to 100 Ib. per square inch. 
This separator consisted of a long pipe, 3 ft. in 
diameter, divided by a vertical perforated disc into 
two parts. The oil entered the first part in a 
very turbulent state, and passed through the 
perforations into the second, or settling part, while 
a shunt branch enabled the gas to flow from the 
upper portion of the first part into the second part, 
from which it was withdrawn through control 
valves. The further separation was effected in 
special flow tanks, fitted with gas-tight roofs. 

The second problem discussed was the measure- 
ment of the gas flow, a matter which is still treated 
in standard books on natural gas without reference 
to recent work on the influence of pipe roughness 
and the viscosity of the gas. The commonly used 
formule of Weymouth, Molesworth, and _ Pole 
differed so considerably in their coefficients, that 
Colonel Auld devoted a considerable portion of his 
paper to this problem. 

With the installation of a complete separating 
system, the low-pressure gas, he said, should be 
metered as it left each tank. A tin-plate orifice 
and bell differential-pressure apparatus was suitable 
for the purpose, but the apparatus had to be cali- 
brated, which required an elaborate organisation to 
make it reliable for recording from 60,000 cub. ft. to 
300,000 cub. ft. of gas per hour. The estimation 
of the duration of the gas production was very 
difficult, especially as the gas-oil ratio fluctuated 
widely, and the various constituents had different, 
frequently unknown, solubilities in the oil. 

_ As regards the use of the highly-sulphurous gas as 
fuel they had proceeded very cautiously but had 
finally found that gas with 10 per cent. volume of 
HS could be burnt at pressures of 10 Ib. to 20 lb. 
per square inch in Lancashire boilers, without risk of 
pitting or embrittling the plates. Corrosion should 
only take place with incompletely burnt gas, espe- 
cially if moist, impinging directly upon the boiler 
plates at a low temperature, which favoured 
condensation of SO,. Desulphuring of the gas 
Was not necessary, and this was all the more for- 
tunate because activated charcoal and solid absor- 
bents could not be used for stripping a sulphurous 
vas of its hydrocarbons; in certain tests the 
tthiciency of the carbon had fallen off to half its value 
in ten days. Colonel Auld mentioned that natural 
#as, Containing 4 per cent. of H,S, had been burnt 
in internal-combustion engines without causing any 
trouble. : 

Pia stripping the gas with the aid of oil there was 
“Ways an optimum high-pressure separation (7 
cg example) for each temperature 
ae a imi v4 a applied to low- 
compeeasion — — Pay — id to 
nae an “ —— e. Simply whitewas ing 
eames ae 4 miles in length, had in one case 
hore ‘¢ compressor capacity by more than 

-, Owing to the cooling effect. The strip- 


Ping oil was not rendered useless by the H,S, but 
with the orifice plates, for example 
le of stainless steel. 
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THE TRENTON CHANNEL STATION 
OF THE DETROIT YDISON COMPANY. 


Tue Detroit Edison Company serves an area of 
about 4,247 square miles in extent. The most thickly 
populated centre in this area, is of course, the city of 
Detroit itself, the rise of which, since the growth of 
the automobile industry, has been phenomenal. The 
company as such has been in existence since 1903, 
in which year it acquired the business of two earlier 
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Fig. 3. SYSTEM LOAD. TUESDAY I1-1-27. 
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dated from 1886, the other being a successor of a 
company operating as early as 1881. The estimated 
population of the whole area served, at the present 
time is put at 2,100,000, and of Detroit itself 
1,417,400. With the exception of a temporary 
decrease in 1921, the demand for current has steadily 
increased, the output of the company having risen 
from 14 million kilowatt-hours in 1904, to over 
2,100 million in 1927. As would be expected with 
so large an industrial centre responsible for a large 
part of the load, something like 39-0 per cent. of the 
revenue of the company is derived from sale of current 
at power rates. The balance is made up of 23-1 per 
cent. for sales at residential rates, 23-0 per cent. at 
commercial lighting rates, and small amounts of other 
contributions, such as 3-8 per cent. from street and 
inter-urban railways, 4-7 per cent. from sale of steam, 








concerns supplying current in Detroit, one of which 





the company, as is common in the United States, 
operating central heating stations. In connection 
with output, we reproduce some curves in Figs. 
1 to 4, bringing out various points of interest. 
Fig. 1 shows the dates on which the output passed 
successive million kilowatt-hours. Fig. 2 shows the 
maximum load days at five vears intervals, including 
a high peak on January 11, of last year (1927). 
Details of the make-up of the last curve are given 
in Fig. 3, while Fig. 4 gives a typical summer load 
curve (June 21, 1927). All these curves are of the 
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same character, the load in the factories rising to a 
maximum soon after the morning start, and con- 
tinuing fairly steady till the men begin to make pre- 
parations for the midday break. The load is 
resumed again after midday and continues till 
4 p.m. or so, about which time it is found that a 
decrease occurs owing to a proportion of the 
machines being idle, while preparation is made for a 
fair start on jobs first thing next morning. A little 
later the lighting load causes another temporary 
rise, but as the power load is much reduced at this 
time the tendency generally is a falling-off from 
about 7 p.m. to 4 a.m. when the dayload begins to 
come on again. The evening load is, it may be 
pointed out, affected by the fact that Detroit 
standard time is that of the 75th meridian, which is 
32 minutes fast in comparison with mean sun time- 
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STATION, DETROIT, MICHIGAN, U.S.A. 
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whole, feeding into the system and helping to) 
regulate the system voltage, or taking local | 
loads. Four of these plants are operated without | large size plant, it was decided to adopt 50,000-kw. 
attendants, the control being partly automatic and | sets as the standard for Trenton Channel. Two of 
partly of the supervisory type. The four main | these went into service in 1924, and another about 
plants of the system are those at Delray, Connors | 12 months after. No. 4 was placed in service in 
Creek, Marysville, and ‘Trenton Channel. The | 1926, and No. 5 early in 1927. Work on the instal- 
first-named was put into commission in 1904, the | lation of the sixth and last unit at present planned 
second in 1915, the third in 1922 and the last | for the station is now in hand. In Fig. 5 is shown 
in 1924. Delray is thus the oldest plant, and in|a series of stepped curves which illustrate the 
fact is now due for rebuilding. It is interesting | development in the installed capacity owned by the 
briefly to summarise the trend since the starting | company in its four steam stations from the year 
up of this first plant. The Delray plant, now actually | 1905 onwards, representing graphically the several 
in the city of Detroit, commenced operation with | stages recorded above. The same diagram also 
two 3,000-kw. turbine sets, two further sets being | shows the total output for each year. 
added in 1905, and a fifth in 1906. By 1908,further| Concurrently with the development of the size 
extension had become necessary, and Delray No. 2 | of units, there have been changes in steam practice. 
plant, alongside the first station, was put in hand, | The original Delray plant worked at 200 lb. per 
the units in this case being of 14,000 kw. capacity. | square inch pressure. Connors Creek was designed 
Between 1908 and 1911 three of these machines were | for 210 lb. and 180 deg. superheat. Marysville went 
installed, and in 1913, a fourth of 15,000 kw. At the | up to 290 lb., while for Trenton Channel, 375 Ib. 
same time, in the No. 1 plant, the five 3,000-kw. | pressure was decided upon, with about 250 deg. 
machines were replaced by four of 9,000 kw. All | superheat, or 650 deg. to 700 deg. steam tempera- 
these machines were of the vertical type. The | ture, all these being pressures and temperatures at 
Connors Creek plant started in 1915 with a 20,000-kw. | the turbine stop valve. Since the introduction in 
horizontal set, followed by others of the same /|the Delray No. 2 plant of the first big boiler, with 
design, one in 1915 and one in 1917. In 1918, the | 23,654 sq. ft. of heating surface, one type of boiler 
fourth unit, of 45,000 kw., was installed, and in! has been kept to, namely, the Stirling W type. In 
1920 a further set of the same size was added.| the most recent plant they are fired for the first 
These were the first single-cylinder machines of|time, so far as concerns the company’s under- 
this size. A departure from the contemplated | takings, with pulverised fuel. It may be stated 
programme was made in 1920, due to war con-|that among the reasons for adopting pulverised 
ditions, and a 30,000-kw. set was installed at|fuel were the facts that this system rather en- 
Connors Creek on a site originally intended for|larges the possible range of supplies, owing to 
boiler plant. Further, in 1920, a 30,000-kw. set} the ease with which coal of different qualities 
was added to Delray No. 2, in an extension. can be effectively utilised, while it also makes it 
The Connors Creek plant is 44 miles east of the | possible to force boilers to more than their normal 
business centre of Detroit. The Marysville plant | capacity, should occasion arise. The coal generally 
lies some 55 miles north. It was started up in/used is either West Virginia or Kentucky semi- 
1922, with one 30,000-kw. set and one 10,000-kw. | bituminous coal, but it was felt that, with pulverised 
set, another of the latter size having been added in | fuel the market from which supplies could be ob- 
1923. The Trenton Channel plant is situated about | tained would be still wider and would provide 
18 miles south of the city, on Slocum Island in the | insurance against interruption of service. 
Trenton Channel of the Detroit River. It is the; While the Trenton Channel plant has followed, in 
most recent of the company’s generating stations, | the natural course of developments, on the experience 
and in fact has still room for additional units. | gained with the earlier stations, and, as pointed out, | 





Profiting by the experience at Connors Creek, with | itself embodies practice which was new to the com- | that it was¢ 
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pany, it was designed intentionally with a view to 
make it easy to operate. 
limiting factors were kept in view as regards turbine 
and boiler design, and when these had been finally 
determined, nothing was allowed to interfere with 
them being adhered to throughout the station. 
Thus, although the original installation was of only 
two generating sets, and the completed station will 
possess six, the same size and type of machine has 
been adopted throughout. 
boilers and auxiliary plant, so that there is an entire 
absence in the station of anything in the way of the 
collection of plant of miscellaneous size and design 
which is so often a feature of large stations, and 
necessarily adds to operating difficulties. It is 
true that experience with the sections of the station 
placed first in service has suggested improvements 
here and there, and that these have been adopted, 
but it has been held a maxim that these should only 
be introduced if they made operation easier, and if, 
| having proved satisfactory, they could be applied 
also to pre-existing plant. 
has been, not to run*after the very latest practice 
and highest thermal economy, on each instalment 
becoming due, but to make a uniformly good job, a 
station low in total cost, simple and easy to work, 
and one which would easily become so well known 
to its staff that any irregular working might be 
quickly revealed, and as promptly rectified. 


For this reason, certain 


The same applies to 


The general intention 


The results of this policy are manifest in the 





excellent standing this plant has for working over 
a long period. Good results on short tests, 
necessary, are not regarded as any criterion 0 
actual operation of the station, anc 
placed on economical showing, including operation 
(and investments), year in, year out. 
continually paid to small details, wit 
that good figures over prolonged periods 
maintained. The policy adopted has 
effect on the spares carried, these being 
conditions of work, the minimum possible, 
duction of costs in this item and in maint 
Among the controlling factors which were 
upon when the station was planned, it m: 
lecided to adopt the largest sin 


while 
f the 
1 all the stress is 


Attention is 
ith the result 
are well 
a direct 
under the 
with re- 
cnance. 
fixed 
iy be stated 
cle-cylinder 



















5002 
turbi 
the ] 
speed 
valve 
with 

boiler 
diam 
larges 
Mach 
that j 
resort 
press 
conse: 


Ra SS. 


t\ 


RAN 





w to 
tain 
bine 
ally 
with 
‘ion. 
only 
will 
has 
; to 
itire 
the 
sign 
and 
-. 
tion 
ants 
ted, 
nly 
1 if, 
lied 
‘ion 
tice 
ent 
D, a 
wrk, 
wn 


be 


ver 
nile 
the 
3 is 
jon 
is 


‘ell 


ect 
he 


ler 


MARCH 23, 1928.] 


ENGINEERING. 


343 


THE TRENTON CHANNEL STATION, DETROIT, MICHIGAN, U-S.A. 











| 





























tttSs 

sity, HH * 
lealae 
ie & aie B 
= : Se . 2 
HE aye 2 a 
S = ai |e : 
ie Sk 2 4 
[les aie 3 
2 ait 2 3 

+ Ee 2 sille s 3 

siz Gx 3 
Rt Eee 
= Bed 2 
Rat ce 
i ole 3 OF 3/9 
[si $2 bog gil 
e Sz Ssi> 
d SI IES as Oals 

ea 


PAIS TS SITE 




















DRAINAG E—CANALW 


/ Xi, Ri A 
Sin, Eig, 
/  /C.L.0F TOWERS igs Migs 
OG RS 6° CITY WATE. 
— > 
= = - ' 

V7 C.L. OF ROADWAY- 
f C.L.OF TOWERS S—_ : , 
; Age +t|__ FICE HOUSE 


MICHIGAN CENTRAL RAILWAY 
SS 





























if 
| : $ E 
j sssaall le 
3} | SSS | S85 
MN) Weer S esl] ll = 
a peek Ether 
| ee e £z ize 
— PSY | 88] [88 
be zo xt in} ) 
=| zz G2 = & 
& % fd $ 
Sshii 3 
“Satie ei 
se 3 
iia 





SFA TIALS 





nae 
. {OR aaa TON eIT 

















a 1 \ 
| \ 














a. 


@ 000 000 089 


-—-—— 
Joo 000 000 


——— 


7. 


—— 
0 00° 


H 
a — 
‘oo 000 








RAILWAY BRIDGE TO GROSSE -/ 












- 





(500.A.) 


turbines then considered practicable, coupled with 
the largest alternators of reasonable weight and 
speed. A boiler pressure of about 400 lb., or stop 
valve pressure of 375 Ib., is about the limit possible 
with the single-cylinder machine. As regards 
boilers, the main drums were fixed at 48 in. 
diameter, with plates 2 in. thick. This was the 
argest for 400-Ilb. pressure, for which a good 
machine shop and riveted job could be guaranteed, 
that is with machine-finished joints, without having 
resort to forged drums or alloy steel. Higher 
snenate would have entailed smaller drums and 
consequently fewer tubes, and units of smaller 





capacity even after taking into account the effect 
of the higher pressure. 

Before commencing a detailed description of the 
Trenton Channel plant, it may be as well to state 
briefly the service it performs in relation to the 
system in general. A map of the main trans- 
mission lines of the system is given in Fig. 6, 
which also indicates the situation of the four 
power stations already named. The main trans- 
mission is at 120,000 volts, and the trunk lines 
consist chiefly of a circuit about 120 miles in length, 
extending from Trenton Channel in the south to 
Marysville in the north. This line intersects and 
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supplies current to the radial transmission lines 
centring on Detroit. A 120,000-volt line also 
runs from Trenton Channel into the south-west 
part of the area served, and three similar lines 
run into Detroit. The Delray transmission volt- 
age, it may be stated, is 4,800 and 24,000; for 
Yonnors Creek it is 24,000 and for Marysville 24,000 
and 120,000 with one feeder operating temporarily 
at 48,000-volts. The standard distribution is three- 
phase at 4,800-volts, and the remaining 2,400-volt 
single phase circuits are being rebuilt to that 
standard. 

The whole of the output of Trenton Channel is 
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volume under review, therefore, its justification 
should not be sought in the lack of other works 
Written to meet the special needs of this wide 
branch of electrical engineering. The economic 
aspect of power transmission also has attracted 
leader writers and inspired presidential addresses 
for many years. 

The introductory chapter entitled ‘ Develop- 
ment in Overhead Power Transmission ”’ might 
with advantage have been omitted, for the contents 
have been reiterated almost ad nauseam concerning 
the general advantages to be obtained from inter- 
connection of systems by transmission lines. How 








|from the line by reducing the impedance (Z) 
| to half.” We do not know what this is intended 
|to convey; elsewhere in the text E represents 
| the line voltage. We also do not understand 
| how the effects of inductive reactance and impedance 
| in a transmission line are to be suppressed by 
|increasing the voltage (E). Readers must not be 
|unduly alarmed by political digressions on the 
| labour movement, communism, &c. On page 487 
‘will be found further moralising on the formation 
|of character, particularly between the ages of 
| 15 and 25 years. 

General factors controlling the design and 
| construction of lines receive attention in the second 
|chapter. The conditions to be determined are the 
| best location, the transmission distance and the 
| magnitude of the load. These being known, line 
| design is concerned with the determination of the 
| transmitting voltage which will give the greatest 
practical economy, the cross-sectional area and 
|the material for the line conductors, the most 
| advantageous arrangement of the conductor sup- 
| ports and insulators, the span and the type of 
| poles or towers. The most careful consideration 
| must be given to the question of voltage regulation 
and the desirability of including synchronous 
|condensers. The interaction of all these factors 
|is discussed in a rather general and qualitative 
|fashion with a strengthening of tabulated -data 
‘and curves referring to conductors and insulators. 
| A general rule is deducible to the effect that long 
familiar is that vision of the future in which trans-| spans, large conductor sizes, large sags, wide 
mission lines ‘extend from coast to coast, into| conductor separation, very high voltages and large 
which surplus power is delivered and recorded as| kv.-a. capacity lines go together. Aspects of 
desired by each and all of the supply undertakings.” | transmission-line survey and location are then 
Would that it were so! Certain simple numerical | discussed, such as the desirability of ample width, 
relationships are here introduced in a rather| straight unobstructed runs, the avoidance of high 
unfortunate fashion. Without any introductory} points, water-logged lands, settled districts, com- 
context, we are told on page 7 that “for ad.c.| munication lines, &c. The padding included in 
i na ei ie 1 Sienen,| these general observations rather detracts from 

R Z | the utility of the book. References to the parish 
if we halve the resistance (R) in a d.c. line we| pump as of old or the back-yard clothes-line do 
get double the current or power from the line,|not help to emphasise the enormous importance 
and for an a.c. line we get double the power} of the transmission line of to-day. This chapter 
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concludes with an example of a copper line design, 
which unfortunately omits to mention the kv.-a. 
rating and the working voltage of the line. 

This is followed by an account of the properties of 
copper, aluminium and steel reinforced aluminium 
(steel-cored aluminium) conductors. Their relative 
advantages are described at full length, presented 
qualitatively in tabular form, together with wire- 
gauge tables and tables of sags in plane of resultant 
for standard (stranded) copper conductors. The 
latter are calculated from the parabola formula 
12W 

8T 
a catenary curve, but they are presented with a note 
explaining that they are given to show the great 
need for accuracy of constants. The determination 
of the tension or sag at which the conductor must 
be strung is then worked out. This value settles 
the tension to which a span will be subjected under 
the worst conditions of temperature and mechanical 
load in subsequent working. An appendix to this 
chapter is supplied by the permission of the Blow 
Knox Company and relates to the calculation of the 
curves assumed by suspended conductors. 

Chapter VI has for page heading ‘“ Electric and 
Transmission Telephone Circuits.”” This reference 
to the telephone is probably a misprint, for the 
chapter has-nothing whatever to do with telephones, 
but treats of the “ practical aspect of the electric 
power transmission line.” The usual formule and 
tables for the calculation of the electrical charac- 
teristics are reproduced. It is claimed that these 
and other tables are the first to be published and 
are calculated in accordance with the new standards. 
As the author remarks, it is little use guessing or 
assuming the size of conductor, but the cost and 
power loss for a given set of conditions must form 
the basis of line calculation. He states that for the 
higher voltages all circuits should for maximum 
economy be operated at an average voltage slightly 
under the critical disruptive voltage for that con- 
ductor used—usually 90 per cent. of the critical 
disruptive voltage is ample. 

Telephone lines receive attention. The mechanical 
construction is described, but the actual problem 
of telephone communication over long lines is not 
discussed. The more obvious measures to avoid 
interference, such as provision of good insulation, 
proper spacing, and the transposition of conductors 
are given. In view of the recent work that has been 
done and the increasing importance of the subject 
it is unsatisfactory to find this subject treated in 
this general and disoursive fashion. 

Remaining chapters are devoted to wood-pole 
lines, steel line supports, line insulators, pins and 
crossarms, line erection, protection, operation and 
maintenance. The latter section is almost entirely 
descriptive and is complete even to the dimensions 
of birds likely to give trouble, which dimension 
from beak to tail or feet varies from 55-65 in. for 
a swan to 10-13 in. for blackbird and woodpeckers, 
&e. 
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and not from the exact expression for 


The Working of Coal and other Stratified Minerals. By 
H. F. Burman. London: Ernest Benn, Ltd. [Price 
42s. net.] 

Ir has been frecuently pointed out that the out- 

put of coal per man in the United States is higher 

than in Great Britain; and the reason given for 
this is the more extensive use of machinery in 

American collieries. The question is not un- 

naturally asked, why British collieries do not adopt 

American methods? The fact that the miners 

receive higher wages in the United States than they 

do in this country could be used as an argument 
by either the partisans of the owners or of the 
men, according to whether we emphasise the fact 
alone that the American miners produce a greater 
output per man per shift, or whether we explain 
that the reason that they are able to do so is owing 
to the greater employment of mechanical means. 

The conclusion not infrequently drawn from such 

considerations is that the adoption of American 

methods would enable us not only to obtain a 

larger output but to pay the miners better. 

Such apparently logical reasoning is readily 
arrived at by the outside critic, who though he may 
boast that he has no axe to grind, is happily un- 
acquainted with actual conditions, and completely 
ignores a number of practical and essential factors. 
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No two coal seams are exactly alike, and the same 
seams often differ in neighbouring collieries or even 
in different parts of the same mine. Mines are 
usually much shallower in the United States, and 
coal seams are mostly thicker than in Great Britain. 
Another important factor in considering the use of 
machinery driven by electricity is that the vast 
majority of mines in the U.S.A. are practically 
free from gas. Whilst fully admitting the possi- 
bilities of important improvements being introduced 
into British practice, whether originating in the 
United States or elsewhere, it is essenvial that any 
suggestions—if they are to carry any weight— 
should be made by competent engineers who are 
thoroughly acquainted with practical conditions in 
this country, and who will take all the various 
controlling factors into consideration at their 
correct value. 

Mining engineers as a body will appreciate the 
appearance of what the publishers claim to be— 
and we think with some justification—“ the most 
important contribution to the technical literature of 
the coal mining industry which has appeared since 
the war.” 

The author of this work, Mr. H. L. Bulman, is 
already well known to colliery engineers, and is 
recognised as one of the leading authorities on the 
subject. The Working of Coal and Other Stratified 
Minerals is the third volume to appear in Messrs. 
Benn’s mining series, and Dr. Louis, who is editing 
the series, is to be congratulated in having provided 
the mining industry with a text book which will be 
invaluable to all those who have the interests of 
British mining at heart. 

Whilst it is true that in the past many excellent 
manuals have been written on coal mining, Mr. 
Bulman’s work differs from its predecessors in that 
no attempt is made to include the entire subject 
with all its ramifications, such as ventilation, haul- 
age, winding and pumping. Methods of working 
alone are dealt with, and auxiliary matters such as 
the use of machinery, are introduced only in so far 
as they affect methods of working. 

The reader is thus provided with data within the 
covers of a single volume which all relates to one 
aspect of mining—the most essential of all— 
the actual extraction of the mineral. This treat- 
ment is logical, and enables comparisons to be 
made not only between methods adopted in various 
British collieries, but also with the most modern 
American and Continental practice. 

Apart from coal there are a number of other strati- 
fied mineral deposits which may be worked in a 
manner analogous to that adopted for coal under 
varying conditions, and as distinct from methods 
used in mining unstratified deposits. These two 
main divisions of mining are sometimes referred to 
as “bed” and “ vein” mining respectively. (The 
latter is treated in a separate volume in Benn’s 
Mining Series). The gold bearing conglomerate beds 
of the Rand, South Africa, the Scottish oil shale 
beds and other miscellaneous deposits, such as iron 
ore, china clay, salt, potash beds of Alsace and 
Stassfurt, slate, limestone, and building stone are 
all dealt with by Mr. Bulman at varying length, 
according to their importance and any special 
features of interest which the methods of working 
may involve. 

The illustrated description of the more modern 
methods and equipment employed in excavating 
the vast deposits of brown coal by open cut at 
Yallourn (Victoria), provides interesting reading. 
Particulars of this scheme have frequently been 
given in ENGINEERING. British mining engineers 
will also be interested to read accounts, and to 
have them available for ready reference, of coal 
mining methods employed in other parts of the 
Empire—India, South Africa, and Australia. A 
chapter is devoted to mechanical loaders for use 
underground which have been extensively adopted 
and with considerable success in the United States ; 
and the conditions under which such appliances 
may be advantageously adopted in other fields, 
are discussed. 

Besides being copiously illustrated with diagrams 
and photographs, the value of the volume is enhanced 
by the addition of numerous folders reproducing 
actual plans of mine workings in different parts of 
the world. Mr. Bulman’s book is one which will 
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certainly take its place as one of the leading works 
on coal mining, and as such may be thoroughly 
commended to every progressive mining engineer, 





Les Hauts Salaires. By F. Baye. Paris: Librairie 
Felix Alean. [Price 30 francs.] 
WHEN an author concludes his preface by the 
admission that his work is incomplete, ill-balanced, 
and ill-written, he places the critic in an awkward 
position. It is always with reluctance that a review 
is used for the purpose of controverting the position 
of the author, but in the present instance a reviewer 
must be still more reluctant to agree with him in 
the very definite opinion we have quoted. The 
situation will perhaps be met best by remarking 
that Mr. Bayle is well known as a sound and 
practical engineer, who, during the war and since, 
has given a great deal of attention to the problem 
of increasing production by appropriate methods 
of payment, and has found himself able to do so 
in the case of a number of factories for which he 
undertook such work. In recent years, indeed, 
he has considered the subject both in books and 
in articles in the technical press, where the discus- 
sion of such questions appears to have a growing 
interest to French manufacturers and economists ; 
but there is no reason to believe that, in spite of 
all the labours of authorship which he has taken 
upon himself in this way, he has ever ceased to 
be primarily an engineer. His present work may, 
therefore, be considered most appropriately if it 
is regarded as the reflections of an engineer with 
a versatile mind on a number of subjects in which 
he is profoundly interested. It is not surprising 
to find that the book contains a great deal of 
matter which readers in this country as well as 
in France will find interesting and _ suggestive, 
and all the more so because of the personal style 
in which the author expresses himself, and the 
occasional humour which he is unable to conceal. 
The work is a volume of 624 pages, and it has 
the peculiarity that the title on the title-page is 
superseded throughout the entire book by another 
title (Le Salaire Moderne). A large part of the 
book is devoted, in fact, to discussing what is 
called the modern wage, which is put forward 
as an essential factor of the increased productivity 
required in France as elsewhere for industrial 
prosperity. No very clear definition is given of 
what is meant by a modern wage, and apparently 
it is intended to include all methods of payment 
which, while offering a fair wage and the necessary 
incentive, are based on a clear recognition of 
their quantitative effect. It is suggested, in fact, 
that the first condition for a system of payment 
to be satisfactory is that it shall be coupled with, 
and based upon, a sound system of works accounts, 
from which the elements of costs are constantly 
apparent. An idiosyncracy of the writer is that, 
although he is constantly willing to discuss his 
subject-matter from any and every point of view, 
and to some readers indeed might appear discursive, 
he never seems really happy and satisfied unless 
he has reduced his proposition to a mathematical 
form. In the present work the form to which he 
is constantly resorting is algebraical, though it 
must be added that the algebra is quite simple, 
and the trifling use he makes occasionally of the 
differential and integral calculus is quite elementary, 
and where it is used has considerable effect in 
defining the author’s meaning. He refers, however. 
from time to time, to previous works, intended for 
readers who are unaccustomed to mathematics. 
in which he adopts with equal zeal a purely graphical 
method ; and in either way he makes it clear that 
the modern wage can be made to yield whatever 
proportion is desired of the available profits im 
such fashion as is best suited to the circumstances 
of the works. Although, indeed, the author 1s 
constantly anxious to derive his methods from a 
general theory, which is repeated ,quite as often 
as is necessary, they are based evidently on @ 
practical experience of works conditions. _ 
The book. however. by no means restricts itself 
to modern wages. It discusses the origin and 
justification of profits, economic politics, the 
eight-hours day, the choice and dimensions of 
units. their equations and their geometrical, 





analytical and physical applications. profit-sharing, 
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4-8-4 TYPE LOCOMOTIVE FOR THE CANADIAN NATIONAL RAILWAYS. 


CONSTRUCTED BY THE CANADIAN LOCOMOTIVE COMPANY, LIMITED, KINGSTON, ONTARIO. 
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j (370. 6) “ENGINEERING 
industria! prejudice, monetary inflation, political 
reform, and other topics. A reviewer who was 
pressed on the point would have a difficulty in 
contesting any of the three observations which the 
sound judgment of the author makes on the merits 


of his work as a book. It must be remembered, 
however, that in these days there is really no lack 
of books. What is not so common is to find a 
Writer who knows his mind, and can express it 
with the sincerity and vigour which constantly 
appear in these pages. ; 
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4-8-4 TYPE LOCOMOTIVES FOR THE 
CANADIAN NATIONAL RAILWAYS. 


In the last half of last year, the Canadian National 


Railways put in service 40 new locomotives of the | 


4-8-4 type. The first to be put in commission, in June, 
was No. 6100, subsequently sent to the Baltimore 
Railway Centenary Fair, where among other features 
it claimed some attention as the heaviest locomotive | 
in the British Empire. Of the 40 of these engines 
built, 20 have been constructed at the Canadian 
Locomotive Company’s Works at Kingston, Ontario, 
and 20 at the Montreal Locomotive Works. The two | 
lots are almost identical, except for details of equip- | 
ment. By the courtesy of the Canadian National | 
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| Railways, and of the Canadian Locomotive Company, 
| we are able to give particulars of these machines, 
| which embody various interesting features. The loco- 
| motives are intended for handling either fast freight or 
| passenger service and for long runs over two or three 
| divisions. All the engines are designed to take boosters, 
| but only ten of those built at Kingston were so fitted 
in the first instance. 

The general drawings are given in Figs. 1 to 6, on 
| Plate XX XVII, with this weeks’ issue of ENGINEER- 
|1nG, while the photograph reproduced in Fig. 14, 
page 354, gives a good impression of the finished 
machines. Figs. 7 to 13, on this page, and Fig. 15, page 
| 354, are drawings of the boiler, to which we shall refer in 
| detail below. Of the drawings on Plate XX XVII, the 
| first is a longitudinal elevation. Fig. 2 represents, on 
| the left, a half-end elevation, and on the right, a 
| half-section through the cab. Fig. 3 shows a half- 
| section through the firebox on the left. On the right 
| of Fig. 3, the two halves of Fig. 4, and the left of Fig. 5, 
| are represented half-sections at various parts of the 
| boiler barrel. The right-hand half of Fig. 5 gives a 
| plan of the valve motion. Fig. 6 shows a section, on 
| the left, of the front end, and on the right, a half-end 

elevation. 

As stated, the engines are of the 4-8-4 type. They 
have two simple cylinders 25} in. in diameter, by 30-in. 
stroke. The valves are of the piston type and the 
valve gear of the Baker type. The boilers are worked 

| at 250 lb. per square inch pressure, the steam being 
| superheated. The boilers are also furnished with 
| Nicholson thermic syphons, and the engines, as fitted 
| with boosters, are as in Fig. 1. 

| The general particulars of the engine and tender 
| are as follows :— 





| Locomolive— 


Cylinders, diameter 254 in. 
30 


9 stroke daa ie 
Valves, piston, diameter a ae 
Wheels, diameter, front bogie... 2 ft. 104 in. 

x 2 driving ... 6 ft. 1 in. 
leading of 


” 


rear bogie 2 ft. 10} in. 
trailing of 

rear bogie 4 ft. 
Boiler barrel, I.D. front course 6 ft. 83 in. 
O.D. largest 7 ft. 6 in. 


Firebox, length aie 10 ft. 6} in. 


width ... aa ... 8 ft, 0} in. 
Combustion chamber length ... 4 ft. 04 in. 
Tubes, length between sheets 21 ft. 6 in. 
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Locomotive—{ continued) 
Tubes, 3} in. diameter, number 172. 
os 2} in. sy < eee 7 
Heating surface, tubes... 3,814 sq. ft. 
firebox 315 ee 


: . syphons and 
arch tubes... 117 = 


” ” 


” ‘is total ... 4,256 ,, 
Superheating surface ... aoe) BREED” 55 
Grate Area 84-4 sq. ft. 


Working pressure, lb. per sq. in. 250 
Tractive effort, engine only 56,800 Ib. 

so » engine and 

booster 3 am 
Wheelbase, driving i 

engine, total 
Weight* on leading bogie 

os » driving wheels 


69,700 ,. 
19 ft. 6 in. 

43 ft. 10 in. 

29 t. (29 t.) 

103t. lle. 

(102 t. 14¢.) 
40t. 13¢. (37t. 1¢.) 
173 t. te. 

(168 t. 15 ¢.) 


” m trailing bogie 
» engine, total 


Height, top of chimney to rail 
level ... ... 15 ft. 3 in. 


Width over running boards 10 ft. 8 in. 
Tender— 

Capacity, water ais ..- 11,300 Imp. galls. 

‘5: coal ... a ... 18 tons, 

Weight — 116 tons. 
Locomotive and Tender— 

Wheel base oe oa 82 ft. 

Weight in working order 289t. 4c. 


(284 t.15 c.) 


* Weights shown in brackets are for the locomotives 
not fitted with boosters. 


The boilers, which are illustrated in Figs. 7 to 13 and 
Fig. 15, are of large capacity. The barrels are made 
up of a parallel course followed by a taper course, the 
third again being parallel. The firebox is fitted with 
a combustion chamber, extending 4 ft. into the barrel. 
The firebox is provided with three thermic syphons, 
two extending from the throat sheet to the crown, 
and one from the underside of the combustion chamber 
to the crown. Details of these are given in Figs. 10 
and 15, the detail above the longitudinal section in 
Fig. 15, showing the syphon upper mouth in the 
crown sheet. The dome is of pressed-steel plate in 
one piece. The boiler is fired by a Duplex stoker, 
through two openings 1 ft. in diameter, an inspection 
and emergency fire hole also being provided. 

The boiler-shell courses have been made of high- 
tensile silicon steel, produced by the Carnegie Steel 
Company. The tensile strength of this material is 
between 70,000 Ib. and 83,000 lb., and the minimum 
yield point, 38,000 lb. Average figures for the material 
are: Tensile strength, 76,811 lb.; yield point, 
46,146 lb. ; elongation, 25-2 per cent.; reduction in 
area, 47-1 per cent. By means of the use of this 
material, it has been able to raise the boiler pressure 
from 200 to 256 lb. per square inch, without adding 
to the weight. Steel stay bolts are used throughout, 
and the flexible stays are of the F.B.C. welded tell-tale 
type. The brick arch is carried on three 3-in. arch 
tubes. The superheater elements extend through 
162 of the 34-in. tubes, and, as will be gathered, are 
distributed practically all over the tube plate. 


(To be continued.) 








KILNS FOR SEASONING TIMBER. 


SEASONING timber is a process by which the moisture 
it contains is brought as nearly as possible into 
equilibrium with the humidity of the atmosphere 
in which it is used. While the conditions of seasoning 
are easy to state, they are by no means easy to carry 
out, and, in this country at all events, the practice of 
artificial seasoning is not as general as it would be if 
its methods were better known, and could be used 
with more confidence. Accordingly, the Forests 
Products Research Board of the Department of 
Scientific and Industrial Research, from practical 
experience in its laboratory at Princes Risborough, 
and the inspection of a large number of commercial 
installations in this country, Canada and America, has 
published a short and cleer description of the principal 
types of drying kilns, which will be followed by other 
reports dealing with the results of research into special 
points of kiln seasoning.* In the meantime, it is 
stated that the Laboratory is prepared to give atten- 
tion to any enquiries on seasoning problems that may 
be addressed to the Director. 

The water which has to be removed from the timber 
in the kiln may initially be anything from 80 per cent. 
or more of the dry weight of the wood, of which about 
10 to 15 per cent., or thereabouts, may have to be 
left in it when seasoned. The medium by which 
the difference is removed is air, which can take up 





* Forest Products Research: Special Report, No. 2. 
The Principles of Kiln-Seasoning of Timber. Part I : Types 
of Commercial Kilns in Use. 
H.M., Stationery Office. 


By S. T. C. Stillwell, B.Sc. 
[Price 9d. net.] 
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moisture until it is saturated. Like the rate at which 
water will evaporate, the weight of moisture required 
to saturate a given volume of air increases very 
rapidly with the temperature, being, for example, 
about four times as great at 105 deg. F. as it is at 
60 deg. F., and the amount of moisture removed by 
air of given humidity and temperature depends on 
the volume which passes over the timber. The dry- 
ing effect of a seasoning kiln depends, therefore, on the 
relative humidity and temperature of the air, and the 
rate at which it is circulated over the timber. Water 
being practically incompressible, while wood structure 
is readily compressible, drying has to be exceedingly 
slow until the bulk of the moisture which lies free 
between the wood cells has been removed, for otherwise 
stresses would be set up between the dried and shrinking 
exterior layers and the incompressible interior, which 
might lead to warping or flaws. Before drying begins 
the timber is warmed up by a current of saturated, or 
nearly saturated, air at a somewhat higher temperature 
than is first used in drying, so as to both relieve any 
existing stresses in the timber and to facilitate the 
flow of moisture from the interior towards the surface. 
During the drying process, the humidity is regulated 
as closely as possible by special means, and the hygros- 
copic value of the air is increased gradually by raising 
its temperature. These are the general conditions 
by which the operation of seasoning kilns is regulated. 
The actual figures of humidity, temperature and rate 
of air circulation vary widely with the class of timber 
under treatment. In seasoning 1$-in. planks, for 
example, the humidities used for drying may vary suc- 
cessively from 85 to 50 per cent. of saturation, while, 
for English oak of that thickness, the temperatures 
will vary from 105 deg. F. to 130 deg. F., and for 
Douglas pine, from 170 deg. F. to 200 deg. F. 

A large number of designs of seasoning kilns have 
been introduced, especially in the United States. 
They appear to be considered most conveniently by 
dividing them, in the first instance, according to the 
means used for providing the necessary circulation of 
air. One type of kiln is ventilated by natural circula- 
tion, caused by convection currents from steam coils 
below the floor, the humidity being provided by steam 
jets. In other designs, the situation of the coils is 
varied, and in some the circulation is assisted by intro- 
ducing cold-water coils. This type of kiln is said to 
give a slow and uncertain circulation, and the rate of 
drying varies considerably in different parts unless the 
moisture content of the timber is quite low. Such 
kilns, however, are said not to be difficult to operate, 
and to be fairly economical of heat when operated 
properly. They are most suitable for use on partly 
seasoned timber and timber of small dimensions. They 
can be made up to from 12 ft. to 14 ft. wide, 9 ft. to 
10 ft. high above the floor, and 30 ft. to 40 ft. long. 

Another construction with natural ventilation is 
the Tiemann water-spray kiln, in which the con- 
vection effect from the heating coils below the floor 
is assisted by the force of water sprays directed down 
either one or two narrow chambers near the side walls. 
The humidity is controlled by the relative temperature 
of the spray water and the heating coils, and the air 
is circulated again and again. The circulation, though 
better than that of more usual types of naturally- 
ventilated kilns, is too sluggish for general commercial 
purposes, but the kiln is said to give a most precise 
control of humidity and to run very steadily, so that it is 
particularly suitable for very valuable timbers or those 
that require great care to prevent deterioration. It 
is built 14 ft. wide, 8 ft. to 10 ft. high above the floor, 
4 ft. below the floor, and any length up to 40 ft. 

In the most usual designs of mechanically-ventilated 
kilns, the circulation is produced by a fan outside the 
kiln chamber, which either forces or draws the air 
through a chamber containing heated coils and steam 
jets into a duct running along one wall of the kiln 
chamber. Through openings in the upper part of this 
duct, the conditioned air passes vertically downwards 
through the kiln, and is returned to the fan through 
openings in another duct on the other side of the kiln. 
For reasons of economy and steadiness, the same air is 
circulated, to a large extent, as in the naturally venti- 
lated kilns, but, either by leakage or otherwise, a suffi- 
cient renewal of air is provided to prevent the humidity 
from becoming too high. This form of kiln may be made 
16 ft. wide, 9 ft. to 10 ft. high, and up to 40 ft. long. 
While it is said not to run quite so steadily or so econo- 
mically as some of the other kilns, it is regarded as a good 
design for all-round work, especially on green and fairly 
thick timber. 

A class of kiln which may be ventilated either 
naturally or mechanically is known as the tunnel or 
progressive type. In these, the chamber is filled with 
the timber mounted on trolleys, which are drawn slowly 
through it in the opposite direction to that in which the 
air circulates. In this way, the incoming timber meets, 
in the first instance, the air which has been cooled and 
humidified by the other timber passing through the 
kiln, and, as it travels to the outlet end, meets air of 
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constantly increasing temperature and dryness. In 
the naturally-ventilated types, it is made in widths up 
to 16 ft., from 6 ft. to 10 ft. above the floor level, and 3 ft. 
to 4 ft. below it, and of lengths not less than 40 ft., but 
preferably up to 80 ft. to 100 ft. Heated coils and 
steam jets are provided along one-third to two-thirds 
of the length of the kiln. It is important that the whole 
kiln should be filled, and efficient operation requires 
that very large quantities of one size and thickness of 
timber should be dried, the length being fairly uniform 
and not exceeding the width of the kiln. The thickness 
of the boards must also not be great, and the timber, as 
with imported timbers, must be partly dried before 
being loaded. Under these conditions, the kiln is 
stated to be very economical and steady, and to require 
little attention. It is not, however, suitable for timbers 
which are difficult to season, green, or of large dimen- 
sions. Where mechanical ventilation is used, the air is 
conditioned and circulated as with the external-fan 
type. It is subject to the same limitations of use as 
the naturally-ventilated tunnel kilns, but has the 
advantage of requiring no basement, and, it is said, of 
giving a better control of air conditions. 

A recent type of fan kiln has arrangements for 
humidification and natural ventilation similar to those 
of naturally-ventilated kilns, and, in addition, is pro- 
vided with a line of plate fans carried by a shaft which 
runs below the floor level for the full length of the kiln. 
The fans not only serve to accelerate the circulation, 
but also can be used to reverse it from time to time. 
This is found an excellent means of distributing the 
moisture taken up from the timber more evenly between 
the air at opposite ends of the kiln, and therefore of 
increasing the uniformity of the seasoning. It is 
expected that, by reason of this uniformity and of its 
economy of power and heat, this type of kiln will super- 
sede the external-fan type for all-round work. It is 
specially useful for easily dried green soft woods. 
The dimensions in which it is to be made are 15 ft. 
wide, 9 ft. to 10 ft. high above the floor, 3 ft. to 4 ft. 
below the floor, and up to 40 ft. to 50 ft. long. 








HYDROGEN-SULPHIDE POISONING 
BY PETROLEUM VAPOURS. 


Tue problem of preventing poisoning by the vapours 
of hydrogen sulphide from petroleum, has been recog- 
nised to be more serious, and the risk more general, 
than was thought when the United States Bureau of 
Mines reported on the dangers threatening the workers 
in the oil fields of Texas. We dealt with that report 
on page 610 of our issue of November 12, 1926. A 
new and longer report, Serial No. 2847, drawn up by 
Mr. H. C. Fowler, was issued in December last. In 
response to many enquiries, detailed advice is given as 
to precautionary measures to be adopted. Hydrogen 
sulphide is, perhaps, regarded rather as an offensive 
than a dangerous gas. It is, however, as toxic as 
hydrocyanic acid. Most animals rapidly succumb in 
atmospheres containing 0-3 per cent., and even 0:1 per 
cent., of H,S. Dogs cannot bear 0-06 per cent., 
and men are probably endangered by equally small 
doses. The smell gives warning, but in concentrated 
gas mixtures men quickly lose the sense of smell, which 
is also deadened by continued breathing of a weaker 
gas mixture. Doses of 0-006 per cent. are sufficient to 
produce the irritation of the eye, known as conjuncti- 
vitis, which may disable every worker on the spot ; 
stronger doses attack the lungs and stop the heart’s 
action. Artificial respiration in pure air is the only 
remedy known and may have to be applied for more than 
an hour. Gas canisters afford some protection, but 
are powerless to absorb strong gas. Many fatal cases 
have recently been reported, and the following case 
will show that the danger is not exaggerated. Two 
men were working in the receiving unit of a cracking 
plant for working up Texas crude oil, in a brick build- 
ing provided with wide doors and large open windows. 
A valve was suspected of leaking. One man went up a 
short ladder, but collapsed on it at once and remained 
suspended by his arms between the ladder and a pipe. 
His companion became unconscious, and three other 
men were badly gassed before they could be got out, 
and the valve was closed from outside. The first 
two men died. The danger is also great in examining 
pipe lines, in cleaning tanks, and in gauging the depth 
of the liquid in tanks. Mixtures of air and hydrogen- 
sulphide, which is slightly denser than air (specific 
gravity 1-18), are explosive. The gas further corrodes 
and pits valves and fittings, in addition to blackening 
and tarnishing lead, copper and silver and their com- 
pounds. 
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Cuart or Meat Prices.—A chart depicting the 
monthly fluctuations in the prices of copper, tin, 
and spelter, during the years from 1914 to 1927, ha 
come to hand from Messrs. Henry Gardner and Company, 
Limited, 2, Metal Exchange-buildings, London, 1.0.3, 
The chart measures 2 ft. by 3 ft., and the price curves 








are neatly printed in four colours. 
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LABOUR NOTES. 


Ar last week’s conference in London on the wages 
question between the Engineering and Allied Em- 
lovers’ Federation and the Engineering Trade Unions, 
Mr. Brownlie, who was the principal supporter of the 
men’s demand for an advance of 8s. per week, based 
the claim on the following arguments :—(a) That the 
wage rate of the operative engineer was not commen- 
surate with his skill, or with the value and importance 
of his product to the industry and commerce of the 
nation; (}) that the necessity was imperative of 
ensuring a standard of life to the operative engineer 
that would enable the engineering industry to main- 
tain a high standard of skilled efficiency, thereby 
making it attractive to intelligent youths and inducing 
them to become engineers. Mr. John Hill, Mr. W. 
Sherwood, and Mr. W. T. Kelly, M.P., also spoke. 
Sir Allan Smith replied for the employers.. At the 
close of the discussion the conference was adjourned 
until a day to be arranged in the last week of April, 
in order to give the Federation an opportunity to 
ascertain the opinions of its local associations. 





In making the point that the industry had to carry 
an unnecessarily heavy load of rates and taxes, Sir 
Allan Smith raised a rather interesting question. The 
Unemployment Fund was in debt, he said, to the extent 
of 23,000,0007., and that amount of money would 
have, in the main, to be found by the employers 
and the workpeople, while they were carrying a load 
of 1,250,000 unemployed workers. Of what manner 
of persons, he asked, was that 1,250,000 composed ? 
The employers had requested the Ministry of Labour 
to tell them, and the Ministry had shown no disposi- 
tion to give them the information. The employers 
had pressed for an inquiry in order to find out whether 
the persons composing that total were properly 
described as ordinarily unemployed workers, or whether 
—he had engineering especially in his mind—they 
were misfits who had come into the industry during 
the war, and qualified for unemployment benefit in 
respect of an occupation which they could never 
resume. Others of the 1,250,000, not few in respect 
of numbers, had qualified owing to the reduction of the 
age limit, while many had very nearly reached to the 
pension age. 





Others, Sir Allan proceeded, owing to the long period 
during which they had been unemployed, coupled with 
increasing age, physical infirmity, or injury sustained 
in the war, would probably not be able to resume their 
occupations in the same way as before their unemploy- 
ment. Having regard to all these points, the em- 
ployers had pressed for an analysis of the figures in 
order to see how far this expenditure was a debit 
balance due to the war and how far it was a load 
ofcurrent administration. The relief given by guardians 
in respect of unemployment also came into the question, 
for it was a cause of high local rates. What was desired 
was to ascertain exactly what the excess load due to 
unemployment was, to detach it from industry’s 
burden of high local rates, and restore the Unemploy- 
ment Fund to its proper dimensions and state. An 
unemployment figure of 1,250,000 was not an ordinary 
load for any country; yet it was becoming almost a 
regular thing. 





Both groups of shipyard trade unions have decided 
against acceptance of the shipbuilding employers’ 
conditional offer of a wages advance of 3s. per week 
to certain time workers. The executives of the 
Federated Trades resolved at a meeting in London 
last week to ask the employers for a further conference 
on the wages question, and a day or two later the exe- 
cutives of the five craft unions decided on similar 
action. A demand is to be pressed, it is understood, 
for a better offer. 





The Executive Committee of the Boiler Makers 
and Iron and Steel Shipbuilders’ Society have decided 
that no known Communist shall be eligible for nomina- 
tion as a representative of the organisation at the 


Trades Union Congress or the Labour Party Con- 
ference. 





Moe Findlay, the General Secretary, states in the 
—— Trade Report of the United Pattern Makers’ 
“sociation, that, in February, the number of unem- 
ployed members was 703. In January, there were 
‘=, and in December, 702. The total membership of 
the organisation is 11,051. 





thang February, the home branch membership of 
4 or eamated Engineering Union increased from 
hi 910 to 190,230, and the colonial branch member- 
ship decreased from 28,333 to 28,214. The number of 
members jn receipt of donation benefit fell from 6,247 





to 6,190, and the number in receipt of sick benefit 
from 5,948 to 5,908. The number in receipt of super- 
annuation benefit rose from 9,819 to 9,881. A decrease 
was recorded in the number of unemployed members, 
the total falling from 13,102 to 12,892, making the 
percentage 6-24. 


During the final quarter of 1927, the General Fund 
of the Amalgamated Engineering Onion increased 
from 234,707]. 12s. 14d. to 246,513/. 15s. 63d., and the 
Superannuation Reserve Fund from 1,541,822/. 15s. 3d. 
to 1,556,035/. 17s. 1d. A total of 116,384/. 13s. 2d. 
was expended in benefits. the largest item being 
58,8437. 7s. 3d. on superannuated members. The 
heavy expenditure on account of superannuation was 
due tothe fact that the extra benefit cost 23,8421. 9s. 5d., 
while the levy in aid, of 1s. per quarter, yielded only 
6,614]. 10s. Arrears now amount to 91,9011. 5s. 14d. 





Industrial News, a weekly publication of the 
General Council, states that in response to numerous 
inquiries as to the effect of the Trade Unions Act of 
1927 on the right of Trades Councils to spend money on 
political objects, the Trades Union Congress and the 
Labour Party have issued jointly a circular summing up 
the position. It is pointed out in the first place 
that the 1927 Act does not change the position of the 
Trade Unions in regard to affiliation to Trades Councils 
and similar bodies, and that Unions are still prohibited 
as they were under the 1913 Act, from spending money 
on political objects as defined in the 1913 Act, unless 
that money has been collected in the manner prescribed 
in the Acts. In other words, it is stated, a Trade 
Union can only spend money on political objects out 
of a Political Fund raised in the way prescribed by the 
Acts. Money from the General Fund of a Union 
must not be spent on such objects, or the Trade Union 
concerned—and not the Trades Council—will be liable 
to attack. yen 

On the question of the conditions under which a 
Trade Union branch may pay affiliation fees to a 
Trades Council the circular says :—‘‘ (1) If the Trade 
Union branch pays such fees from a Political Fund 
raised in the manner prescribed by the Acts, no question 
of wrongful expenditure upon political objects will arise. 
(2) If a Trade Union branch pays such fees from the 
Union’s general funds, the Union will be liable to attack 
if it can be shown that any of the money thus paid 
has been expended directly or indirectly upon political 
objects as defined in Section 3 of the Trade Union Act, 
1913.” It is added that where a Trades Council is 
purely an industrial body, carrying on only industrial 
activities, unions can safely pay affiliation fees from 
their general funds. Where, however, it engages in 
political activities of the kind specified in the 1913 Act, 
a Union paying affiliation fees out of its general fund 
may be liable to attack. The title of the Council 
whether it calls itself merely a Trades Council or a 
Trades Council and Labour Party—does not affect the 
issue, which is solely a matter of the objects on which 
it spends money. 








‘It is, therefore, essential,” says the circular, “ that 
Trades Councils should take such steps as will safeguard 
the interests of affiliated unions. The wisest course 
would appear to be the separation of the political and 
industrial functions of Trades Councils which at present 
carry on both forms of activity. If a Trades Council 
sets up an industrial section or committee with a 
separate fund and this confines itself to industrial work 
and spends no money upon any of the specified political 
objects, then Trade Union branches will be safe in 
paying affiliation fees out of their general funds, pro- 
vided these fees are paid to, and spent solely by, and 
for the purpose of, the industrial section or committee.” 
A Federation of Trades Councils is assumed to be in 
exactly the same position as a Trades Council. 





The Times correspondent at Canberra states that 
the Australian Workers’ Union has rejected the 
Commonwealth Prime Minister’s invitation to. the 
proposed Industrial Peace Conference. In a letter 
to Mr. Bruce, Mr. Grayndler, the general secretary of 
the union, says that in the opinion of the union the 
delegates to the conference would have their vision 
diffused by the unlimited sphere of the inquiry, and 
the conference would, therefore, be very unlikely to 
attain results of practical value. The urgent need, 
he says, is legislative and administrative action to 
cope with unemployment. The failure of the Govern- 
ment to deal with the problem does not dispose the 
union favourably to the conference, which it regards as 
a pretext for further delay of ameliorative measures. 





According to The Ministry of Labour Gazette, employ- 
ment during the month of February showed continued 
improvement, particularly in the last half of the 








month. There was a marked reco very in the building 
trade and public works contracting, with their ancillary 
industries of brick, tile, and cement manufacture. 
Employment also improved in the pottery trade, in 
the pig-iron and steel industries, the cotton and wool 
textile industries, the lace trade, paper and paper- 
board making, the clothing trades, and boot and 
shoe manufacture. There was little change in the 
engineering industries, but a decline occurred in the 
glass trade, in the tinplate industry, and in canal, river, 
dock and harbour services. In coal mining, the numbers 
wholly unemployed showed a further increase, coupled 
with a slight decline in the numbers temporarily 


stopped. 





Among the workpeople (aged 16 to 64 inclusive, 
and numbering approximately 11,800,000) insured 
against unemployment under the Unemployment In- 
surance Acts in Great Britain and Northern Ireland, 
the percentage of unemployed (including those tem- 
porarily stopped as well as those wholly unemployed) 
in all industries taken together, was 10-4 at February 20, 
1928, as compared with 10-7 at January 23, 1928, 
and 10-9 at February 21, 1927. The percentage 
wholly unemployed was 8-2 at February 20, 1928, 
as compared with 8-3 at January 23, 1928; while the 
percentage temporarily stopped was 2-2, as compared 
with 2-4. 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during February, resulted in a reduction of 46,1001. 
in the weekly full-time wages of 521,000 workpeople, 
and in an increase of 2,850/. in those of 54,000 work- 
people. The changes affected principally workpeople 
in the building and the iron and steel industries. The 
great majority of the workpeople in the building 
industry sustained a reduction of $d. per hour under 
the operation of a cost-of-living sliding scale. In the 
iron and steel industries the principal changes were an 
increase, amounting to | to 1} per cent. on the current 
rates of most classes of steel smelters and millmen, 
except the lower-paid men, in various districts in 
England and Scotland ; and a decrease, equivalent to 
nearly 2 per cent. on the current rates of iron puddlers 
and iron and steel millmen in the Midlands. There 
were also reductions in the wages of Siemens steel 
makers in South-West Wales, and of blastfurnace 
workers in Cumberland and in North Lincolnshire. In 
other industries the principal groups of workpeople 
whose wages were reduced, included men employed 
by civil engineering contractors, coke workers in 
Lancashire and West Yorkshire, and the employees of 
local authorities in various towns. Those affected by 
increases included men employed by electrical con- 
tractors in England and Wales, and waterworks 
employees in Lancashire and Cheshire. 





During the first two months of 1928, the changes 
reported to the Ministry of Labour in the industries for 
which statistics have been compiled, have resulted in 
net increases of 11,900/. in the weekly full-time wages 
of 205,000 workpeople, andin net reductions of 62,6001. 
in those of 768,000 workpeople. In the corresponding 
period of 1927 there were net increases of 24,2501. in 
the weekly full-time wages of 435,000 workpeople, and 
net reductions of 47,5001. in those of 414,000 work- 


people. 


The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in February, was 33. In addition, 13 disputes which 
began before February were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in February (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to the 
disputes) was about 13,200 ; and the aggregate duration 
of all disputes during February was about 107,000 
working days. These figures compare with totals of 
10,000 workpeople involved, and 50,000 working days 
lost, in the previous month, while there were only 5,700 
workpeople involved, but as many as 65,000 days lost, 
in February, 1927. 











Hottow-WareE Makine TravE Boarp.—The Minister 
of Labour has appointed Mr. B. A. Cohen, K.C., as 
commissioner to hold a public inquiry into the objections 
that have been raised to the draft Special Order recently 
published by the Minister, revising the scope of the 
Hollow-Ware Making Trade Board, under the Trade 
Boards Acts, 1909 and 1918. The Commissioner pro- 
poses to open the inquiry at 10.30 a.m., on Wednesday, 
April 18, at No. 5, Old Palace Yard, London, 8.W.1. 
Any person desiring to be heard, who has not already 
communicated with the Minister of Labour, should send 
to the Commissioner in writing, not later than Wednes- 
day, April 4, a summary of the representations which 
he may desire to make. 
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INTERNAL-FOCUSSING ANALLATIC | the case. By bringing each figure on the instrument up 
to its opposite number on the case, proper packing is 
TACHEOMETER. /ensured. This is further facilitated by the fact that 
Ws illustrate, on this and the opposite pages, an anal-'| since internal focussing is used, the length of the tele- 
latic tacheometer, in which the makers, Messrs. Cooke, | scope is always the same. 
Troughton and Simms, Limited, of Broadway-court,| Two variants of the tacheometer are represented in 
S.W.1, claim to have combined exceptional optical and | Figs. 1 and 2. They differ only in the location of the 
mechanical qualities with extreme handiness and relia- | compass. British engineers generally like to have 
bility inservice. The telescope, though the objective has | this arranged as shown in Fig. 1, whilst, in some other 
a clear aperture of 1} in., measures only 7} in. in overall | countries, surveyors prefer to have it located on the 
length, yet has actually as much light-gathering power | level of the parallel plates in the position represented 
and as perfect definition as the much longer and heavier | in Fig. 2. It is this second arrangement which is shown 
telescopes previously used in instruments of this class. | in the elevation and longitudinal section of the tacheo- 
It is fitted with internal-focussing gear, and is thus sealed | meter given in Figs. 3 and 4. 
against the entrance of dirt or moisture. The optical} This latter figure shows very clearly one characteristic 
system is sensibly anallatic, the correction being only | feature of the maker’s system of internal focussing. 
0-6 in., even if the staff is only 12 ft. away. This | The focussing head is on the horizontal axis of the teles- 
correction diminishes rapidly in absolute value as | cope, and is thus always in the same position whatever 
the distance between the staff and the observer increases, | the inclination of the telescope. This arrangement, 
and is thus absolutely insignificant at ordinary working | moreover, tends to give rigidity in use, since there is 
distances. As will be explained later, a number of | no tendency to deflect the telescope by the weight of 
special feature? are embodied in the mechanical|the hand during the operation of focussing. As 
details of the instrument, either to eliminate wear | already mentioned, the object glass has a clear diameter 
or, where this is inev-table, to facilitate the execution, | of 1} in. It is an achromatic doublet, with a focal 
in the field, of corrections or replacements. length of 6in. The focussing lens is also achromatic, 
In the meantime, we may note that a very simple | and is of course, negative, the focal length being equal, 
but effective device has been introduced for ensuring | but opposite, to that of the objective. It is this equality 
the easy replacement of the instrument inits case. Itis | of focal lengths that has made it possible to render 
generally admitted that high quality surveying instru- | the telescope sensibly anallatic without the use of an 
ments are more seriously damaged by inexpert re- | additional lens. As both the lenses used are achromatic, 
packing than in any other way. Some careful surveyors | the definition of the telescope is unusually perfect at 
have, therefore, adopted the practice of photographing | short distances. 
the instrument as it lies in its case, on receipt, before! The details of the carrier in which the focussing 
attempting to unpack it, and a print of this photo-| lens is mounted are represented diagrammatically in 
graph is then pasted to the lid of the case to serve | Figs. 10 and 11. The telescope body is machined out 
as a guide when replacing the instrument after use. | of Duralumin tubing, and the bore is truly parallel and 


This procedure is quite unnecessary with the tacheo- | cylindrical. The lens carrier is guided by the ribs shown, 


meter now under discussion. The figures 1, 2, and 3, | and is maintained in easy frictional contact with the 
are engraved in bold characters on appropriate parts | telescope tube by the flat spring visible in Fig. 10. 
of the instrument, and similar figures are engraved on| An additional spring, not shown in the figures, tends 


Fie. 2. 


to rotate the carrier in such a direction as to maintain 
in engagement the teeth of the rack and the pinion, 
thus eliminating backlash. Thus the focussing move- 
ment is exceptionally smooth, the meshing of rack and 
pinion not being felt. 

The diaphragm on which the stadia lines are engraved 
is of glass. The spacing of the lines is guaranteed to 
be accurate to ;;i;5-in., and in the case of standard 
instruments, the error in collimation is always less than 
2 secs. of are. A spare diaphragm is included in the 
outfit of the instrument, and can be readily substituted 
for its fellow should the need arise. The eye-piece, 
it will be seen, is of the binocular type. 

Special mention should be made of a new type of 
reader which is fitted to both the vertical and horizontal 
circles, in addition to the regular pattern. The latter 
has the disadvantage that, when used, the eye must 
be brought close up to it, and, if the surveyor is wearing 
a sun helmet, this is very likely to knock against the 
instrument. With the special reader, shown on the left 
of Fig. 4, perfect definition is secured with the eye 
5 or 6 in. away from the Jens, which is an achromatic 
doublet. 

The horizontal circle is totally enclosed. The gradua- 
tions are cut on aconical surface inclined to the horizontal 
at an angle of 224deg. They are thus more conveniently 
read than if engraved on a flat surface, as is usual in some 
foreign instruments. The gaps at the verniers are 
covered with glass, optically worked to a conical surface, 
so that readings taken through the glass are free “4 
errors of parallax. Careful provision is made for illu: 
minating the graduations solely by scattered light. F 

The conical centres of the instrument are 7" 
by scraping to a fit, and not by grinding, as ee 
general practice. It is, however, quite impractica - 
remove the last traces of the abrasive used in a grin a 
operation, and centres thus finished tend to lose t sed 
accuracy in the course of time. As stated, no —_— 
whatever is used by Messrs. Cooke, Troughton 4 





Simms, but the surfaces are bedded by hand seraping, 
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“ENGINCERING” 


LETTERS TO THE EDITOR. 
BOILER-PLANT PROGRESS. 


To THE EpiToR OF ENGINEERING. 


Sir,—I have read with pleasure the leader of your 
current issue, in which occur references to, and extracts 
from, the paper I recently read before the Society of 
Consulting Marine Engineers and Ship Surveyors, 
Bristol Channel District. 
| . On reading this article, an error was observed in the 
| figures quoted for the increased steaming rate on a 
| Lancashire boiler, and this, I regret to say, is due to a 


i 


for which a highly-skilled craftsman is required. The | 
difference in the feel of scraped and ground centres | 
is very striking. 

The tacheometer is mounted on three levelling screws, | 
the ball feet of which do not, however, rest in cylindrical | 
holes, as is common practice, but bear on flat surfaces | 
as is best seen, perhaps, in Figs. 1 and 2. Any wear is | 
therefore, easily taken up by means of the tightening 
screws shown, and great rigidity is thus secured. 
As will be seen on reference to Fig. 4, the levelling 
screws are not screwed directly into the three-armed | 
spider, but into split sleeves, which can be tightened 
up by the adjusting screws shown in Fig. 3. In 




















tain case of wear, it is not necessary to scrap the whole head, o ical fault i » whi ri 
ion, but merely to replace the worn in nn ia pedo ay 7 “Chart, Xt ot ae ie 
ove- Following the invariable practice of the makers, the steaming rate is plotted in thanmia ol pounds per 
and screw by which the tacheometer is attached to its | Rete and dinmenla for the abscissa should read—10, 11 

tripod is a standard size. Any of the firm’s medium- 12: ‘ it plore reads—10, 11, 17. The similarity 
a sized surveying instruments will therefore screw on to | ieieens a faulty 2 and a7 fe ion dene the reason for 
1 a a of their tripods. . ror _the slip, and as the figure quoted in your leader is 
* As best seen in Figs. 1 and 2, three spirit levels are | 16 3090 Jb./hour, instead of 11,770, the observer has 
than provided, one on the horizontal plate, another on the | evidently worked from the right-hand side of the 
the vernier carrier for the vertical circle, and a third on | chart y ; 
uted the telescope. These differ in sensitiveness, but are} | ¢hought it best to bring the point to your notice in 
jece, otherwise interchangeable. Hence, in case of accident | case of pon uiries regarding so aah an increase in steam 

; inthe field, they can be changed about as may be | duty . oe railiis 
e 0 necessary. pen : : 
ntal The compass supplied with the instrument is of a : aaa eg emi 
tter somewhat special type, and is illustrated in detail in | Masuns, denen Hien onl 
nust Figs.5 to 9. The needle is mounted inside a dust-tight | : - Company, Limited 
ring tube, and at its right-hand end (see Fig. 5) carries a eae es ee ‘ = iy 9 : 
the small disc, on which is engraved a fine line as indicated | 195, Scotland-street, Glasgow, March 19, 1928. 
~ ak i. > At the same end, the tube is closed by a | 
y ass diaphragm, engraved as indicated in Figs. 7 and 8. 
atic In taking a magnetic bearing, the line aon in Fig. 9 PNEUMATIC TYRES FOR COMMER- 
a i. Pew between — a — — dia- CIAL VEHICLES. 
agm, and the bearing can then be i- 1 SCIKY 5 
ntal zontal circle of the sadiicaahen ais Aes aaneer ai vill pac theancaa daa tmaanssiemeie 
ntly are with the type of compass depicted in Fig. 1, and in| Siz,—With reference to the review, published on 
ome Figs. 5 to 9. Readings accurate to within one minute | page 18 of your issue of January 6 last, of the interest- 
are of are may be taken with the somewhat more elaborate | ing paper by Mr. L. G. Wyndham Shire on “The 
ace, compass shown in Fig. 2, in which the knife edge of the | Use and Maintenance of Pneumatic Tyres as Applied 
rom end of the needle is observed against a suitably marked | to Commercial Vehicles,” we think it may be useful 
llu- diaphragm by an eyepiece of power 20. 7 to complete the survey of the problem by considering 
hed a type of tyre which affords many of the advantages 
2 |of the pneumatic tyre without its inconveniences, 
. Sonate» pak GLass TECHNOLoGy.—Members of the | some of which are pointed out in the review. 
3 to to) of Glass Technology are paying an official visit! We refer to air-core tyres, manufactured by our 
ing adhe ‘many trom May 11 to May 26 next. A tour, which | firm under the name of “ semi-pneumatic,” and by 
belt Cologne arenas Weisswasser, Dresden, Karlsruhe, | other manufacturers under various other names, on 
‘ive ~o'ogne and Aachen, has been arranged. A three-day naiet” * ft i 
snd = ~~ with the German Society of Glass Tech- the P rinciple of making on all-rubber tyre without a 
“= : ogy will be held at Aachen. Full particulars may be fabric casing and demountable inner tube, manu- 
tained from the Secretary of the Society, Darnall- | factured on a steel-base on the same principle as solid 


road, Shettield, | tyres, but having a hollow or air core in the centre. 
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As manufacturers of pneumatic, solid and air-core 
tyres, we think we may claim to take an impartial 
view of the matter, our opinion being that, under the 
widely different conditions of use of commercial 
vehicles, there is a place for each of the three classes 
of tyres. There seems, at present, to be no substitute 
for pneumatic tyres when high speed and superior 
comfort are the primary considerations. We think, 
however, that solid tyres will not be abandoned for a 
considerable time by users of very heavy and slow 
vehicles, to whom economy in every item of operating 
costs is the most important consideration. It may 
be pointed out, with reference to solid tyres, that 
there has been much exaggeration in making them 
responsible for damage to the roads, as slow traffic 
on solid tyres is far less destructive to roads than high- 
speed traffic on pneumatic tyres, whether light or 
| heavy. Between these two extremes there is, however, 
| a wide field for a tyre which gives to the vehicle much 
| the same cushioning effect as the pneumatic tyre, and 
is, at the same time, much more economical and free 
from the troubles still connected with pneumatic 
| tyres. 
| Your article refers to the vulnerability of the pneu- 
matic tyre, and as regards giant tyres, we would draw 
your readers’ attention to the importance of correctly 
fitting them at the start, and of keeping them well- 
| inflated, repairing accidental cuts, &c., in use. No 
| care is required by air-core tyres, which are fitted by 
means of a press similar to that used for solid tyres, 
and do not require further attention until they are 
' worn down to the air-core, when the life of the tyre 
is completed. 

As to the mileage which may be covered by air-core 
tyres, although the conditions of use greatly affect 
their durability, it may be said that their average life 
is much superior to the 10,000-20,000 miles observed 
by Mr. Wyndham Shire for pneumatic tyres. The 
maximum mileage which can be attained by air-core 
tyres, is much above the 57,000 miles reported for 
pneumatic tyres; a mileage of 100,000 has, in fact, 
been obtained from a pair of twin Pirelli air-core tyres. 
Combining the long mileages obtained with the absence 
of maintenance or operating costs, it is evident that a 
material saving in cost per mile results from using 
air-core tyres. 

Finally, concerning the effect of air-core tyres on 
road wear, extensive tests have shown that the con- 
|tact surface of air-core tyres and their reaction to 
obstacles compare very favourably with those of 
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pneumatic tyres under the same load, so that the action 

of the former on the road surface is not materially 

different from that of the latter. Consequently, air- 

core tyres have been classed with pneumatic tyres in 

several countries which make a difference in taxation 

between vehicles fitted with pneumatic tyres and those 
which are not. 

Yours faithfully, 

M. 8. LomBarDINI. 

(General Sales Manager and Secre- 

tary, Pirelli, Limited.) 

144, Queen Victoria-street, E.C.4, 
March 12, 1928. 








BOILER EXPLOSION INQUIRY. 


In accordance with the Boiler Explosion Acts, 
1882 and 1890, a preliminary inquiry has been 
conducted by Board of Trade officials into an 
explosion which took place on September 29, 1927, 
on board the turbine steamer King George V. We 
give below a brief summary from the report of this 
preliminary inquiry. 

The boiler concerned was the forward one of two 
coal-fired Yarrow boilers made in 1926, and the 
explosion occurred under ordinary steaming conditions, 
the pressure being about 525 lb. per square inch at 


the time, and the water level standing at five-eighths Department of Scientific and Industrial Research. 


glass. The boiler consists of a forged-steel steam 
and water drum, 3 ft. 6 in. in internal diameter, 
connected to three water drums of similar construction, 
each 18 in. in internal diameter, by straight tubes 
expanded and bell-mouthed in the drums. 
the water drums are situated one on each side of the 
fire-grate, which forms the base of a triangle of which 
the tubes are the sides. The remaining drum is 


situated at a higher level, and the superheater is Forschungsarbeiten auf dem Gebiete des Ingenieurwesens. 


interposed between its connecting tubes and those 
of the drums just referred to. The explosion was 
caused by the bursting of one of the tubes in the 
row next to the fire at a point 3 ft. 03 in. from one 
of the lower water drums, and resulted in the- loss 
of two lives. 

The tubes are of solid-drawn steel, cold finished, 
tested hydraulically by the makers to 1,500 lb. per 
square inch, the completed boiler being tested by Board 
of Trade surveyors to a water pressure of 913 lb. 
per square inch. The two rows of tubes nearest 
the fire are 1? in. in external diameter by 0-2 in. in 
thickness. The opening caused by the rupture was 
4% in. long by 1% in. in maximum width, and the 
edges were not drawn out to a fine arris, though the 
thickness had been reduced to about 0-137 in. and 
was 0-148 in. and 0-145 in. at the top and bottom 
ends of the opening, respectively. Some local bulging 
had taken place, but to a less extent than is usual 
in such cases, and the tube was enlarged over a length 
of 2 ft. 6 in. in the region of the rupture. A micro- 
section, taken from the fractured edge, showed a 
structure associated with quenching from high tem- 
peratures, and a temperature of at least 1,000 deg. C. 


was inferred to have existed in the material. This| 4n Introductory Course of Continuous Current Engineering. 


would reduce the tenacity and elasticity of the metal 
to the point at which it could not stand the pressure. 
An internal examination of the boiler showed a 
considerable amount of soft scale on the water side 
of the fire row of tubes, in which the burst tube was 


situated. There was a greater deposit on the tubes Applied Elasticity. 


at the back end of the furnace, and on the side of the 
tubes nearest the fire. At the back end, the thickness 


of the scale averaged }-in., which gradually decreased | Report of the Committee of the Privy Council for Scientific 


to yy-in. at the front end of the same row. In order 
to keep the fire of even thickness, it had been necessary 
to put on more coal at the back end of the furnace, 
which would lead to a higher rate of evaporation at 


this part and a greater rate of scale deposit, with greater | United States Department of Commerce. 


risk of the overheating that apparently occurred. 
The second row of the same bank of tubes had only a 
very slight deposit of scale, while rows 3, 4 and 5 were 
clean.: The tubes were coated internally with a 
preservative, intended to prevent corrosion, prior 
to the trials of Aprii, 1927. 

The feed-water lorses were made up each day by 


filling the tanks from the Greenock town main water | Overseas Trade, 35, Old Queen-street, London, S.W.1, 
supply, it being intended to put the town’s water] particulars of tenders invited by various bodies in the 


Industrial Prosperity. 


Two of | Properties of Steam and other Vapours. 


The New Quantum Mechanics. By GEORGE BIRTWISTLE. 


Pruaun. Berlin: V.D.I. G.m.b.H. 
World Motor Transport Congress, 1927. Report of 
Proceedings. London: Offices of the Congress. 


Appareils et 


Forty-eighth Annual Report of the Director of the Geo- 


United States Bureau of Standards. 


The Electrical Conductivity of the Atmosphere and its 


One Thousand Questions and Answers on Company Law, 


Trade draws attention to the necessity of adopting 
new standards of purity of feed water when using 
modern high-pressure water-tube boilers. The methods 
used were legitimate for boilers of the ordinary marine 
or Scotch type. It is imperative that distilled water 
only should be used in high-pressure water-tube boilers, 
and even when using town’s water as a supply it should 
be passed through an evaporator until the desirable 
degree of purity is obtained. Such boilers, moreover, 
should not be closed up after cleaning until it has been 
ascertained by inspection that every tube is clear and 
perfectly clean. 
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TENDERS.—We have received from the Department of 


through the evaporator so as to distil it. When the 
feed tanks were partially empty, difficulty was found 
in feeding the evaporator, and consequently town’s 
water had to be taken direct from the feed tanks to 
make up the losses without evaporating it. An 
electrical salt detector is fitted, and at no time showed 
more than half a grain per gallon of impurities while 
the boilers were on service. On an average, 7 lb. of 


lime, in the form of lime water, was put into the feed 
tank each week during service, and periodical tests 
were made for acidity. Internal inspection, made on 
July 17, 1927, did not include the tubes. An external 
examination of the tubes was made weekly. 

The Engineer Surveyor-in-Chief of the Board of 


British possessions and in foreign countries. Further 
details and information relating to this may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—It is reported from Brussels that the Schaerbeek 
Municipal Sanitation Services are inviting tenders, to 
be presented by March 28, for three motor lorries of 
from 2 to 3 tons capacity. (Ref. No. A.X. 6044.)— 
The Municipality of Antwerp is calling for tenders for 
the supply and erection of an electric swing bridge of 
5 tons. Tenders to reach Antwerp by April 26. (Ref. 
No. A.X. 6043.)—His Majesty’s consul at Riga reports 
that the Latvian Road Administration is inviting 
tenders, to be presented by March 30, for motor rollers 
and stone crushers. Local representation is considered 
essential. (Ref. No. A.X. 6045.) 








NOTES FROM THE NORTH. 


Guascow, Wednesday, 

Scottish Steel Trade.—There has been little or no change 
in the conditions in the Scottish steel trade this week 
Makers are not too well supplied with orders and the 
output is suffering accordingly. The demand from the 
shipbuilding yards is rather poor at the moment, and there 
seems little prospect of much increase from that direction 
in the meantime. Overseas trade is dull and the general 
inquiry.is not very satisfactory. There is also no change 
to report in connection with the black-sheet trade, The 
heavier gauges are in poor request, and while there js g 
fair amount of business passing in galvanised sorts there js 
nevertheless a lack of life. Prices are unchanged and 
are as under: Boiler plates, 10/. 10s. per ton; ship. 
plates, 87. 7s. 6d. per ton; sections, 7/. 17s. 6d. per ton; 
and sheets, }-in., 87. 12s. 6d. per ton, all delivered Glasgow 
stations. 


Malleable-Iron Trade.—A dull state continues to 
prevail in the malleable-iron trade of the West of Scot. 
land. Orders are few and are mainly of small tonnage 
with the inevitable result that a full week’s running js 
very difficult to secure at most of the establishments, 
In the re-rolled steel branch of the industry, quietness 
is very general, and orders are scarce. Prices show no 
change, with ‘Crown ” bars at 10/. 5s. per ton, and re. 
rolled steel bars at 7/7, 15s. per ton, both delivered Glasgow 
stations. The export quotation for the former is easier 
at 91. 15s. per ton. 


Scottish Pig-Iron Trade.—The only item of note in 
connection with the Scottish pig-iron trade this week js 
the firmer tendency in prices. Sooner or later the present 
unremunerative levels will be left behind, but the demand 
of to-day hardly warrants much change yet, although 
raw material is firmer. In fact the current small output 
is fully equal to all calls at present. The following are 
to-day’s market quotations: Hematite, 74s. per ton, 
delivered at the steel works; foundry iron, No. |, 
75s. to 76s. per ton, and No. 3, 70s. to 71s. per ton, bothi 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour continues small, 
and for the week ending Saturday last, March 1i, 
amounted to 580 tons. Of that total, 510 tons went over- 
seas and 70 tons coastwise. For the corresponding week 
of last year the figures were, 405 tons overseas and 74 tons 
coastwise, making a total shipment of 479 tons. 


Contract.—Messrs. William Hunter and Sons, Edin- 
burgh, have been granted a concession by the Jersey 
States, Channel Islands, for the supply of electric power 
to the whole island. The value of the contracts involved 
is approximately 250,000/. 








INSTITUTION oF NAVAL ARCHITECTS.—The annual 
dinner of the Institution of Naval Architects will be held 
at the Connaught Rooms on Wednesday, March 28, 
when Admiral of the Fleet the Right Hon. Lord Wester 
Wemyss, president-elect, will be in the chair. 


Coopers’ Hitt War Memoria Prize.—Founded by 
old students of the Royal Indian Engineering College, 
Coopers Hill, in commemoration of members of the College 
who fell during the war, the Coopers’ Hill War-Memorial 
Prize is awarded annually by the Institution of Civil 
Engineers, and triennially, in turn, by the Institution ot 
Electrical Engineers, the School of Military Engineering, 
Chatham, and the School of Forestry, Oxford. The prize, 
which consists of a bronze medal, a parchment certificate 
of award, and a money prize of the value of about 251, 
is awarded for the best paper on a professional subject 
selected by the Council making the award. The triennial 
award falls this year to the Council of the Institution of 
Electrical Engineers, who have selected a series of sub- 
jects and invite members under 30 years of age to submit 
papers for consideration. These should be sent in, not 
later than October 1, next, to the Secretary, Institution 
of Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2, from whom full particulars may 
be obtained. 





THE INSTITUTE OF TRANSPORT.—At the eighth annual 
dinner of the Institute of Transport, held on W yey 
last, the chair was occupied by the President of t 7 
Institute, Mr. Roger T. Smith. In proposing the ge 
“The Institute and the Transport Industry,’ The Rig 
Hon. Lord Daryngton of Witley, after referring to future 
transport possibilities, quoted some interesting foi 
relating to railway transport in Great Britain, the me : 
States, and Germany. He stated that the line mi ot 
of the three countries, in the order specified, were 20, f 
250,000 and 36,000, while the corresponding number © 
steam locomotives was 24,000, 66,000 and 0 vee 
average haul of freight was stated to be 54 miles for les 
Britain, 311 miles for the United States, and 80 pon 
for Germany, the corresponding average freight- : - 
loads being 131, 170 and 285 tons. The average rt 
per ton-mile were given as, Great Britain, 1}d., o ike 
States, 4d., and Germany, ld. In replying to the toas ae, 
President referred to the remarkable growth of the ins 0s 
tion, which, although only eight years old, -_ <rine 
2,750 members. He stressed its possible value as 4 ¢ ve aa 
house for misunderstandings between the diferee a 
of transport, and the wide range that it coe e. 
instanced by the election of Air Vice-Marsha an 
Sefton Brancker as president-elect. —— Re 
also made by the President to the value of the o 
sections, of which there are five in England, one 1m * 


‘A A -. 8 frica. 
land, one in the Argentine, and one in South Afri 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


Cleveland Iron Trade.—Producers of Cleveland pig iron 
are experiencing difficulty in discharging their delivery 
obligations against running contracts, and, as stocks 
are now at a low ebb and are still being steadily drawn 
upon, scarcity threatens to become acute. Notwith- 
standing these circumstances, business is distinctly 
quieter than it has been, customers showing some 
unwillingness to follow last week’s rise of 1s. in makers’ 
fixed quotations. Exporters, in particular, were disinclined 
to pay the advanced rates, but ironmasters adhere to 
their fixed figures. Local consumption remains heavy, 
and home buyers at a distance are taking rather larger 
supplies, while deliveries to Scotland continue to go 
steadily forward. Total transactions with firms North 
of the Tweed, since the establishment of the central 
selling agency for the Scottish trade, are understood 
to amount to many thousands of tons, The business is 
stated to be unaffected to any material extent by 
competition of Lincolnshire and Northamptonshire 
firms. No. 1 Cleveland is 68s. 6d.; No. 3 g.m.b., 66s. ; 
No. 4 foundry, 65s. ; and No. 4 forge, 64s. 6d. 


Hematite—While conditions in the East Coast 
hematite branch continue unsatisfactory and _ dis- 
couraging, what slight change is noticeable is for the 
better. Values were inclined to stiffen, owing to rather 
better home and Continental demand, but are not 
quotably altered, and the terms on which makers are 
accepting orders entail substantial loss. Mixed numbers 
are put at 70s. 

Foreign Ore.—Though business in foreign ore is 
little heard of, sellers are very firm in their attitude, 
anticipating supply being none too plentiful in the 
near future. Market rates are based on best rubio 
at 22s. c.i.f. Tees. 

Blast-furnace Coke.—Local consumers of Durham 
blast-furnace coke are purchasing that commodity 
rather sparingly, and quotations are barely upheld. 
Good medium qualities are on offer at 18s., delivered here. 

Manufactured Iron and Steel_—Some descriptions of 
manufactured iron are selling fairly well, and rather 
considerable transactions in semi-finished steel are 
reported, while some improvement in demand for 
heavy finished steel commodities is noticeable. Among 
the principal market quotations are: common iron 
bars, 101. 5s.; best bars, 107. 10s.; double best bars 
101. 15s. ; treble best bars, 11l.; packing (parallel), 87. ; 
packing (tapered), 10l.; iron rivets, lll. 5s.; steel 
billets (soft), 61. 15s. ; steel billets (medium), 71. 2s. 6d. ; 
steel billets (hard), 7/7. 12s. 6d.; steel rivets, 111. ; 
steel ship plates, 81. 7s. 6d.; steel angles, 71. 17s. 6d. ; 
steel joists, 71. 17s. 6d.; heavy steel rails, 8/. 10s. ; 
black sheets, 91. 15s.; and galvanised corrugated 
sheets, 131. 5s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—If recent reports of representative 
steel and engineering firms are reliable pointers, there 
is real ground for hope of an early improvement of 
the steel and engineering trades. At present business 
ebbs and flows. Evidence exists of revival in the 
steel-producing sections. Continental prices continue 
to harden. Inquiries from abroad are more numerous, 
and, if home manufacturers can offer attractive rates, 


important contracts are likely to follow. Better 
business is being done in high-grade steels. Ground 
recently lost is steadily being regained. There is 


increased activity in the production of railway rolling- 
stock. Inquiries from overseas are in circulation, and 
orders are being booked at regular intervals. The 
Crown Agents for the Colonies have placed contracts 
in this district for supplies of carriage and wagon spares. 
Good business continues to be done in this class of 
product with India and South America. Output of 
ship steel and marine forgings and castings is maintained 
at the recent level. Electrical engineers, both at home 
and in other parts of the world, are prominent buyers 
of machinery and tools. The uncertainty surrounding 
the coal export market is reflected in the poor call 
for mining requisites of all kinds. Large quantities 
of Stainless steel and rustless iron continue to go into 
use, while the market for automobile steel and parts 
is substantial, Farm and garden implements have 
opened out strongly on home account, but the overseas 
demand is not so firm. Light foundries are better 
employed. The building trades are calling for light 
castings and stove grates. 


South Yorkshire Coal Trade.—The slackness in export 
business is attributed to the uncertainty respecting 
the effect of the coal-marketing scheme, which comes 
into operation next month. Consumers and distributers 
are inclined to hold aloof from the market for the time 
being. There is an improved call for industrial fuel, 
but output is still in excess of requirements. The 
house-coal market is steady, but the demand is well 
below normal. Recent improvement in blast-furnace 
coke has not been maintained, but steel coke is fairly 
active. Foundry and furnace coke are being shipped 
in moderate tonnages, while gas coke continues firm. 
Quotations : best branch handpicked, 27s. 6d. to 
298. fd.; Derbyshire best bright house, 20s. 6d.- to 
21s. 6d.; best house coal, 19s. to 20s. 6d.; screened 
house coal, 16s. to 17s. 6d.; screened house nuts, 
15s. to 16s.; Yorkshire hards, 14s. 6d. to 158. 6d. ; 
Derbyshire hards, 148. to 15s. 6d.; rough slacks, 
= bP = 6d.; nutty slacks, 6s. to 7s.; smalls, 
oA, ta) 8. 5 





ENGINEERING. 





353 











NOTICES OF MEETINGS. 





INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section: To-night, 6.15 p.m., Victoria embank- 
ment, W.C.2. ‘‘The Vacuum Tube Family,” by Mr. 
G. P. Barnard. North-Eastern Centre: Monday, March 
26, 7 p.m., Armstrong College, ‘Newcastle-on-Tyne. 
‘* Practice and Progress in Combustion of Coal as Applied 
to Steam Generation,” by Mr. F. H. Rosencrants. 
South-Midland Centre: Wednesday, March 28, 7 p.m., 
The University, Edmund-street, Birmingham. ‘ The 
Electrification of the Pietermaritzburg-Glencoe Section 
of the South African Railways,” by Mr. F. Lydall. 
London: Thursday, March 29, 6 p.m., Victoria-embank- 
ment, W.C.2. ‘‘ The Electrification of the Pietermaritz- 
burg-Glencoe Section of the South African Railways,” 
by Mr. F. Lydall. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. 
““Mechanical Handling of Goods,” introduced by Mr. 
J. H. Walker. Graduates’ Section : Monday, March 26, 
6.30 p.m., Storey’s-gate, S.W.1. Annual Lecture, “ The 
Trend of Modern Steam-Locomotive Design,’’ by Mr. 
R. E. L. Maunsell. South Wales Branch : Thursday, 
March 29, 6 p.m., South Wales Institute of Engineers, 
Cardiff. ‘*‘ Rubber, and its Uses,” by Mr. J. McCarthy. 
Glasgow and West of Scotland Branch ;: Thursday, March 
29, 7.30 p.m. Royal Technical College, Glasgow. ‘‘ The 
Reorganisation of Crewe Locomotive Works,”’ by Capt. 
H. P. M. Beames. London: Friday, March 30, 7 p.m., 
Storey’s-gate, 8S.W.1. Informal Meeting. Discussion on 
‘*The Problem of Utilising the Earth’s Internal Heat,” 
by Mr. J. L. Hodgson. 

Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. Lecturette: ‘“ High 
Tension and Low Tension Supply for Wireless Receivers 
from Electric Mains,” by Mr. B. J. Axten. Friday, 
March 30, 7.30 p.m. ‘‘ Locomotive Maintenance,” 
by Mr. C. F. Adams. 

INSTITUTION OF PRODUCTION ENGINEERS.—To-night, 
7.30 p.m., Society of Motor Manufacturers and Traders, 
Limited, 83, Pall Mall, S.W.1. ‘‘ Plant Maintenance,” 
by Mr. R. H. Hutchinson. Tuesday, March 27, 7 p.m., 
Grand Hotel, Birmingham. Lecture: ‘‘ General Princi- 
ples of Mass Production,” by Prof. F. W. Burstall. 


Society oF CHEMICAL INDUSTRY: CHEMICAL ENGI- 
NEERING GRouP.—To-night, 8 p.m., Chemical Society, 
Burlington House, Piccadilly, W.1. ‘‘ Ultra Violet 
Radiation in Industry,” by Mr. A. A. King. 

Roya Instirution.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘“‘The Physi¢al Chemist in Search of 
Purity,”’ by Dr. E. Cohen. Saturday, March 24, 3 p.m., 
‘““The Transformation of Matter’’ (Lecture III), by 
Sir E. Rutherford. Friday, March 30, 9 p.m., ‘* Radio- 
active Atoms and Their Structure,’’ by Sir E. Rutherford. 
Saturday, March 31, 3 p.m. ‘‘ The Transformation of 
Matter ” (Lecture IV), by Sir E. Rutherford. 


INSTITUTE OF British FoUNDRYMEN.—East Midlands 
Branch : Saturday, March 24, 6 p.m., Technical School, 
Leicester. ‘‘ Malleable Iron,” by Mr. F. H. Hurren. 
Newcastle and District Branch ;: Saturday, March 24, 
6.15 p.m., Neville Hall, Newcastle-on-Tyne. ‘‘ Cupola 
Practice,’ by Mr. W. H. Poole. 

Hutu AssociaTION OF ENGINEERS.—Saturday, March 
24, 7.15 p.m., Technical College, Park-street, Hull. ‘“‘ The 
Uses of Metallurgy in Engineering,” by Mr. H. J. Young. 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
March 27, 7.30 p.m., 198 West-street, Sheffield. ‘‘ Melting 
Steel by High Frequency Currents,” by Mr. W. S. 
Gifford. 

INSTITUTION OF NAVAL ARCHITECTS.—Annual Meeting. 
Wednesday, March 28 to Friday, March 30. Royal 
Society of Arts, John-street, Adelphi, W.C.2. Wed- 
nesday, March 28, 11 a.m. Address by the President, 
The Rt. Hon. Lord Wester Wemyss. ‘ The Present 
Position of the Question of Fuel for Ships,” by Sir 
J. H. Biles. At 3 p.m. ‘“ Bending and Loading of 
Ships,” by Mr. J. Foster King. At 7.30 p.m. Annual 
Dinner, Connaught Rooms, Great Queen-street, W.C.2. 
Thursday, March 29, 11 a.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘“‘A Note on Experi- 
mental Diesel Engines,” by Eng.-Capt. A. Turner. 
At 12 noon. Presentation of Bust of the late Sir Philip 
Watts, by the Rt. Hon. Winston Churchill. ‘‘ Design 
and Propulsion of Fast Double-ended Screw Vessels,”’ by 
Mr. E. H. Mitchell. At 3 p.m., ‘‘ Further Notes on the 
Relative Strength of Fine and Full Cargo Vessels,” by 
Mr. E. L. Champness and Mr. F. McAlister. ‘‘ An 
Experimental Comparison of the Performance of Model 
Propellers working in Air and in Water,” by Mr. W. 
——. At 8 p.m., “Stresses in Hulls of Stranded 

essels,’’ by Professor E. G. Coker. ‘‘ The Effective ‘I’ 
of H.M.S. Wolf,” by Mr. G. H. Hoffmann. Friday, 
March 30, 11 a.m., ““Some Modern Developments in 
Rigid Airship Construction,” by Lieut.-Col. V. C. Rich- 
mond. ‘Experiments on the Propulsion of a Single- 
Screw Ship Model,” by Mr. G. S. Baker and Mr. J. L. 
Kent. At 3 p.m., “ The Vortex Theory of Propellers 
and its Application to the Wake Conditions existing 
behind a Ship,” by Mr. W. G. A. Perring. ‘‘ Cavitation,” 
by Mr. J. Tutin. “Statistical Analysis of Voyage. 
Abstracts,”’ by Mr. J. L. Taylor. 


LiveRPooL ENGINEERING SocreTry.—Wednesday, 
March 28, 6 p.m., 9, The Temple, Dale-street, Liverpool. 
‘‘ Pulverised Fuel for General and Marine Purposes,” 
by Mr. W. A. Woodeson. 

INSTITUTION OF CrIviL ENGINEERS.—Wednesday, 
March 28, 6.30 p.m., Great George-street, S.W. Students’ 
Informal Meeting. ‘“‘ The Limitation of Concrete as a 
Material in Construction,”’ by Mr. R. F. Legget. 





INsTITUTION OF LOCOMOTIVE ENGINEERS (LONDON).— 
Thursday, March 29, 6 p.m., Denison House, 296 Vaux- 
hall Bridge-road, S.W.1. Annual General Meeting. 
“‘Engine Failures” by Mr. J. Clayton. Manchester 
Centre : Friday, March 30, 7:p.m. College of Technology, 
Sackville-street, Manchester. ‘‘Some Features of the 
Mechanical and Electrical Equipment of the Port of 
Manchester,” by Mr. W. G. Smith. 


InstiITUTE oF TRANSPORT.—North-Western Local 
Section: Friday, March 30, 6.30 p.m., Midland Hotel, 
Manchester. ‘Goods Transport by Road Motor: Its 
Financial and Statistical Aspects and Limitations,” 
by Mr. J. L. Clewes. 


InstiItuUTE OF Mertaus.—Sheffield Local Section : 
Friday, March 30, 7.30 p.m., The University, St. George’s- 
square, Sheffield. ‘“‘ Non-Ferrous Metals in Relation to 
Ferrous Metallurgy,” by Dr. W. H. Hatfield. 

INSTITUTION OF WELDING )NGINEERS.—Friday, 
March 30, 7.30 p.m., Caxton Hall, Westminster, S.W.1. 
** Bronze Welding,” by Mr. W. Steele. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Shipments of coal, fuel and coke from 
South Wales in February amounted to 2,217,487 tons, 
which was 78,195 tons less than that exported in January. 
The rate of shipments per working day in February was 
88,699 tons, which was 404 tons higher than was the 
case in the first month of the year, owing to the fact that 
there was a working day less in February. Clearances of 
coal were reduced by 65,345 tons to 2,135,718 tons, foreign 
cargo exports being lowered by 12,277 tons to 1,726,409 
tons, and bunkers, for ships engaged in foreign trading, 
by 52,542 tons to 275,932 tons, while coastwise cargo 
supplies were lessened by 526 tons to 133,377 tons. 
Shipments of patent fuel were also diminished by 12,297 
tons to 76,039 tons and of coke by 553 tons to 5,730 tons. 
Though showing no appreciable change, so far as prices 
are concerned, the market outlook is less promising than 
was the case a week ago. The volume of shipping arriving 
at the Welsh ports to load coal, has fallen off, while the 
demand on the freight market has also decreased. For 
the present the bulk of the collieries are fairly comfortably 
placed with respect to orders, but with insufficient new 
business coming along, the tone is easier, though colliery 
salesmen are hoping that the Easter holidays will help to 
diminish accumulated stocks, by which time it is hoped 
that sufficient business will have been secured to enable 
them to keep up prices. At present best Admiralty large 
is steady at 19s. 3d. to 19s. 6d., with best bunker smalls 
from 12s. 6d. to 13s., but other descriptions of coal are 
in ample supply to meet a limited demand. Mon- 
mouthshire large rules from 16s. 6d. to 17s., with dry 
large from 17s. 6d. to 18s. 6d. and smalls from 10s. 6d. 
to 12s. 


Another Big Coal Deal.—Following the recent acquisi- 
tion of the Great Western Colliery Co. Ltd., and a financial 
arrangement with the Cardiff Collieries, Limited, the 
Powell Duffryn Steam Coal Company, Limited, has 
contracted for the purchase of certain properties of the 
Lewis Merthyr Consolidated Collieries, Limited, which, if 
completed, will increase the output of the Powell Duffryn 
Company by 3,000,000 tons, to 9,500,000 tons of coal 
per annum, produced from a chain of 34 pits situated in 
the Rhymney and Aberdare Valleys of South Wales. 
The remarkable growth of the Powell Duffryn Company, 
which is the largest colliery undertaking in South Wales, 
will be gathered from the fact that in 1864 the normal 
output of its collieries was 400,000 tons per annum. 
This was raised to 2,741,000 tons by 1905, to 3,874,000 
tons in 1913 and to 4,949,425 tons in 1924, with a 
potential production of more than 10,000,000 tons per 
annum in the near future, in addition to 350,000 tons of 
coke, besides by-products. 


Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 15,102 tons, compared with 27,666 
tons in the preceding six days. Shipments of tinplates 
and terneplates fell from 10,269 tons to 4,474 tons, of 
blackplates and sheets from 3,805 tons to 2,496 tons. of 
galvanised sheets from 8,130 tons to 3,214 tons and of 
other iron and steel goods from 5,462 tons to 4,918 tons. 








Prrsonat.—On and after March 25 the address of 
Messrs. The Still Engine Company, Limited, will be 
10, Victoria-street, Westminster, London, S.W.1.—Owing 
to expansion of business, Mr. H. G. Blakemore has moved 
his office from 180, Piccadilly, W.1, to Windsor House, 
Victoria-street, S.W.1. Mr. Blakemore is acting as 
London representative for Messrs. Alexander Wilson 
(Aberdeen), Limited ; Messrs. Alex. Laurie and Sons of 
Falkirk ; the West Bromwich Casement and Engineering 
Company, Limited; and Messrs. Nonporo Cement 
Company, Limited, of Belfast. 





Contracts.—Messrs. Yarrow and Company, Limited, 
Scotstoun, Glasgow, have secured the contract from the 
War Office for the installation of the latest type of Yarrow 
water-tube boilers at the power station at Woolwich 
Arsenal.—Messrs. the De Maas Shipbuilding Company, 
Slikkerveer, Holland, have secured a further contract 
for the construction of six motorships, 165 ft. long, to be 
fitted with Sulzer Diesel engines.—The General Electric 
Company, Limited, Magnet House, Kingsway, W.C.2, 
have secured contracts from the Admiralty for 53,200 
Admiralty pattern carbon filament lamps, and 23,970 
night sight and telephone exchange lamps. The same 
firm has received an important order from the London, 
Midland & Scottish Railway, Belfast, for Osram lamps, 
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35 and 36, Bedford Street, Strand, London, W.C.2. 


ire to call the attention_of our readers to 
ghey the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIO] ‘“ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TsaLsPHONE NuMBERS—3663 and 8598 GERRARD. 


~~ SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 














in advance :— 
For the United Kingdom ..............:se00 £3 5 0 
For Canada— 
Thin paper COpiCS ...........s-csseseees £218 6 
Thick paper copies £3 3 0 
For all other places abroad— 
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Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
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When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained, 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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THE LONGITUDINAL SHOP. 

Tue old discussion of the longitudinal versus the 
transverse shop for locomotive repairs assumes 
a new aspect in view of developments such as 
those related by Captain H. P. M. Beames, in 
his paper read on Friday last before the Institution 
of Mechanical Engineers, and reprinted elsewhere 
in this issue. If, indeed, such methods are to 
become general, the doom of the transverse shop 
must surely be sealed. The arguments in favour 
of placing repair pits lengthwise down an erecting 
shop, or crosswise, have varied from time to time, 
as mechanical developments have followed each 
other. The transverse pit arrangement certainly 
presents considerable attractions. So disposed, a 
very compact shop is possible, and all the pits are 
equally accessible from side aisles by means of 
which communication may be maintained with 
feeder departments. There are more points perhaps 
on the other side. Unless the shop is provided with 
a traverser, the track approach occupies a great 
amount of space. If a traverser is provided, 
either inside or outside the works, a large area has 
to be kept clear. If this is inside the shop, the 
space is roofed in but contributes little actually 
to production, while it breaks up the floor badly 
for the movement of material. Most locomotive 
men are only too well acquainted with cases in 
which the size of engines has outgrown the length 
of pits provided on the transverse system. For 





this defect there is no remedy short of rebuilding. 
No projection can be allowed, of course, at the 
traverser end, if there is one, and the locomotive 
has to be pushed back towards the side aisle, where 
lifting may become impossible, and if actual obstruc- 
tion does not result, almost certainly there will be 
congestion. 

In cases where shops have been designed on 
modern lines, with tbe transverse arrangement, 
and allowing ample room round locomotives of 





present-day length with something to spare, other 


6 aspect. 





points claim consideration. The transverse arrange- 
ment has been largely, though not exclusively, 
adopted in the United States. There, traversers 


9} are discarded, and use made of powerful overhead 


cranes, but this arrangement means that each 
locomotive has to be handled by a single crane, 
which consequently must be of 150 tons or 200 tons 
capacity, with a span of 85 or more feet. If 
ample allowance is to be made for the future, 
the cost of a shop and equipment on these lines 
becomes a very serious item, and it must be noticed 
that height also comes into the question, though in 
this matter of costs increased height is not so expen- 
sive as increased span. With the American type of 
transverse shop engines must always be lifted to 
a height of about 15 ft. 6 in. to clear any already 
standing on the pits, some of which may even 
be jacked up, when the lift would be higher. 

Some years ago the American Railway Master 
Mechanics inquired into the relative merits of the 
two arrangements as they affected practice across 
the Atlantic. Speaking generally, the factors 
bearing on the question must be approximately 
the same there as here, though we are probably 
oftener driven to make the best use of restricted 
space, while they, on the other hand, have 
experienced a very much more rapid growth in 
the length and weight of their locomotives, both 
factors of greater importance with the transverse 
than with the longitudinal shop. The Master 
Mechanics’ Committee issued a report on the 
subject, substantially in favour of the longitudinal 
shop, but admitting certain advantages of the 
transverse plan. However, we believe the report 
was not considered in any sense decisive, and, 
in fact, was subject to a good deal of criticism, 
which it must be admitted bore at least a logical 
It was almost a case of six of one and 
half-a-dozen of the other. 

The longitudinal shop is an attractive proposition. 
It usually has three tracks, at least two with pits. 
the centre track in theory being reserved for 
stripping and wheeling. The width of the shop is 
thus set definitely, and does not tend, with the 
passage of time, to shrink relatively. No increase 
in loading gauge is possible, and all the room that 
should be necessary can be decided upon without 
fear of shortage at some time in the future. It is 
true that in some longitudinal shops the allowance 
of space between the roads has been barely sufficient. 
This involves considerable delays when moving 
engines down the shop, unless the height of the 
building is again sufficient to enable everything 
to be cleared. One of the more material advantages 
of the longitudinal plan is undoubtedly its flexibility 
lengthwise. In the repair programme all kinds of 
engines have to be handled. Larger, medium size, 
and the older and smaller types have all to be taken 
in hand. In the transverse arrangement the room 
to spare if a short engine is on a pit, cannot be 
added to that wanted for a long engine next to it, 
and is thus wasted, but this is not the case in the 
longitudinal shop, where, though stations are kept, 
some latitude is possible. 

The great snare of the longitudinal scheme is that 
the floor space often tends to become littered up 
with parts, while if the work increases, there is a 
temptation to put engines on to the centre road. 
If, on the other hand, the centre road is always 
kept clear, advocates of the rival system contend 
that the space is inefficiently used. For expeditious 
work there is little doubt that this road should be 
kept clear, while the stacking of parts on the work- 
ing floor should be prohibited, much as some would 
like relaxation of the rule at such times as directors’ 
inspections, for tactical reasons. In any case, if 
comparison be in question, it must be remembered 
that in the transverse plan room has commonly to 
be allowed for wheels, &c., preparatory to wheeling 
and these stand waiting on the end of the pit track. 
The congestion of shops by waiting material is in 
either case unpardonable. At the Institution on 
Friday last, Sir Henry Fowler said the secret of the 
success of the Crewe arrangement was having what 
you wanted, where you wanted it, when you wanted 
it. The old plan of keeping work lying on the floor 
may also have fulfilled these essentials, but without 
contributing in any way to expedition, so that the 
definition is hardly, we think, complete as it stands. 
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The Crewe plan arranges for the parts to come 
together when wanted, but not before. 

This plan, worked on a so-called “ belt” system, 
is only possible with the longitudinal shop. There 
would seem to be no reasonably simple method by 
which it could be introduced into a transverse shop. 
Clearly, if the work can be reduced to so precise a 
system, there is much to be gained by avoiding 
the movement of gangs. Feeder departments also 
always deliver to the same spots. Similarly, there 
is a considerable economy of time and equipment by 
locating definite processes at fixed points. Captain 
Beames touched on this point in his paper, and 
any erecting shopman will readily visualise the 
savings possible from not having to hunt about the 
shop for special gear, which, however strict rules 
may be regarding its return to certain places, 
spends most of its time elsewhere. 

The chief point against the belt scheme is that 
made by Mr. Maunsell in the discussion. It is a 
little difficult to see at once how the work done 
at the first four pits is to be balanced so as to give 
a regular flow forward to the further stages. It is 
true that all the work tackled comes under the 
heading of heavy repairs, in which class, in at any 
rate many works, lifting the boiler would be included 
as a matter of course, but custom in these things 
varies somewhat, and it can only be regretted that 
at the meeting of Friday last Captain Beames was 
not afforded the opportunity of giving the explana- 
tion necessary to clear this up. Certainly the 
system seems to be working satisfactorily at Crewe. 
In spite of something like 17 classes being dealt 
with on these lines, engines are leaving the shops 
regularly and without a hitch, although all sorts 
of last-minute possibilities suggest themselves to 
the onlooker. The officials at Crewe are much to 
be congratulated on this, as also on having gained 
the interest of the men in the new scheme. This 
having been secured, a good part of the battle must 
have been won. 

Since the amalgamation the question has often 
been asked: What are the railways doing to 
economise ? The London, Midland and Scottish 
Railway can, at least so far as its mechanical depart- 
ments go, offer some very good replies on the point. 
The wagon and carriage building methods, and now 
the locomotive repair system, are all of the most 
advanced character. We are often directed to the 
United States for progressive production processes, 
but nowhere in that country will anything be found 
to touch the developments at Crewe, and in most 
present works such schemes would, forsooth, be quite 
impossible. Its general introduction is precluded 
by the preference which has developed there for 
the transverse pit shop. This may be regarded 
merely as a temporary handicap, for if the idea 
‘took on,” as the saying goes, wholesale scrapping 
and reconstruction would immediately follow, 
after the well-known practice of our transatlantic 
neighbours. 








THE SCIENCE MUSEUM. 

THE opening of the new galleries of the Science 
Museum by H.M. the King on Tuesday last, in 
the presence of a large and distinguished gathering 
of representatives of Government departments, 
Universities, Engineering and Scientific Societies 
marks an important stage in the development of 
an institution of peculiar interest to engineers all 
over the world, and one which perhaps more than 
any other illustrates the genius of our race, and 
the important contributions made by British 
engineers, inventors and men of science to the 
material progress 0: mankind ; contributions which, 
in the space of two hundred years, have done more 
for the uplifting of the common people of the earth 
than the combined efforts of a multitude of writers, 
artists or conquerors. 

It is seventy-seven years since the epoch-making 
Great Exhibition was held in Hyde Park, seventy- 
one years since the old Science and Art Department 
removed from Marlborough House to South Kensing- 
ton, fifty-two years since the International Loan 
Collection of Scientific Apparatus was held, and more 
than forty years since the machinery and models 
gathered together by Bennet Woodcroft in the 
Patent Office Museum were transferred to the South 
Kensington Museum. These and other events all 
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had an influence on the development of what we 


now know as the Science Museum, and many now 
almost forgotten engineers and scientists were 
associated with its growth. As we see it to-day 
it is difficult to believe that for years science was 
the Cinderella of South Kensington, and that it 
was with the greatest difficulty the pioneers of the 
past were able to obtain the most meagre grants for 
increasing its collections or for securing adequate 
accommodation for their display. Those times 
happily, have passed, and the moderate cost of 
the Museum—some 50,0001. per annum—is amply 
repaid by the instruction and entertainment it 
provides for young and old alike, whilst its contents 
are the finest possible object lesson to the intelligent 
foreigner of what science and engineering stand 
forin our country. On its usefulness to the student 
and engineer, there is no need to dwell. 

Though we have referred to the Science Museum 
as representing especially the work of British men 
of science and engineers, and their achievements in 
the domains of physical science, engineering and 
technology, the Museum is truly international in 
its character; as such it stands without a rival 
among similar institutions throughout the world. 
Every civilised country is represented in its galleries, 
and though we may justly pride ourselves that 
here we can see the results of the work of Newton, 
Faraday, Kelvin, Watt, Stephenson and Parsons, 
and of many more of our illustrious countrymen, it 
may be noted that the only statue in the Museum 
so far is that of Galileo, while among the exhibits 
are to be found the work of Volta, Réntgen, von 
Guericke, Ampére, Franklin, Siemens, Diesel, 
Fulton, Wright, Daimler, Westinghouse, Bell, and 
Edison, the labours of foreign being as fully illus- 
trated as is that of British men of science. 

The new galleries opened by the King form but 
one-third of the complete Museum, as designed a 
few years before the war, which, as Lord Peel, in 
his address to the King, remarked, will eventually 
extend from Exhibition-road to Queen’s-gate. 
“Tt is fitting,” said Lord Peel, “‘ that this country, 
whose great industrial position owes so much to 
the genius of a long line of discoverers and in- 
ventors in the field of applied science should assemble 
in one great building the instruments and objects 
which illustrate the working of those creative 
minds, and we look forward with interest to the time 
when the whole scheme will be brought to a fitting 
conclusion.” The share of science in our natural 
life made it appropriate that the occasion should 
be favoured by the presence of His Majesty King 
George, and since the success of the Museum owes 
so much to the senior keepers on its staff, it would 
have been pleasing had some of them been presented 
to His Majesty. We may also remark that the 
occasion was certainly one upon which more might 
have been done to enlist the interest of the Technical 
Press, which usually is anything but grudging in 
offering every assistance possible to the Museum, 
but in this instance appears to have been invited 
merely as an afterthought. 





ELECTRICITY SUPPLY. 

THE early publications of the Electricity Com- 
mission were usually in some respects incomplete, 
owing, in the main, no doubt, to the difficulty, or 
impossibility, of obtaining, in full detail, the infor- 
mation on which they were necessarily based. To 
collect reliable statistics concerning the whole of the 
electricity authorities of various kinds in Great 
Britain, and the whole of their power stations, is 
naturally a task which has taken some time to 
organise on a completely satisfactory basis, and is 
not a task which the Commission is able to carry out 
entirely for itself. The information has naturally 
to be obtained from the officials of a very large 
number of authorities some of whom, one may 
imagine, have proved difficult to interest in the 
matter. With what remarkable success the Com- 
missions’ statistical returns have finally been organ- 
ised is, however, well illustrated by their recent 
volume, Electricity Supply, 1925-26, published by 
H.M. Stationery Office at 12s. net. This book 
contains 508 pages of tabular returns, in addition to 
58 pages of introductory explanation and analysis, 
and forms a remarkable collection of data on its 
subject. 
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Returns of the kind and in the quantity which 
are dealt with in this volume naturally take con- 
siderable time to classify and tabulate, even after 
the task of collecting them has been completed 
so that they are necessarily somewhat old before 
they can be printed and circulated. The present 
statistics, for instance, cover local-authority under. 
takings in England and Wales down to March 3] 
1926, local-authority undertakings in Scotland to 
May 15, 1926, and company undertakings in Great 
Britain to December 31, 1925. The returns are 
thus valuable for purposes of record rather than as a 
statement of the present condition of affairs, In 
general broad outline, they certainly give a correct 
idea of the present state of electricity supply in the 
country, but, in the case of any specific undertaking 
it is always possible that considerable development 
may have taken place since the date of the return, 

In view of the present activities of the Central 
Electricity Board, it is interesting to note that. 
at the date of the return, alternating current was 
being distributed at 16 different frequencies and 
33 different voltages, while direct current supplies 
were being distributed at 24 different voltages. 
These figures may tend to magnify the difficulty of 
the task of standardising voltage and generation 
on which the Board is working, and a truer idea of 
the state of the industry in this respect is given 
by the fact that 77-1 per cent. of the alternating- 
current generating plant in the country was of 
standard frequency, while 91-6 per cent. of all 
generating plant was of the alternating-current 
type. In view of the fact that the systems of the 
Glasgow and Birmingham Corporations and of the 
Clyde Valley Power Company and the Newcastle 
Companies are all contained in the 22-9 per cent. of 
non-standard periodicity generation, it will be real- 
ised that when the difficulties of the change-over of 
these systems have been surmounted, the whole pro- 
blem will be reduced to very manageable proportions. 

A subject of perpetual interest and discussion, 
on which some information is given in the report 
is the average consumption per head of population. 
This figure for Great Britain for the year 1925-26 
is given as 128 units, compared with 82 units for 
the year 1920-21. This shows a. satisfactory 
rate of progress. The figure does not, of course, 
represent the total consumption per head, as it 
does not allow for supplies given by numerous 
stations which are not the property of authorised 
undertakers and carry traction, colliery and indus- 
trial loads. This limitation of the figures compiled 
by the Electricity Commissioners is not always 
remembered when comparison is made_ between 
the consumption per head in this and some other 
countries. 

The combined load factor for the whole of the 
generating plant of Great Britain for the year under 
review was of the order of 30 per cent., while the 
individual figures for the various undertakings 
varied between 4-7 and 58-1 per cent. The 
latter figure was achieved by The Cumberland 
Waste Heat Owners’ Company, Limited, which has 
an installed capacity of 2,000 kw. of plant. The 
load factor figures of three other undertakings 
showed load factors of over 50 per cent., but the 
average for large suppliers, such as the Manchester 
Corporation and the power companies, varied round 
about 30 per cent. The Cornwall Electric Power 
Company had a figure of 54-6 per cent. The 
average figure of 30 per cent. has relation to the 
important question of spare plant, the reduction 
of which is one of the main purposes of the Central 
Electricity Board. Any large extension of area of 
supply should tend to flatten out the peak and thus 
contribute to the reduction of spare and stand-by 
plant. In the year covered by the report, the total 
plant capacity was some 73 per cent. in excess of the 
maximum demand. The not distant future should 
see this figure considerably reduced. on 

On the important question of generation, it is 
very satisfactory to see that, taking the country * 
a whole, there was an all-round increase of 41 pé 
cent. in the amount of electricity produced per “ 
of fuel consumed at the generating stations © 
authorised undertakers as compared with the 
year 1920-21. This remarkable improvement ‘ 
certainly due, in the main, to the elimination ° 
small and inefficient stations and plant. 
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NOTES. 


CENTENARY CELEBRATIONS OF THE ROYAL CHARTER 
OF THE INSTITUTION OF CrIvtt. ENGINEERS. 


THE proposals for the centenary celebrations 
of the Royal Charter of the Institution of Civil 
Engineers, and for the Conference to be held at the 
same time, have so far taken shape that a prelimi- 
nary announcement is possible, although the 
definite programme will not be issued for some time. 
The actual date of the centenary is Sunday, June 3, 
on which the President and Council will attend the 
service in Westminster Abbey. On Monday, the 
4th, the celebrations will open with an address by 
the President, followed by the reception of dele- 
gates, who will attend from all parts of the world. 
In the afternoon, the James Forrest Lecture will 
be delivered by Sir Alfred Ewing, K.C.B., F.R.S.. 
whose subject will be ‘‘ A Century of Inventions.” 
On the following morning the Conference will be 
opened with an address by the President, and simul- 
taneous meetings of sections will be held subsequently 
during the morning. The afternoon will be devoted 
to visits of works, while the Conversazione will 
be held in the evening. On June 6, whole-day 
visits will be paid to works at a distance from 
London, and on the 7th the Conference sessions 
will be resumed during the morning, the afternoon 
again being devoted to visits to works in and 
around London. A Banquet to the delegates will 
be given in the evening of that day, and will con- 
clude the programme. The Conference sessions 
will cover a wide range of subjects, but will not be 
on the scale of previous years, as it is felt that if 
this were arranged, the work involved would 
detract somewhat from the Centenary celebrations 
which it is considered should have due prominence. 


Tue MECHANICAL WARFARE Boarp. 


During the past week the War Office has 
announced the appointment of a Mechanical War- 
fare Board, which supersedes the Mechanical Trans- 
port Advisory Board and the Tank and Tracked 
Transport Technical Committee. There is certainly 
scope for such an advisory board in these days of 
mechanicalisation, and it is to be hoped that it will 
be not only permitted, but encouraged to take a 
very real part in the work of bringing our land 
forces up to the highest level, as regards equipment 
and methods. The board is representative of 
mechanical engineering, but consists essentially of 
ten military officers and three civilians, namely, 
Professor W. E. Dalby, representing the Institution 
of Civil Engineers ; Sir Henry Fowler, representing 
the Institution of Civil Engineers; and Mr. L. A. 
Legros, representing the Institution of Automobile 
Engineers. In addition to these a number of 
associate members have been appointed, including 
military officers and a number of scientific men, 
among whose names we notice that of “ Mr.’ T. E. 
Stanton, F.R.S. We trust that the failure to keep 
abreast with the times which this seems to point 
to will not be typical of the new board itself, when 
it settles down to work. 


THE CLASSIFICATION OF SHIPPING AND AIRCRAFT. 


_ Anew stage in the development of transport was 
indicated by the holding of the first annual meeting 
in Glasgow, on Wednesday, March 7, under its 
new title, of the British Corporation Register of 
Shipping and Aircraft. Mr. Robert Clark, the 
chairman, referred to the foundation of the new 
Aircraft International Register, in which the British 
Empire is represented by about 600 machines. 
Much can be done in the improvement of aviation 
by classification societies, if the experience with 
shipping can be considered as a criterion. From 
the remarks of the chairman and of Mr. Maurice E. 
Denny, it was obvious that the Corporation were 
taking the rational view that the time was not yet 
pportune for the framing of constructional rules. 
Despite progress in civil aviation, there is as yet 
no sign of any settlement of the best types of 
hulls or engines for future development for 
general or particular classes of service. The pro- 
vision of rules for survey and maintenance and the 
Performance of inspections are to be the limits of 
the work for the immediate future, and only then 
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Airworthiness. When the organisation is more 
fully developed, it will probably prove of great 
value to the builders, purchasers and insurers of 
machines. When reviewing the older side of the 
work of the Corporation, Mr. Clark reported 
that the addition of 177,000 tons of new con- 
struction to the Register in the year 1927 was 
12 per cent. better than the figure for the previous 
year. It was, however, below their normal pro- 
portion of the total shipbuilding output. Prospects 
were in many ways better now, because over 
230,000 tons had been ordered for classification 
during the year, giving a total of 305,000 tons in 
hand at the beginning of the year 1928. There 
was this peculiarity, however, to be faced, that in 
the first two months of this year very few new 
contracts were placed. It was thought, therefore, 
that normal conditions had not yet returned to 
shipping. On the technical side very few changes 
were reported by Mr. Maurice Denny, but the use 
of mild steel of high tensile strength was said to 
have made a good beginning. It was evident that 
the extension of its use at a rapid rate was affected 
by two issues. The first was the necessity for its 
handling to be as easy of accomplishment as that 
of ordinary mild steel. This seemed to have been 
demonstrated, but the second factor was not so 
certainly established. It was, that there must be 
a balance preserved between saving in weight 
and cost of material. An extension of the higher 
limit of tensile strength for boiler shell plates had 
been made. It was now 42 tons per square inch. 
A complete revision had been made of the rules 
for ships and machinery. It was reported that 
the F.K., or Foster King system of construction for 
oil ships was finding fairly extensive use abroad. 


THE DETROIT RIVER SUSPENSION BRIDGE. 


Another large suspension bridge for highway 
traffic is about to be erected in America. This will 
cross the Detroit River between Detroit in Michigan 
and Windsor in Canada. The river will be crossed 
in a single span of 1,850 ft. between the tower centres. 
A minimum headway of 152 ft. is provided at mid- 
span, which is reduced to 135 ft. at the river banks. 
The towers will have a total height of 363 ft. above 
foundation plate level. They are designed to rock 
on the footings, thus providing the necessary 
compensation for temperature changes. The stiffen- 
ing girders will be 36 ft. deep between chord 
centres, and the clear width inside trusses will be 
59 ft. 6 in. Provision is made for a roadway 
47 ft. in clear width and for a pathway 8 ft. 
wide. The project is being financed by a 
private corporation, it having been found impossible 
to get the requisite support from the public 
authorities of the cities immediately concerned. Tolls 
will accordingly be charged for the use of the bridge, 
and an adequate return on the necessarily heavy 
capital expenditure is confidently anticipated. The 
designs for the bridge have been prepared by 
Mr. C. E. Fowler, of 25, Church-street, New York, 
as the result of many years study of the problem 
presented, and of a large variety of alternative types 
of structure. The preliminary investigations made 
showed that the current maps seriously under- 
estimated the width of the river, owing to the fact 
that the Canadian and United State surveys had 
not been tried together. A base-line of about 
2,530 ft. was accordingly laid out on the Canadian 
side and the true width of the river determined by 
triangulation. 


STANDARDISED Fan TESTS. 


It is not many years since certain makers of 
ventilating fans professed themselves as being never 
satisfied with their products unless they attained, 
according to their methods of test, an efficiency of 
some 120 per cent. Such a condition of affairs is a 
sufficient indication of the need for standardising 
tests. It was not, however, till 1922 that the 
Institution of Heating and Ventilating Engineers 
appointed a fan standardisation committee, whose 
report has now been published.* During the five 
years that have elapsed since their appointment 
the committee have held 60 meetings and carried 





* Report ot the Fan Standardisation Committee, 
Institute of Heating and Ventilating Engineers, 12, 
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out a considerable amount of experimental work. 
Their report, which is unanimous, has been very 
carefully considered from every standpoint, and 
may fairly be regarded as a really authoritative 
document. The opening sections of the report 
are devoted to definitions of the component parts 
of the fan and of the quantities measured in tests. 
This is followed by a comprehensive series of notes 
on methods of measuring pressures and velocities. 
The committee have adopted as their standard a 
form of Pitot tube which originated at the N.P.L. 
Full directions are given for determining the average 
speed of flow in large air ducts, and this is followed 
by a series of notes on the conduct of tests. The 
report also includes clauses specifying the tolerances 
to be admitted in tests. These prescribe that the 
terms of a specification shall be considered as 
satisfied if at specified delivery the speed does not 
differ by more than 10 per cent. from that specified, 
and the power absorbed does not differ by more 
than 5 per cent. from the specified power. Alter- 
natively, the volume at specified speed and head 
shall not be less than 90 per cent. of that specified. 








THE ENGINEERING OUTLOOK. 
1X.-—MARINE ENGINEERING. 

Last year, after reviewing the position of the 
marine engineering industry, the conclusion was 
reached that any progress made during 1927 would 
be slow and painful as the industry was not yet in 
sight ‘of prosperity. The same conclusion might 
be repeated to-day for the prospect of 1928. In 
analysing the position of marine engineering, it is 
essential to take into account the shipbuilding 
industry as the two are complementary and inter- 
dependent. Much is heard of the revival in the 
shipbuilding industry ; of the high tonnage launched 
in 1927, and of the good outlook generally. The 
inference might be drawn that marine engineering is 
in an equally happy position, but it really seems, and 
an endeavour will be made to demonstrate, that the 
optimism which is at present fashionable, is not well 
founded, either as related to shipbuilding or marine 
engineering, and is not substantiated by a critical 
examination of the facts. As marine engineering 
may be regarded as subsidiary to shipbuilding, it 
is probably desirable to analyse the position of 
the latter in the first place. 

Tonnage launched in 1927 in Great Britain and 
Ireland amounted to 1,225,873 tons—the highest 
recorded since 1921, when the figure of 1,538,052 
tons attained was not far short of the pre-war 
average. But it is to be noted that the launchings 
of 1927 followed a year of acute industrial unrest, 
during which the tonnage launched was the lowest 
recorded in this country with the exception of the 
one war year of 1916. At the end of 1926, tonnage 
on which work was suspended amounted to about 
100,000 tons, leaving out of account entirely tonnage 
upon which work was not even commenced in the 
early part of the year. All this has been trans- 
ferred to swell the 1927 figures, and in dealing with 
the latter it is desirable that this should be kept 
prominently in mind. A truer figure for 1926 
and 1927 launchings might be obtained by striking 
an average of the two years. This would bring the 
tonnage launched down to 930,000 tons, or excepting 
1923, the lowest recorded in post-war years. If 
we take the figures for 1927 launches as they stand, 
they are not actually so entirely satisfactory as 
they are represented to be. The British figure 
of 1,225,873 tons is 53 per cent. of the world total 
of 2,285,679 tons launched. In 1913, tonnage 
launched in British yards amounted to 58 per cent. 
of the world total. But in carrying out a com- 
parison of this nature, the point of great significance 
which emerges is that foreign countries who used 
to be our customers are now building more in their 
home yards. Denmark, Italy, Japan, Spain, Sweden 
and other countries are, according to Lloyd’s 
Register, all building more now than they did before 
the war, and builders in this country may be forced 
to recognise that these countries, compelled to do so 
during the war, will continue to satisfy their own 
demands to a greater extent. Of the British tonnage 
launched last year—25 per cent. of which it is inter- 
esting to note was tanker tonnage—958,154 tons, 
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of which 45 vessels, of 113,254 gross tonnage, were 
for British Dominions, leaving only 54 vessels of a 
total gross tonnage of 154,465 for foreign customers, 
the chief of whom were the Argentine, France, 
Holland, Norway and Venezuela. 

Tonnage commenced, as revealed in the following 
Table I, jumped to record heights in the first two 
quarters of 1927, and the average for the year was 
very little under the 1913 standard, but tonnage 
under effective construction, that is to say, tonnage 
under construction less tonnage on which work was 
suspended, failed to reach the standard of 1921. 


TABLE I.—Shipbuilding Activity. 





} 
| *Effective Tonnage 














Tonnage 
Year. Commenced { under Construction. 
(000 tons gross). (000 tons gross). 
Sa EES om 

1913 - <a 467 1,890 
1921— 

Ist Qr. ~ 393 3,302 

2nd _,, 69 | 2,795 

3rd sy, an 51 | 2,552 

4th ,, oe 55 | 1,918 
1922— | 

ist Qr... 51 1,619 

2nd ,, be 39 1.439 

3rd _s,, ng 82 | 1,198 

4th ,, ‘ 231 | 1,120 
1923— | 

ist Qr. 355 | 1,311 

2nd ,, 241 1,208 

3rd 112 1,029 

4th 245 | 1,231 
1924— 

Ist’ Qr. | 1,372 

2nd ,, 1,464 

Sed 4s 1,431- 

4th 1,236 
1925 

Ist Qr. 202 1,091 

2nd ,, 189 1,017 

3rd 260 928 

4th 161 7388 
1926— 

Ist Qr. 193 | 763 

znd ,, 168 670 

3rd 68 667 

4th , 152 661 
1927 

Ist Qr. sid 580 | 1,196 

2nd ,, . 437 1,382 

ae - 370 1,528 

4th 377 1,574 


* * Effective” tonnage under construction means—Total 
tonnage under construction, less tonnage on which work was 
suspended. 

It must always be kept in mind that the very 
adverse figures of 1926 discount, in some measure, 
those shown for 1927. Even so, it is clear that 
shipbuilders will be fairly well employed for the 
major part of this year in working off the contracts 
on hand, but beyond this the situation is less hopeful. 
There is already a pronounced falling off in enquiries 
for new tonnage, and it seems quite probable that 
the end of 1928 will see the shipbuilding industry 
no more, if not less, busy than now. 

The marine engineer’s interest in a ship is not 
of such long duration as that of the shipbuilder, 
and therefore in the absence of contracts ahead, 
the outlook is not so good. As a measure of the 
activity of marine engineering, employment statis- 
tics may be utilised with a considerable degree of 
reliance. ‘T'wo sets of figures are available ; firstly, 
those obtained from an investigation by sample of 
the principal marine engineers in the large marine 
districts, and secondly, those published by the 
Ministry of Labour. 


TABLE II.—Employment in Marine Engineering. 





| | 
Number Employed. | Index 1914 = 100. 


| 


| 
1914... m 18,048 100 


1920... a ost 20,565 115-9 
1923— | 

ist Half year 7,980 | 44-2 

2nd | *,258 | 40-2 
1924— 

lst Half year .. 9 547 | 52-9 

2nd _s,, os] 11,155 61-8 
1925— | 

ist Half year 11,023 61-1 

oad Sl, 9,279 51-4 
1926-— | 

Ist Half year... 8,931 49-5 

2nd_sSC(i,, va 7,997 44°38 
1927--- | 

Ist Half year .. 10,388 57-6 

Sandys oot 2,540 69-5 





Table II shows a decided improvement in employ- 
ment during the year 1927, but it is still regrettably 
below the 1914 and the 1920 levels. The employ- 


ment figure recorded for the second half of the year 
The Ministry of Labour 


is the best since 1920. 





statistics contained in Table III relate only to one 
day in the respective years, and therefore cannot 
be critically compared with the foregoing sample, 
but on general lines they will be found to confirm 
the fluctuations shown. 


Taste IIL.—National Unemployment Insurance 
Statistics, Marine Engineering. 


| | 





| 
Number | Number 


a, | Number 
Date. | Unemployed.! Employed. 


Insured. 











July 23, 1923 66,870 14,844 
» 28, 1924 66,110 10,751 
| » 24, 1925 2 
| 9» wis 2026 58,370 16,774 | 41,596 
| 3 «625, 1927 57,130 


! 
l 
| 
61.720 | 13,450 
| 


7,514 | 49,616 





One noteworthy feature in this table is the 
steady reduction in the number of men insured, 
which indicates the decline in the man power 
requirements of the industry in view of its present 
circumstances. The number unemployed was very 
much less in July, 1927, than in July, 1925, but 
|there is no great difference between the numbers 
|employed in the two years. An industry in which 
| intensified mechanisation is not yet established and 
| in which it probably never will be established due 
| to the difficulty, if not impossibility, of standardisa- 
ition of production, can hardly be described as 
| healthy, when the number of workpeople identified 
| with it continues to decline for a period extending 
| over five years. 
| As was to be expected, the exportation of marine 
engines in 1927 was better than in 1926, but there is 
still much room for improvement in this direction. 
This item is probably considerably influenced at the 
present time by the rivalry between steam turbines 
and internal combustion engines. 








TABLE IV.—United Kingdom Exports of Marine Engines. 





| Volume. | Value in 


| | Value per ton. 
Tons. | £,000 £ 








| | 
‘ | | 3 

1919 a | 506 
1920 af | | 6,909 
1921 i | 8,389 
1922 a 8,974 
1923 et | 
1924 aa } 
1925 = | 
1926 Al 
1927 aa 25,350 | 1,900 








It is not proposed to enter here into a controversy 
on the merits or demerits of these respective methods 
of propulsion, but it is of interest to note the obser- 
vations of Lloyd’s Register of Shipping. During 
1927, there were, according to Lloyd’s, 13 vessels 
with a total tonnage of 137,628 tons launched which 
will be fitted with steam turbines. The average 
tonnage of these vessels reaches the figure of 
10,587. One of the ships, a vessel of 18,724 tons, 
has a combination of steam turbines and recipro- 
cating engines. In 1919, the tonnage of internal 
combustion-engined vessels launched was 32,936 
tons; in 1925, it amounted to 267,217 tons, and, in 
1926, it came to 201,913 tons. During the year 1927, 
80 motorships were launched with a total tonnage 
of 355,779 tons, which equals 41-1 per cent. of the 
|steam tonnage launched. The largest motorship 
| launched was one of 16,000 tons, and of 52 vessels 
| of 6,000 tons and over, launched in 1927, 29 are to 
|to be fitted with oil engines. The expansion in 
the use of oil engines is thus clearly indicated at this 
|stage. This country can hardly be regarded as the 
home of the marine internal combustion engine, 
|and therefore our exports may be affected in that 
respect—temporarily at least. 

Freight rates taken on an average over the year 
| were very little below the 1926 level and slightly 
/above 1925. Idle tonnage is still considerable, and 
at January 1, 1928, was slightly greater than on 
January 1, 1927, although as regards actual numbers 
| of ships, the average has throughout 1927 been very 
much lower than that to which we have been 
accustomed for some years past. The outlook for 
the shipping industry is certainly somewhat brighter, 
and this in time should react favourably to the 
shipbuilder and marine engineer so far as contracts 
go, but it does not follow that these contracts are 
remunerative. In point of fact, contracts are taken 
at the very minimum price, leaving no margin for 
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profit. It would probably not be incorrect to say 
that had it not been for the importation of cheap 
continental steel, the apparent progress made by 
the shipbuilding and marine industries last year 
would not have been possible. If many more 
contracts are placed under the same circumstances, 
there seems little prospect of marine engineers 
being prosperous. The reduction in the cruiser 
programme—welcome relief though it be in some 
respects—can hardly be a matter for joy on the part 
of British shipbuilding and marine engineers. 

The general conclusion to be reached from a 
survey of all the factors seems to be that the industry 
can hardly look forward to prosperity. In fact, it 
must be counted as progress if the position achieved 
in 1927 is maintained by the end of 1928, for on the 
basis of data at present available this seems 
improbable. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Prior to the general meeting of the Institution of 
Mechanical Engineers on Friday, March 16, at 
Storey’s-gate. Westminster, S.W.1, the unveiling 
ceremony took place of the George Stephenson Memo- 
rial presented by the Railwaymen of the Argentine 
Republic. This memorial, consisting of a large 
bronze plaque mounted on a marble slab, com- 
memorates the centenary of the opening of the 
Stockton and Darlington Railway, which was cele- 
brated on September 27, 1925. As the memorial, 
which was designed by an Argentine sculptor and 
cast in an Argentine foundry, was presented through 
the Government of that country, the unveiling was 
performed by His Excellency Senior Don J. Evaristo 
Uriburu, the Argentine Ambassador, who referred to 
the advances made in transportation since the open- 
ing of the first Argentine Railway in 1857, there being 
now some 45,000 kilometres of railway in use and 
under construction in that country. To railway 
development all over the world British mechanical 
engineers, he said, had largely contributed. A 
shield given by the Argentine Society of Inventors 
was also presented. The Ambassador was intro- 
duced by the President of the Institution, 
Mr. Richard W. Allen, who was supported by the 
Very Rev. W. Foxley Norris, Dean of Westminster. 
and His Worship Mr. Jacques Abady, Mayor of 
Westminster, in addition to a number of Vice- 
Presidents and Members of Council. 


Rattway WorksHor REORGANISATION. 


Members assembled at the usual hour for the 
general meeting, under the chairmanship of the 
President. The Mayor of Westminster, who was 
formerly a member of the Institution, was present, 
and was cordially received. The President expressed 
his regret that sickness had prevented his attendance 
at the annual general meeting, and also his appreci- 
ation of Sir Henry Fowler’s remarks made at that 
meeting. After the customary formal business had 
been transacted the President stated that Mr. H. I. 
Brackenbury has resigned his seat on the Council. 
Mr. R. W. Reid had been appointed to the vacancy, 
which he would hold until the next annual general 
meeting, after which he would be eligible for re- 
election. Captain H. P. M. Beames then read a 
paper entitled ‘‘ The Reorganisation of Crewe Loco- 
motive Works.” This we reprint on page 362 of 
this issue. ; 

The discussion was opened by Sir J. A. F. 
Aspinall, who, in referring to his own early exper!- 
ences at Crewe under Mr. Webb, at that time loco- 
motive superintendent of the London and North 
Western Railway, said that, efficient as the shops 
were then, expansion had become imperative. and 
he understood that the recent extensions had well 
repaid the capital expended on them, and had re- 
sulted in even greater savings than were anticipated. 
The function of a large railway works was to repair 
locomotives, and not to build them. though the 
latter was done incidentally, as the accumulation 
of parts required for repairs enabled complete 
machines to be rapidly put together. Asan example 
of the relative volume of repair and new locomotive 
work, it might be stated that the London, Midland 
and Scottish Railway had roughly 10,000 locomo- 


tives. If these needed repairs only once in two 
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years that meant 5,000 locomotives per year going 

through the various shops of the company. Assuming 
that the company had to renew its stock, and taking 
the average life of a locomotive as 33 years, 330 
new engines would be required per year. The con- 
struction of these was a relatively small task com- 
pared with that of taking to pieces and putting 
together again the 5,000 locomotives repaired. 

He considered that, great as had been the addi- 
tions to the machinery at Crewe, a locomotive 
testing plant was still needed, and would be worth 
installing, seeing that 10,000 engines were con- 
cerned. With a trained staff of experimenters it 
was possible to observe on a plant an immense 
number of details which could not be watched on 
the road. The Great Western Railway had such a 
plant, and he would draw attention to the mass 
of information available on the results obtained 
from the well known testing plant of the Penn- 
svlvania Railroad. The reports of the London, 
Midland and Scottish Railway for 1927, showed 
that about 5,000,000/. had been spent on repairs 
and renewals, and an equal sum on fuel. The 
London and North Eastern Railway had spent 
4,000,0007. on locomotive repairs and renewals and 
almost the same on fuel. He submitted that such 
an outlay of 10,000,000/. justified the expense of a 
locomotive testing plant, as even a small percentage 
of this amount, which might be saved as a result 
of researches with the plant, would effect a very 
great economy. 

Mr. Francis Carnegie, following, thought that it 
would have been of advantage to engineers generally 
if the author had given some figures as to the actual 
savings obtained by the reorganisation. It would 
be interesting to know how many years it would 
take for these savings to recover the capital cost 
of the alterations and additions, taking into con- 
sideration the facts that under the new conditions 
the production costs and overhead and depreciation 
charges would be heavier. He thought that the 
generation of electricity on the site would have 
been cheaper than purchase from a public authority, 
and cheaper steam would have been obtained for 
steam heating and process work. He had found 
this to be so in the organisation with which he 
was connected. On the subject of progressive 
building, it seemed to him essential for the boilers 
to be put on wheeled trolleys. Otherwise it would 
be more advantageous to move the men rather than 
the heavy material. 

Many engineers would doubt whether it paid to 
replace plain bearings by ball or roller bearings 
in existing works. He had had many difficulties 
with broken roller and. ball bearings and damaged 
shafting some twenty-five years ago when he had 
done this, and the result was discouraging. How- 
ever, experience with new developments since 1912, 
had shown that these could now be fitted to run 
without trouble. Such bearings had an increased 
mechanical efficiency over plain bearings of about 
30 per cent. In a new plant the use of ball bearings 
was, he believed, justified, though, as they cost about 
twice as much as ball bearings, there were other than 
the mechanical considerations to take into account. 
In existing plant there was the difficulty caused 
by taking down the shafting for fitting the bearings 
for one thing; if split ball or roller bearings could 
be obtained the change might then be made with 
more certainty of it paying. 

Reference had been made to carbon-steel tools 
with tips of high-speed steel; up to what size of 
tool had the author found these tips effective and 
durable » With regard to the use of concrete paths 
for the electric trucks when the flooring was of 
wood, he had tried something similar in his own 
shops, but under heavy loads the concrete broke up. 
Calculations he had made for the method adopted 
of heating the shops showed that the heat loss from 
the roof was 75 per cent. of the total heat of the 
steam. He had control of a shop, in size and con- 
struction similar to the large shops shown in the 
paper, heated by a floor-level system, and had 
calculated that he saved at least 30 per cent. of the 
‘mount of steam it would require if heated by the 
overhead method described in the paper. With 
regard to the system of working to time at each 
‘tage of the work, and bearing in mind the large 
humber of spare parts which were required, it would 
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be interesting to know how the pre-arranged times 
were kept if, say, a casting was not available when 
it ought to be. 

Sir Henry Fowler emphasised the fact that 
internal efficiency in the workshops became in- 
creasingly important as possibilities of extension 
diminished. At Crewe, one boundary was a street ; 
other works on various railways were similarly 
handicapped, and it was necessary to improve the 
working of the shops, if only to utilise the space 
they had more advantageously. The new erecting 
shop was a departure from the old Crewe type with 
two bays and an arcade. The old shops were about 
42 ft. wide, the new ones over 60 ft. The arrange- 
ment was longitudinal, and there was a considerable 
amount of floor space apart from that occupied by 
the pits themselves. The floor was not used as a 
store, but was free for working on. Mr. Carnegie 
had raised the question of the recovery of the 
capital expenditure. This might be illustrated by 
comparing the annual reports of the London Mid- 
land and Scottish Railway Company for 1926 and 
1927. There were from 400 to 500 more locomotives 
in service in the latter year, which was indicative 
of the efforts made towards efficiency with regard 
to engines under or awaiting repair. 

Mr. F. A. Lemon said one or two questions had 
been raised regarding output. Engines standing 
waiting had been reduced from 13-2 to 7-02 per 
cent. This indicated that with the stock of 3,700 
engines maintained at Crewe, a considerably 
increased efficiency had been reached. When the 
processing system was being considered, the men 
were consulted, representatives of the workshop 
committee and others being called in. The piece- 
work system was not possible as there was no basis 
to work on. The situation was explained, and the 
net result was that the first engine tried on the belt 
system was turned out with a reduction of 13-7 man- 
hours, and five minutes before its scheduled time. 
Subsequent improvements enabled the allowance 
made to the men to be raised from the 33} per cent. 
originally agreed upon, to 50 per cent., a figure 
which was now being maintained. The spirit of the 
men was very good ; all worked so as to ensure that 
no interruption occurred to the belt, as it was called. 

Mr. F. E. Robinson asked what method was used 
for locating the posts employed to determine the 
position of the hornblocks on the erecting girders. 
Were dowels employed, and had steps been taken to 
see that, where the posts were bedded on the girders, 
they would not be affected by ordinary wear and 
tear ? Were there hardened steel inserts, so that 
the posts were perfectly square? He also wished 
to enquire whether any special types of machines 
were employed in the production of the templates 
and jigs used. If reliance was placed on drilling 
and milling machines, what method of checking 
was employed to ensure the jigs being always to 
standard dimensions ? As to mechanical boshes, he 
desired to know whether the method of washing 
was by means of an automatic washing machine 
where a conveyor was used, such as that employed 
by the London General Omnibus Company, or 
whether they were simply boshes in which the wash- 
ing liquid was circulated mechanically ? If a wash- 
ing machine was employed, was caustic soda or other 
material used? His own experience of washing 
machines with conveyors was that a strong mixture 
of caustic soda and very fine sand was an admirable 
agent for removing all dirt, provided means of 
rinsing were arranged for in a following chamber. 

On the question of processing, he had found consi- 
derable advantage in laying out works by the use 
of small lead models of the various machines, 
made to scale. When these were arranged on 
paper it was easy to utilise the floor space to the 
best advantage, particularly with regard to gang- 
ways, head-room, and routeing. Lines were traced 
on the paper round the models, the numbers of the 
machines added, and the plan was then sent to the 
millwrights responsible for the erection, the centre 
lines of any countershafts being also indicated. 

Lieut.-Colonel E. Kitson Clark enquired as to the 
location of the weighing machine for the finished 
locomotives, and also what arrangements were 
made for the collection and disposal of the swarf ? 
He thought the question of the heating of large 
shops rarely received sufficient attention. He had 
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adopted the principle of floor heating by small 
pipes many years ago, but owing to the quality 
of pipes employed, the joints had proved leaky and 
the system had been troublesome. Were the glass 
roofs painted in any way to avoid excessive glare 
in summer? Another point which was often 
neglected was the disposal of the workmen’s outdoor 
clothing. Were any arrangements made for this 
in the new shop? He had been unable to locate 
the boiler shop in the plan given in the paper, and it 
would be interesting to know the actual length of 
travel of the details through the shop. He agreed 
that the position of the erecting shop at the end of 
the works was correct. His own shop was in the 
middle of the works in accordance with the older 
ideas on the subject, but it had proved inconvenient. 

Mr. S. J. Symes said that the whole lay-out of 
the works seemed to be to process the material 
from shop to shop, and through them with as little 
movement and labour as possible, and that a time 
had been fixed for the various operations, in accor- 
dance with modern ideas in manufacturing shops. 
This system had been adopted by Mr. Cecil Paget 
over twenty years ago at the Midland Railway 
Works at Derby. When an engine came in for 
repairs it was stripped and the boiler taken off; the 
frames were examined and then sent outside on 
the leading and trailing wheels, while all the work in 
connection with repairs to the boiler, motion, boxes, 
wheels, &c., was put on a time basis. The boiler 
was the governing factor as it usually took the 
longest to repair. Seven days before the boiler 
was finished, an advice was sent to the erecting 
shop which then worked on a schedule giving the 
exact date on which each part was required, special 
gangs of men being employed on the different jobs. 

The number of engines allocated to the shop was 
60 at that time, and Mr. Paget fixed the output at 
20 per week. The shops at Derby were old and were 
not laid out as at Crewe. The present system was 
a modification of that introduced by Mr. Paget. 
There were three bays in the erecting shop and 13 
engines were dealt with in each bay, which meant 
an output of eight engines per week each when 
working on repairs. If all were so employed, the 
total output was 24 engines per week. Each bay 
had two roads, and was divided longitudinally 
into three sections. On reaching the shop, the 
engines were stripped and put on the first section, 
which was a frame section. In the second section 
the boilers were fitted, cabs and splashers put on, 
&e. In the third section, the motion and wheels 
were put in and the engine finished. Four engines 
were moved on and off each section every three days, 
different times being adopted for each bay to make 
the output more continuous. 

Mr. R. E. L. Maunsell said he would confine himself 
to one or two questions. How were the parts stripped 
from the engines collected and distributed to the 
responsible shops, and how were the departmental 
foremen advised with regard to the date on which 
they were required back in the erecting shop? 
Apparently the boilers were taken out of the frames 
in every one of the repairs. His own experience 
was that in many instances the boiler was in a 
sufficiently good state of repair and did not need to 
be removed from the frames. Further, were the 
following items mentioned in the paper essential in 
every general repair ?—taking out drag-boxes, frame 
welding, welding cracks in cylinders, removing and 
refitting steam chest liners, and hornblocks. If so, 
it did not agree with his experience of repair work. 
If such parts as these did not need attention 
or the boiler did not have to be taken out, it 
would upset the time required for the different 
stages. How was unused time filled in? Again, 
how was extra time allowed for, when, say, a new 
pair of cylinders had to be fitted ? 

Returning to the question of the boiler, it was 
taken out in stages 1 or 2, and had to be replaced 
four days later. Boiler repairs might involve a new 
set of tubes, a new firebox, a new tube plate. It 
seemed hardly possible to effect these repairs in the 
time allowed. It might be that the 6 per cent. of 
spare boilers provided would cover these cases, 
but he thought they would hardly cover a succession 
of heavy repairs. No reference had been made to 
testing boilers. Were the boilers tested in the boiler 





repair shop, or in the new erecting shop? If the 
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latter, that seemed to be an additional operation 
not provided for. Evidently the tests were carried 
out with spare mountings, but he would like further 
information on the whole question of testing. 

The President then said that he had, with regret, 
to ask Captain Beames to reply to the discussion 
in writing. There would be an informal meeting 
on Friday, March 23, at 7 p.m., when the subject 
of thé “‘ Mechanical Handling of Goods ” would be 
introduced by Mr. J. H. Walker. In the Graduates’ 
Section, the annual lecture would be delivered at 
6.30 p.m. on Monday, March 26, and would be 
on “The Trend of Modern Steam Locomotive 
Design,’ by Mr. R. E. L. Maunsell, C.B.E. On 
Friday, March 30, there would be an informal 
meeting at 7 p.m., when Mr. J. L. Hodgson would 
introduce the subject of “‘ The Problem of Utilising 
the Earth’s Internal Heat.” The next general 
meeting would be held on Friday, April 20, at 
6 p.m., when a paper on “Causes of Failure of 
Wrought Jron Chains and Cables,” by Dr. H. J. 
Gough and Mr. A. J. Murphy, would be read and 
discussed ; and the Third Report of the Wire Ropes 
Research Committee would be presented. 








THE TRANSFORMATION OF MATTER. 


In opening, on Saturday last, at the Royal 
Institution, the second lecture of his course on the 
above subject, Sir Ernest Rutherford, F.R.S., said 
that, at the end of his previous lecture, he had shown 
that though the emanation from thorium or radium 
might be present only in minute unweighable 
quantity, it was nevertheless possible to prove that 
it was a condensable gas liquefying at atmospheric 
pressure, when the temperature was sufficiently 
reduced by means of liquid air. It had also been 
possible to show that these emanations belonged 
to the inert gases, being characterised by an absence 
of chemical properties. Having proved this in 
1900, the next question that cropped up was what 
was the substance from which the emanation arose ? 
Did it come directly from the thorium or from 
something else? He had examined this problem 
in conjunction with Mr. Soddy. They dissolved 
thorium nitrate in water, and then, by the addition 
of ammonia, precipitated the thorium as hydroxide. 
It was then found that the precipitate did not yield 
the emanation, but that this came from a very 
minute quantity of something which remained in 
solution. This unknown body they named thorium 
X. This element belonged to the barium group of 
chemicals, and was in fact an isotope of radium, 
being chemically identical therewith, but having 
quite different radioactive properties. On evapo- 
rating the solution of thorium X, a solid deposit of 
this body could be obtained on platinum foil. It 
had, as stated, chemical properties analogous to 
those of barium, whilst the emanation derived from 
it was an inert gas. It was the extraordinary fact 
that the former produced the latter which led them 
to formulate the theory that radioactivity was due 
to the breaking up and transformation of atoms. 
All these radioactive bodies were thus non-per- 
manent, but the length of life had a very wide range 
of values. The activity of the thorium emanation 
fell to half value in 54 seconds, whilst the corre- 
sponding figure for the actinium emanation was 
3-9 seconds. The radium emanation was very 
much more stable, its activity falling to half value 
in 3-8 days. In the case of some other radioactive 
substances, the corresponding figure had to be 
measured in thousands or millions of years, whilst 
at the other extreme, the radioactivity of actinium A 
fell away to half value in ..,, second. 

In all cases, however, the activity died away 
exponentially as the time increased. Thus, if it 
fell to half value in one day, the value at the end 
of two days would be one-quarter of the original 
intensity, whilst in three days it would be only 
one-eighth, and so on. Hence, taking as unit of 
time the period in which the activity fell to half 
value, there would be no appreciable activity left 
after the lapse of, say, 10 or 20 such units. The 
physical explanation of this law of decay was that 
the number of atoms of a radioactive element in 
the act of breaking up was always a definite fraction 
of the total number of the atoms of the element then 


in existence. The slower the rate of transformation, 
the greater the stability of the radioactive element. 

In the experiments which led to the discovery of 
thorium X, it was further found that the precipitated 
hydroxide of thorium gave fresh quantities of the 
thorium X, as time went on, and at the end of a 
month the normal proportion was present. Thus, in 
all radioactive processes, we had the disappearance 
of atoms of one element and the generation of atoms 
of another element. The whole process could be 
expressed mathematically. Thus, suppose that at 
any instant we had a series of three elements, each 
derived from its predecessor by a radioactive 
transformation, then, if at any given instant the 
number of atoms of the first was P, of the second, 
Q, and of the third R, the proportions existing at 
any future time were completely determined by the 
three equations :— 


bP . =o ee ie 
— MP; = =d1P—2Q; = A2Q — AsR. 


ét 
In these expressions the constants A were defined 
by the condition that the time taken to transform 


second. 





one-half of a radioactive body was oes 
These relationships could also be expressed by curves.* 

In the experiments on the thorium emanation made 
in conjunction with Soddy, it had been found that 
all surfaces exposed to this gas became radioactive, 
but the period of decay was entirely different from 
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that of the emanation. It turned out, in fact, that 
the emanation, on its disintegration, was transformed 
into a solid which deposited on surfaces exposed 
to it. Although the amount present of this new 
element might be only 10-4 gramme, it showed 
strong radioactive properties. The emanation gave 
rise to thorium A, and this to thorium B. The 
latter, although it lost an « particle, and was thus 
negatively charged at the outset, had been found 
to deposit itself by preference on a negatively 
charged plate. The explanation was that when the 
atom of thorium A broke up, it recoiled through the 
gas with a velocity sufficient to produce ionisation. 
In these active encounters, the atom of thorium B 
(which was the residue of thorium A) commonly 
had not only its surplus negative charges torn from 
it but also an additional electron. It thus became 
positively electrified. 

Similar active deposits were obtained on plates 
exposed to radium emanation. The deposit on the 
plates was far too small to provide a layer even 
one molecule thick. It might, however, be expected 
that the deposited molecules would be uniformly 
scattered over the plate, the charged atoms sticking 
to the metal wherever they chanced to alight. It 
turned out, however, that they always collected 
into aggregates, each containing some 10° to 108 
atoms. It was these aggregates which were respon- 
sible for ** radio contamination,” since they adhered 
so lightly to the plate that a strong blast of air 
might dislodge them and carry them bodily to 
considerable distances. : 

The formation of these aggregates would seem to 
be due to the deposit being able to move over the 
plate almost like a layer of liquid. Apparently, 








* See ENGINEERING, March 17, 1922, pages 331 and 332. 


the atoms of the deposit had a greater attraction for 
each other than for the surface of the plate on which 
they alighted. This matter had been studied by 
Mdlle. Chamie, who obtained the deposit on a sheet 
of mica and then placed this in contact with a 
photographic plate. On development the result 
shown in Fig. 3 was obtained, which was magnified 
from the original to the scale of 300 to 1. Here it 
would be seen that the plate was darkened in 
patches, and not uniformly. In another experiment, 
the deposit was made directly on the photographic 
plate, with similar results. In further experiments, 
Mdile. Chamie had obtained the deposit on silver 
foil and then dissolved the whole in mercury. She 
then found that the aggregates seemed to persist in 
the mercury, but in this case it was possible that we 
had here merely a colloidal solution of the deposit. 
In ordinary solutions, the particles dissolved existed 
either as atoms or as molecules, but in colloidal 
solutions they were aggregates having a radius 
equal to 100 to 1,000 times that of an atom. 

In spite of the extremely minute quantity of the 
deposits obtained, it was easy to determine their 
chemical and physical properties, making use of 
their electrical effects as indicators. Thus the 
deposit on a platinum plate was not dissolved off 
by water, but was by hydrochloric acid. If, how- 
ever, the plate were first exposed to an atmosphere of 
chlorine, so as to convert the deposit (an isotope of 
lead) to the chloride, it could be dissolved off in 
water. It could, moreover, be volatilised, and 
driven off the plate, by subjecting the latter to a 
high temperature, but for the success of this experi- 
ment it was necessary to conduct the operation in 
an atmosphere of hydrogen so as to avoid oxidation. 








AGRICULTURE IN MancHuriA.—That agriculture has 
made remarkable progress in Manchuria during recent 
years is evidenced by statistics published recently by 
the authorities of the Chinese Eastern Railway. The 
grain stocks carried by the railway have steadily increased 
from 1,549,000 tons in 1923 to 3,355,000 tons in 1926. 
The actual harvest amounts are, it is stated, difficult to 
determine ; the estimated figures are, however, 8,360,000 
tons in 1923, 9,720,000 tons in 1924, 10,400,000 tons in 
1925, and 11,030,000 tons in 1926. 





CHART OF IRON AND STEEL Prices.—The eighth annual 
issue of their chart of iron and steel prices, from 1914 to 
1928, has reached us from Messrs. W. Richards and Sons, 
Limited, Britannia Foundry, Middlesbrough. The chart, 
which depicts, in graphical form, the fluctuations in the 
prices of iron rivets, ship castings, bar iron and pig-iron 
(No. 3 g.m.b.), and also of steel sections, ship plates, and 
rails, is well and neatly printed in several colours. Space 
is left in order that the chart may be completed to the 
end of 1928. 





Sarety Posters.—We have received a number of 
accident-prevention posters, together with explanatory 
literature, from the Accident Prevention Department, 
National Employers’ Mutual General Insurance Associa- 
tion, Limited, Brown’s-buildings, St. Mary Axe, London, 
E.C.3._ The posters are designed to make workmen 
more thoughtful, and to arouse their imagination. They 
remind men always to be careful, indicate how to carry 
out work with safety, and give warning of the tragic 
consequences of taking chances, 

LIGHTNING PROTECTION oF Oi ReEsERVoIRS.—The 
need for protecting large oil-storage reservoirs from 
lightning has been recognised for some time, and was 
emphasised by the number of disastrous oil fires which 
broke out in California during 1926, At the request 
of the oil companies, Mr. F. W. Peek made a series of tests 
with model oil reservoirs, on the basis that there is a risk 
both from induced voltages and direct strokes, As a 
result, he recommended the use of all-metal tanks, 
the walls of which must be sufficiently thick to provide 
ample conduction of currents from direct strokes and 
in good contact at all points to prevent sparking. Where 
the reservoir could not be made of metal, the use of 
conducting poles, in combination with a well-banded 
metal roof or wire cage, to which all neighbouring 
metal should be connected was suggested. By replacing 
the air in the space above the oil by an inert gas, an 
additional protection against secondary discharges 1s 
provided. In an article by Mr. J. T. Lusignan in the 
Electrical World of October 15, 1927, it is stated that this 
system has been adopted in California by the Shell, 
Associated and Union Oil companies. The effective 
height of the poles is 136 ft. The cage is 14 ft. above the 
surface of the reservoir and is connected to an earth 
wire buried in a trench round the reservoir. Another 
system of protection, which has been developed by Mr. 
J. M. Cage, of Los Angeles, is based on the principle of 
equalising the charge between the cloud and earth as 
rapidly as it is formed. Horizontal wires, provided with 
barbs, are used, and are stretched so that they are as 
nearly level as possible. They are carried on steel 
towers from 80 to 95 ft. high, and spaced from 300 to 
400 ft. apart. At each tower an earth connection is made 








to water-bearing strata. 
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NOTES ON NEW BOOKS. 


Books dealing with the details of manufactures or 
processes are not perhaps too numerous. Experts 
competent to deal with such matters but infrequently 
address themselves to the writing of books, though 
this is sometimes done to good purpose, as in the 
case of Mr. H. L. Childe’s Concrete Products, issued by 
Concrete Publications, Limited, price 5s. net. This 
book treats of pre-cast items in concrete with a 
wealth of detail clearly presented and well illustrated. 
Troubles incident to this class of work and the require- 
ments of sound work are treated at length. The author 
is very keen upon the question of water-ratio, and its 
effect upon strength, workability, solidity and finish, 
but a reference to the recommendations of Professor 
Abrams with respect to water quantities leaves an 
element of uncertainty, as it is not made clear that the 
quantities given in gallons for particular mixes relate, in 
fact, to the United States value of this measure, which 
is but five-sixths of the British gallon. Readers of the 
book should note this. Surface treatment of concrete 
work receives much attention, with the aid of coloured 
plates, and favours the hope that pleasing results may yet 
be attained in this respect with concrete work generally. 
Curing under various conditions of exposure has ade- 
quate attention ; the particulars relating to curing in 
hot water are of much interest. The preparation of 
moulds—a valuable section—is dealt with in great 
detail. To those who are already experienced in the 
class of work considered, this book will be of interest, 
while to those who seek information it should be of 
much service. 





When an electrical pocket book approaches its 
twenty-second edition, it is easy to realise that the most 
difficult task of its editors is to decide what to retain 
of the old and what to add of the new. Judging by 
results, Mr. W. R. Cooper and Mr. Rollo Appleyard, 
who supervised the production of the latest issue of 
Munro and Jamieson’s Pocket Book of Electrical Rules 
and Tables, have acquitted themselves well. While 
much old matter, especially on submarine telegraphy, 
still appears, the chapters on automatic telephony, 
electrons, transformer engineering, and synchronous 
and asynchronous machines show a praiseworthy up- 
to-dateness. The editors have been ably seconded by 
a staff of expert contributors, and have not been 
unsuccessful in keeping the enthusiasms of the latter 
within bounds, so that a satisfactory degree of balance 
is obtained. Considering the advances that have been 
made in the use of electric furnaces, the section on 
electro-metallurgy is a little meagre, while there should 
surely have been some mention of the application of 
electrically-generated heat in industry, since welding 
by this means is becoming of increasing importance. 
There are, moreover, many other ways in which electric 
heating is used, which should not be neglected. The 
section on wireless telegraphy and telephony is informa- 
tive, though it might have been given a more practical 
bias. The publishers, Messrs. Charles Griffin and 
Company, Limited, are to be congratulated on realising 
that if this book is to be of any value at all, it must be 
used, and on selecting the paper and type accordingly. 
They must, however, revise the table of contents. It 
contains several inaccuracies. The price is 18s. net. 





The great activity displayed by Germany in aeroplane 
and seaplane construction, and the great interest shown 
in that country in this comparatively new industry, 
are evidenced by the re-issue in pamphlet form, since 
1924, by the Deutsche Motor-Zeitschrift, Dresden, 
of views and particulars of the various types of 
German Aircraft. We have recently received the 1927 
issue of this pamphlet. It is entitled Deutsche 
Kraftfahrzeug-Typenschau, Ausgabe 1: Luftfahrzeuge 
und Luftfahrzeugmotoren. It is edited by C. W. 
Erich Meyer, and is issued by the above named journal, 
at the price of 2 marks. The types, which are each 
illustrated by a view accompanied by the principal 
dimensions and characteristic features, are the follow- 
ing :—Three Albatros machines, two Arado, a Flamingo, 
three Caspar, three Dornier, three Focke, seven Heinkel, 
eleven Junkers, one Klemm-Daimler, two Messerschmitt 
_ Raab-Katzenstein and two Rohrbach machines. 
Many of the types dealt with, which include aeroplanes 
and seaplanes for practically all purposes, are metallic 


throughout. The information given includes general 
tee renting wings, body, propeller, rudders, loca- 
ne Sig engines, main dimensions, areas and weights, 

Sconcerning the engine, method of cooling and 


re supply, location of fuel tanks, radius of action, 
cA se tion of the pamphlet gives views and 
_ part iculars of German aeroplane engines, the 
the Bare being those dealt with :—Two engines of 
eck ayeris he Motoren Werke (B.M.W.), three Junkers 
— two Mercedes-Benz engines, and three Siemens 
gear these three latter being of the radial type. 
hes Principal dimensions and characteristic features of 

engine are given under the corresponding view. 
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We may here mention that the pamphlet, marked II, 
issued by the same journal, covers omnibuses, lorries 
and tractors, whilst the one marked III applies to 
motor cars and cycles. 





To draw a line of demarcation between the history of 
science and the history of science teaching, seems to 
require to distinguish between self-teaching and training. 
That is difficult, even now, and was very difficult in 
classical and medieval days, even if limited to one 
country, as in the History of Science Teaching in Eng- 
land (London: Chapman and Hall, Limited, price 
7s. 6d. net), by Miss D. M. Turner, M.A., B.Sc., head of 
the science department of Wycombe Abbey School. 
Miss Turner wishes to outline the growth of the scien 
tific spirit in England, and the relation of that growth 
to the development of a system of education into 
which the teaching of science gradually became in- 
corporated—very slowly and hardly before the second 
half of the nineteenth century, one might say. She 
connects the dawn of the scientific spirit in England 
naturally with the rise of the universities, on the Con- 
tinent and soon afterwards over here, and with the 
name of Roger Bacon. The church did not encourage 
the Aristotelian spirit, and when a second awakening 
followed, with and after the Reformation, especially in 
the seventeenth century, and the Royal Society and 
other learned bodies were founded, the teaching of 
science was for the privileged and by a few eminent 
men. To a certain extent, that will always be so. Just 
at present Cambridge, Copenhagen and Gdéttingen, 
to quote a few examples, owe their leading positions to 
the personal influence of their great teachers, but 
scientific methods and study, the laboratory and 
the science lecture, have been introduced into general 
school training. Science is no longer so infallible 
and superior as it was in its days of gross ignorance 
and later, when we appeared, by systematic experi- 
menting, really to be approaching something like the 
limits of human knowledge. There is much of interest 
in Miss Turner’s outline of the development of science 
teaching in universities and schools. She does not omit 
to dwell upon the influence exercised by bodies like 
the Royal Institution and the British Association ; she 
gives dates, and her standpoint seems to be sound. 


Written mainly for engineers who specialise in mining, 
‘** Motive Power Engineering,” by Mr. H. C. Harris (Sir 
Isaac Pitman and Sons, Limited, 10s. 6d. net) should 
be found useful by mechanical engineers, and especially 
those in charge of power plants. It is stated on the 
cover that the three main types of power-producing 
plant are dealt with fully, viz., steam engines and 
turbines, internal-combustion engines, and water 
turbines, but no mention whatever of the latter type 
is to be found in the book. There is ample scope for 
a work of this character, which includes information on 
such matters as feed-water treatment and softening 
plants, forced draught, air preheaters, pulverised-fuel 
firing, super-pressure steam, condensers and cooling 
towers, steam-jet air pumps, &c., not usually found in 
students’ text-books. Speaking generally, the book is 
well written, and the numerous examples for practice 
have been well chosen. In some cases, however, it is 
to be feared that the author does not succeed in making 
himself perfectly clear. For instance, on page 74, it 
is stated that the coking stoker is of a type in which the 
fuel is deposited upon a travelling grate, a definition 
which is not correct, as appears from a sectional drawing 
given subsequently on page 80, in which the usual fire- 
grate is shown. The illustration given on page 79 
described as an “ underfeed stoker,” is of the ordinary 
chain-grate pattern, and is not ‘“‘ underfeed” in any 
sense. Referring to boiler fuels, a table showing the 
composition of typical examples of steam coal is given, 
in which the carbon content is too high and the ash 
altogether too low. Steam coal containing 1 per cent 
or 2 per cent. of ash does not exist. In describing 
internal boiler troubles, the author states that grooving 
generally occurs close to the boiler stays, and may be 
greatly reduced by having all stays constructed with 
well-rounded edges, whatever that may mean. This is 
quite misleading, and needs correction. Some of the 
sketches are rather poor, and in themselves are scarcely 
likely to produce the desired impression in the mind of 
the student. In spite, however, of these shortcomings, 
the book will prove useful to the student of motive- 
power engineering. 








Parer INpusTRY IN CANADA.—The Canadian pro- 
duction of newsprint paper reached a total of 186,721 
tons during January, 1928, an increase of 25,000 tons 
(154 per cent.) over the January, 1927, total. The constant 
expansion of the Canadian newsprint industry is evi- 
denced by the figures covering the January production in 
the past eight years. In January, 1921, the output was 
71,113 tons, in 1922, 81,072 tons, in 1923, 99,587 tons, 
in 1924, 110,529 tons, in 1925, 121,605 tons, in 1926, 
139,688 tons, and in 1927, 161,724 tons, 
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PRODUCTION OF SPONGE IRON. 


SponGE iron is the product obtained by the reduction 
of iron oxide at a temperature below the fusion point of 
the charge, that is, not much above 800 deg. C. The 
particles of reduced grey iron then retain the shape of 
the ore particles, but the metal is much more porous 
because the oxygen has been removed. Owing to this 
porosity, sponge iron is highly reactive and much in 
demand for the precipitation of copper, lead and other 
metals, especially in mining districts far removed from 
iron works and where scrap iron is scarce. Iron oxide, 
on the other hand, if not found locally, forms a by-product 
of some chemical processes in which finely-divided iron is 
used as reducing agent. When the temperature in the 
iron-reduction furnace rises to 1,000 deg. C., the iron 
begins to sinter and to melt; at still higher temperatures 
the molten iron dissolves carbon, becomes more fluid, 
and assumes the properties of pig and cast-iron. 

If the further smelting of the iron can be carried out 
without absorption of carbon, as in electric furnaces, 
the sponge iron will pass into steel. The sponge-iron 
process thus develops into a direct steel process, but 
hundreds of such direct steel processes have been proposed. 
They offer advantages under certain conditions, but 
the electric arc can rarely compete with the blast furnace 
and the open hearth, and most direct steel processes, 
like the Siemens and the Basset processes, cannot be 
described as developments of sponge-iron processes. The 
latter have been tried in great variety, with briquetted or 
merely mixed charges, in open hearths, in vertical retorts, 
on rotary hearths, in kilns and shaft furnaces, &c., the 
reduction being effected by ordinary coal, powdered coal, 
oil and fuel gases. Sieurin, at Hoganas, in Sweden, uses a 
tunnel kiln for coal-gas firing, running the charge on trucks 
into the kiln as in brick burning. Wiberg, at Woxna, 
also in Sweden, passes fairly pure CO up a column of 
magnetite in a shaft furnace and withdraws part of the 
gas half way up the shaft into heat exchangers. Ex- 
periments have, however, been made in other countries 
as well, and notably in America by the Chino Copper 
Company, of Hurley, New Mexico, the New Cornelia 
Company, of Ajo, Arizona, the Anaconda Copper 
Company, and others. The United States Bureau of 
Mines took up the problems in 1911, and reviews in a 
recent report* of 175 pages, the literature on the subject 
and its own investigations. 

In its own workt, he Bureau has so far mixed the 
charge with solid carbon, heating the mixture by means 
of powdered coal, oil or gas. The reducing agent in 
iron smelting is CO, which itself burns to CO, in 
reducing the iron oxide, and is reduced again by con- 
tact with glowing coal. Considerable amounts of 
heat have to be supplied for both these reactions, 
nearly 1,400 calories per kilogramme of iron reduced, 
including preheating of the charge, and the minimum 
temperature for rapid reduction is about 850 deg. C. ; 
at Ajo, 750 deg. C. was found insufficient. The 
Bureau recommends rapid heating up to 950 deg. C. 
They first tried externally-heated muffle furnaces, but 
owing to the low thermal conductivity of the charge, 
the mixture of coal and ore could only be spread in 
thin layers, and the capacity and efficiency of the 
furnaces were low. Rotating metal tube furnaces did 
not give better results, and the Bureau decided on 
rotary kilns directly heated by gases of combustion. 
Although these gases were oxidising the iron, the 
atmosphere was kept reducing by the glowing carbon 
in the charge, and sponge iron was produced within an 
hour, in intermittent and subsequently in continuous 
kilns. Many iron oxides, hematite, limonite (bog ore), 
even roasted pyrites, were found to be reduced, and in 
mixed ores the iron was first attacked, the copper, 
nickel, manganese, silicon, &c., as well as part of the 
phosphorus and sulphur, remaining in the product in 
the oxidised state. Grinding of the charge to No. 4 
mesh proved sufficient, and low-grade coal and high- 
ash lignite could be used. 

The first rotary kiln, of fire-brick lined steel, about 
19 in. internal diameter, was provided with a fire-box 
at one end and a dust box at the other. The rate of 
turning, at 2 to 12 r.p.m., made very little difference ; 
non-caking sub-bituminous coal was used by prefer- 
ence. The next continuous kiln tried at Salt Lake 
City, was a tube 20 ft. long, slightly inclined, 13 in. 
in diameter internally for the upper 15 ft., and widen- 
ing out to 27 in. in diameter over the remaining 5 ft. 
The fuel oil was blown in at the lower, or discharge, 
end. A larger kiln of this two-diameter type, built at 
Seattle, had a smaller inclination (only 4 in. in every 
12 in.), and was fitted with a brick combustion chamber 
at the lower end. The kiln then constructed at the 
Tintic Milling Company, of Silver City,Utah, which is 
making sponge iron for the precipitation of lead and 
silver from chloride solutions, has a capacity of 24 tens 
of iron per 24 hours. It is also of the two-diameter 
type, the total length being 27 ft. The upper 22 ft. have 
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an internal diameter of 32 in., while the lower 5 ft. widens 
out to 48 in. The charge remains 20 minutes in the 
long upper portion, where the charge depth is 4 in., 
and an hour in the lower portion, where the charge 
depth rises to 16 in. 

The conclusions drawn are only partly favourable. 
Finely-divided iron is pyrophorous, and the discharged 
product may have to be cooled to prevent its instan- 
taneous oxidation. Although sometimes only 60 parts 
of coal are needed for reducing 100 parts of ore, 
the fuel cost is of the same order as in a blast 
furnace, because the kiln may have to be preheated. 
The chief advantage then is the possible utilisation of 
low-grade fuel, against which is to be put the relatively 
high sulphur content of the sponge iron. When steel 
making in an electric furnace is to follow, the sulphur 
content would be a drawback, and, on the whole, 
sponge iron will have to be produced cheaper than 
scrap iron to render the direct steel process profitable. 
From this point of view, sponge iron is actually a poor- 
grade scrap, since it may contain about 15 per cent. of 
oxide, 0-2 per cent. of sulphur, and some phosphorus, 
but it is also an effective precipitant for isolating 
titanium oxide (used in the paint manufacture) from 
ilmenite, and is useful for many organic reductions and 
the production of hydrogen from steam. 





THE REORGANISATION OF CREWE 
LOCOMOTIVE WORKS.* 
By Capt. H. P. M. Brames. 
CREWE Works were established in 1843, for the pur- 
pose of repairing the locomotive stock of the Grand 
Junction Railway. The works originally covered 
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and tender when empty) increased by 72,792 tons, 
whilst the length of the engine stock, from buffer to 
footplate, increased by almost 6 miles. The increase 
is shown graphically and in detail in Fig. 2. 

Owing to this growth and the fact that the old 
erecting shops were incapable of being altered to suit 
modern requirements, in consequence of height, width, 
and other structural considerations, the want of suitable 
accommodation began to be acutely felt in 1913, and 
the extension of No. 9 erecting shop and the fitting 
shop was authorised. The war, however, interfered 
with the continuance of the programme, and it was not 
until 1919 that it was possible to continue the reorgani- 
sation of Crewe Works, the need being increased by 
the introduction of the 47-hour week. In this year, the 
construction of a complete new erecting shop was 
commenced alongside No. 9 erecting shop, but this 
was stopped at a later date. In 1921, the necessity 
of continuing the reorganisation became pressing, and 
a start was made on the re-equipment of the machine 
shop with modern machine-tools, the extension of the 
wheel shop, and the removal of the smithy from the 
old works to the steel works, the old works being 
shut down and the work concentrated at the steel 
works end. At the same time it was decided to obtain 
what electrical power was required from the North 
Wales Power Supply Company ; this enabled the three 
power stations within Crewe Works to be closed. 

In 1922, the lay-out of the new Siemens-Martin 
steel furnaces was designed, and in 1924 it was decided 
to finish the reorganisation by the completion of the 
partially-built erecting shop and its extension, so as to 
enable No. 9 shop and the new building to be formed 
eventually into one shop. The new shop would then 
accommodate the whole of the engines in the works 
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for repairs. It was further decided to provide better 












1. Brick-Making Mill. 11.° Paint Shop. 21. Power and Boiler Houses. 
2. lron Foundry. 12. Machine Shop. 22, Gas Producers. 

3. Chair Foundry. 13. No. 9 Erecting Shop. 23. Points-and-Crossings Shop. 
4. Pattern Shop and Stores. 14. No. 8 Erecting Shop. 24, Rail Mill. 

5. Tender Shop. 5. Boiler-Mounting Shop. 25. Forge. 

6. Brass Foundry. 16. Plate Stores. 26. 20-ton Furnaces. 

7. Copper and Tube Shop. 17. Flanging Shop and Smithy. 27. Spring Mill. 

8. Signal Shop. 18. Boiler Shop. 28. 30-ton Furnaces. 

9. Wheel Shop. 19. No. 6 Erecting Shop 29. Steel Foundry. 

10. Nut and Bolt Shop. 20. No. 5 Erecting Shop. 30, Stoneyard, 


Fig.3. 
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modated in the old works; each individual boiler 
plate from the plate stores proceeds down the length 
of the shop as each successive operation is performed 
and it is eventually delivered to the riveting machines 
at the west end of the building, flanged and machined 
ready for assembling. The whole of the work is per. 
formed by modern high-power machines. The actual 
building of the boiler also progresses in the same way 
the men being kept in one position and the boiler 
moving from stage to stage. 

Heavy Machine Shop.—No. 5 erecting shop, which 
adjoins the forge at its western end, has been converted 
into a heavy machine shop, in which frames, horn. 
blocks, cylinders, footplates, &c., are machined and 
assembled complete. The rolled frame plates now pass 
immediately from the rolls at the west end of the forge 
to the slotting machines at the east end of the hea 
machine shop, the latter being laid out so that work 
progresses in a westerly direction, eventually leaving as 
a completely assembled frame en route to the erecting 
shop by road on the south or north side of the shop 
as may be found most convenient. The most notable 
machines in the heavy machine shop are a plano 
cylinder-milling machine and a horizontal cylinder. 
drilling, boring, tapping, and milling machine. 

Engine-Erecting Frames.—These consist of three 
machines, each capable of taking the longest locomotive. 
Sunk in the floor of the shop are long, accurately 
machined, cast-iron girders (Fig. 5), on which sliding 
supports for the frames can be fixed at the exact centres 
corresponding to the type of engine being built. The 
frames, with horns complete, are dropped on to these 
supports. The supports centralise the horns, thus ensur- 
ing that the frames are square and at the correct height 
with regard to one another. They also give the exact 
position for fixing cylinders, motion-plate, footplates, 
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| &c. These have only to be dropped in place” between 


| the frames and bolted up, and once the machine is 
| set up, locomotives exactly similar, so far as centres are 
| concerned, can be erected without the aid of wires, 


| trammels, &c. As most of the machine tools in the 


te cy = 1 - | shops are independently motor-driven, little shafting 
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1, Brick-Making Mill. 12. Paint Shop. 22. Power and Boiler Houses, 
2. Chair Foundry. 13. Machine Shop. 23. Gas Producers. 
3. 6-ton Gantry. 14. No. 9 Erecting Shop. 24. Points-and-Crossings 
4. Iron Foundry. 15. New Erecting Shop. Shop. 
5. Pattern Shop and Stores. 16, Finished-Part Stores and 25. Rail Mill. 
6. Tender S‘iop. Welders’ Shop. 26. Forge. 
7. Engine Storage Roads. i7. Mounting Shop. 27, Steel Foundry. 
8. Brass Foundry. 18. Smithy. 28. Spring Mill. 
9. Brass-Finishing Shop. 19. Boiler-Repair Shop. 29. New Melting Furnaces. 


10, Copper Shop. 20. Tube Shop. 
11. Wheel Shop. 21. 


161, and the stock of the company was 75 engines. | siding facilities inside the works, to utilise the old 


As in the lay-out of many old works in this country, | erecting shops for the purposes for which they were 
insufficient attention was paid to the possibilities of | most suitable, to cut down transport to a minimum, 
future expansion, housing accommodation for the staff | and to construct a new boiler-building establishment 


Heavy-Machine Shop. 31. 


30. Ingot-Stacking Gantry. 
Stoneyard. 


Machine Shop.—The work of the machine shop, 
which previously included both production and repairs 
of all components, was divided up. Brass work was 
removed to the old signal shop, close to the brass 
foundry, and heavy machine work, such as that in 
connection with frames, hornblocks, cylinders and 
footplates, was concentrated, as has been stated, in 
what was previously No. 5 erecting shop. The machine 
shop itself now consists of two bays, each 42 ft. wide by 
660 ft. long, and an arcade 40 ft. by 740 ft. long, equal 
to an area of 85,000 sq. ft., and contains the combined 
plant from the old works and the steel works, comprising 
422 machines. Shaping and planing operations have 


been superseded by milling, and pins, shafts, and 


various bearings, which were previously finished by 
turning, are now ground to fine limits on modern 
machines. The limit system is on the “ unilateral 
principle, with the hole as a base, a plus allowance on the 
standard, and a minus allowance on the shaft. 





being built in immediate proximity to the shops in| at the old works, capable, if necessary, of manufac- 
which they worked. ‘This, coupled with the fact that | turing all the boilers required for the London, Midland 
the site chosen was in a triangle bounded on the north | and Scottish Railway. Reference to Fig. 3, will show | 
side by the Liverpool line and on the south by the Crewe | that in this lay-out the old brick yard was demolished, | 
and Chester line, left only one direction in which the | the high ground on which it stood being removed so | 
works could be extended. Fig. 1 shows the extent to} as to give the necessary siding accommodation shown | 
which the works had grown at the termination of the | in Fig. 4. This reorganisation affected the signal shop, 


war. 


of six-wheeled engines. | 
ten-, and twelve-wheeled engines between 1900 and | 
1920, together with the increase of stock to upwards of | 


| tin shop, galvanising plant, joiners’ shop, millwrights’ 
In early days, the locomotive stock consisted mainly | shop, testing shop, wheel shop, tender shop, tube shop, 
The introduction of eight-,| smithy, iron foundry and machine shop, modern| 
machines being installed where necessary. | 


In the lay-out of the reorganised works, the use of the | 


3,400, increased the work of manufacture and repair to| shops was rearranged so as to eliminate transport 
the following extent: The tonnage (including engine | wherever possible, and the machines were installed so 





* Paper read before the Institution of Mechanical | parts to progress process by process. For instance, the | by all the best-known machine-tool makers. 
Engineers, on Friday, March 16, 1928. 





| as to permit the manufacture and repair of component | 


| whole of the new boiler-building plant is now accom- | cal use of high-speed steels is made by providit 


standardised supply of limit-gauges is available. 

Before the present reorganisation, each section was 
arranged so that the machinery dealing with the various 
sectional parts was grouped close to the benches where 
they were stripped and assembled. Congestion Was; 
however, so great as to interfere with the transport and 
progress of the work. 

New and complete plant for the manufacture of 
pistons and all bar work has been installed, and in this 
department is also situated the tool room in which the 
tools are not only repaired and ground, but all the large 


' twist drills, taps, cutters, reamers, gauges, ke, sei 
in the works are manufactured. A total of 12) aes 
machines has been installed in this shop, consisting 


of turret and capstan lathes, shaping and slotting 


machines, drills, and milling and grinding machines, 
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Fic. 5. Frame J1G with FRAME PLATES. 


Fig.6. CROSS SECTION OF NEW ERECTING SHOP AND MACHINE SHOP. 
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steel tools with tips of high-speed steel of minimum size. 
A further aid to output is the adoption of a standard 
tool shape, ground from the solid on oscillating tool 
grinders; this eliminates the forging of tool shapes. 
Group driving is arranged where it is economical, 
having always in view the desirability of standardising 
motors. 

No. 9 Erecting Shop.—Adjoining the machine shop 
is No. 9 erecting shop, which consists of two bays 
(north and south), 803 ft. and 882 ft. long respectively, 
and each 45 ft. wide, with a machine bay between 
them. Six 40-ton, one 6-ton, and one 4-ton electric 
overhead cranes serve this shop. 

Prior to the reorganisation all the heaviest locomo- 
tives coming into Crewe Works had to be repaired in 
this shop. The method of approach was by lines from 
the east end and a traverser about two-thirds of the 
way down the shop. It is now possible to utilise the 
south bay of this shop for light boiler repairs, and thus 
avoid transferring boilers from the erecting shop to the 
boiler repair shop. 

New Erecting Shop.—A new erecting shop has been 
constructed immediately adjoining No. 9 shop, as 
shown in Fig. 3; a cross-section of this shop and the 
new machine shop is shown in Fig. 6, and a photograph 
in Fig. 7. It will be observed that it consists of three 
erecting bays, each 642 ft. long and 63 ft. wide. Each 
bay is provided with two pits and a central road. 
Spanning these pits are two 50-ton, 4-motor, overhead 
cranes, particulars of which are as follows :— 





Speed, Motor, 
| ft. per min. horse-power. 
| Hoist wae 6 30 
Auxiliary hoist... 20 12 
| Cross travel 80 12 
Longitudinal trave 1 200 30 


| There are also three 10-ton, 3-motor, overhead cranes, 
with an additional crane in the south bay to deal with 
| wheels, which have the following speeds and power :— 


Speed, Motor, 
ft. per min. horse-power. 
Hoist as was 20 20 
Cross travel | ake 100 3 
Longitudinal travel 350 16 


The motors are of the alternating-current,slip-ring type, 
| 436 volts, 3-phase, 50-cycles frequency. It will be 
noticed that the high-speed light cranes are run at a 
lower level than the heavy overhead cranes, for, as a 
result of the increase in size of engines, many parts 
that were previously lifted by hand are now of such 
weight as to necessitate mechanical assistance. The 
| whole of the pits have been constructed of ferro- 
| concrete. 
The framework of the shop is a steel structure, 
forming a complete unit, and is designed to withstand 
| the loads and wind pressure on the building. The 
| | south, east, and west gable walls are of brick, and take 
no: portion of the working loads of the shop. The 
floor is constructed of wood blocks on edge, and con- 
crete paths for electric trucks are provided where 
necessary. The roof is of glass, and all astragals, &c., 
are lead covered. Some criticism was raised to the 
effect that the shop would be unduly hot during the 
summer. Records taken in 1926 show that there were 
only nine occasions during the year when the tempera- 
ture reached 80 deg. F. The heating of the shop is 
by means of steam, and is of the overhead type. The 
system is split up into twelve sets of pipes, each set 
consisting of one steam-flow pipe and two return pipes. 
Two sets are located on either side of each erecting- 
shop and machine-shop bay, and are placed above the 
bottom tie of the roof principal. The condensate is 
returned to the boiler as feed-water. The whole of the 
system is divided into four main portions for the pur- 
pose of providing efficient circulation, main steam 
supplies being taken at three points. With this system 
it has been found possible to maintain an inside tem- 
perature of 55 deg. F. when the temperature outside 
is at freezing point. Four water-tube boilers are in- 
stalled, three working and one standby. These, in 
addition to supplying steam for heating the new 
erecting shop, also provide for the heating of No. 9 
erecting shop, the machine shop and all boshes. 

The shop is electrically lighted by alternating current 
at 416 volts. Main lights are placed overhead at both 
sides of each bay, and under the 10-ton crane-way. 
Plugs are provided immediately above the fitters’ 
benches for driving portable machine-tools and for 
providing auxiliary lighting. 

At the west end, the traverser-table working into No. 9 
shop is able to traverse the whole of the new erecting 
shop on the southern side. On either side of this 
traverser eighteen pits allocated solely to the stripping 
of engines have been constructed, whilst immediately 
adjoining are installed mechanically-operated boshes 
for cleaning the stripped parts. Reference to Fig. 3 
will show a triangular portion at the west end of the 
shop which is devoted to re-conditioning those portions 
of the locomotive not requiring transport to the machine 
or wheel shop. A cross-section is shown in the lower 
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half of Fig. 6. The capacity of the shop is 66 engines, | steam-chest liners ; drilling studs, set-screws, &c., on straightening front end. Setting radius-rod brackets : 
taking the engine length plus an allowance for a gap | cylinders and frames, and welding any cracks. Welding | fitting studs for guide brackets ; filing hornblocks, 
between each engine at 42} ft., and the output from the | frames ;_ replacing dragbox ; boring cylinder ; fitting | Mounting boiler in frame and bolting up. 

shop is equal to 30 to 35 heavy repairs per week and | studs. Stage 4.—Fitting 3}-in. exhaust pipe brackets, 
100 new locomotives per annum. 

Before coming to a decision as to the design of this 
shop, very careful consideration was given to the 
claims in support of longitudinal as against cross pits, | 
and the probability of the future reconstruction of | 
No. 9 shop was also taken into account. As will be 
seen from Fig. 3, it will be possible at a future date to 
reconstruct it so as to form a portion of the larg » shop. 

Processing Repairs of Locomotives.—The method of 
processing the repair of locomotives is representative 
of the principle, now employed throughout the works, 
of moving the work to the man rather than the man to 
the work. The locomotive is moved down the shop in 
eight successive stages. At each stage the appropriate | 
components are added by men expert in their parti- 
cular work, and the duration of the working time in 
each stage is regulated to 7 hours 50 minutes. By this 
means an engine is stripped and given a heavy repair 
in 12 days, as compared with 30 to 40 days generally 
occupied on such work. The complete progress of the 
work is illustrated in Fig. 8. An engine requiring a | 
heavy repair is brought into the erecting shop over the 
traverser at the west end of the shop, and is placed 
on one of two positions immediately adjoining the 
traverser. It is here stripped of its wheels, motion, 
boiler, and all other parts requiring repairs, this occupy- 
ing twoeworking days, during which the parts for 
repair are distributed to the appropriate shops. The 
staff engaged on stripping the engines are confined to 
this work, and as two engines are stripped simultane- 
ously, there is an output of one stripped engine per day. 

On completion of stripping, one engine frame daily 
is placed on its stand on one of the four adjoining | 
positions in the pit, these positions being numbered 
stages 1, 2, 3 and 4. The gangs, of which there are 
four, move between stages 1, 2, 3 and 4 as they finish | 
their own particular work at a stage. Four working 
days are allowed for an engine frame to remain on its 
stand. On the fifth day, the intermediate and truck Fie. 7. NEw ErRectine SHop. 
wheels have been returned repaired, ready for the frame 

i 








Fig.8. PROCESSING OF REPAIRS TO LOCOMOTIVES. 
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Fia. 9. Cross-SECTION OF STEEL-MAKING PLANT. 


Stage 2.—(Fitting steam-chest liners) ; refitting pivot | wash-out plugs, and blow-off cock ; mounting W — 
on to the wheels. In stages 1, 2, 3, 4 and 5, the following | casting ; (chipping and grinding frames after welding). | stand. Mounting cylinder cocks and gear, ee sed 
work is carried out :— Boring steam-chest liners; replacing hornblock | oil pipes, safety-valve and fitting crossheads. " 4 

Stage 1.—Cleaning tops of cylinders, ends and covers ; | patches. Remaking back cylinder-cover joints. pistons and rings, cylinder covers and packing. Ae 
examination of frames and cylinders. Removing| Stage 3.—Setting slide-bars ; fitting hornblock keeps ; | ging ashpan and fitting damper doors. 


and boiler from one of the first four stages, to be lifted 
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Stage 5.—Adding radial truck and intermediate 
wheels under engine. Mounting vacuum sack and 
brackets, buffer plank, drawbar hook, brake guide or 
rocking-shaft brackets, piston-valves, damper ; ear and 
part of lubricator gear. 

Thereafter the locomotive is hauled down the shop 
to stages 6, 7, 8, 9 and 10, moving one stage per day. 
Each day the following work is carried out :— 

Stage 6.—Mounting buffers, stiffening plates, lamp 
brackets, snifting valves, and air-pump. Fitting panels, 
expansion brackets, dirt plates, reversing-screw and 
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bearing wedges and cap. Fitting radial truck pivot 
studs and nuts, cylinder-cock pipes and brackets, oil 
pipes and brackets. 

Stage 10.—Fitting up brake-work, coupling-rods, 
crank-pin washers, sand pipes and stays. Assisting 
valve setters. Fitting steam-chest covers, covering 
plates and door. Adjusting weight and lifting engine 
off pit. 

On the twelfth day (allowing two days for stripping) 
the engine is hauled out of the shop completely repaired. 
Such a method of repairing engines enables various 














Fie. 10. Gas MAcHINEs. 
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rods, reversing-shaft quadrants, &e., and rocking 
gear. 

Stage 7.—Carrying out part of smokebox work, 
mounting steam-pipes and bolting up smokebox. 
Mounting injector and cab, locking gear, sand gear and 
lubrication to axleboxes. Refitting splashers, sand 
boxes and footsteps. 

Stage 8.—Completing smokebox work ; finishing 
cab and footplate ; fitting 34-in. exhaust pipe. Mount- 
red mechanical or Detroit lubricator and pumping oil 

rough. 

Stage 9.—Mounting wheels and setting in position. 
Fitting up motion and connecting-rods. Wheeling 
engines, bolting up hornblock keeps, stays, centre- 


= 
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appliances to be used for: acilitating the erection of 
components, which are always kept in the same place, 
instead of having to be carried about the shop, such as 
a screw-jack for the erection of the vacuum sack and 
bogie pivot casting, staging for riveters working on the 
smokebox, and appliances for lifting connecting- 
and coupling-rods. 

When this system was first brought into operation, 
the engines were hauled down the shop by means of an 
overhead crane working round a snatch-block sunk 
into the floor of the pit, each engine being attached to 
the next by a wire cable Two electric winches placed 
outside the erecting shop have now superseded the 
overhead cranes, and in consequence the loss of time 
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for lifting has been reduced. In the first instance: 
this system of repair was concentrated on one type of 
six-coupled express passenger engine. Development of 
the system, however, has made it possible to have as 
many as five different classes of engines on what is 
locally known as “ the belt” at one time, this alone 
being made possible by the fact that the repairs to 
boilers, tanks, panels, splashers, cabs, injectors, ejectors, 
drivers’ valves, vacuum sacks, axleboxes, tubes, 
bogies and superheater elements are all. processed in 
this way, the processing of the locomotive itself being 
the final and spectacular result of the system generally- 
Obviously it is necessary to have certain spare parts 
available before such a system can operate. Experience 
shows that at least two sets of spare wheels, two pairs 
of cylinders, four sets of axles, and ten crank-pins per 
class of engine repaired, and 6 per cent. of spare boilers, 
together with the various nuts and bolts, should be 
accumulated before attempting to work to this 
system. 

There are now in operation four belts, dealing with 
17 different classes of engines, each belt of 12 engines 
giving an output of one engine per day throughout the 
working week. Since the first engine was turned out 
by this system on May 5, 1927, over 776 engines have 
been repaired without any delay whatever. It should 
be mentioned that the pre-arranged times of movement 
are most strictly worked to, a clock which is altered 
daily showing the time for the move the next day. A 
move is made on the blowing of a buzzer in the shop- 
This time limit is one of the most important features of 
such a scheme. The knowledge that component parts 
must be delivered in time to be put in before the next 
move proves a powerful incentive to every shop in the 
works. 

Tenders are now being repaired in the tender shop 
on much the same principle, the time taken for a heavy 
repair being four days as against eight to nine days under 
the old method. The wheel stacking ground on the 
south side of the shop is equipped with a 6-ton, 3-motor, 
overhead crane with gantry 364 ft. long and 27 ft. 


span. The following are the particulars :— 
Speed, Motor, 
ft. per min, horse-power. 
Hoist Wa ns 20 12 
Cross travel ae 80 3 
Longitudinal travel 350 12 


Adjoining this is the stacking ground where all cabs, 
panels, splashers, and other material not immediately 
requiring repairs are stored. Spanning this ground 
are two 8-ton, 3-motor, overhead cranes with gantry 
588 ft. long and 65 ft. span, of which the following are the 
particulars :— 


Speed, Motor, 
ft. per min. horse-power. 
Hoist <a aaa 2 16 
Cross travel aaa 100 3 
Longitudinal travel 350 16 


Motors are of the slip-ring, alternating-current type, 
416 volts, three-phase, 50 cycles. 

Boiler Repair Shop.—This has now been converted 
into purely a repair shop for boilers coming from the 
erecting shop. Access to any bay of this shop can be 
obtained from any bay of the erecting shop via the 
traverser without crossing other roads, as was formerly 
the case. Such repairs as the provision of new fire- 
boxes and new wrapper plates can be carried out here 
with materials supplied from the new boiler-building 
establishment. On completion of the repairs, boilers 
pass to the boiler-mounting and testing shop and then 
back to the erecting shop. In re-arranging this shop 
the opportunity has been taken of processing the work. 

Steel Works.—Since 1864, steel has been manufactured 
at Crewe. In 1923, the plant consisted of seven 20-ton 
and three 30-ton hand-charged furnaces heated by 
64 small hand-fired water-bottom, steam-blown 
‘* Wilson”? type producers. In November, 1923, it 
was decided to modernise the whole plant. The new 
lay-out consists of two 40-ton to 45-ton acid open- 
hearth furnaces, and two 60-ton to 70-ton basic open- 
hearth furnaces, with an estimated yearly output of 
84,840 tons of ingots. A cross-section of the new 
steel-making plant is shown in Fig. 9. 

An open stockyard, 400 ft. by 53 ft. 9 in., is served 
by two 10-ton overhead electrically operated cranes, 
each fitted with a 5-ton lifting magnet. Three wagon 
roads pass through and accommodate all the wagons 
containing the raw material required. 

The furnace bay is 400 ft. by 59 ft. 6 in., giving a 
working space in front of the furnaces varying from 
34 ft. to 37 ft. 6 in. The furnaces are of the most 
modern type. The gas and air out-takes from the slag 
chambers are built up separately with air circulation 
all round, thus preventing the possibility of mixing 
and consequent destruction of the brickwork. The 
regenerators are placed well away from the furnaces. 
The furnace hearth is carried quite clear and indepen- 
dently of the slag pocket area, and the entire hearth 
and port ends are joined up in a strong independent 
framework carried on the furnace bottom joists. 
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The hearth of the acid furnace at fore-plate level is 
11 ft. wide by 28 ft. long, giving an area of 308 sq. ft., 
or 7-7 sq. ft. per ton of furnace capacity. The hearth 
of the basic furnace at fore-plate level is 14 ft. wide | 
by 36 ft. long, giving an area of 504 sq. ft., or 8-4 sq. ft. 
per ton of furnace capacity. The regenerators are | 
capacious; in the acid furnace they contain 10-1 | 
cub. ft. per square foot of hearth area, and in the basic , 
furnace 10-7 cub. ft. per square foot of hearth area. 

Gas Machines.—The 64 old hand-fired gas producers 
have been replaced by six mechanical gas machines, 
Fig. 10. They are designed to gasify all the coal 
required to operate the new melting furnaces and, in 
addition, supply the forge and rolling mills and the 
reheating furnaces with the necessary gas. 

Gas Works.—Gas for the illumination of town and 
company’s property has been manufactured on the 
present site since 1884. The capacity of the plant 
(1,239,000 cub. ft. per day) being taxed to its utmost, 
it became necessary to rebuild and enlarge the station. 
This has now been carried out by the erection of a new 
mechanically operated installation of horizontal retorts, 
with water-gas plant, waste-heat boiler, condensing 
towers, wet purification and dry purification plants, 
and the provision of a 1,000,000 cub. ft. holder 
(Fig. 11). 

The results obtained from the reorganisation may 
be summarised thus: Reduction of transport costs ; 
decreased manufacturing costs of steel, locomotive 
boiler, and all components ; increased output of repairs 
and renewals with decrease in overtime and night- 
shift working; decreased time of locomotives out of 
traffic, and consequently less stock of locomotives 
required ; reduction in quantity of portable tools and 
in labour costs; lower supervision costs in erecting 
shop; decreased cost of electric current and of gas ; 
and finally, the reorganisation enables Crewe to cope 
with the increased size of locomotives and the additional 
requirements due to the grouping of the railways. 





THE INFLUENCE OF DISSOLVED GASES 
ON THE SOUNDNESS OF 70:30 BRASS 
INGOTS.* 

By G. L. Baiwey, M.Sc., A.1.C. 


Most metals are known to be capable of dissolving 
considerable quantities of gases. In general, the solu- 
bility is greater in the liquid than in the solid state, 
and gas is liberated during solidification. The result 
is, in many cases, that some portion of the escaping gas 
is entrapped in the casting, forming blowholes or 
pinholes, and this constitutes one of the chief difficulties 
in securing soundness and good mechanical properties 
in castings of such materials as bronze and aluminium 
alloys. In sand-casting the relatively slow rate of 
cooling is conducive to the liberation of gases and the 
consequent formation of blowholes; chill castings, on 
the other hand, are frequently found to contain few 
blowholes, the probable reason being that the gas is 
not liberated, but retained in solid solution in the 
metal. The different types of cavity which have been 
observed during the examination of 70:30 brass 
ingots have all been attributable to causes other than 
the liberation of dissolved gases, and the view has been 
held, tentatively, that dissolved gases, if present, have a 
negligible effect on the soundness of brass ingots. 

The present investigation was carried out to deter- 
mine how far the soundness of brass ingots might be 
affected by treating the liquid brass with various gases 
before casting. Hydrogen and sulphur dioxide which, 
according to previous workers, are generally present 
in brass, and nitrogen, which is probably inert towards 
copper and its alloys, were the gases selected. The 
method followed was to pass the gas through the molten 
metal in the crucible, and to pour from the same melt a 
number of ingots in moulds designed to give varying 
rates of solidification. The degree of unsoundness 
present in the ingots was determined by density 
measurements. In view of the necessity for differenti- 
ating between unsoundness due to gas evolution and 
unsoundness due to contraction cavities, the mould 
used in the initial experiments was widely tapered out- 
wards from bottom to top in order to eliminate shrink- 
age cavities by securing progressive solidification from | 
the bottom of the ingot. The moulds gave an ingot 
4 in. in length, 2 in. in diameter at the top, and 1 in. 
at the bottom. Measurements of the period of solidifi- 
cation of 70:30 brass ingots cast under standard 





conditions in moulds of various types, were made by | — 


inserting a platinum thermocouple extending through | 
the wall of the mould to the centre of the middle of the 
length of the ingot. The couple was protected by a 
fireclay sheath, with the exception of the welded end, | 
which was left bare in order to avoid lag in recording. | 
Temperature readings were taken at 5-second intervals, | 


* Paper read before the Institute of Metals, London, 
on March 8, 1928. Abridged. Communication from 
The Research Department, Woolwich, 
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and from time-temperature curves the solidification 
interval was measured. The details of the moulds 
selected for the present work are given in Table I: 


TABLE I.—LEaperimental Tapered Moulds. 














- Approximate 
Mould a Mould Duration of 
aa Mould Dressing. Solidification 
; of Ingot. 
deg. C. Seconds. 
Copper, thick walled 100 Soot 14 
Cast iron, thin walled | 100 Soot 22 
Steel .. os so] 700 Oxidised 36 
surface 
Dry sand a --| 100 Nil 155 








A hot dozzle was fitted to the top of the mould for 
each cast. In a preliminary test, the brass, not treated 
with gas, was poured at a temperature of 1,100 deg. C. 
from a bottom-pouring travelling ladle into the four 
moulds in succession. The dozzle tops were cut off, and 
after determination of density the ingots were sectioned 
for examination. The macrostructure showed a 
considerable increase in crystal size with decrease in 
rate of cooling. The structures were all of the same 
type, showing elongated crystals reaching nearly to the 
centre of the ingot, with a small number of equiaxed 
crystals at the centre. Central shrinkage cavities 
appeared to be absent, but close examination of the 
sand-cast ingot, which contained 2-75 per cent. voids, 
showed large numbers of fine pinholes in the interior 
of the crystal grains, enclosed between the dendritic 
branches. It was apparent from these results that 
tapered moulds were ineffective as regards elimination 
of interdendritic shrinkage cavities. Since, also, the 
method of solidifying from the bottom upwards might 
possibly have assisted the escape of gas from the 
solidifying metal, the course was adopted of employing 
parallel-walled moulds and regarding nitrogen-treated 
samples as a standard gas-free alloy with which to 
compare the effect of the other gases. The known 
ability of nitrogen to expel dissolved gases from both 
copper and aluminium and its alloys, and the observa- 
tions of Bamford and Ballard, who found nitrogen to 
be neutral towards brass, provided evidence of the 
probable reliability of this method. Additional con- 
firmation, however, was first obtained by experiments 
with an alloy known to be affected by gas evolution on 
solidification. The alloy selected was 5 per cent. tin- 
bronze, which has a freezing point and a range of 
solidification similar to those of 70:30 brass, and is 
a material in which unsoundness due to gas evolution 
is difficult to avoid. 

The parallel moulds used gave an ingot 6 in. in 
length and 1-5 in. in diameter. Cooling curves were 
taken of 70:30 brass ingots cast in these moulds in 
the same manner as for the tapered moulds. Details 
of the moulds selected giving a wide range of solidi- 
fication periods are included in Table II :— 


Tasite Il.—Ezperimental Parallel-Walled Moulds. 

















Approximate 
ee Tempera- | Mould | Duration of 
, : M ana Dressing. Solidification 
: a of Ingots. 
—— —E 
deg. C. | Seconds. 
Copper, thick walled 100 =| ~~ Soot 16 
Cast iron, thin walled 100 =| Soot 22 
Steel, calorised < 800 | Nil | 145 
Dry sand = “e 100 | Nil | 310 





A quantity of 25 lb. of the 5 per cent. tin-bronze 
was melted from virgin metals in a gas-fired injector 


furnace. At a temperature of 1250 deg. C., a steady 
stream of hydrogen was bubbled through for a period 


of half an hour as rapidly as possible, without ejecting 
metal from the crucible. The metal was then trans- 


ferred to a bottom-pouring travelling ladle and poured 


at a temperature of 1190 deg. C. (superheat 150 deg. C.) 
into the four moulds. Density determinations on the 
whole ingots after cutting off the dozzle top gave the 
figures shown in Table III, the percentage voids being 


TABLE III.—Unsoundness of 5 per cent. Tin-Bronze 
Treated with Hydrogen. 





; ne 

: Relative Time of | 

NMG | «Solidification ot | ——-Volds. 
Ingot. | 
( 

Per cent. 

6 | 16 | 2-50 

7 22 2-95 

> 145 2-08 

8 | 310 9-70 





calculated from the value 8-925 for the maximum 
density of the alloy. This was obtained from a sample 
of 5 per cent. tin-bronze solidified in vacuo, and cold- 
rolled to 20 per cent. of its original thickness. Sub- 
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sequent annealing of this specimen did not affect its 
density value. 

The macrostructures af these ingots are interesting. 
In each case the crystals were mainly equiaxed, 
increasing in size with slower rates of cooling. Small 
blowholes were visible in all the ingots, mainly in the 
upper portion of the most quickly cooled bar, and 
distributed in large quantities throughout the sand-cast 
bar. A fresh melt of bronze was made in the same 
furnace, nitrogen bubbled through for 45 minutes, and 
the metal cast as before at 1190 deg. C. These ingots 
were almost identical in soundness and structure with 
those recorded in Table III, the result suggesting that 
fresh furnace gases had been absorbed through the 
walls of the salamander crucible concurrently with 
the elimination of dissolved gases by the nitrogen 
stream. A further sample was, therefore, prepared 
by melting in a carborundum-lined electric furnace, 
in which the metal was free from contamination by 
furnace gases. Nitrogen was bubbled through for 
1 hour and the metal cast as before at 1200 deg. C. 
Figures for the volume of cavities in these bars are 
recorded in Table IV :— 

TaBLe IV.—Unsoundness of 5 per cent. Tin-Bronze 
after Nitrogen Treatment. 








Relative Time 
R.D. No. of Solidification of Voids. 
GGuU. Ingot. 
Per cent. 
65 16 1-23 
66 22 1°35 
67 145 1°32 
64 310 3°83 











The macrostructures were almost identical with 
those of the previous series, with the exception that 
in this case no blowholes were visible. The difference 
between the unsoundness of gas-saturated and nitrogen- 
treated metal is most marked in the sand-cast ingots ; 
the more rapid speeds of cooling in the other three 
moulds, although giving a wide range of conditions, 
have approximately the same effect in governing un- 
soundness. It is probable that the unsoundness of 
the nitrogen-treated bars is attributable almost entirely 
to the minute shrinkage cavities which accompany an 
equiaxed structure in an alloy having a pasty range, 
and that the treatment with nitrogen in the electric 
furnace had been capable of eliminating or reducing 
to a very large extent the gas content of the liquid 
metal. 

These experiments having established a method of 
comparing bronze saturated with gas with bronze 
probably gas-free, 70:30 brass was submitted to 
similar treatments. The vapour pressure of 70:30 
brass is about 200 mm. at 1000 deg. C. and 760 mm. 
at 1140 deg. C., at which temperature there is a sudden 
increase in the amount of fume evolved. The solubility 
in water of gases inert towards the solvent is known to 
decrease with increasing vapour pressure of the solvent, 
becoming zero at the boiling point in many cases, and 
it appeared probable that the solubility of chemically 
inert gases in brass would decrease in a similar manner 
as the partial pressure of the zinc approached atmo- 
spheric pressure. Experiments were therefore carried 
out at the temperatures of melting and casting nor- 
mally employed, and, in addition, at as low a tempera- 
ture as possible consistent with the production of a 
satisfactory ingot. Since the difference in casting 
temperature of these two series made difficult the 
direct comparison of the results, a further series was 
made in which the metal, after treatment with gas 
at the low temperature, was heated until it fumed 
strongly and then cooled to the low casting temperature 
before pouring. The details of the three treatments 
are given below :— 

(a) Gas bubbled through at above 1100 deg. C. for 
20 minutes; metal transferred to ladle and cast at 
1100 deg. C. ‘ 

(b) Gas bubbled through at below 1050 deg. C. for 
20 minutes; metal transferred to ladle and cast at 
1000 deg. C. : ¥ 

(c) Gas bubbled through at below 1050 deg. C. for 
20 minutes ; metal heated to 1140 deg. C. ; transferred 
to ladle and cast at 1000 deg. C. 

Brass Treated with Nitrogen.—The treatments we 
applied to brass melted in the electric furnace. Per- 
centage voids calculated from density determinations 
on each ingot are given in Table V. The maximum 
density figures from which percentage voids wae 
calculated are those given in a paper by the present 
author and R. Genders.* ; 

The results indicate that the soundness of ingots 
cooled at the same speed is little affected by treating 
the liquid metal with nitrogen under different -~ 
ditions. The ingots showed a similarity with those i 
bronze previously made, in that the one cast in san 
was considerably more unsound than those cast ia 


(1925). 





* See ENGINEERING, vol. exix, page 539 





me 
for 
att 


Pe 
Vo 





ng. 
ed, 
all 
the 
nd 


Its 
ith 
at 


= a ee |e 


bal 





MARCH 23, 1928.] 


metal moulds. The amount of unsoundness is similar 
for all the three treatments, and is most probably 
attributable to contraction cavities. 

Brass Treated with Hydrogen.—The same methods 


ENGINEERING. 
apparent between the two series are very little greater 
than the variations between corresponding members of 
the same series, and can therefore be considered to be 
within the limits of experimental error. It is evident 


TABLE V.—-UNsSoUNDNESS OF CASTINGS OF Brass TREATED WITH NITROGEN. 





| 





Voids. Per cent. 














Solidification | 
R.D. No. GGU. Period | (a) Treatment } (b) Treatment, (c) As (6), but Heated 
Seconds. | above 1,100deg.C. | 1,050 deg. C. Cast, | to 1,140 deg. C. before cass 
| Cast, 1,100 deg. C. | 1,000 deg. C. Copper, | Casting at 1,000 deg. | “*Y°T"S° 
| Copper, 69-7 per cent. 69-8 per cent. C.Copper, 68 -7 percent. | 
| | | 
46, 40, 50 -| 16 0-38 0-34 | 0-45 0-39 
45, 41, 51 | 22 0-52 0-07 0-65 | 0-41 
44, 42, 52 a ae se 145 0-69 0°33 0-75 | 0-59 
47, 39, 49 ae re ont 310 2-99 3-24 3-61 3-28 








Solidification 
Period, seconds 


16 22 
Voids, per cent. 0-19 0-39 


Fie. 6. Fia. 7. 













Roget 


we 


145 310 
0:26 3-54 
Fie. 8. Fie. 9. 


70: 30 Brass, AFTER TREATMENT wiITH HyprRoGEN, Cast at 1100 prea. C. AND CooLED AT 
DIFFERENT Rates. REDUCED BY ONE-THIRD IN REPRODUCTION. 


TABLE VI.—UNsounpDNESS or INGoTs CAst rrom Brass TREATED WITH HYDROGEN. 





| 





Solidification (a) Treatment 


Voids. Per cent. 


| 


(b) Treatment, | (ec) As (6). but Heated | 








| 


R.D. No. GGI Period . F ara | ' 
| Seconds. above 1,100 deg. C. | 1,050 deg. C. Cast, | to 1,140 deg. C. before | Average 
| | Cast, 1,100 deg. C. | 1,000 deg. C. Copper, | Casting at 1,000deg.C.;  * Be. 
j | Copper, 69-2 per cent.| 69-0 per cent. Copper, 69-2 per cent. 
26, 30, 36 | 16 | 0-19 0-26 | 0-15 | 0-20 
aye 35 es Ap me 22 0-39 0-13 0-06 0-19 
82, 34 a a a 145 | 0-26 0-05 0-24 | 0-18 
37 ee | 310 | 3-54 3-36 | 3-30 | 3-40 





TABLE VII.—Unsounpyess or INcors Cast From Brass TREATED WITH SULPHUR DIOXIDE. 





| 


| 
| } aa eens ennai 
| 


Voids. Per cent. 





(c) As (b), but Heated 











Solidificati | 
R.D. No. GGU. i —— (a) Treatment (6) Treatment, 
Seconds. above 1,100 deg. C. | 1,050 deg. C. Cast, | to 1,140 deg. C. before Average 
Cast, 1,100 deg. C. | 1,000 deg. C. Copper, |Casting at1,000deg.C.| ~ saci 
| Copper, 71-4 per cent. | 68-8 per cent. \Copper, 70-9 per cent. 
if S, 74 - 2: oe 16 0-81 0-62 | 0-39 0-61 
on 00, 73 se ae ol 22 0-61 0-79 0-59 0-66 
age na? oS *e - aH 145 0-76 1-90 0-70 1-12 
9, of, 72 ws a «| 310 3-31 3-37 | 3-24 3-31 





of treatment were applied to brass melted in a sala- 
mander crucible in a gas-fired injector furnace. Values 
for the volume of cavities in the ingots are given in 
Table VI, 7 

The unsoundness of the hydrogen-treated specimens 
was shown to be almost identical with that obtained 
in nitrogen-treated brass. Such variations as are 








that the effect of treatment with hydrogen on the 
soundness of the brass was negligible. 

Brass Treated with Sulphur Dioxide.—Treatments 
with sulphur dioxide introduced a difficulty in that the 
gas reacted with the metal to produce a mixture of 
sulphides and oxides which choked the mouth of the 
delivery tube and obstructed the smooth passage of the 
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gas. Continual movement of the delivery tube to a 
large extent overcame this difficulty, and close observa- 
tions were made to ensure that 20 min. actual passage 
of gas was obtained. In other respects, this series was 
carried out exactly as those with hydrogen, and the 
calculated percentages of voids are given in Table VII. 
While the more quickly cooled ingots of this series show 
increased unsoundness compared with hydrogen and 
nitrogen-treated brass, this cannot be attributed to gas 
evolution, since the sand-cast ingots in which the gas 
evolution would exert the most pronounced effect are 
no more unsound than those treated with nitrogen. 
According to C. A. Edwards.* sulphur dioxide 
dissolved in liquid copper is almost completely asso- 
ciated with formation of copper oxide and copper 
sulphide, which dissolve in the metal, and, on solidifi- 
cation, react to form suiphur dioxide. In the case of 
brass, the oxides and sulphides formed appear to be 
insoluble in the liquid alloy and float to the surface. 


A 
> ; 
=¢ 
4 t 
& 
b ; 
r ‘ ; 
ak SJ 
\ r 
i 
ok oe ’ 
Fig. 14. UnetcHep Section 70:30 Brass IneGor, 


Cast at 1000 prea. ©. 1In Hot Steet Movunp 
AFTER TREATMENT WITH SULPHUR DIOXIDE 
SHOWING AREAS AND Fitms or Non-METALLIC 
Inctusions. X 250. 


The higher affinity of zinc for oxygen and the insolu- 
bility of zinc oxide in brass (noted by Genders and 
Haughton,t and by Evans and Richardst) would 
ensure an almost complete removal of the oxygen 
irom the metal, and subsequent analysis showed that 
the sulphur also was present only in very small amounts. 
This is in agreement with Genders and Haughton, who 
found that zinc sulphide added to brass passed entirely 
into the slag. Small amounts of non-metallic inclusions 
which facilitate the entrapping of air in the mould are 
therefore considered to be the cause of the unsoundness 
present in the chill-cast bars, the occurrence of maxi- 
mum unsoundness in the metal melted and cast at the 
lowest temperatures lending support to this view. 

Microscopic examination of the more quickly cooled 
ingots of this series showed considerable quantities of 
non-metallic inclusions, particularly in the most unsound 
of the ingots treated and cast at a low temperature 
(GGU 57). The inclusions were mainly in the form of 
small rounded areas of grey material, but in some cases 
occurred as films associated with rounded inclusions 
and slight unsoundness. Typical examples of these 
films in GGU 57 are shown in Fig. 14. Similar inclusions 
were found in smaller amounts in the nitrogen-treated 
samples, while ingots treated with hydrogen were free 
from films and showed only a small number of isolated 
rounded inclusions. 

Macrostructure of Gas-Treated Brass Ingots.—Ingots 
from all three series were examined. No variations 
were found between the corresponding ingots in the 
different series cast at the same temperature. Ingots 
cast at 1,100 deg. C. showed coarser structures and a 
greater proportion of columnar crystals than did those 
cast at 1,000 deg. C. Within each series of four ingots 
the variations in cooling speeds produced considerable 
variations in structure. A typical series is reproduced 








* Bull. Brit. N.-F. Metals Res. Assoc., No. 17, 1926. 
+ Trans. Faraday Soc., vol. 20, page 124, (1924.) 
t Jour. Inst. Metals, vol. 35, page 173. (1926.) 
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from the hydrogen-treated samples; Figs. 6 to 9 show 
the effect of varying speeds of cooling on ingots poured 
at 1,100 deg. C. The outer elongated crystals become 
very much coarser as the speed decreases, until in the 
sand-cast bars these crystals, though elongated at right 
angles to the cooling surface, are very wide and occupy 
the major portion of the section. In none of the ingots 
was there any evidence of the small, uniformly distri- 
buted spherical cavities generally produced in alloys by 
the evolution of gases during solidification. All the 
ingots showed contraction cavities, characteristically 
confined to the central region. 

Conclusions.—It is concluded from the results that 
whatever the conditions of casting, 70 : 30 brass is not 
liable to unsoundness caused by gases. This may 
be explained by the fact that the vapour pressure of 
zinc in molten brass is very high, and probably precludes 
the solution of gas by the alloy. The spherical cavities 
of varying size and unequal distribution frequently 
found in brass ingots are attributed to the mechanical 
entrapping of gases within the mould. This view is 
supported by the fact that the use of low casting 
temperatures is followed by an increase in the number 
of spherical cavities, and that with very low casting 
temperatures large cavities of entrapped air can be 
produced. The conclusions reached are opposed to 
that of Bamford and Ballard, which attributes the poor 
qualities of brass cast within 40 deg. C. of the liquidus 
of the alloy to dissolved gases. It has, moreover, been 
found that brass can safely be cast by special methods 
from only 30 deg. C. above the liquidus. Bamford and 
Ballard’s view was based on the examination of ingots 
cast in moulds dressed with graphite and vaseline, and 
the cavities observed are considered to have been 
probably due to entrapped air or gases from the 
volatile dressing. The present work is confined to the 
directly practical aspect of the subject, and does not go 
further than to show that if appreciable amounts of 
gases are soluble in brass above its freezing point, the 
solubility in the solid state is sufficiently high to retain 
the gas and avoid the formation of blowholes. Con- 
sideration of the properties of molten brass suggests, 
however, that little, if any, gas is soluble in liquid brass 
of the compositions industrially employed. 





LAUNCH OF TRE 8.8, “ Curt-Curv.’’—The double- 
ended screw ferry steamer Curl-Curl, the second of two 
sister ships for the Port Jackson and Maney Steamship 
Company, Limited, was successfully launched from the 
yard of Messrs Napier and Miller, Limited, at Old Kil- 
patrick, on February 27 last. The vessel is intended for 
service between Sydney and Maney, and has accommo- 
dation for 2,000 passengers, She has a length of 220 ft., 
a breadth of 35 ft. 11 in., and a depth, to main deck, 
of 15 ft. 6in. The engines are of the Yarrow-Schlick- 
Tweedy balanced four-crank triple-expansion type, and 
are being supplied by Messrs. D. and W. Henderson and 
Company, Limited, of Glasgow. The designed speed is 


HACK-SAW FOR SHEET METALS, &c. 


We have recently had an opportunity of testing 
the novel form of saw illustrated by the accompanying 
figure. The saw is designed for making straight cuts 
across any width of material, a task which its stiff 
triangular blade renders an easy matter. As will 
be seen from the figure, the frame consists of a strip of 
steel bent into an acute angle, its shorter arm being 
fitted with a pistol-grip wooden handle. The blade is 
secured to the frame by set screws, and by keeping 
the cutting edge at a very acute angle to the material, 

















cuts of any length may be made, an operation admit- 
tedly impossible with an ordinary hack-saw. At the 
same time the saw can be used in most makes of hack- 
saw frame with pistol grip, and the blade is then made, 
whilst retaining its triangular form, with suitable ends 
for clamping in such a frame. As regards the teeth, 
three types of blade are manufactured, for cutting 
sheet metal, asbestos sheeting, vulcanite or ebonite 
respectively. It is known as the Enox sheet saw, and is 
put on the market by Messrs. Fry’s (London), Limited, 
24-26, Water-lane, E.C.4. 











TRANSMISSION OF SOUND THROUGH 
BUILDING MATERIALS. 


| In a recent report of the United States Bureau of 
| Standards (Scientific Paper No. 552, by V. L. Chrisler), 
attention is drawn to the distinction to be made between 
sound energy on the physical scale and on the ear 
scale. The ear fails to keep pace with increase of 
the energy of a sound wave. On the physical scale 
the ratio of the sound energy incident upon a partition 
to the energy transmitted by it is called the reduction 
factor; the logarithm of this ratio is a measure of the 
insulating property of the partition on the ear scale. 
Thus, a panel with a reduction factor of 1,000, transmits 
only jo'55 Of the incident sound, and its insulating 
value on the ear scale is 3 (log 1000 = 3). The effective- 
ness of a panel with a given reduction factor is a 





17 knots. é 
THe Yrar Book OF SCIENTIFIC AND Learnep | 
Societies, 1927..-A conception of the considerable 
amount of scientific information which is made avail- 
able annually, may be obtained from a study of the | 
Year Book of the Scientific and Learned Societies of Great 
Britain and Ireland for 1927, which work is now in its | 
forty-fourth year of issue, and has just been published by 
Messrs. Charles Griffin and Company, Limited, 42, Drury- 
lane, London, W.C.2. Not only does the issue contain a 
complete list of all papers read and contributions sub- 
mitted during the period, but, in addition, full particulars 
are included regarding the membership, fees and consti- 
tution of the various institutions and other bodies. All 
the fundamental branches of scientific research are 
covered, and the book constitutes a valuable source of 
information; and the price remains at 18s. as last year. 


CoLureRY YEAR Book, 1928.-——-The © Louis Cassier 
Company, Limited, 22, Henrietta-street, Covent-garden, 
London, W.C.2, have recently published the sixth annual 
issue of the Colliery Year Book and Coal Trades Directory. 
The necessary alterations have been incorporated in the 
present issue in connection with the amalgamation and 
changes in the ownership of collieries, which have taken 
place during the past year, but no special new features 
have been added, and the book, as before, is divided into 
a number of main parts. The first of these sections 
consists of a directory of all officials connected with the 
industry, in Government Departments, mining institutes 
and associations, trade unions, &c. The second section is 
termed the Colliery Section, and contains an alphabetical 
list of colliery owners, with their mines, names of 
directors and officials, &c., a mines index, mines regula- 
tions, and concludes with some useful notes on blasting. 
Theu follow a number of articles amongst which ‘‘ The 
Coal Problems of 1928,”” by Mr. W. A. Lee, C.B.E., and 
** Electrical Development Relating to Coal Mines,”’ by 
Mr. L. H. Davison, may be specially mentioned. The 
most noteworthy section of the volume is the fourth, 
which contains a large number of statistical tables and 
diagrams, covering every side of the industry. The issue 
concludes with alphabetical lists of blast furnaces, coke 
makers, gas works in Great Britain, and a coal trades’ 
directory giving useful data regarding coal trade and 
colliery associations, inland colliery owners, coal exporters 
and shippers. colliery agents, &c. The book is priced 
at Il, 1s, net. 








relative matter. Wall openings, moreover, such as 
doors and windows, diminish the insulating value of 
the walls to a very considerable extent. When there 
are no holes or cracks in a wall, the wall can only 
transmit sound by yielding to the oscillating air pressure 
and by vibrating with it. A partition or panel thus 
behaves like a diaphragm held at the edges ; the stiffer 
and heavier the wall, the better will be its insulating 
properties. In a compound wall, consisting of frames 
and panels with intervening air spaces, the panel facing 
the source of sound will vibrate directly ; the second, or 
back panel will—apart from the vibrations of the whole 
system—be excited only by the vibrations of the air 
in the dead space. The transmission of sound will be 
weak, because the energy falling on the second panel is 
much smaller than that acting on the first. A rigid 
cross connection would make the two panels move 
together, and the filling of the air space with sawdust, 
slag and heat insulating material may have the same 
undesirable effect, if the material be packed too tightly, 
and will, in general, be of doubtful value. Good heat 
insulators are not necessarily good sound insulators. 
The new experiments discussed in the paper mentioned 
were made with walls of brick, tiles, &c., and with cross- 
bars consisting of three pieces of wood, 7 ft. by 1} in. by 
3} in., fixed parallel with each other, 17 in. apart, divid- 
ing the frame into four compartments, into which pads 
of hair felt, single-ply quilts, Celotex and other materials 
were introduced. It was observed that sound waves of 
low frequency were transmitted by double walls almost 
as well as by single walls, and that the introduction of 
the pads generally made little difference, the trans- 
mission being essentially through the corner supports. 





TRIAL Trip OF THE S.S. “ BEAVERHILL.’’—Successful 
trials were carried out recently of the twin-screw steamer 
Beaverhill, which was built by Messrs. Barclay, Curle 
and Company, Limited, for the Canadian Pacific Railway 
Company’s service between London and Montreal. The 
vessel is in every way similar to hersister ship, the Beaver- 
ford, which was also constructed by Messrs. Barclay, 
Curle and Company, Limited, and was described in 


CATALOGUES. 


Fuse Wires.—A list of fuse wires in aluminium, copper, 
lead, tin and special alloy for nominal fusing currents 
ranging from 2 to 300 amperes, is to hand from Messrs, 
British Insulated Cables, Limited, Prescot, Lancs. 

Air-Compressors.—A leaf catalogue describing their air 
compressors for underground work in coal mines js to 
hand from Messrs. Reavell and Company, Limited, 
Ipswich. The four standard sizes are made in capacities 
of 100, 200, 300, 400 cub. ft. of air per minute. 


Constructional Steel.—A catalogue of solid steel] 
columns for building construction, is to hand from 
Messrs. Moreland, Hayne and Company, Limited, 
80, Goswell-road, London, E.C.1. The standard list 
of diameters ranges by half inches from 2} in. to 15 in, 
Bases and cap pieces are shown and also connections 
for joists. Notes on foundations and safe-load tables 
for columns and joists are given. 

Furnace Electrodes,—A list of graphite electrodes for 
electric furnaces, with tables of dimensions and capacities, 
and an explanation justifying the higher cost, as com. 
pared with amorphous carbon electrodes, is to hand from 
the Electrical Equipment and Carbon Company, Limited, 
109, New Oxford-street, London, W.C.1, who are agents 
for the makers of the electrodes, Messrs. Gebriider 
Siemens and Company, Berlin-Lichtenburg. 


Foundry Machines.—The Universal System of Machine 
Moulding and Machinery Company, Limited, 97, Queen 
Victoria-street, London, E.C.4, whose works are at 
Choisy-le-Roi, near Paris, have issued a catalogue of 
machines for moulding, pattern plate and stripper plate 
making, corebox making, &c., covering a very large 
branch of foundry work. Many examples of the 
castings produced are illustrated, as well as the machines 
themselves. 


Roadmaking and Quarry Machinery.—Messrs. Stothert 
and Pitt, Limited, Bath, have issued a revised edition 
of their catalogue of roadmaking and quarry plant. The 
road machinery includes dryers, mixers, and machines 
for preparing tar and bituminous macadam and asphalte, 
in @ variety of types and capacities. The quarry plant 
includes elevators, hoppers, conveyors and screens. This 
firm designs and makes complete equipments to suit any 
given output or local conditions, and also supplies separate 
machines. 


Concrete Mixer.—The Marshall-Benson portable con- 
crete mixer is of the tilting type, and is designed so that 
it can easily be arranged for discharge either from the 
end ortheside, Itis equipped, as required, with hoisting 
winch, distributing boom and bucket, or gantry with 
trolley tipping. It is made by Messrs. Marshall, Sons and 
Company, Limited, Gainsborough in four standard sizes 
with capacities of 3, 6, 9 and 14 cub. ft. of mixed material ; 
45 batches can be mixed per hour. Stationary equip- 
ments for larger scale work are also made. A 


Electrical Machinery.—A batch of leaf catalogues re- 
ceived from the Westinghouse Electric and Manufactur- 
ing Company, East Pittsburgh, Pa., U.S.A., deal with 
data of electric locomotives built for heavy freight ser- 
vice ; turbo-generators ; synchronous motor-generators 
for mining and industrial plants; direct-current gene- 
rators; high-speed synchronous motors; automatic 
electric melting pots: air heaters; motor-starters ; 
domestic cooking appliances; and an electric snow melter 
for keeping the moving parts of railway points free from 
snow and ice, 


Heavy Machine Tools.—A full range of the heaviest 
machine tools for planing, turning, boring, milling, grind- 
ing, drilling, slotting, shearing, punching, bending, and 
straightening, is shown in the catalogue issued by 
Messrs. Joshua Buckton and Company, Limited, Meadow- 
road, Leeds. These tools are made to deal with the 
largest turbine or mill work, and are equipped with time- 
saving devices such as multiple-tool holders, and ample 
changes of feeds and speeds, &c. A considerable range ot 
testing machines is also shown. Many of the machines 
are of exceptional interest. 

Typewriting Telegraph.—The Morkrum Kleinschmidt 
teletype is fully explained, and various models of the 
instrument illustrated in a catalogue issued by Messrs. 
Standard Telephones and Cables, Limited, Connaught 
House, Aldwych, London, W.C.2. The instrument 1s 
operated by manipulating a keyboard similar to that 
of an ordinary typewriter and produces a typed copy 
of the message at the sending end and also transmits It 
to one or more receivers at any distance. The receiving 
instruments produce typewritten copies of the message 
on either ribbons or sheets. 





Directory oF Contractors AND PuBLic _WoRKS 
ANNUAL, 1928. The 39th annual issue of the Directory 
of Contractors has recently heen published by Messrs. 
Wightman and Company, Limited, 104, Regency-street, 
London, 8.W.1. The object of this work, to which is 
continually being added new matter, is to provide 4 
handy reference for the civil engineering contractor. 
As in previous issues, the data have been divided into 
a considerable number of sections each dealing with @ 
particular branch of the subject, such as the various 
Government Departments; the civil engineering, Com 
tract and purchase departments of the Admiralty; the 
Air Ministry ; railway, dock, harbour, pier and bridge 
contractors; reinforced concrete contractors ; road and 
drainage contractors. Other complete alphabetical lists 
are included of city and borough surveyors ; builders ; 
architects, &c. There are stil] further sections dealing 
with the Thames Conservancy, the Port of London 
Authority, the London County Council, H.M. Ottice o! 





ENGINEERING, on page 185 ante. 





Works, &c. The price of the volume is 17s. 64. net. 
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THE TRENTON CHANNEL STATION 
OF THE DETROIT EDISON COMPANY. 
(Continued from page 344.) 

Coat UNLOADING ARRANGEMENTS. 

LeaAvineG for the moment the screen house, it will 
be convenient to deal with the coal-handling arrange- 
ments first. Coal is usually received in hopper or 
drop-bottom cars of 50 tons capacity. All coal cars 
received from the sidings are passed over a weigh- 
bridge on the south side of the unloading house, 
being taken to this on a track between the screen- 
house and the unloading house. If the coal is 
required for storage only, after weighing it is 
returned along this road and switched off to one 
of the storage pile tracks, where, as stated, it is 





used at Trenton Channel comes mostly from 
Kentucky or West Virginia, where the winter 
conditions are often severe in the mountains. At 
first, on coming out of the mines, the coal will 
thaw any snow which may fall on the cars, while 
in transit wet weather may be encountered on the 
lower levels. Travelling north to Trenton Channel 
where the temperature is at times 15 deg. below 
zero F. in most winters, freezing of the load follows. 
The actual state on delivery at the plant will vary 
with the conditions en route. If snow has frozen 
and thawed intermittently, a top crust only may 
be frozen. If rain has failed to drain off, the 


bottom part of the load may be frozen solid. The 
worst cases occur when cars have to be cut out of 
This involves delays in yards, 





a train for defects. 


the bottom door or hopper outlets. _The two other 
rams are fitted with spud points attached to Goubert 
air hammers. If the coal is frozen hard, these spuds 
are employed to break it up before the scrapers 
come into play. As will be realised from the 
above, the hammer spuds may at times have to 
work through the whole mass, to break up a bottom 
layer. All the spuds are housed in rectangular 
rams, each fitted with four corner rails working 
between pairs of guide rollers in the frame] of the 
unloader. The rams are fitted at the top with 
sheaves corresponding with pulleys on an upper 
frame. Hoisting ropes pass over the ram pulleys 
and head sheaves, and then run down to 20 h.p. 
motors on the main frame. There are six motors in 
all; four are hoisting motors (one for each ram), 










SUnits 





SUnits 





Fig. 1. 
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unloaded by crane and grab. If it is required in 
the plant at once, the car or rake of cars is run into 
the unloading house, where there are two tracks over 
reinforced concrete hoppers. The coal unloading 
building is 120 ft. long by 58 ft. wide. 

There are two hoppers below the floor, measuring 
each 43 ft. long by 35 ft. 2 in. across, extending 
across beneath both tracks as shown in Figs. 11 
to 13. Four cars can be unloaded at a time. 
The hoppers extend into a basement with floor level 
30 ft. below track level, and the two mouths of each 
hopper feed on to apron conveyors passing up to 
two coal breakers. The most interesting feature of 
the unloading house is the unloading machine, a 
development of an appliance originally used at the 
company’s Delray station. This is illustrated in 

- 14 to 16, on page 370, and in Fig. 17, 
on page 371, which shows the interior of the un- 
house. Coal received in winter is often 

frozen so that it will not clear of itself. The coal 
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| with the possibility of repeated thawing and freezing 
so that the load may ultimately be frozen through. 
To meet these conditions, and always for use with 
drop-bottom cars, which have long flats at each 
end, an unloading machine constructed by the 
Brown Hoisting Machinery Company, Cleveland, 
is employed, running on an overhead track or 
gantry inside the building. Only one such machine 
is installed and this is over the track nearest the 
coal preparation house. It runs on tracks 15 ft. 10 in. 
apart cr. to cr. and travels lengthways down the 
building above the cars. It is provided with four 
rams, two of which are fitted with large spuds, 
2 ft. 11 in. wide, which act as scrapers. 

When a car is to be unloaded it is spotted over 
one of the hoppers and braked. The unloader 
then moves till the scraper spuds are over the car 
near one end, and the spuds are lowered till they dip 
well into the coal. The unloader then travels in the 
direction of the car centre, scraping the coal towards 
















Fig. 12. 
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and two travelling motors for the unloader. The 
motors are all similar, and work on 220-volt 3-phase 
25-cycle supply. The rams have a hoisting speed of 
45 ft. per minute,the motors being geared down for 
this by double reduction. The hoisting motors 
are arranged right and left-handed with the winding 
drums towards the centre line of the machines. 
The travelling motors are placed one at each end 
of the machine, which runs on four 24-in. wheels 
and has a wheelbase of 19 ft., and overall length of 
34 ft. The travelling motion is provided through 
treble reduction gearing, giving a’ speed of 70 ft. 
per minute. The split gear on each axle has a 
pitch diameter of 35-2 in. Close to the carrying 
wheels are small safety wheels fitted on stub axles. 
The position of these may be seen in Figs. 15 and 16. 
The spuds can be raised as high as 16 ft. clear of the 
track, and lowered to within 2 ft. of the rails. The 
machine runs on rails at a level of 20 ft. 7 in. above 
the car track level, and the hoisting frame extends 
15 ft. 94 in. upwards from its rail level. Current is 
taken from conductors alongside the upper part of 
the hoisting frame, as shown in Fig. 14, while com- 
pressed air at 80 lb. pressure for the hammer points 
is brought to the machine by a flexible pipe running 
on trolleys, as shown best in Fig. 15. This pipe is 
brought to the hoisting frame and then down to the 
machine deck. It then runs out towards one end of 
the main frame where it bifurcates, the two branches 
being reversed and carried back to the two hammer 
rams. The maximum wheel load is about 37,000 lb., 
and the scraping force at each scraping spud point is 
about 3,500 lb. The spuds are used for spotting cars 
correctly over the hoppers, and moving empties out of 
the way. It may be added that the unloading house 
is piped for steam in case it should be necessary to 
thaw out coal if the unloader hammers are unable 
to break it up, as, for instance, when as described 
above a car has been considerably delayed in transit, 
and arrives frozen through. 

From the hoppers under the unloading house, 
the coal is fed to four apron conveyors, 42 in. wide, 
driven by 25 h.p. motors, and inclined at an angle 
of 30 deg. These have a speed of 24 ft. per minute 
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THE TRENTON CHANNEL STATION, DETROIT, MICHIGAN, U.S.A. 
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and a capacity each of 160 tons per hour. The coal 
is taken by these, as shown in Fig. 8, page 344, ante, | 
into the coal preparation building, and is delivered | 


into hoppers feeding two Bradford coal breakers, | 
each of a capacity of 320 tons per hour. | 


(To be continued.) 


| 
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The Fatigue of Metals. H.F. Moore and J, B, KomMers. | 
London: McGraw-Hi!l Publishing Company, Limited. | 
{Price 20s. net. ] 
Ow1neG to the increasing number of machines and 
constructions the members of which are exposed ayEy 
to repeated stress, this subject is daily becoming | 24° dia Wheels 
more important. This importance is still fur- | 
ther augmented by the marked tendency towards | criteria. To-day, the conditions are much better. | relation appears to exist between the endurance 
greater frequency in modern machines. The sudden | Machines for dynamically testing endurance under | limit in reversed bending and the tensile strength. 
‘fatigue’? failure of a ductile material, originat- | axial tension-compression, bending and torsion | The authors suggest that this relation is one-half. 
ing from severe localised stress and spreading | are available, and tests require only a comparatively | Tests made under repeated cycles of axial tension 
progressively through the loaded section, without | short time. Over thirty machines of one type are | and compression are far more difficult to carry out. 
deformation, is, unfortunately, only too familiar. | known to be in use in works laboratories. Another | Neither machines nor frequencies are standardised 
“ Crystallised ” or “fatigued” was, at one time, | hopeful sign is the rapidly increasing literature on| to the same extent. The ratio of the endurance 
used to describe this type of failure, and with this|/the subject. The authors of the present book ‘limit thus obtained to that for reversed bending 
delightfully nebulous solution the matter ended.| summarise the more important experimental facts, | is 0-7 to 1:0. The figure suggested for endurance 
Microscopic examination showed, at an early date, describe the principal testing machines, and discuss | in shear is 55 per cent. of that for tension-compres- 
that the crystalline structure exhibited by fatigue | the present theories. ‘sion loading. Mailander considers the endurance 
fractures was not due vo the application of repeated} The historical survey dealing with the work of | limit under reversed flexure for worked steels to be 
stresses, but was the inherent state of the material. | Wohler, Bauschinger, Bairstow, Ewing, Rosenhain | approximately 0-47 the tensile strength, or 0-28 
The slow advance made ‘in the investigation of} and Humfrey is clearly written. From recent/ the total of tensile + yield with a variation of 
the resistance of materials to alternating loads| characteristic results of fatigue testing, these| +20 per cent., the ratio being too low for mild 
may seem surprising, but that is largely accounted | authors believe that the assumption, the existence | steels and too high for higher tensile materials. 
for by the lack of suitable and convenient apparatus. | of an endurance limit, seems reasonably sound | He gives very much the above ratios for the various 
Tests took weeks or months, and machines were} in the case of all ferrous and most probably of| types of loading. Reference is made to impact 
of many types and did not give concordant results. | non-ferrous materials also. They find it possible | endurance tests. The curves shown are similar 
Had progress been more rapid, the present classifi-| to make a close estimate of this limit from tests ‘to those obtained from reversed flexure. It has 
cation of steels might conceivably have been| run to not more than 10° cycles. Valuable tabulated | been shown elsewhere that, for a given strength 
different, based rather on endurance strength than | results of chemical analyses, mechanical properties, | of blow, the number of blows to fracture y snag 
on tensile strength, ductility and resistance to| treatment and endurance limit of a very large|to increase with the yield point. The effect 0 
fracture in notched-bar tests, which are now the! number of engineering materials are given. A| various treatments on the endurance limit 
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THE TRENTON CHANNEL STATION, DETROIT. 


(For Description, see Page 369.) 


Fig. 17. 


discussed. 
case-hardening (cementation or nitration) quite 


definitely raises the endurance limit. Cold-working |- 


appears to give a similar result; also such heat 
treatments as would increase the tensile strength. 

Accelerated tests do not receive much atten- 
tion, yet rise in temperature, energy consumption 
and deflection methods show promise of service, 
especially in preliminary determinations. Data 
on the influences of notches, corners, surface finish 
and corrosion are given in the chapter on the 
efiects of various factors on the endurance limit ; 
the results quoted show that the influence of these 
so-called imposed defects, although very consider- 
able, is not so serious as would be expected from 
the theory of elasticity. The formule and diagrams 
proposed for indicating the effect of range of 
stress on the endurance limit are given and 
criticised. The authors regard the modified 
Johnson-Goodman formula as the safest and most 
convenient. 

Fatigue in service, periodic examination, and 
principles for the design of members exposed to 
Tepeated stress form the subjects of a well- 
illustrated chapter. Several theories of failure 
under repeated stress are considered. The authors 
incline towards the internal-flaw hypothesis, sup- 


port being found in the fact that imposed | 
defects do not give rise to the full calculated 
result. This seems hardly satisfying, although it 
may be admitted that the first failure or crack 
occurs in an overstressed nucleus, the over- 


‘tressing being perhaps due to the presence of 
defects, or the opening up resulting from the effects 
of complex tensile stresses. Confirmation or contra- 
diction will doubtless be forthcoming as the result 
of the very large number of tests now being carried 
outall over the world. Workin progress on cohesion 
will probably also be relevant. Two brief chapters 
‘ummarise the data available on the fatigue of 
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InTERIOR OF CoAaL-UNLOADING HOUSE. 


It now seems well established that| timber, cement and concrete. There is an excellent 


bibliography ; also name and subject indexes. 





Spectroscopy. By Professor E. C. C. Baty, M.Sc., F.R.S. 
Third Edition. Vol. III. London: Longmans, Green 
and Company, Limited. [Price 22s. 6d. net.] 

Wit the third volume of his book on spectroscopy, 

which has quickly followed the second volume, 

Professor Baly has entered upon more theoretical 

ground than in his first two volumes, which were 

largely experimental and descriptive of methods of 
investigation. He himself characterises the contents 
of this volume as a discussion of those developments 
in spectroscopy which were the more immediate 
results of Bohr’s theory. Our views have been so en- 
tirely remodelled within the last fifteen years by the 
work of Bohr, Sommerfeld, Back and others, to 
whom Professor Baly expresses his particular 
indebtedness, that one might have expected a 
presentation of the subject on other than historical 
lines. But the first of his four chapters, on series 
lines in spectra, which occupies three hundred 
out of a total of 532 pages (including the two 
indexes), opens with Balmer, Rydberg, Runge and 

Paschen, as older books did. and that also remains 

after all perhaps the easiest way of approaching 

modern conceptions and of dealing with researches, 
in which the principal, diffuse. &c., series and singlets 


| and multiplets figure as before. The space allowance, 


however, seems somewhat incongruous. The second 
chapter on the Zeeman effect is allowed a hundred 
pages and the last two chapters, on the Stark 
effect and on emission band spectra, are given fifty 
pages each. Fluorescence and phosphorescence had 
already been discussed in volume II, which also 
contained a general chapter on the nature of 
spectra. Band spectra, however, do not appear to 
receive the full consideration which their recent 
developments demand. In former books and papers, 
Professor Baly has advocated the suggestion of 


Deslandres that the frequencies in all the band 
spectra (emission and absorption) of certain ele- 
ments seem to be multiples of a single fundamental 
frequency which, expressed in wave-numbers, had 
the value 1,062-5. He still dwells on this relation- 
ship, which has been much criticised, though he 
admits that the apparent necessity of accepting 
fractional values of this fundamental frequency is 
unsatisfactory. 

As regards the relative intensities of the com- 
pound lines of multiplets, Professor Baly asked 
Professor Ornstein to describe and to discuss the 
methods of investigation and the interpretation of 
the results obtained by Professor Ornstein and his 
colleagues at Utrecht. The beginning of this special 
contribution, which is, of course, very welcome, is 
clearly indicated; but one does not know where 
Professor Baly himself takes up the pen again. The 
difficulty for the reader in most modern books of this 
kind is that they are overladen with detail. The 
transition stage in the science of radiation is not 
tempting for concise summaries. 





Aeroplane Design, Aerodynamics. By E. P. WARNER. 

London: McGraw-Hill Publishing Company, Limited, 

6 and 8, Bouverie-street, E.C.4. [Price ll. 17s. 6d. net. ] 
THE present is, for aeronautics, a transitional period 
of importance. The pioneers who brought the science 
of flight into being and who fostered it through its 
empirical stage, are, one by one, dropping out of the 
race. A new generation, largely recruited to 
flying during the war, is gradually assuming respon- 
sibility for the direction of aeronautical progress. 
For new men, new methods are required. The sum 
of men’s speculations on flight before the opening 
of the twentieth century was easily surveyed and 
sifted, and the early aeronauts, starting from 
scratch, were able without difficulty to keep 
abreast of the speculation and progress made by 
their fellow workers. The volume of data which 
has now accumulated, however, has grown to such 
enormous proportions that a student approaching 
the subject may well fail to grasp the strands of 
theory that knit the fabric of the science together. 
Mr. Warner has performed a very useful task in 
giving this material coherent and abbreviated form 
for the benefit of the student possessing a fair 
grounding in mathematics. The work is not 
highly technical, and it treats aerodynamical pro- 
blems from the strictly practical point of view of 
design. 

The opening chapters discuss the simple aerofoil. 
An interesting summary is given of the evolution of 
modern wing sections, and mention is made of a 
few freak sections, such as the Constantin leading 
edge and the multi-camber aerofoil. An interesting 
chapter summarises the means suggested for 
enabling changes to be made in lift and minimum 
speed by variations in the area, camber and structure 
of the wing, the Handley Page slotted wing receiving, 
of course, detailed description. 

The rest of the book deals with the aeroplane 
structure as a whole, and Part II opens with a 
discussion of air resistance. The effects on aero- 
dynamic efficiency of the various projecting irregu- 
larities from the pure streamline form, which are 
made necessary by modern constructional practice, 
are well illustrated by wind-tunnel tests of represen- 
tative fuselages. Of one such, Mr. Warner records : 
** With the cylinder heads in the air-cooled engine 
removed and the holes where they had projected 
closed, and with the cockpit also faired over, the 
coefficient of resistance was only 0-00032, just under 
one-quarter of the figure for the complete body. 
The removal of the fairing from the cockpit and 
the insertion of a model of the upper part of the 
pilot’s body increased the coefficient to 0-00052, 
and the remainder of the complete coefficient, 
amounting to more than 60 per cent. of the total 
value, appeared when the engine cylinders were 
placed on the model. This emphasises the import- 
ance of the fact that any breaking down 
of the smooth air-flow near the nose of the body is 
likely to be disastrous. Since airplane fuselages 
have almost always to be designed to accommodate 
an engine in their forward end, and frequently a 
radiator and other accessories as well, they must be 
made very blunt, and their resistances therefore 
seem startlingly high by comparison with those of 
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really low-resistance forms. Although the addition 
of the windshield increased the resistance in the 
test just mentioned, it does not always do so. 
Fuselage No.2 . with a windshield added, 
not only had 8 per cent. less resistance than with 
the windshield removed, but actually a trifle less 
than with the windshield off and the cockpits cleared 
of the models of the men’s heads which were in 
place during the test with the windshield.” 

In considering the undercarriage in relation to the 
problem of reducing air resistance, the author 
estimates that “a 36 in. by 8 in. wheel, a size 
commonly used for airplanes weighing 5,000 lb., 
would have a resistance of approximately 36 lb. at 
100 m.p.h. if unfaired and of symmetrical shape, 
and about 48 lb. with the hub dissymmetrically 
placed. Converting the higher of these figures, in 
turn, into horse-power, 48 Ib. resistance at 100 miles 
per hour is equivalent to a consumption of 13 h.p. 
To drive two such wheels through the air at that 
speed would use up a considerable fraction, 
certainly over 7 per cent., of the engine power likely 
to be available on such an airplane.” By adding a 
fairing consisting simply of discs of fabric, however, 
the 26 h.p. allocated to the propulsion through the 
air at 100 miles per hour of two such wheels can be 
reduced to 9 h.p. One would have expected that 
rather more attention would have been given to the 
effect on air resistance of the radiator of a water- 
cooled engine, while the resistance set up by the 
greater area of the air-cooled engine received only 
incidental mention. 

The third section, accounting for almost half the 
book, deals with stability and control which, the 
author rightly states, is the branch of aeronautics 
least amenable to exact mathematical treatment 
and the most difficult to dissociate from the opinions, 
prejudices and individual skill of the pilot. The 
long chapter on “‘ Controls and Controllability ” is a 
very complete guide to the innumerable devices 
with the aid of which, it is claimed, the aeroplane 
designer can increase the pilot’s command over his 
machine in all conditions, and through a greater 
range of speed. We noticed in this section, how- 
ever, no reference to the possibilities of gyroscopic 
rudder and aileron control. 

Mr. Warner’s book should become recognised as 
one of the most reliable and comprehensive text- 
books for the intermediate student, while it will be 
read with interest by those with experience in the 
design of aircraft who value perspective as much as 
specialised knowledge. It is written in an admir- 
ably clear and readable style, differences in American 
British and Continental nomenclature have been 
pointed out to avoid a source of confusion common to 
technical works, and the printing, illustration, 
complete indexing and logical arrangement of the 
work are also to be commended. 





The Higher Coal-Tar Hydrocarbons. By ARTHUR ERNEST 
Everest, D.Sc., Ph.D., F.LC. London: Longmans, 
Green and Company, Limited. [Prico 18s. net.] 

GLANCING at the seven pages of the name index of 
this very useful volume of 334 pages, the reader 
might feel inclined to question Dr. Everest’s state- 
ment that the higher hydrocarbons have rather been 
neglected in compilations. But many of the names 
indicate original investigators and discoverers of 
compounds, which so far mainly interest the theore- 
tical chemist and the specialist. As chief chemist 
to Messrs. W. Leitch and Company, of Hudders- 
field, manufacturers of coal-tar intermediates, dyes 
and explosives, Dr. Everest, known as joint author 
with Professor A. G. Perkin, of Natural Organic 
Colouring Matters, was naturally attracted by the 
possibilities of these higher hydrocarbons and their 
numerous derivaiives, especially their promising 
oxygen compounds of the quinone type. So far, 
however, only the acetonaphthenes have yielded 
products of commercial value. 

The higher hydrocarbons of coal tar are built up, 
either of two benzene hexagons or rings, each with 
six carbons united by a five-carbon ring, or of 
more than three benzene or other rings. Anthra- 
cene, though containing three benzene rings, is not 
classed with the higher hydrocarbons. Known 
for nearly a hundred years, anthracene has an 
extensive literature of its own, and anthraquinone, 
now also manufactured synthetically, has become 


an important material in the dye industry. But 
commercial anthracene can hardly be called fairly 
pure yet, and many of the higher hydrocarbons, the 
preparation and properties of which Dr. Everest 
ably describes, are not even now commercially 
obtainable. He classifies them in the groups: 
acenaphthene, fluorene, phenanthrene, and a small 
group of miscellaneous, highly complex compounds 
comprising benzerythrene, crackene, &c. In the 
difficult task of compiling this valuable book 
of reference, Dr. Everest was confronted with the 
nomenclature trouble, rarely absent in organic 
chemistry. The several rings making up the mole- 
cules may be joined in various ways. In the 
simple benzene hexagon, the corners are marked 
by the numbers 1 to 6. The discoverer of a new 
multiple-ring compound names and numbers it 
according to his view of the constitution; a sub- 
sequent investigator may suggest a different con- 
struction, and hence a different nomenclature and 
mode of numbering. The matter has been taken 
up by the International Nomenclature Committee, 
and Dr. Everest follows this committee, giving, in 
doubtful cases, the several versions, 





THE QUANTUM AND RELATIVITY 
THEORIES OF LIGHT. 


In opening his discourse on “ The Quantum and 
Relativity Theories of Light” at the Royal Insti- 
tution on March 16, Professor E. T. Whittaker, 
F.R.S., of Edinburgh, stated that, at the end of the 
nineteenth century, the classical theory of light, 
created by Fresnel in 1816 to 1823 and trans- 
formed into an electromagnetic theory by Maxwell 
in 1861-1862, was believed to be capable of account- 
ing for all optical phenomena. In December, 1900, 
however, Planck showed that the laws of radiation 
could only be explained by a discontinuous emission 
and absorption of light in quanta. Then the 
difficulties of the classical theory began to accumu- 
late, first in connection with the photo-electric 
effect. 

On Bohr’s theory of emission spectra of 1913-1914, 
the spectrum lines represented vibrations more or 
less similar to the sound vibrations of a string, 
which gave a fundamental note as well as overtones. 
Bohr suggested that the atom could exist in a certain 
restricted number of stationary states, during which 
the electrons continued to revolve without radiating, 
and that the electrons would only radiate when 
excited on returning from one of the stationary 
states to another, the energy released being emitted 
in radiation. 

If Bohr’s model atom conception were right, the 
electro-magnetic theory required modification. How 
the conflict between the electromagnetic and the 
quantum theories had been bridged over by the 
doctrine of wave mechanics had recently been ex- 
plained by Prof. Schrédinger himself, in the Royal 
Institution. On this doctrine, Professor Whittaker 
indicated the stationary states of the old quan- 
tum theory corresponded to normal solutions of 
Schrédinger’s wave equations. In a normal solu- 
tion, the electric moment of the electron did not 
vary with time, and there was no reason for the 
emission of radiation as long as the moment 
remained constant. When, however, the state of 
the atom was represented by a super-position 
of two normal solutions, the electric moment 
did vary, and radiations were emitted. It had 
further been demonstrated by G. P. Thomson, of 
Aberdeen and C. Davisson and L. H. Germer, of 
New York, that a beam of electrons was diffracted, 
&c., like a beam of X-rays, and the equivalent wave- 
lengths of the electron beam turned out to be in 
agreement with the h/mv values of wave mechanics. 
Thus, one great discrepancy had been removed, 
but the difficulty of the photo-electric effect re- 
mained. When a ray of light of feeble intensity, 
but of high frequency, fell on a substance, an elec- 
tron was emitted, sometimes apparently with an 
unaccountably large amount of energy. That 
problem could be approached on the principle of 
relativity and on the wave theory of matter, 
first announced a few years ago by L. de Broglie. 
In the old days, electricity and magnetism had 
stood apart from other physics. Faraday had 


gravity and electricity; experimentally a mutuaf 
interaction between the two could possibly not 
be demonstrated on our earth. The bending of 
a ray of light by the gravitational field of the sup 
had only been established in 1919. The laws of the 
propagation of light and of electricity, Maxwell 
argued, were the same because they were both 
propagated by the same ether. Einstein did not 
specify any ether when he maintained that gravity 
and electricity must be explicable on the same lines ; 
he attributed the necessary properties to space. 
These properties depended upon the material 
bodies present. Space was distorted by whatever 
happened in it; gravitation was not a force, but a 
continual effort of the universe to straighten itself 
out. To explain the relation between a gravi- 
tational field and an electric field, Prof. Whittaker 
represented an electric charge by a point sur. 
rounded by concentric circles (plane sections of 
equipotential spherical surfaces) and a mass 
point near it, in which a gravitational field was 
centred. This field distorted the equipotential 
circles, made them co-axial and crowded near the 
mass point, and drew them out towards that point, 
so that finally the mass point was embraced from 
both sides by the distorted circles, though the circles 
remained closed curves. If either field varied in 
intensity, or the polarity of the electric field alter- 
nated, there should be radiation. In this way a 
light ray might permanently be captured by the 
gravitational field of a mass. It might not be 
possible to demonstrate such effects in the labora- 
tory, but they. probably did occur within the atom. 
Prof. Whittaker, who is studying these relations, 
together with Mr. E. T. Copson, added that the 
problem, and particularly the movements of 
electrically uncharged particles in gravitational 
fields, became clearer on the assumption of a five- 
dimensional space. The underlying idea, how- 
ever, had been foreshadowed by Heaviside and 
Fitzgerald, and the modern argument could be 
better understood by starting from a bar magnet. 
If a short vertical bar, with a positive pole and a 
negative pole at its ends, moved at the velocity of 
light in a direction at right angles to its vertical 
axis, the magnetic lines of force would be flattened 
out against the bar, and would finally form two 
systems of circles, on the right and left of the bar, 
all tangential to the centre of the bar. Similarly, 
the electric lines of force would form two systems 
(an upper and a lower) of circles, intersecting the 
others at right angles and all passing through the 
centre of the bar. The whole would represent a 
singular plane wave of light, capable of reflection, 
polarisation, &c. In a way, the system would 
retain the character of the bar magnet ;_ by picking 
up the magnet, one might capture the whole plane 
wave and get hold of the singularity. The con- 
sideration of such singularities had proved useful. 
The classical theory was not in contradiction with 
the capture by a single atom of a whole quantum of 
radiation, or with the preservation of the identity 
of the quantum as it travelled over great distances. 





Surpwreck Sratistics.—Returns issued recently by 
Lloyd’s Register of Shipping show that, during the 
quarter ending September 30, 1927, the number and gross 
tonnage of ships, of 100 tons gross and above, totally 
lost or condemned in consequence of casualty or stress 
of weather were, respectively, 62 and 82,655. Of these, 
50 vessels, totalling 78,208 tons, were steamers and 
motorships, 9 of them, aggregating 22,071 tons, being 
British. Vessels otherwise broken up or condemned 
totalled 39, and their tonnage, taken together, was 
97,022. No less than 31 of these vessels, making in all 
84,743 tons, were steamers and motorships, and, of these, 
13 ships, totalling 39,964 tons, were British. 





MarkincG oF ImporTeD CoprerR TuBES, BALt BEAR- 
INGs, Pumps anp Vacuum CLEANERS.—The Board ot 
Trade, under the Merchandise Marks Act, 1926, have 
referred to the Standing Committee applications for the 
marking of imported copper tubes, ball bearings, pump* 
of all descriptions, and vacuum cleaners. The com- 
mittee will consider whether these articles should be 
marked on sale, or exposure for sale, and they may, at 
their discretion, also consider whether the articles should 
be marked on importation. The dates of the committee s 
public inquiries will be announced later, and communi 
cations should be addressed to the secretary, Mr. E. 

Reardon, Board of Trade, Great George-street, ne 
S.W.1, as early as possible, and not later than April 19. 
The references are published in full in the Board of Trade 
Journal of Thursday, March 22, and in the London, 





attempted in vain to find a connection between 





Edinburgh and Belfast Gazettes of Friday, March 23. 
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NOTES ON LIMIT SYSTEMS. 
By Prorsssor N. N. Sawin. 


Tue Skoda Works, in Pilsen, as far back as 1921, 
adopted the D.I.N. system of standard hole, in 
which the hole is made as close as may be to the 
nominal dimension. After using this system five 
years, some of its difficulties and shortcomings 
became evident. Some classes of fit, namely medium 
force fits and wringing fits, frequently gave rise to 
complaints from shops as to their insufficiency and 
unreliability. Using this system, it was, in fact, im- 

ssible to secure the interchangeability of machine 

arts. Moreover, there was evidence that, for small 
diameters, say, of from 150 mm. to 180 mm., the 
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‘tolerances specified were too large. In the case of 
large diameters, on the other hand, they were smaller 
than necessary. These remarks apply mainly to 
wringing and tight fits, which are most used in the 


Skoda Works. To verify the justice of these com- | 


plaints, and also to limit the imperfections of force 
and wringing fits, a series of experiments was carried 
out in the shops to determine :—({1) The influence 
of different factors upon inaccuracies of manufactur- 
ing ; (2) the limits of negative allowances for typical 
force and wringing fits; and (3) the dependence 
of the force necessary for heavy force and shrink 
fits on different conditions. In this note the author 
proposes to give only an abstract of experiments 
carried out to check the tolerances of manufactured 
parts, 

For any kind of fit it is necessary to produce in 
both mating parts the proper positive or negative 
clearance. In quantity production of  inter- 
changeable parts by the use of limit gauges, devia- 
tions arise, and, on account of these, the actual 
clearances on final assembly are not the same in all 
cases. ‘he possible combinations are illustrated 
in Figs. 1 and 2. Each clearance comprises two 
components :— 

(2) Nominal and therefore constant minimum 
clearance, positive or negative characterising the 
proper fit. Let us call this minimum clearance 
“ tolerance of the fit,” which is equivalent to the 
old English term allowance, and let us designate 
this allowance by A. 

(b) Varying deviations caused by inaccurate 
machining. This deviation corresponds to the 
word tolerance. The varying deviations of two 
mating parts are caused, first of all, by using limit 
gauges. The actual dimensions of work are within 


limits corresponding to the “go 








” 


and “not go” 
sides of the gauges. Moreover, they are influenced 
by errors in the gauges, inaccuracies of measure- 
ment, and also by the character of the surface of 
the work. 

Let the maximum deviation in machining be 6. 
It is evident that § = 8, + 83, where 5; denotes the 
maximum admissible error in the external member 
and 8; represents the maximum admissible error in 
its mate. 

If we call these maximum admissible deviations 
the “‘ tolerance of the work,” then 8), is the tolerance 
of the hole and 8; is the tolerance of the shaft. It is 
obvious that the total clearance, that is the difference 
between the dimensions of both mating parts for a 
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into consideration all details of manufacture, and 
therefore we shall refer only to approximate average 
values, which are satisfactory in the routine work of 
the shops and based on general factory data. 

In the German system of standards, tolerances 
are made to vary as the cube root of the diameter, 
and a similar rule is used in Sweden and in the 
United States. The system is also in partial use 
in Switzerland, but England, in its first system of 
Standards 1905-06, and in its latest system of 1924, 
took as a basis the square root of the diameter, and 
this rule was adopted by the Newall Engineering 
Company in its system, which is much in use even 
outside England, and by W. Kiihn the German 
expert on standards. 





Fig. 3. 
Fine outside turning-Steel. 
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Planing-Steel. 
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Milling with plain cutter.- Steel. 





Fig.9. 
Milling with end cutter.- Steel. 
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Flat turning- Aluminum. 

















Fig. 6. 
Reaming- Steel. 
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Milling with plain cutten-Cast iron. 





Milling with end culter—Cast iron. 





Fig. 12. 
Grinding and polishing of 
hardened surface- Steel. 
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given fit, will vary between minimum value 4 and 
a maximum value A + 8 = A+ 8& + 33. With- 
in these limits there may be all kinds of fit. It 
is evident that the values of both deviations 3; and 
§,, must be limited so that in an accidental combina- 
tion of two mating parts each with the maximum 
possible error, the fundamental characters of the 
required fit shall be preserved. 

The tolerances permissible increase generally 
with the dimensions of the mating parts, but the 
law of increase differs in different systems. This is 
explained by the difficulty of finding theoretical 
reasons for these tolerances. For producing certain 
machine parts different processes must be used, and 
both small tools and machine tools are capable of 
different grades of accuracy. 

With the increasing dimensions of a machine 
tool, the accuracy of the work generally decreases, 
and therefore it is very difficult to determine the 
exact interdependence between accuracy of work 
and its diameter. It is almost impossible to take 





Errors and inaccuracies in work as delivered from 
the machines are caused :—(a) By the state of sur- 
face of the work as left by rough cutting, by the finish- 
ing cut, by rough grinding or fine grinding, polishing, 
or reaming ; (b) by the form of the work and its 
deviation from geometric accuracy, which may be 
due to faults in the machine tools or to the effects 
of elasticity and temperature changes ; and (c) by 
the type of measuring instruments and by errors 
in measurement. 

In Figs. 3 to 12 are reproduced micro-photographs 
of the cross sections of surfaces machined in typical 
manners in the Skoda works in Pilsen. These were 
obtained by photographing the cross sections coated 
with Wood metal, or with Alloth metal. The 
lighter portions are the machined material under 
examination. 

The inequalities of machined surfaces, caused 
by the size and the shape of the chip, and by 
irregularities in the cutting edges of the tool, 
may give rise to the following errors in the 
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measurement of outside diameters :— 


Average machining of large pieces... -+ 180 p* 
Average machining of small pieces... +. 604 
Fine machining of large pieces --- a 100 w 
Fine machining of small pieces... wae aes) Sgt 
Average grinding and fine reaming of ahole= 10 4 
Fine grinding sey re suis ot 4p 
Fine grinding and polishing of hardened sur- 

faces ae 0 ee otk Ju 


The plus sign refers to measurement of an outside 
diameter, and the minus sign to internal measure- 
ments. Generally, under equal conditions of 
machining, outside surfaces will be cleaner than 
inside surfaces. 

Perfect geometric accuracy cannot be assured 
even with machines of the highest precision 
operated by the most experienced workmen. 
Cylinders will always be oval in some cross sections, 
and axially there will be deviations from a straight 
line. 


’ 
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The errors in geometric shape are caused by 
the wear of tools, by the imperfections of machine | 
tools, and by elastic deformations and temperature | 
influences, and also by the properties of the stock | 
machined. External surfaces are generally easier | 
to machine and to measure than inside surfaces. | 

Generally, the geometric errors of shafts and 
holes up to 500 mm. of diameter increase in the | 
same ratio as the diameter and the length. This | 
refers to the outside and inside surfaces which | 
are ground, turned or reamed; under otherwise 
equal conditions, shafts can be produced more 
accurately than holes. 

The geometric form of the surface of a gauge | 
touching the surface of the work measured has | 
a very important influence upon the precision | 
attained. It is generally known that holes differ | 


in diameter according as they are made to standard | gauges may not produce undesirable results, it is 
limit plug gauges, to flat limit gauges, or to ball | necessary, when establishing work tolerances, to| 


'|in the coefficient of friction. 


Fug.#4. SECTION A.B. 
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Measurements will also be modified by differenti 
clearances between the surfaces in contact of the 
gauge and of the measured part, due to differences 
With inside calipers 
having ball contacts, the friction is insignificant, 
on account of the small contact area, which is 
theoretically a simple point contact. In this case, 
the clearance can be assumed to be zero; on the 
other hand, with large contacting surfaces and 
greater friction, the clearance cannot be less than 
2 to 5u, in order to make them slip easily on the 
| measured surface. As a snap gauge touches the 
| cylinder surface theoretically only in a line, the 
/minimum clearance required in this case is only 
1 or 24. The above clearances hold true for correct 
geometrical and exact surface machining ; otherwise 
the deviations are necessarily larger. 

The deviations from geometric form of the 
work will vary with the type of gauge used. For 


Fig. 15. 
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instance, in cylindrical bores having deviations 
from the correct geometric shape both radially and 
axially, the inside gauge a, Fig. 14, with ball contact 
surfaces, touches the inside surface of the cylindrical 
hole in every point of the cross section, and therefore 
measures the maximum diameter of the hole. On 
the other hand, the plug gauge c, Figs. 13 and 14, 
touches only part of the surface measured, and thus 
determines only the minimum diameter, the axis 
of the plug gauge not coinciding with the axis of 
the hole. The flat gauge b is a part of a plug 
gauge, and gives the mean value of the results of 
the measurements made with both above-mentioned 
gauges. 

Accordingly, the use of different types of gauges 
implies different tolerances in the parts produced. 
In order that the use of the different kinds of 





contact inside calipers. This is true although the | specify the type of gauge to be used in inspecting | 
measuring instruments used are very accurate as / the product. 


measured on a precision measuring machine. For | 


The accuracy of the working surfaces of gauges | 


the same reason, there will be differences in diameter | has been developed to a high degree of perfection. | 


| 





| ae 
(512. 0) \e---Steel Snap Gauge ----><-------- Aluminium Snap Gauge ---->| 


| different types of gauges, are caused exclusively 
by errors in the manufacture of the parts measured. 
Wear of the working surfaces of the gauges, caused 
by frequent use, changes the geometric form of 
the surfaces and introduces errors. This wear js 
limited, at present, by prescribed standards, and 
is comparatively very small. 

In addition to the above-mentioned errors jp 
shop measurements by gauges, there are some errors 
caused by temperature changes, by elastic deforma. 
tions, and by individual errors of the workman. 

When both the gauge and the work are steel, q 
temperature difference of 1 deg. C between the 
two will involve an error of 1-15 for a length of 
100 mm. and 11 for a length of 1,000 mm. Work 
rooms differ in temperature by 2 or 3 deg. C., and 
errors caused by this difference reach nearly 3y for 
a length of 100mm. In addition to the tempera. 
ture error of the measuring machine, each master 
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gauge used by the workmen to check the limit 
gauges has its own production error. In what 
follows, the error of this master gauge will jbe 
assumed to be + 2p. 

As far as errors due to elastic deformation are 
concerned, particular attention must be paid to 
them when measuring with snap gauges. The 
result of measuring will depend largely on the sense 
of touch and experience of the workman, on the 
design of the gauge, and on the physical state of the 
part to be measured. Physiological or individual 
errors are caused by differences in sensitiveness of 
eyesight and touch. Physiological errors, caused by 
abnormalities in the optic and nervous system of 
the workman using the vernier or microscope, May 
have special significance. 

Errors of measuring are therefore composed of :— 

(1) Constant production error of the master gauge 
assumed to be equal to + 2u. ; 

(2) Temperature errors which increase in the 
same ratio as the length, and for each 100 mm. 
may be as much as 3p. 

(3) Errors caused by inaccuracies in the working 


of shafts produced to ring gauges or to snap gauges. | New gauges produced in first-class tool rooms are | gauges, by the type of gauge, and by the physio- 
| geometrically perfect, their working faces perfectly | logical errors of the workman. 
measuring with | 
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tolerance of the product, we note a considerable 
difference of tolerances for holes and for shafts, and 
also the impossibility of expressing the relation of 
deviations and diameters by a single formula. 
The types of gauges used may be assumed to vary 
as follows :— 

For holes up to 100 mm. diameter 

For holes 100 mm. up to 260 mm. 

diameter ose eee ses 

For holes 260 mm, up to 500 mm. 

diameter waa nee ... Inside caliper. 

For shafts up to 200 mm. diameter Steel snap gauge. 
The snap gauges are used with the object of 
diminishing weight and increasing sensitiveness. 

The sum total of the errors caused by inequalities 
of surface, by deviations from geometric form and 
by errors of measurement (depending on the master 
gauge, the temperature and the type of gauge) is 
represented by the broken lines ABCD and 
ABCDEF, Figs. 15 and 16, for the second grade of 
accuracy. The breaks in the curves correspond to 
the transition from one type of measuring tool to 
the next type. The diagram is based on pieces 
having a length of one and a-half diameters. 

As the range of diameters accepted by German, 
Swedish and Swiss standard committees, where the 
values of tolerances change gradually, does not 
give rise to objections and is already extensively 
used throughout Europe, we leave them without 
any modification in our proposed tolerance system. 
Sizes are thus classified as follows :— 


Plug gauge. 


Flat gauge. 


lto 3mm. 18to 30mm, 120 to 180 mm. 
So (Ors. as 180 ,, 260 ,, 
C5; 20° 6 5e: ,, 86 ,, 260 ,, 360 ,, 
Ww ,, 35 86 ,, 120 ,. 360 ,, 500 ,, 


For determining the tolerance of the work 5, an 
empirical method was used: The deviations were 
divided into three fundamental groups, dependent 
upon the condition of the surface, upon geometric 
considerations and methods of measurement, and 
were expressed in » on the strength of measurements 
carried out for all four grades of fits. The figures 
given above were not the results of using some 
mathematical formula, alike for small and large 
diameters of holes and shafts, but were originated 
by adding the errors observed in a series of fits, 
regularly produced on standard machines and 
measured by different kinds of limit gauges. 

This method of determining production errors, 
for which no absolute exactitude is claimed, differs 
from the German schematic tolerance in the endea- 
vour to determine a series of errors as they actually 
exist by analysing the principal causes of deviation. 

For comparison with the fits specified by the 
DIN system and thoge now proposed, a graph, 
Fig. 17, has been prepared for the second grade ex- 
pressed in ». The tolerance prescribed by the DIN 
system is shown by the dotted line computed accord- 
ing to formula 0-005 aid (the same for hole and 
shaft) and the empirically obtained minimum 
tolerance of Skoda Works (differing for hole and for 
shaft) by the full lines. 

Even a superficial examination shows the greater 
closeness of the production tolerances of the Skoda 
Works system for diameters up to 180 mm. and 
the smaller closeness for larger diameters. 





LAUNCH OF THE M.S. “ VancoxiTE.”—The launch took 
place recently of the motor oil-tank vessel Vancolite, 
irom the yard of Messrs. Alexander Stephen and Sons, 
Limited, at Linthouse, Govan, where she is being built 
to the order of Imperial Oil, Limited, of Canada, 
The leading particulars of the Vancolite, which, with 
her sister ship the Victolite, are the largest tankers 
yet built on the Clyde and the first to be constructed on 
the Isherwood patent bracketless system, are: Length, 
510 ft., breadth, 69 ft., and depth to shelter deck, 38 ft. ; 
while the deadweight is 16,000 tons, and the designed 
speed 11 knots. The oil cargo is carried in 20 main and 
ten summer tanks, and, in addition to the fore and aft 
peaks being arranged for water ballast, a general cargo 
compartment is fitted forward, with seven derricks and 
three winches for cargo handling. Three main pumps, 
with a total capacity of 9,000 barrels per hour, are pro- 
vided, together with a stripper or drainage pump having 
a discharging capacity of 640 barrels per hour. The 
rate machinery consists of two, four-cylinder, two-cycle 
pecPhen-Sulzer Diesel engines, developing a combined 

orse-power of 3,300 b.h.p. at 100 r.p.m. Two Clarkson 
waste-heat boilers are fitted for utilising the heat in the 
exhaust gases, The auxiliaries, which include a windlass, 
capstans and winches supplied by Messrs. Clarke, Chap- 
be and Company, Limited, of Gateshead-on-Tyne, are 
all Steam driven, steam being supplied from two Babcock 
_; Wilcox water-tube boilers, having a working pressure 
int com square inch, and oil fired on the Clyde oil 





ACID EXTRACTION OF ALUMINA. 


AttHovucH oxygen, silicon and aluminium are 
probably the most common elements in the crust of 
the earth, and although they occur combined in 
ordinary clay, the industrial metallurgy of aluminium 
is barely half a century old, and the utilisation of clay as 
raw material for these processes is still a knotty problem. 
Practically bauxite remains the only raw material avail- 
able for the production of aluminium ; ordinary clays, 
and the multitude of complex silicates which contain 
alkalis, alkaline earths, and oxides of iron, titanium, 
&ce., in addition to aluminium oxide, have, so far, not 
proved amenable to the profitable extraction of alu- 
mina. The double fluoride of sodium and aluminium 
cryolite, another valuable raw material, was, and is, 
wanted more as a solvent for the alumina than as direct 
material for the electrolysis, and the exports of cryolite 
from Greenland have practically ceased. Bauxite is 
likewise becoming scarce, but the resolution of bauxite 
by the aid of caustic soda, in the Bayer process, almost 
the only one actually in use, is not simple and not 
always remunerative. This process was introduced 
at Tentelewa, near Petersburg, thirty years ago. The 
caustic soda forms a soluble aluminate with the alumina 
in the bauxite, and is not supposed to attack the silica, or 
the iron oxide and other impurities. It does, however, 
react with the silicates in the bauxite, forming insoluble 
compounds which would be lost in the further treatment, 
and the filtration of the aluminate solution from the 
mud of silicates, iron and titanium oxides, &c., as 
well as the precipitation of the alumina from the solu- 
tion, were very difficult matters until Bayer himself 
found that aluminium hydroxide, stirred into the 
solution at the proper temperature, would precipitate 
the bulk of the alumina. Thus the Bayer process 
became a success, when well controlled. ; 

That final success and the war shortage encouraged 
renewed experiments on the extraction of alumina by 
means of acids. Acid solvents which decompose silicates 
and liberate the alumina without dissolving the silica, 
would make the utilisation of many minerals possible 
which are unsuitable for the Bayer process, such as 
kaolin (aluminium silicate), clay,.leucite, glauconite, 
labradorite, and other complex minerals of the feld- 
spar type, while acid treatment excludes minerals 
rich in iron which would also be dissolved, unless 
first removed by magnetic separators or other means. 

Feldspar itself does not occur in large deposits and 
is better utilised in pottery. Hydrochloric acid was 
first tried, in Germany by Buchner, Specketer and the 
Griesheim-Electron Works, and in Italy and France, 
especially for the recovery of both alumina and potash 
from leucite by the Blanc process; but hot chloride 
solutions are destructive to pipes, pumps and tanks. 
Nitric acid is used in the Goldschmidt process in 
Norway, where this acid and labradorite are at hand. 
In the United States, so much sulphuric acid and 
sulphur dioxide are running to waste, especially in 
Utah, Montana and Arizona, where that waste is 
estimated to amount to thousands of tons daily, that a 
recent report on acid alumina extraction by the United 
States Bureau of Mines* deals chiefly with sulphuric 
acid as a solvent. The materials studied comprised 
minerals found in these States, viz., alunite (aluminium 
sulphate with little silica), bentonite, phonolite tailings, 
and volcanic ash (all rich in silica), and orthoclas. 
No acid process appears to be actually worked in 
America so far, apart from the treatment of bauxite 
with sulphuric acid, but the report forms an instructive 
addition to the literature on the subject. 

Most of the materials are first ground to about 
100 mesh, but the leucite and some clays are left in 
lumps, as they otherwise deposit their silica in asparticu- 
larly troublesome gelatinous condition. The minerals 
are then roasted to destroy organic matter and to make 
the impurities (iron, titanium, &c.) insoluble while 
rendering the alumina itself more soluble. That roast- 
ing should have the latter effect is rather surprising, 
but the fact is supported by recent investigations of 
Gerber, who recommends roasting up to 900 deg. C., 
and Holdsworth and Cobb, and Moore, about 1,000 
deg. C. Bragg and Mellor observed crystal changes 
by X-ray analysis. The Bureau roasted the high-iron 
clay from Ione (California) at 830 deg.C. The acid used 
should not be too strong, about 60 per cent., and the 
amount not be quite sufficient for binding all the bases 
at a temperature of about 170 deg. C.; the alumina 
extraction, however, is not quite complete even with 
baking at 400 deg. The sulphates of alumina and alkalis 
are extracted with little water, so as not to require sub- 
sequent concentration by heat. This is a difficult point, 
however, as it is in the Bayer process; settlement of 
the purified solutions will not take place in concentrated 
solutions and demands a certain hydrogen-ion concen- 
tration. After sedimentation and filtration, the 





* Acid Processes for the Extraction of Alumina, by 
G. S. Tilley, R. W. Millar and O. C. Ralston. Bureau 
of Mines. Bulletin No, 267. Washington: Government 
Printing Office. [Price 15 cents.] 





solution is evaporated, when the alkali sulphates 
crystallise first.. The crystals of aluminium sulphate 
or alum, should be dried to avoid trouble in the subse- 
quent burning for the recovery of the sulphur dioxide 
and the preparation of alumina. The ordinary drying 
of alums in retorts is a very slow process, because the 
salts cake and fuse, and the rapid liberation of SO,, 
which begins at 550 deg. C., requires temperatures 
above 1000 deg. C. To facilitate this decomposition, 
the Bureau mixes the partly-dried aluminium sulphate 
with solid coke or oil, and forces an air blast through 
the column, which should not be too deep, in a down- 
draught roaster. 

It should be noted that the acid extraction processes 
yield an aluminium sulphate or an alum. There is a 
great demand for these products in the manufacture of 
paper, and in the textile, dye and leather industries. 
But absence of iron is generally imperative—paper 
would otherwise turn yellow in the course of time—and 
that is one of the great difficulties. We have not 
referred to the acid fusion processes, which also have 
a relatively long history, or to the nitride processes 
of Serpek and others. Serpek starts from aluminium 
carbide, or direct from bauxite, limiting the electric 
heating of a mixture of bauxite and carbon in a nitrogen 
atmosphere to the middle portion of a long, almost 
horizontal, rotary kiln, through which the mixture is 
passing. On these processes the Bureau is preparing a 
further report. 


300-KW. TURBO-GENERATORS FOR 
H.M.S. ‘* RODNEY.”’ 


On pages 376, 377 and 384, we reproduce drawings 
of one of the four turbo-generators fitted on board 
H.M.S. Rodney by Messrs. W. H. Allen, Sons and 
Company, of the Queen’s Engineering Works, Bedford. 
Each of these units is designed to develop at full 
load 300 kw. when supplied with steam, having, at 
the stop valve, a pressure of 170 lb. per sq. in. and 
a superheat of 150 deg. F., and exhausting to a 
vacuum of 27 in., corresponding to a cooling water 
temperature of 50 deg. F. They have an overload 
capacity of 10 per cent. for 2 hours when supplied with 
steam at 190 lb. per square inch at the stop valve, 
and 150 deg. F. superheat, exhausting to a vacuum of 
24-73 in., corresponding to a cooling water temperature 
of 80 deg. F. A further overload of 50 per cent. for 
2 minutes is also obtainable with increased steam 
pressure. The guaranteed steam consumptions were 
as follows :— 

Turbine only ... Full load ... 19-25 lbs. per kw.-hour, 
Half load ... 21-8 ,, e ? 





Condenser 
auxiliaries ... Fullload ... 2-5 ,, ae 
Half load... 2-75 ,, A 
Total— 
Turbine . Full load ... 21-75 ,, = = 
and Auxiliaries Half load ... 24-55 


The general arrangement of the plant is clearly shown 
in Figs. 1 and 2, page 376, and by the end elevation 
reproduced in Fig. 3, page 377. As here indicated, the 
turbine drives the generator through reduction gearing. 
The surface condenser, pumps and other auxiliaries are 
located on the same flat as the turbine. As shown in 
the longitudinal section reproduced in Fig. 9, page 384, 
the turbines are five-stage impulse machines, having 
a two-row velocity compounded wheel in the first 
stage, and they run at 6,500 r.p.m. The mean stage 
diameter is 18 in. throughout. The rotor wheels are 
solid with the shaft, being machined out of a mild-steel 
forging. The rotor is carried in two bearings, 2-25 in. 
diameter by 2-75 in. long and 29-75 in. apart. The 
blading and shrouding are of phosphor-bronze through- 
out, the former being milled from drawn sections, 
and the blades are secured by serrations machined on 
the sides of grooves cut in the rim of the wheel. The 
first-row nozzles are formed by 5 per cent. nickel-steel 
vanes cast into frames of Admiralty gunmetal, whilst 
in the case of the other stages they are formed of mild 
steel vanes, bent to the required shape on formers and 
cast into cast-iron centres. The high and low-pressure 
glands, where the shaft passes through the cylinder, 
consist of carbon rings, of which there are four at the 
high-pressure end, and three at the exhaust end. These 
rings are carried in gun-metal boxes, and they run on 
stainless steel sleeves, pressed on to the shaft. The 
diaphragm glands consist of gun-metal rings, scraped 
to a fine edge, and alternating with collars turned on 
the rotor shaft. The casing is of cast-iron, split, as 
are the diaphragms and diaphragm glands, on the 
horizontal centre line. It is‘bolted at the exhaust 
end to the gear-box, and rests at the steam end on a 
pedestal which is laterally restrained, but free to slide 
axially, thus allowing for expansion. The bearings 
throughout are gun-metal castings lined with white- 
metal. Close to the steam-end. bearing is a double- 
sided thrust bearing of the Michell type, which fixes 
the axial position of the rotor, and takes any slight 
axial thrust. As shown in Fig. 4, page 377, the 
governor, tachometer, emergency governor, and oil 





300-KW. TURBO-GENERATOR FOR H.MS. 


SONS AND COMPANY, LIMITED, ENGINEERS, BEDFORD. 


4:3" From CL. of Exh. 
t face of Coupling 


CONSTRUCTED BY MESSRS. W. H. ALLEN, 
















Fig.1. 


Relief Valve | 






3° 4" 


w------3' 64%-------- 
2 





--2: 
3’. 9"- 





ENGINEERING. 


6.10%. 


Sie 





Back Pressure Valve 5% 





Aur & ° 
Cock 










wr ioe ait" 
Fig.2.| | | 





+ 6°--- AQ 











Gre. 
Outlet 


Motor drwen OW Lubricating Pump 


[MARCH 30, 1928. 


“ RODNEY ” 


iz 3'.7%2- 











c. 








------4 


3’. 7% 





N?2.Hose Connection for Water Test Purnp “ENGINEERING 
te 10% -8/3' Space TO | nee 
‘ withdrawing Condenser Tubes 
1'13°-» Relief Valve 3"Bore peente 2:9ig----- | 
Loaded to 15Lb.perSgin. | 
2 cena atten 
8 


0>--- 
“85> 









--$' $"-------~- 
iad 


-==-3K--=- 


ie--=- 9:9" 


(497.8) 


Motor driven 


Pump for starting up 


pump are all driven from a vertical spindle, which runs 
at 696 r.p.m., and is itself driven by worm and wheel 
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on 


to and from the underside of the spring-loaded piston 
on the right of the spindle, which actuates the throttle 










as indicated. The oil pump is driven from the lower | valve through linkwork. A simple overtaking gear is 
end of the vertical spindle, and is of the gear-wheel | fitted, and the running speed can be varied by the 
type with helical teeth. It sucks from an oil tank | speed-adjusting gear shown. It will be seen that should 
provided in the turbine bedplate, and delivers through | the supply of oil fail, the pressure is removed from under 
a cooler to the turbine and gear-box bearings. Between | the piston, which thereupon falls under the action of 
the oil pump and the cooler a hand-controlled valve is | the spring, thus closing the throttle valve. A catch 
fitted, and the supply of oil for the governor oil relay | is provided for holding up the piston when starting 
is taken off between the oil pump and the valve, thus | until the oil pressure takes charge. 





enabling the pressure on the governor oil to be varied. 
A relief valve is provided for by-passing the pressure 
oil back to the suction should the delivery pressure rise 
too high. Immediately under the worm wheel, and 
above the ball thrust, is the emergency trip governor, 
which consists of a spring-loaded unbalanced ring. 
The governor valve is operated by an oil relay. Move- 
ment of the governor weights causes movement of the 
pilot valve shown to the left of the governor spindle. 
This controls the admission and release of pressure oil 





The steam chest, Figs. 5 and 6, is bolted directly 
to the steam belt of the turbine and contains a strainer, 
and the emergency and throttle valves. The strainer 
can be inserted from the underside of the steam chest, 
and can thus be removed without disturbing the stop 
valve. The steam then passes through the double- 
seated emergency valve. This is held open by a 
catch lever on the outside of the steam chest. When 
this is released by the blow transmitted from the 
emergency trip ring, the valve closes under the action 
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of a strong spring on the upper side of a piston working 
in an air dashpot. The throttle valve is a ported 
piston valve, 3 in. diameter. : 

An emergency hand oil pump is provided on the 
side of the gear box bedplate, as shown in Fig. 1, for 
starting up and for emergency use. It is of the seml- 
rotary type. 

The nae box, Figs. 7 and 8, is of cast iron, mounted 
on the combined baseplate, and bolted to the turbine 
exhaust end. The speed reduction is from the turbine 
speed of 6,500 r.p.m. to the dynamo speed of 7 
r.p.m. The shaft centres are spaced at 17-16 in., - 
pinion pitch circle diameter being 3-55, and that 0 
the wheel being 30-78. The two faces are each 5] in. 
wide, and there is a central bearing. Oil for lubri- 
cating and cooling the teeth is supplied through ~ 
gun-metal sprayer nozzles, three to each face. . r 
teeth are of 0-4 in. normal pitch and were produce 
by the hobbing process. The axial alignment of _ 
gear wheel is preserved by white metal faces on the 
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ends of the larger bearing. A squared end is pro- 
vided on the out-board end of the pinion for barring 
purposes. The pinion is forged from 3} per cent. to 
® per cent. nickel steel of an ultimate tensile stress of 
40 tons to 45 tons per square inch and an elongation 
of 23 per cent. minimum on a test piece cut in the 
direction of rolling. The gear wheels consist of mild 
steel shrouds shrunk and pinned on to cast-iron spiders, 
the whole being mounted on mild steel shafts. A vent 
18 provided on the top of the gear box. 

The oil cooler consists of a gun-metal body of 
rectangular section containing 80 tubes, 0-625 in. in 
external diameter with a thickness of 18 S.W.G., held 
in Admiralty brass tube-plates spaced 57-75 in. apart, 
With screwed ferrules and cotton packing rings. The 
oil inlet and outlet are both at the same end of the 
cooler, and at the other end there is a twin strainer. 
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The tubes are arranged in four passes. The water 
outlet is connected to the circulating pump suction. 
Steel corrosion plates are fitted in the water spaces. 

Each turbine has its own condenser, to which it is 
connected by an overhead pipe, which includes a copper 
expansion piece, as shown in Fig. 3. The condensers 
have gun-metal shells 30 in. diameter, and provide 
375 sq. ft. cooling surface. The supply of circulating 
water is 390 gallons per minute. The combined ex- 
traction and circulating pumps are steam driven 
reciprocating pumps supplied by Messrs. G. and J. 
Weir, of Glasgow. The exhaust from the steam 
cylinder is taken to the condenser. The condensate is 
passed through a grease extractor, which was also 
supplied by Messrs. Weir. 

The dynamos are shunt-wound, pipe-ventilated 
machines running, as previously stated, at 750 r.p.m., 
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and rigidly coupled to the gear wheels. They have 
only an outboard bearing. Their normal full-load 
rating is 1,333 amperes, 225 volts; on overload the 
rating is 1,435 amperes, 230 volts, for 2 hours; and 
1,957 amperes, 230 volts, for 2 minutes. The voltage 
can be regulated at the normal full speed between the 
limits of 210 and 240 volts, by means of either of two 
shunt regulators per machine. These turbine sets, it 
may be added, are run in parallel with two Diesel- 
engine driven sets, 





CoLtp-STORAGE PLANT FOR British CoLUMBIA,—We 
understand that a cold-storage warehouse is to be estab- 
lished at New Westminster, British Columbia, The plant 
will be constructed by Messrs. Pacific Terminals, Limited, 
at a cost of 900,000 dols. The project is to receive the 
official backing of the Canadian Gomvanian. 






























378 ENGINEERING. 


THE PRESENT POSITION OF THE | _ wees re — shaft none oes  siguinene 
«x | boilers, oil-fired, 370 lb. pressure an eg. super- 

QUESTION OF FUEL FOR SHIPS. | heat. Mr. Visker, the iuncdndenting Engineer of the 
By Sir JOHN H. BILEs, K.C.L.E., LL.D., D.Se. | Nederland Stoomvaart Maatschappij, has applied 
THE subject of this paper is too wide to be completely | high-pressure steam to a triple engine. The boiler 
dealt with in the short time available. In April,| pressure is 500 Ib., superheated to 750 deg. With 
1925, and in June, 1926, I had the honour of presenting | mechanical stokers, the consumption is 1-13 lb. per 
for the consideration of the members of this Institution | indicated horse-power for all purposes. The Ile de 
the subject of the Relative Commercial Efficiency of | France has 52,000 shaft horse-power, and has boilers of 
Steam and Internal Combustion Machinery for Ships.} | the type referred to in my 1925 paper as Howden 
Lloyd’s Register reports that, at the end of June, 1927, | boilers, which are mixed fire-tube and water-tube 
and of June of each of the two preceding years, the rela-| boilers. It is claimed that they have 10 per cent. 
tive state of the three types of machinery viz. : (1) coal| more efficiency than a cylindrical boiler. The S.S. 
fired, (2) oil fired, (3) oil engines, was as given in Table I. | California has about 14,000 shaft horse-power with 


TABLE I.—Gross TonNAGE oF CLASSED NEW VESSELS LAUNCHED UP TO JUNE 30 IN Eacu YEAR, 












































Steam. 
- Oil 
weer. Engines. 
Reciprocating. Turbine. | Total Steam. | Coal Fired. Oil Fired. 
| 
1925 894,807 114,009 671,405 337,411 
1926 575,984 146,354 418,503 303,835 
1927 405,280 168,557 | 297,948 275,889 
Gross TonNAGE AFLOAT DUP TO JUNE 30 IN EacH YEAR. 
| Steam. 
Year oil 
Ss | | | Engines. 
Reciprocating. | Turbine. | ‘Total Steam. | Coal Fired. | Oil Fired. | 
on eens, See eee Fes ae 
1925 | 50,566,029 9,100,274 | 59,666,303 | 41,862,181 j 17,804,122 2,714,073 
1926 50,040,978 9,137,675 59,178,653 | 40,935,144 | 18,243,539 | 3,493,284 
40,514,719 | 18,481,759 4,270,824 


1927 --| 49,767,495 | 9,228,983 58,996,478 





In three years there has been a falling off of 1-6 per | water-tube boilers working at 275 lb. pressure and 
cent. in tonnage of ships having reciprocating, and | 120 deg. superheat. The P. & O. are reputed to be 
an increase of 1-4 per cent. in turbine and 57 per cent. | adopting electric transmission, instead of mechanical, 
in oil-engine ships. During these three years, the new | between the steam engine and the propeller shaft. 
ships launched have changed as follows: reciprocating | This machinery consists of water-tube boilers of 
reduced 55 per cent., turbines increased 48 per cent., oil | 400 1b. pressure driving steam turbo-electric generators 
engines increased 30 per cent. The total new tonnage | of high revolutions. In the Bauer-Wach system of 
of coal-burning ships built has decreased 55 per cent., | using a low-pressure turbine geared to a triple engine 
the oil-using ships have increased 4} per cent., the total | a gain of 20 per cent. of economy has been claimed, and 
new tonnage built having decreased 26 per cent. | the system has been adopted in many triple ships. 


TABLE II.—Tasie SHowine Savines In RunniInG Costs oF VARIOUS TYPES OF MACHINERY OF 3,600 SHAFT 
HorsE POWER ON CoNnTINUOUS SEA SERVICE IF THEY ARE USED INSTEAD OF THE ORDINARY TRIPLE- 
EXPANSION ENGINE AND LOw-PRESSURE CYLINDRICAL BOILER. 














[MARCH 30, 1928. 


0-13 of a penny, and one shaft horse-power will cost 
0-22 of a penny. We may assume that the oil engine 
costs at least 221. per shaft horse-power in this country, 
and the ordinary triple-expansion costs 101. per shaft 
horse-power and that each works 200 days a year, and 
that the total annual charges are spread over these 
200 days. The depreciation, interest, and insurance 
per hour works out at 0-09d. per shaft horse-power 
hour for the triple, and 0-2d. for the oil engine. Fig. | 
shows the price that coal should be per ton for any price 
per ton of oil, in order that the sum of the cost of fue] 
and the interest, depreciation, and insurance on the first 
cost of the machinery shall be the same. If oil is 
presented “‘free, gratis, and for nothing,” to the oil 
shipowner, the coal-burning shipowner can afford to 
pay 12s. per ton for his coal, and still his fuel and charges 
will cost no more than those of the oil engine. With oil 
at the standard price of 80s., the figure for coal may be 
30s. With oil at 30s., the corresponding figure for coal 
may be 19s. 

These two items, fuel and 18} per cent. for charges, 
do not constitute the whole of the costs. The total 
costs were dealt with very fully in my two earlier 
papers, but the masses of figures there involved do 
not lend themselves to easy discussion. Further, the 
difference between the high-pressure turbine and the 
oil engine in the cost of the other items dealt with, 
viz., lubricating oil, wages, food, and fresh water, 
amounts to about 1 per cent. of the total cost in favour 
of the oil engine. This quantity, about 350/., may be 
kept in view in the estimate of total cost of running, 
but an effective comparison between the most efficient 
steam and oil engines can be made without it. The 
triple-expansion engine, with the dirt of its coal and 
the hard work of its firemen, does not compare in 
ease and comfort at sea with either the oil-fired 
boilers and the turbine or with the oil engine. 
Oil is more easily handled both in port and at sea. 
Shorter time in port, and consequent greater profits, 
where profits can be made, and smaller machinery 
crews are the results. These advantages may be very 
considerable, especially in the case of periodic services, 
where a quicker turn round may enable a schedule 
to be maintained with a smaller number of ships. It 
is not easy to evaluate this advantage in terms of cost 
of running per shaft horse-power between services 
which are coal burning and oil burning, respectively, 
but it is evident that where reductions in the nature of 
25 per cent. in the number of ships employed to do a 
given service are made by the use of oil instead of coal, 
such use is fully justified. 


| , | a - | ‘ | 2 | . | = - What is the best form of machinery in which to use 
pent aed ae seen os ae ie sa the oil, and can any means be adopted to make coal 
| Turbine | With | — — so liquid that the advantages stated above can be as 
Ordinary | Quadruple | With | Bh oc _ | High- High- readily obtained as with oil. It may first be remarked 
Ordinary | Triple — | Super- | Water. | Pressure | Pressure Oil that in similar machinery supplied by steam from 
a ste heated | —— | tube pag — Engines. | boilers, coal fired, as compared with oil fired, the 
| Steam. Steam. | Cylindrical] ssa Boilers and| Boilers relative B.Th.Us. of the oil and the coal measure the 
| Boilers. | jostteq Mechanical) and quantity of fuel used and the amount of boiler power 
| | Steam. | Stokers. /Pulveriners. necessary. Assuming the relative B.Th.Us. to be 
ae a, Oe ee Me geht ey - 13,600 and 19,000, it is evident that the oil firing is 
of ; | | Bee eS ae more costly when the cost per ton of oil is more than 
Boiler pressure, lb. per sq. in. <0 200 200 200 200 | 525 525 525 leads th AGE ein yee il st be not 
‘Temperature, steam a 390 deg. F.) 590 deg. F. 590 deg. F./ 590 deg. F.| 750 deg. F.. 750 deg. F.|750 deg. F. “= imes the cost of coal. at 1s, oll must DE : 
Cost of machinery .. = -» | 36,0000. 39,5001. 46,0002. | 56,0007. | 62,0002. | 63,5007. | 68,0007. | 85,000/. | more than 28s. per ton to compete with coal at 20s. 
rok come Bg day se 62 56 524 | 44} 40} | 384 364 17} per ton. There is some advantage in the oil-fired 
Pounds per shaft horse-power per | | | ; = 7 i : 
hour . oe as : F aie | 2-45 1-36 | 1:15 | 1:05 | 1-00 0:95 0-42 | installation, as the weight and space occupied may be 
Weight of machinery, tons < 850 850 8380 | 750 | 720 740 77 825 1 . ‘. ' 
Ditference in weight in tons carried 7g times that of the coal-fired, 7.e., about 28 per cent. 
due to difference in fuel carried | | 1- 
for200days —_.. -- «| Zero | 1,200 1,900 | 3,500 4,300 | 4,700 5,100 8,900 | of the boiler space, fuel, and weight may be saved. 
ee as ee = | In the case of an intermediate passenger turbine 
machinery for ten voyages per | steamer, 550 ft. long, having 10,000 shaft horse-power, 
year ge < Be ie Zero | — | 300 | 1,000 1,300 | 1,100 800 250 with cylindrical oil-fired boilers (200 deg. superheat), 
Ditference in cargo earnings at 1/ | | . y . 8 as ! ‘ . 
per ton per voyage hag Ae | | in order to do the same work with coal firing it will 
voyages per year “s = Zero | 1,2002. | 1,600/. | 4,5000. 5,6002. 5,8002. 5,8002. 9,1501. | be necessary to carry extra boiler power and to have 
rir in — costs in £00 days at | | extra coal space, and to do so it will be necessary to 
or dav Ze | 9 | | QF | ‘ | ” 5 ff a 5 pS = s * . 
Peds, peg pon OW in excess Of toro | heel. 1,900. $,5001. 4,3000. | 4,700/. 51008 1,600! increase the length of the ship by 46 ft. if the other 
triple steam, Column 1 .. SS Zero 2 4001. 83,5007. | 8,0000. 9,9002. | 10,5002. | 11,0002. 7,550. | dimensions are not altered. A typical Atlantic vessel 
—— 18} per cent. of = . | of this size would carry about 1,650 tons of oil, and, 
machinery, in excess of triple | | <<. i ‘ : quire 
steam, Column 1 .. oe -. | Zero 647/. 1,850/. 3,7001 | 4,810/. 5,087. | 5,920. 9,0651. if enlarged to use coal instead of oil, peng = : 1 
Net savings per year over triples... Zero 1,7531. | 1,6502. 4,3002. 5,0901. 5.4131. | 5,080/. |—1.5152. | about 2,300 tons of bunker space to steam the same 
distance. The extra weight of hull, boilers, and coal 





Oil is taken at 80s. per ton. 


The use of the water-tube boiler was looked upon with | The Germans are reported to be building two new 
suspicion when my paper vas read in 1925. Since then Aquitanias, having water-tube boilers of 350 lb. pressure 
the King George V. has been built, fitted with 550 lb.| with turbine machinery. One firm of water-tube 
pressure boilers, coal fired, and has been running suc- | boiler makers has fitted 42 sea-going vessels during the 
cessfully for a whole season. Mr. John Johnson, the | last three years with over 120 boilers. 
superintending engineer of the Canadian Pacific} As it has been my lot previously to point out that 
Steamships, has had the courage to recommend, and | the real question is what it costs to produce the shaft 
the good fortune to secure, the adoption of water-| horse-power necessary to propel a vessel, the figures 
tube, coal-fired boilers of 250 lb. pressure in connection | below may be repeated. In an oil engine we may 
with Parsons turbines, and these installations have | assume that one shaft horse-power can be got for not 
been successfully running in the Beaverburn and other | less than 0-4 Ib. of oil per hour, and that with oil at 
similar ships. Other ships of this line are to be fitted | 41. per ton, 1 Ib. of oil will cost 0-43 of a penny, so that 
| one shaft horse-power costs 0-17 of a penny per hour 
| for fuel oil. Assuming that the ordinary reciprocating 
/engine with cylindrical boilers of 200 lb. pressure 





= Paper read before the Institution of Naval Architects, 
London, on March 28, 1928. Abridged. 
+ Trans. I.N.A., vol. lxvii, page 1, and vol. xviii, page | © 


would be about 2,100 tons. If the displacement is 
enlarged in proportion to the length, the increase will 
be 1,900 tons. If we put it all in amidships, it would 
be 2,400 tons, so that it seems to be quite a practicable 
proposition by increasing the length of the ship to 
carry the same weight of cargo, stores, &c., an 
sufficient coal to steam the same distance as the shorter 
ship could steam when burning oil. The net result is 
that the ship would be increased 46 ft. in length, 
and would cost about 70,0007. more. The difference 
between the cost of the coal and oil per year in the 
two cases would be about 35,000/., while the charges 
on the extra cost of the ship would be about 14,000/., 
so that the coal-burning ship is 21,000. per yeat 
better than the oil-burning ship. Therefore, the 
whole economic advantage of burning oil in this 
type of ship depends on the ease with which the oil 


207. See ENGINEERING, vol. cxix, pages 414 and 462, and | requires 1-7 Ib. of coal per shaft horse-power per hour | can be put on board, and used on board. So much 





vol. exxi, page 771. and that cal is 24s. per ton, then 1 Ib. of coal will cost | for the comparison between coal burning and oil 
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burning for ships with steam cylindrical boilers, 
ordinary turbines, and 200 deg. superheat. The next 
comparison may be made between steam machinery, 
using coal or oil, and the oil engine. Table II gives 


ample opportunities of studying this question. 
First, we may take the King George V, which has 
passed the experimental stage of the use of steam 


of 550 lb. pressure and 700 deg. temperature, and 
the consequent use of water-tube boilers. The con- 
sumption of coal of 13,880 B.Th.U. has been proved 
to be 1-085 lb. per shaft horse-power hour. In the 
turbine, one shaft horse-power was produced for 8 Ib. 
of water evaporated, and the auxiliaries required 
1:66 lb. The efficiency of the boilers was 79 per 
cent. The figure 1-085 lb. per shaft horse-power- 
hour may be converted to one in which oil of 19,000 
B.Th.U. is used, and will be equivalent to not more 
than 0:79 lb. of oil in a plant of 3,600 shaft horse- 
power. Of this oil consumption, 0-65 Ib. is due to the 
turbine and 0-14 to the auxiliaries. In the King 
George V., in which the above figures were obtained, 
the coal was hand fired. Mechanical grates have 
been adopted in some recently-built vessels, but 
whether the exact value of these grates in terms of 
coal per shaft horse-power has been accurately deter- 
mined and can be made known, is still to be seen. 
There seems to be a prevalent opinion that, to obtain 
the highest efficiency in a boiler, the air heating must 
not be limited to the extent that it has to be with 
mechanical grates, and therefore that, for the highest 
boiler efficiency, fuel must not be burnt on a grate 
but in a pulverised condition. 

Can any approach in ease of handling coal be made 
to that of oil? The changes that have to be made 
from existing practice are first in getting the coal on 
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board, and second in causing it to reach the furnaces 
in a steady stream. Captain Brand, in his paper 
read at the Summer Meeting of the Institution of Naval 
Architects, in Cambridge,* proposed to supply the ships 
with low-temperature distillation residue in a powdered 
form through pipes, suggesting precautions in bun- 
kering to reduce the chance of explosion of the 
powdered fuel. Others have proposed supplying 
the fuel in a small enough size to enable it to be 
pumped to the bunkers, from which it would be man- 
handled or machine-conveyed to crushers, and from 
there to pulverisers, from which it is blown, suitably 
mixed with air, into the furnaces and there burnt. 
This latter method of burning has been freely used in 
the United States, and to some extent in this country. 
The report of the U.S.A. Prime Movers Committee for 
1926-7, shows that 203 power stations using powdered 
coal with boilers larger than 5,000 sq. ft., say 2,000 h.p., 
are in operation. In this country there appear to be 
no published figures of a similar character, but it 
may be remarked that the Electricity Board have 
authorised 775,000 kw., say 1,000,000 h.p., of new 
or extended power stations during 1926-7. A great 
part of this power is to be developed by pulverised 
coal, and practically all by water-tube boilers. The 
following figures, taken from Power Plant Engineering, 
December 15, 1927, give a characteristic record of pro- 











gress In a particular plant in the United States :— 
Date : Steam per 
ate. Boiler. Method of Firing. Hour Hach. 
b. 
Pe Scotch boilers ..| Hand-fired i 15,000 
908 | Water-tube boilers ..| With chain-grate 23,000 
1916 | stokers 
1995 * >» «+| Underfeed stokers 33,000 
— ” » ++| Pulverised fuel, but 50,000 
rearranged fur- 
1927 | New bol naces 
| ew oilers .. -| Pulverised fuel 230,000 








The experience gained on land in burning powdered 
: “* 18 not directly applicable to. marine purposes, as 
: a ternaces can be made higher and longer than ship 
pg and as the flame produced from powdered 
oa! may be 20, 30, or 40 ft. long, or even more, there 
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is not the same difficulty in making boilers to suit 
such flames as there is for ships. Mr. Peabody 
has produced a burner designed to make a_ short 
enough flame to burn in an ordinary sea-going marine 
boiler having cylindrical furnaces, and has fitted these 
burners to two boilers in the S.S. Mercer.* This type 
of burner can be readily adapted for burning oil, so 
that, at any rate during the early stages of its 
development, aid can be readily got from oil in case of 
need. Other burners have been proposed, but so far 
no experience is available of their use at sea. The 
description of several of these burners is given in 
Appendix A. An integral part of the plant necessary 
for the making of powdered coal is the mill which 
takes the coal after it has passed the crusher in its 
process of being reduced to about 1} in. in size, and 
mills it into powder, from which it is blown through 
the burner, accompanied by air of proper amount and 
pressure, and burnt in the furnace. The kind of mill 
which was fitted in the S.S. Mercer is one in which 
hard steel balls of about 3-in. diameter are tumbled 
or whirled round in a cylinder, and thus powder the 
coal which is being fed into the mill. It is claimed that 
the results of the plant on the Mercer are sufficiently 
satisfactory to justify the experiment, and that a 
saving of 10 per cent. over hand firing may be expected 
from the use of such plant. The boiler efficiency 
determined in the Philadelphia Navy Yard in a 
Scotch boiler using pulverised fuel in a Peabody 
burner, was 70 to 77 per cent., and 79-6 to 83-8 per 
— in a Babcock boiler of marine type at the Bayonne 
plant. 

It seems, therefore, that in order to give coal a chance 
to hold its own against oil, the methods which have to 
be adopted in oil-fired boilers must be imitated. The 
coal must be pumped on board. Coal is already 
being handled pneumatically in this country at the 
rate of 50 tons per hour through a single pipe. A 
combination of such plants would coal any vessel. 
It must also be forced into the furnaces in a way 
similar to that in which oil is used. This was not 
done in the case of oil until a proper oil burner was 
developed, and was not worked successfully until 
time had shown what precautions were necessary to 
avoid undue risk and to ensure reliability. This 
development was largely done by the Admiralty for 
its own war purposes, but as no war purpose seems 
likely to emerge in the immediate future which may 
lead to the development of coal burning by the 
Admiralty, some other Government Department may 
possibly take this matter in hand. The Fuel Research 
Board may be mentioned in this connection. 


(To be continued.) 








METHODS AT THE MORRO VELHO 
MINE OF THE ST. JOHN DEL REY 
MINING COMPANY, LIMITED.+ 

By A. G. N. Cuatmers, Assoc.M.Inst.C.E. 

At the reopening of the mine in 1892, the lode was 
fairly regular in form, being wide at its western ex- 
tremity, very much narrower in the eastern portion, 
and lying fairly evenly east and west between either 
extremity. The pitch of the lode was approximately 
43 deg., and this inclination was more or less main- 
tained for many years, whilst at the same time trans- 
verse folds were rare. 

Original Method.—The late Mr. George Chalmers, 
M.Inst.C.E. (the author’s father), who was responsible 
for, and carried out, the reopening of the mine after 
its collapse in 1886, evolved a method of mining the 
lode which embodied the use of two winzes between 
permanent levels. The ore was excavated by over- 
head stoping, and the excavation formed was filled 
under a definite system employing standard,mine cars 
at stope levels. Earth filling was taken from the 
surface to the stopes by these cars, which were run 
over light rails laid on the filling to the various tips, 
while the cars that had previously carried filling to 
the stopes were then taken to the ore faces, charged 
with mineral, and finally sent to the surface. When 
the stopes were operated by this method, the winzes 
were gradually filled as the stope-level rose, and com- 
munication between the winzes and stopes was main- 
tained without great difficulty or expense, the amount 
of cross-cutting necessary not being excessive, because 
the lode was regular and at no time very distant from 
the winzes linking permanent levels. 

Ventilation.—The method of ventilating the stopes 
was to leave an upcast airway at the eastern extremity 
of the excavation from which ore had been removed, 
by not allowing the filling to occupy that space com- 
pletely, whilst at the western extremity a timbered 
upcast airway was formed in the filling. As the main 
air current was taken to the lowest permanent level, 
the airway between all stopes formed a portion of the 





* See ENGINEERING, vol. cxxiv, peges 788 and 791. 
+ Abstract of a paper read before the Institution of 
Civil Engineers, on Tuesday, March 20, 1928. 





upeast. The system just described was employed 
without modification, from the reopening of the mine, 
to a vertical depth of approximately 5,000 ft. Sub- 
sequently, on the grounds of economy and a slight 
flattening in the pitch of the lode, a system embodying 
a single winze, together with a combined working incline 
and eastern airway, was introduced, the western airway 
being retained. This proved to be unsatisfactory in 
practice. 

Changes in the Lode.—These first became apparent 
during the development of horizon No. 23, although a 
gradual flattening of the pitch of the lode was notice- 
able from horizon No. 17 downwards, and, in conse- 
quence of transverse distortion, the ore-body would at 
times lie at very considerable distances from any vertical 
winze linking permanent levels. It was therefore 
obvious that a new method of stope operation was 
essential that would not possess the great disadvant- 
ages of the single winze and single inclined tramming 
way at the eastern extremity of each stope and that 
would, of course, give satisfactory results in mining 
an ore body so changed in form. The method finally 
adopted, even above the level at which the greatest 
changes took place, was to carry upwards through the 
filling, as the stope level rose, three or more inclined 
timbered ways parallel with the general inclination of 
the lode. Thus continuous communication between 
the vertical winzes and the stopes was no longer neces- 
sary, and all winzes are now kept open permanently 
and will serve as upcast airways after any particular 
block of ore has been worked out. 

New Methods.—For a time, the method of mining 
the ore on the stopes was not altered, but it quickly 
became apparent that methods suitable in the past 
were almost entirely unworkable under the changed 
conditions. The country rock in which the Morro 
Velho lode lies is a schist that provides a weak and in- 
secure hanging wall, even if the inclination of the 
ore body is comparatively steep. Large areas of the 
lode at level No. 23 lay almost flat, and the width of 
the lode at these points had lessened considerably, 
whilst the grade of the ore had also deteriorated. 
Fortunately, most of the ore body lying between the 
eastern extremity and the centre at this particular 
level was wider than usual, whilst its grade was satis- 
factory. Attempts were made to mine the western 
mineral forming the flatter portion by various methods 
usually employed in such circumstances, but the ex- 
cessive amount of pack walling necessary, or the large 
size of the pillars of ore that had to be allowed to stand, 
coupled with falls of the hanging wall, clearly showed 
that anything approaching the old methods was 
unworkable. 

It was ascertained that this rock was generally much 
stronger in one direction than in another. In other 
words, the schist hanging wall would stand securely 
over an excavation 15 to 20 ft. wide if the direction 
of that excavation lay north and south, but if the direc- 
tion of an excavation happened to be east and west 
the hanging wall would become exceedingly insecure 
and dangerous if widths of 8 to 10 ft. were exceeded. 
This was the commencement of a system of mining 
flat and dangerous places in the Morro Velho lode that 
has now become known in this mine as the “ stall and 
wall”? method. 

In devising new methods, it had to be borne in mind 
that the mine was dependent for a very large part 
of its labour on ignorant and unskilled workers who 
have a rooted objection to the use of labour-saving 
equipment, and that the competent miners whom 
the company possessed were, for the most part, entirely 
inexperienced in any other methods than those they 
had learned at Morro Velho. Almost the mcst arduous 
work in the Morro Velho mine, under the older methods, 
was the shovelling of ore into the standard mine cars 
and the transporting of that ore over the stope tracks 
which it had never been found possible to maintain in 
good order. This necessarily had to be overcome. 
Another objective was to introduce a method whereby 
large excavations could never be formed and by which 
filling would almost immediately take the place of ore 
removed, thus avoiding falls of country rock. 

Large working-scale experiments on a general method 
of mining, which has since become known as the “ dia- 
gonal cut and fill,” were carried out, and every one 
of the trials met with signal success from the first. 
The system proved to be generally applicable to 
mineral that lay at steep or flat angles, and it also 
worked well in combination with the “ stall and wall” 
method of mining flat and dangerous places. The 
filling is almost continuously following the removal of 
ore. It is tipped from standard mine cars both east 
and west, and it is allowed, where convenient, to remain 
at its normal angle of rest, whilst the face of ore is 
maintained as nearly as possible at the same angle. 
Where the ore is lying at a steep angle, it is either 
blasted on to skids laid on the filling and slides or is 
taked on to temporary benches from which charging 
of the mineral into cars working on the lower stope- 
leve] is easily and efficiently carried out. 
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In actual practice, the lode lies at greatly varying 
inclinations ; none the less, the system is generally 
maintained, no matter what the inclination of the ore- 
body may be. A special method of removing the ore 
and securing the excavations at flat and dangerous 
places, frequently embodying the use of “ stalls and 
walls ” that have already been referred to, is employed. 
Generally, however, the only real difference that occurs 
at steep or flat places is that the former produce a 
steep, comparatively short, face, shortest when the lode 
is vertical, while the latter produce long faces at much 
slighter angles of inclination. 

Actual experience has enabled the diagonal cut-and- 
fill system, as originally designed for flat places, to be 
modified to some extent, so that stalls are now only 
necessary at times when the ore body is very narrow, 
and as a means of temporarily increasing output from 
any flat place if for any reason more than ordinary 
precautions are necessitated. 

Methods have recertly been introduced by the 
author for the efficient and economical development 
of the lode before the actual formation of a stope, 
to maintain efficient ventilation at the faces during 
and after development, and to prevent working inclines | 
from becoming so long as to hamper the handling of 
ore and filling during stoping operations. 

Results.—It is as yet too early to state with certainty 
what the increase in efficiency by the employment of 
the new methods as opposed to the older ones has 
amounted to, but at horizon No. 23, where the former 
have been longest in operation, an increase in efficiency 
of well over 30 per cent. has taken place, and even better 
results are hoped for when special stope cars and ore- 
pockets are employed for the handling of mineral from 
the faces to the permanent horizon levels. 
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There are eight watertight bulkheads, seven extending 
from the tank top to the bulkhead deck and the other 
to the main deck. The arrangement divides the boat 
into five cargo holds and five ’tween-deck spaces, which 


are arranged for the carrying of general cargo. Large 
hatches are provided from the holds, with a very 
complete equipment of electric winches supplied by 
Messrs. Laurence Scott and Company, Limited, of 
Norwich. There are, in all, eight 5-ton and two 3-ton 
cargo winches and a 5-ton warping winch. The fore 
and aft peaks are arranged as ballast tanks up to the 
main deck, and as store rooms above. Amidships, 
between the tank top and the main deck, two deep 
oiltight tanks are fitted, divided transversely by 
a cofferdam and arranged for the carriage of latex or 
other cargo, as desired. The fore peak is also suitable 
for the carriage of latex. <A large oil-fuel tank is 
fitted in the tunnel between the shafts. 

The auxiliary equipment is very complete and of 
modern type throughout. In addition to the electric 
winches, there is an electrically-driven windlass on the 
forecastle, the motor being situated in a watertight 
compartment below the deck. The steering gear is of 
the electro-hydraulic type, controlled by telemotor 
gear from the flying bridge. The refrigerating installa- 
tion is also electrically driven. It is used for cooling 
insulated chambers forming provision rooms. Electric 
light is fitted throughout, while electric heaters are 
fitted in the cabins, saloon, and smoke-room. The 
electrical supply for the whole of these auxiliary 
services is furnished by four Diesel-engine-driven 
generators. The ship carries a complete wireless 
installation, supplied by the Radio Communication 
Company, and including the firm’s automatic alarm 





‘*GREYSTOKE CASTLE.”’’ 


In Figs. 1 and 2, above, we give a profile and deck 
plans of the motorship Greystoke Castle, of the 
Lancashire Shipping Company, Limited, of Liverpool. 
This boat, which is built for trading to the East, has 
just been completed by Messrs. Cammell Laird and 


apparatus. The accommodation for the officers, 
engineers and crew is unusually complete. The cabins 
for officers and engineers are in steel houses on the 
bridge deck, the captain’s and officers’ being at the 
forward end and the engineers’ alongside the engine 
casing aft. The captain’s cabin and ship’s office 
and a smoke-room are on the lower bridge deck imme- 
diately above the dining saloon and officers’ state- 
rooms. <A separate mess is provided for the engineers 
alongside the engine-room casing, as shown in Fig. 2. 
The European galley is situated at the forward end of 





Company, Limited, of Birkenhead. She is equipped 
with two 2,100-h.p. North-Eastern Werkspoor Diesel 
engines constructed by the North Eastern Marine | 
Engineering Company, Limited, of Wallsend-on-Tyne. | 
The boat is built on the Isherwood combined system of | 
framing, and has an overall length of 440 ft. The | 
length between perpendiculars is 425 ft., the moulded | 
breadth 56 ft., and the moulded depth 31 ft. 9 in. | 
As will be seen from Fig. 1, she has two continuous steel | 
decks and poop, bridge and forecastle decks, with 
wells between. The cellular double bottom is built | 
in tanks for oil fuel or water ballast, while immediately | 
below the engines, as shown in Fig. 1, the double | 


bottom is increased in depth. This section is stiffened | 1925, and no delay has at any time been caused 
to form a seating for the engines, and is arranged to| by the machinery. 


carry oil fuel at the sides. The tanks are arranged! been several piston rings and compressor valves. 
general construction of the engines will be best 
As will be seen, the cylinder 


. ° ] 
so that access may be had to the engine holding-down | The 
| followed from Fig. 4. 


bolts. 


of our 119th 


the engine-room casing, and the native galley and 
hospital are on the poop. 

A general view of one of the main engines, in the 
builder’s shops, is given in Fig. 9 on the opposite page, 
and a front elevation and cross-section are given in 
Figs. 3 and 4 on Plate XX XVIII. The engines, which 
are each capable of giving 2,100 brake horse-power in 
service, at 103 r.p.m., have six cylinders, of 28} in. 
bore and 59} in. stroke. The design is generally 
similar to that of the engines of the Raby Castle, 
which were described and illustrated by us on page 507 
volume. These latter engines have 
been in continuous service since the beginning of 


The only replacements have 
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heads and barrels are a single casting, which is of 
Perlit iron. The cylinder barrel is of sufficient thickness 
to allow of boring out and fitting a liner if necessary, 
due to wear. Incidentally the cylinders of the Raby 
Castle’s engines, which are of similar construction, show 
so little wear that it is estimated they will not require 
boring out until some eight or ten years from the 
present time. The barrels are carried in a main 
cylinder housing, to which they are secured by 
studs, the housing acting as a water jacket. The 
lower portion of the cylinder barrel, which projects 
below the housing, is made separate from the main 
barrel and secured to it by tap bolts. This arrange- 
ment allows the pistons to be inspected with great 
facility. If the engine is turned until a piston is 
at the bottom of its stroke, and the lower portion 
of the barrel is then taken down and lowered until 
it rests on the crankcase top, the piston is entirely 
exposed and its rings may be inspected and removed 
if necessary. This operation can be carried out in 
about 10 minutes. Piston lubrication is supplied 
from this lower portion of the barrel, lubricant being 
introduced at four points each fed by a_ separate 
lubricating unit. 

The cylinder head has four pockets carrying the 
inlet, exhaust, fuel and starting valves, the exhaust- 
valve cage being water cooled. The fuel valve is 
slightly off the centre of the cylinder, in order to 
allow ample water space between adjacent valves. 
The valves, as shown in Fig. 4, are actuated from an 
overhead camshaft by means of valve levers. The 
camshaft carries ahead and astern inlet, exhaust 
and starting cams, and a single fuel cam operates 
either ahead or astern. The valve levers are mounted 
on oblique eccentrics carried on the. reversing shaft, 
and are so arranged that a half-turn of this shaft 
shifts the roller end of the valve levers from the 
ahead to the astern cams. In the case of the fuel 
cams, the eccentrics are not oblique, and a half-turn 
of the reversing shaft merely moves the roller of the 
lever circumferentially around the cam to the position 
for astern running. When the reversing shaft is in 
the mid position, all rollers are clear of the cams and 
the cylinder compression is broken by means of small 
valves incorporated with the cylinder relief valves 
and actuated from the reversing shaft. This shaft is 
turned by means of an air cylinder and oil dash pot 
coupled to a rack which meshes with a piston im 
the centre of the shaft. Hand gear is also fitted. 
The starting valves are brought into gear mechant 
cally by means of the starting shaft, which depresses 
the fulcrum of the starting-valve levers, and so brings 
the rollers on to the cams. The starting shaft = 
opens valves admitting fuel and blast air to hes 
various cylinders in proper sequence. This shaft has 
four positions: (a) stop, (6) six cylinders on starting 
air, (c) three cylinders on fuel and three on “— 
air, and (d) six cylinders on fuel. It is driven by : 
small compressed-air motor, with hand gear = 
stand-by. The oil is fed to the cylinder fuel i: ps 
by gravitation from a floating vessel balancec eel 
a counterweight. The oil is delivered into this vess 





by a comparatively large high-pressure pump, and 
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when a certain weight has been put in, the floating 
vessel tips and shuts off the supply side of the pump. 
Blast air is admitted to the top of the vessel, which 
is above the cylinders, and the flow of oil is maintained 
with regularity owing to the automatic maintenance 
of the head. With this system, a single large pump 
serves for the oil supply, but a duplicate stand-by 
pump is fitted. An auxiliary pump is also worked off 
the turning gear motor. In the event of pump failure, 
there is always sufficient fuel available in the floating 
vessel to give time to get a second pump started up. 

Blast air is supplied by a three-stage compressor 
driven from the forward end of the crankshaft as 
shown in Fig. 3. It is of the usual form, but the high- 
pressure stage is entirely separated from the low- 
pressure by means of a rod passing through a gland in 
the low-pressure cover. With this arrangement, 
leakage past the high-pressure piston cannot get into 
the low-pressure circuit, while the rod allows flexibility 
between the two pistons. The low-pressure and inter- 
mediate-pressure piston is driven from a crosshead 
in the crankcase, the arrangement preventing crank- 
case oil from getting into the low-pressure system. 
A forced-lubrication pump and two pumps for piston 
cooling, drainage or bilge work are driven from the 
compressor crosshead. 

The arrangement of the system of piston cooling is 
shown in Fig. 10 annexed. There are no glands under 
pressure and it is not possible for the cooling water to 
gain access to the crankcase. Each piston has nine 
rings, the lower one acting as a scraper ring. The 
remaining parts of the engine do not demand any 
detailed comment. The main columns, of the A pattern, 
are of box form, each cast in two parts bolted together 
on the centre line. The crankshaft is in two sections, 





each of three throws. In addition to the cylinder 
barrels, all parts exposed to combustion temperatures 
or severe duty are of Perlit iron. These parts include 
the pistons, valve cages, valve heads, piston rings, 
cams, compressor covers, liners and pistons and other 
details. 

On the shop trials, the engine had an indicated horse- 
power of 2,095 at full power, and 2,330 at overload, 
at speeds of 102-75 and 107-5 r.p.m. The mechanical 
efficiencies were 74°5 and 76-8 per cent. The exhaust 
temperatures were 644 and 706 deg. F. The consump- 
tions, in pounds of oil per brake horse-power hour, 
under the two conditions were 0-3875 and 0-392. 

The arrangement of the engines in the ship, together 
with the auxiliary machinery, is shown in Figs. 5 to 8 on 
Plate XXXVIII. The four Diesel-electric generating 
sets are arranged on the port and starboard sides at the 
forward end of the engines. Two of these sets are of 
100 kw. and two of 65 kw. The engines are of the 
four-cycle type and were manufactured by Messrs. 
W. H. Allen, Sons and Company, Limited, of Bedford, 
the generators being made by Messrs. Sunderland Forge 
Company, Limited, who supplied the whole of the 
electrical equipment for the engine room. The control 
gear is situated at the forward engine-room bulkhead, 
and every auxiliary has its own separate electric 
circuit. Cooling water for the main engines is pro- 
vided by a centrifugal pump of the upright type, sup- 
plied by Messrs. Drysdale, and a Centrex centrifugal 
pump by the same firm acts as a standby and deals 
with ballast duties. Two Fuerheerd pumps, supplied 
by Messrs. Stothert and Pitt, are installed for fuel-oil 
transfer work and standby forced lubrication. The 
auxiliary equipment also includes an_ electrically- 





driven air compressor, built by Messrs. Keavell and 
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Company, which supplies air for manoeuvring purposes. 
An additional small steam-driven air compressor is 
fitted for use when starting up. Two large reservoirs of 
manceuvring air are placed in the engine-room wing, 
as shown in Figs. 6 and 8. The equipment also includes 
an electrically-driven three-throw pump, supplied by 
Messrs. Dawson and Downie, which is used for general 
purposes. Two Sharples’ purifiers are fitted for dealing 
with the fuel oil and one for the lubricating oil. A 
Cochran boiler, fixed at the forward end of the engine 
room above starting-platform level, as shown in Fig. 5, 
supplies steam for heating and for portable cargo 
pumps, &c. The oil-burning equipment of this 
boiler is of the Wallsend-Howden low-air-pressure 
type. Two duplex feed pumps, made by Messrs. 
Dawson and Downie, are fitted, and, in addition, a 
simplex pump, by the same makers, is provided as a 
standby to the electrically-driven oil-fuel transfer 
pump. 

The boat was built under the supervision of Captain 
Lightoller, the Marine Superintendent of the Company, 
and Messrs. Esplen and Company, the owners’ con- 
sulting engineers. Messrs. Esplen also supervised the 
building of the machinery installation. 








LETTERS TO THE EDITOR. 


MACHINE TOOLS AT LEIPZIG. 
To THE EpiTror or ENGINEERING. 

Smr,—The undersigned has spent some time in 
Leipzig, and noticed the big impression that the 
machine tools made on the English visitors. Many of 
the Englishmen present advised me that they had 
come to Leipzig as they were determined to see what 
was being made in Germany, and understood they 
would have no opportunities to view same in England. 

The impression of seeing the greater part of the 
German machine tool industry assembled together in 
one hall left a very large effect on their minds. This, 
to a certain extent, was counteracted by the enterprise 
of one of the very large English manufacturers them- 
selves showing at Leipzig, and some of them expressed 
their feeling that it was a pity that they had not an 
opportunity of seeing a full range of English manu- 
facturers in competition with German, and that 
they would have been rather more able to judge 
their comparative merits if they could have seen them 
together. 

Although the German machine-tool industry is so 
much larger than the English, and there are many 
tools which are manufactured under modern methods 
in Germany for which the demand in England is 
insufficient to establish factories concentrating on 
these particular lines, I, myself, felt that the confi- 
dence in English manufacturers, would have been very 
much increased when they had the opportunity of 
seeing the best English and the best German machines 
standing side by side. 

Therefore, my visit to Leipzig has again strongly 
confirmed my view that the policy of the Machine Tool 
Trades Association of eliminating German machines is 
wrong, especially as the effect of this elimination is so 
much intensified by the fact that they allow Swiss and 
American machines to be shown. 

Yours faithfully, 
The Selson Engineering Company, Limited, 
H. M. Sexson, 
Managing Director. 
26-28, Charles-street, Hatton Garden, 
London, E.C.1, March 26, 1928. 


THE RECOGNITION OF SCIENCE. 
To THE Epritor oF ENGINEERING. 

Str,—In common with some others present at the 
opening of the new galleries of the Science Museum by 
H.M. the King, to which reference is made in your issue 
of March 23, page 356, I noticed with surprise that 
none of the senior officers of the Museum, as you imply, 
was included in the list of presentations. Lord Peel, 
as First Commissioner of Works, in his list of presenta- 
tions, seems to have been careful to include not only 
the architect and contractor, but also the general 
foreman and others typical of the several classes of 
the artisans employed on the building. On the other 
hand, Lord Eustace Percy. the President of the Board 
of Education, was content to present the Advisory 
Council of the Museum, entirely ignoring the actual 
officers of the Museum with the exception of the 
director. 

As you are no doubt aware, the officers of the Science 
Museum include men of considerable standing in 
engineering and scientific circles. In some cases they 
are leading authorities on their subjects, and have an 
international reputation. The list of officers includes 
D.Sc.’s, M.Sc.’s, Associates of the Royal College of 





Science, and members of the leading engineering insti- 


tutions. Some of the senior officers have long terms 
of service to their credit, and it is undoubtedly largely 
due to their untiring zeal and energy that the Museum 
possesses some of its most interesting exhibits. 

The action of the President of the Board of Educa- 
tion in passing over these senior officers is rendered the 
more inexplicable by the fact that, during the tour of 
the galleries, as I am informed, some of their juniors 
were brought to the notice of the King. Usually, 
when Royal visits are paid to universities and other 
institutions, it is the custom to present officers in order 
of seniority, and it is to be regretted that this custom 
was not followed at the Science Museum. 

The incident only serves to show the level of the 
esteem in which science seems to be only too commonly 
held in official circles, but all your readers will agree 
that for it to be possible for the scientific expert in 
the public service to be treated in this way, and for 
so uncalled for a slight to be put on a particular body 
of Civil Servants, and the Civil Service in general, is 
deeply to be regretted. It is hardly possible that such 
a thing could occur at the British Museum, the Royal 
Observatory, or the National Physical Laboratory, and 
it is to be hoped that some Member of Parliament 
(perhaps an engineer) will ask the Minister for Education 
for an explanation. 

Yours faithfully, 
‘* ScIENTIST.” 

London, March 28, 1928. 














NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Divergent conditions continue to 
operate in the steel and engineering trades of this area. 
There is a more hopeful tone in basic-steel manufacture. 
The rise in foreign quotations is further reflected in the 
arrival of more contracts in this district. Deliveries of 
hematites for special-steel manufacture are increasing. 
The latest official quotations are as follow: Derbyshire 
foundry pig iron 64s., Derbyshire forge iron 61s., hard 
basic billets 71. 2s. 6d. to 7l. 12s. 6d., soft basic 61. 5s., 
crown bars 10/. 10s., all per ton delivered at local works. 
Departments producing railway rolling stock are in a 
healthier position. Orders in hand from India and South 
America and other foreign markets have resulted in a 
substantial increase in output. The demand for ship- 
building requisites is not so good as recently. Improve- 
ment is anticipated, however, in the near future. Firms 
specialising in the production of colliery gear and equip- 
ment report no improvement. In contrast, electrical 
machinery manufacture continues an active line. There 
is evidence of a revival in the call for textile machinery,’ 
despite the slackness of trade in the Lancashire cotton and 
Yorkshire woollen districts. A bigger tonnage of 
Stainless steel and rustless iron is going into use. The 
lighter trades are variable. The demand for all descrip- 
tions of saws is well below the average. Some good 
orders have been booked both on home and foreign 
account for garden and farm implements. Scythe makers 
report a growing demand. Files are quiet, but engineers’ 
small tools are making headway. 


South Yorkshire Coal Trade.—Both users and merchants 
are inclined to adopt a “‘ wait and see ”’ policy until after 
the coal marketing scheme has come into operation next 
month. Industrial fuel has improved immensely, but the 
tonnage going into consumption still falls far short of 


output. Heavy stocks of house coal are being held by 
collieries. The demand remains weak and well below 
normal. The export market for foundry and furnace 


coke continues firm, while home requirements tend to 
increase. Gas coke shows no change. Quotations :— 
Best branch handpicked, 27s. 6d. to 29s. 6d. ; Derbyshire 
best bright house, 20s. 6d. to 21s. 6d.; best house coal, 
19s. to 20s. 6d.; screened house coal, 16s. to 17s. 6d 
screened house nuts, 15s. to 16s.; Yorkshire hards, 
l4s. 6d. to 15s. 6d.; Derbyshire hards, 14s. to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 68. to 7s. ; 
smalls, 3s. to 48. 6d. 


PERSONAL,—Messrs. Rose, Downs and Thompson, 
Limited, Old Foundry, Hull, have taken over the business 
hitherto conducted by Messrs. Robert Middleton and 
Company, Sheepscar Foundry, Leeds, and can supply 
any machinery, or renewals for machinery, previously 
supplied by the latter firm. 


Tue Junior INstiruTion oF ENGINEERS.—In a lecture 
which he gave before the Junior Institution of Engineers 
on March 23, under the title of “‘ High-Tension and Low- 
Tension Supply for Wireless Receivers from Electric 
Mains,” Mr. B. J. Axten dealt with a subject which should 
be of direct personal interest to a large number of engineers 
and others. He said that the need for battery eliminators 
arose from considerations of convenience, and also of the 
demands for power made by the last stage of amplifica- 
tion. Dry batteries were not efficient producers of the 
high anode voltages required in modern sets, and accumu- 
lators required careful attention. As regards low- 
tension supply, Mr. Axten said that he considered the 
valve with the indirectly-heated cathode best for use 
with alternating-current supply, but with direct-current 
supply, it was best to use low-consumption valves of the 
ordinary type connected in series, so that losses in 
resistances for bringing down the voltage were reduced 
toa minimum. The lecturer demonstrated two kinds of 


HE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday, 


The Cleveland Iron Trade.—New business in Cleveland 
pig iron is rather quieter, but output is insufficient to 
cover requirements of customers in fulfilment of contracts 
already made, and, consequently, the much depleted 
stocks at makers’ works are still being steadily reduced, 
Recent substantial sales to Scotland have attracted the 
attention of Continental pig-iron makers, who, it js 
stated are prepared to grant price concessions to 
customers beyond the Tweed, but the figures named for 
foreign material are reported to be still too high to tempt 
Scotch consumers of pig iron to return to extensive use of 
overseas products. Home consumption of Cleveland pig 
iron remains heavy, the bulk of the make still going into 
direct use at ironmasters’ own foundries and steelworks, 
A few sales to local firms and to home buyers elsewhere 
are being made, and further business with Scotland is 
confidently looked for, but export sales are few and 
small, and do not seem likely to show material expansion 
in the near future. Fixed quotations are well main- 
tained. No. 1 grade of Cleveland pig is 68s. 6d.; No. 3 
g.m.b., 66s.; No. 4 foundry, 65s.; and No. 4 forge, 
648. 6d. ” 


Hematite.—Some slight improvement is noticable in the 
East coast hematite branch. Supply is still in excess of 
requirements, and prices remain well below cost of produc- 
tion, but values tend upward as the result of further 
expansion of home and Continental demand. Recognised 
market rates are still based on 70s. for mixed numbers, 
but customers claim they can buy at less ; on the other 
hand, named brands command higher prices. 


yy FROM CLEVELAND AND 


Foreign Ore.—Transactions in imported ore are few, 
but sellers continue to take a very firm stand in expec- 
tation of supplies being less plentiful. Up to 22s. 6d, 
c.i.f. Tees is asked for best rubio. 


Blast-furnace Coke.—Business in Durham blast-furnace 
coke is quiet. Local consumers are not disposed to 
negotiate at all extensively for supplies, and quotations 
are barely maintained on the level of 18s. for good average 
qualities, delivered here. 


Manufactured Iron and Steel.—A few sales of finished 
iron and steel have been made, but reports of easier 
tendency in Continental steel are disquieting. Common 
iron bars are 10/1. 5s.; best bars, 101. 10s. ; double best 
bars, 101. 15s. ; treble best bars, 11/7. ; iron rivets, 111. 5s. ; 
packing (parallel), 77. 10s.; packing (tapered), 10/. ; 
steel billets (soft), 62. 15s.; steel billets (medium), 
7l. 2s. 6d. ; steel billets (hard), 7/7. 12s. 6d. ; steel rivets, 
11/. ; steel ship plates, 8/. 7s. 6d. ; steel angles, 7/. 17s. 6d.; 
steel joists, 7/. 17s. 6d.; heavy sections of steel rails, 
81. 10s.; black sheets, 9J. 15s.; and galvanised corru- 
gated sheets, 131. 5s. 


Tees and Hartlepool Shipbuilding Associations.—After 
having been in existence for twenty-five years, the Tees 
and Hartlepool Shipbuilding Association is to be wound 
up. At one time ten yards were connected with the 
Association, but one establishment after another has 
been closed down, and now, with the decision to disband 
the three remaining members of the organisation— 
Messrs. Craig, Taylor and Company, Limited, of 
Thornaby, Messrs. Smiths Dock, Limited, of South 
Bank, and Messrs. Wm. Gray and Company, Limited, of 
West Hartlepool—have applied for admission to the 
Tyne Shipbuilding Association. 








THE Port oF Bart: ADDENDUM.—In the description 
of the new harbour works for the port of Bari, Italy, 
given on page 245 of our issue for March 2 last, the firm 
of Impiante ed Apparecchi da Transporto, Via Chiosetto, 
No. 1 Milan, was inadvertently omitted from the list ot 
those supplying the equipment. This firm supplied 
several important items in the plant, amongst which 
may be mentioned the crane for discharging pozzuolana 
from the vessels, the aerial ropeways and belt conveyors 
for transporting pozzuolana and concrete throughout, 
and the electric travelling cranes for transporting the 
moulds and the smaller concrete blocks. 





Automatic BorLer Controt.—In view of the in- 
creased attention which is now being paid to combustion 
control in the boiler-room, it is interesting to note that 
what are probably the first examples in this country 
of complete automatic installations for operating boiler 
plants were started up last week at the Highams Park 
works of Messrs. British Xylonite, Limited, Hale End, 
E.4, and at the Radcliffe Paper Mills, near Manchester. 
At the first mentioned works, there are four Babcock and 
Wilcox boilers, with an hourly evaporation of 13,000 Ib. 
each, fitted with superheaters, economisers, and Bennis 
chain-grate stokers, the chimney draught being increased 
by an engine-driven fan. The automatic control appa- 
ratus, which is on the Hagan system, and was supplied 
by Messrs. James Gordon and Company, Limited, 
Windsor House, Kingsway, W.C.2, consists of a master 
regulator connected by a }-in. pipe line to the steam 
main. Variations in the rate of steam flow are immediately 
transformed by the master regulator into moveients 
controlling the boiler dampers, the steam stop valve - 
the stoker engine and that on the fan engine, so that both 
coal and air supplies are regulated in accordance wit h the 
demand for steam. The automatic installation at the 
paper mill controls the dampers of two Lancashire — 
and also regulates the supply of steam to Jets for — 
draught. The speed of the stokers is to be wees 
later. It is hoped that figures showing the results 0 
fitting the new apparatus on coal consumption, XC, 
will be available in due course. 





receiving sets working from direct-current mains. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—A quiet tone continues to prevail 
in the steel trade of Scotland, and the hopes of an early 
improvement, which were beginning to be quite general 
lately, are now less pronounced. The stiffening up of 
Continental prices was expected to make for better 
buving here, but now that these have eased off a bit, 
the outlook is notso good. The demands upon the local 
steelworks are generally poor, and output is still far short 
of capacity. Shipbuilders are not in a position to place 
much fresh business for plates or sections, and what is 
heing taken in is really only day-to-day requirements. 
Export orders are not of much volume, and inquiries do 
not represent a heavy tonnage. In the black-sheet trade 
there is little change to report this week. Heavy gauges 
are dull, and only a fair demand exists for the lighter and 
galvanised sorts. Prices have a firmer tendency, parti- 
cularly for galvanised varieties. The following are to- 
day’s prices : -Boiler plates, 10/. 10s. per ton; ship 
plates, 82. 7s. 6d. per ton ; sections, 7l. 17s. 6d. per ton ; 
sheets, 4 in., 8/. 12s. 6d. per ton; galvanised corrugated 
sheets, 24 B.W.G., 131. 7s. 6d. per ton, all delivered 
Glasgow stations. 

Malleable-Iron Trade.—The conditions ruling in the 
malleable-iron trade of the West of Scotland during 
recent weeks have not altered, and a hand-to-mouth 
state is all too general. Consumers of bar iron, as well 
as of re-rolled steel bars, are ordering very sparingiy, 
and the works are all quiet. Prices are unchanged, and 
are as follow :—‘‘ Crown ”’ bars, 101. 5s. per ton for home 
delivery, and for export ; re-rolled steel bars, 7/. 15s. 
per ton for home delivery ; and 7J. per ton for export. 


Scottish Pig-Iron Trade.—Rather a better feeling has 
been noticeable in the Scottish pig-iron trade this week, 
although there has been little expansion in business. 
Production, at present, is quite equal to all demands, but 
some fair inquiries are in the market. With raw material 
dearer, prices have become firmer. The following are the 
current market quotations :—Hematite, 74s. per ton, 
delivered at the steel works ; foundry iron, No. 1, 75s. 
to 76s. per ton; and No. 3, 70s. to 71s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Tron Shipments—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, March 24, amounted to 499 tons. 
Of the total, 394 tons went overseas and 105 tons coast- 
wise. For the corresponding week of last year, the 
figures were 220 tons overseas and 40 tons coastwise, 
making a total shipment of 260 tons. 


Shipbuilding Contract.—The Bombay Steam Naviga- 
tion Company, Limited, have placed an order with 
Messrs. Bow, McLachlan and Company, Limited, Paisley, 
for a single-screw passenger and cargo steamer of 1,500 
tons, for service in Indian waters. 


Wages in the Iron Trade.—Messrs. James C. Bishop and 
Owen Coyle, joint secretaries of the Scottish Manufac- 
tured Iron Trade Conciliation and Arbitration Board, 
have received intimation from Sir John M. MacLeod, 
Bart., C.A., Glasgow, that in terms of the remit he has 
examined the employers’ books for January and Feb- 
ruary, 1928, and certifies that the average net selling 
price brought out is 102. 13s. 3-825d. This means that 
there will be no change in the wages of the workmen. 








INTERNATIONAL NAUTICAL EXHIBITION, PARIS.— 
We understand that the next International Nautical 
Exhibition, Paris (Salon Nautique International), will 
be held from October 30 to November 11, next. 


CHILEAN GOVERNMENT DEVELOPMENT PROGRAMME.— 
The Chilean Legation informs us that the Budget of ordi- 
nary income for Chile, for 1928, amounts to 959 million 
pesos, and that of ordinary expenditure to 943 million 
pesos, showing a favourable balance of 16 million pesos. 
Some 123 million pesos are destined for drainage and 
waterworks, while 427 million have been set apart for the 
building of schools and for the use of fiscal departments. 


NATIONAL ASSOCIATION oF MasteR HEATING AND 
Domxstic ENGINEERS.—The twenty-fourth annual general 
meeting of the National Association of Master Heating 
and Domestic Engineers was held on March 14 last, at 
the office of the Association, 12, Russell Square, London, 
W.C.1, Mr. James Elliott, of Manchester, being in the 
Chair. The annual report of the Council showed that 
satisfactory progress had been made during the year, and 
that there had been a considerable increase in the number 
of members. | In view of the extension in the work of 
the Association, it was resolved to alter the present 
title and to adopt that of the National Association of 
satay Ventilating and Domestic Engineering Em- 
Novers, 


REINFORCED CONCRETE BRIDGE, MONTROSE, SCOTLAND. 
: Under a provisional order, Montrose Town Council, 
Forfarshire, has received powers to expend a sum not 
exceeding 90,0001. on the partial demolition and recon- 
struction, in reinforced concrete, of the Montrose bridge 
ip the South Esk. The designer of the bridge is Sir 
° Owen Williams, K.B.E., of Westminster. Prior to the 
demolition of the existing bridge, which is of the sus- 
Page type, a temporary bridge will be erected along- 
©, at an estimated cost of 12,0001. It is expected that 
- new bridge will cost about 70,0001. to build. Con- 
Te eee have been allowed for to the extent of 8,000/. 
Shonen icipated that operations will be commenced 

‘ortly, and that the bridge will be completed and put 


ENGINEERING. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—A commencement was made by the 
South Wales Coal Marketing Association, to-day, in their 
endeavour to stabilise the selling price of Welsh steam 
coal. Yesterday representatives of the colliery and 
export companies, who are members of the Association, 
elected the executive committee, which numbers not less 
than 15 and not more than 25, and will be responsible for 
the scheme. It was decided to make a start with Mon- 
mouthshire large coals, and to-day quotations for these 
classes were advanced by 6d. per ton to the basis of 
17s. 9d. to 18s. 3d., for Black Veins, 17s. 3d. to 17s. 9d., 
for Western Valleys, and 17s. to 17s. 6d., for Eastern 
Valleys, for shipment at Cardiff, with the figure 6d. less 
in all cases for loading at Newport. No business was 
reported at the new prices, as prospective buyers preferred 
to await developrrents rather than pay the increased 
quotations. Prices for all other classes of coal remained 
unaltered, but business was slow as salesmen were 
undecided what to do in view of the expected imminent 
operation of minimum figures. Best Admiralty large 
ruled from 19s. to 19s. 3d., with seconds 18s. to 19s., and 
ordinaries 17s. to 18s., with dry large from 17s. 6d. to 
18s. 6d. Smalls ruled from 10s. 6d. to 13s. Shipments 
of coal as cargo during the past week totalled 411,030 tons, 
which was nearly 32,000 tons less than that dealt with 
in the preceding six days, but 5,000 tons more than 
in the corresponding period of last year. Shipments to 
Argentina were raised from 37,700 tons to 69,500 tons, to 
Brazil from 36,900 tons to 49,350 tons, and to Portugal 
from 13,950 tons to 14,990 tons, but to Egypt reduced 
from 66,810 tons to 27,500 tons, to France from 104,290 
tons to 92,040 tons, to Italy from 66,130 tons to 34,800 
tons, and to Spain from 31,240 tons to 13,430 tons. 

Tron and Steel.—Exports of iron and steel goods in the 
past week amounted to 18,103 tons, compared with 15,102 
tons in the previous week. Shipments of tinplates and 
terneplates were increased from 4,474 tons to 9,685 tons, 
and of other iron and steel goods from 4,918 tons to 6,077 
tons, but for blackplates and sheets reduced from 2,496 
tons to 367 tons, and of galvanised sheets from 3,214 tons 
to 1,974 tons. 

Employers’ Organisations.—Mr. T. B. Humphries, of 
the Globe and Hazelwood Shipping Companies, will, on 
Friday, be formally re-elected president of the Cardiff 
Chamber of Commerce for the ensuing year, and Mr. T. H. 
Mordey, of the Seven Seas Shipping Company, and Mr. 
Reginald N. Jones, of the Lewis Merthyr Consolidated 
Collieries, Limited, will be re-elected vice-presidents. 
On Tuesday, Mr. W. H. Williams, of Messrs. W. H. 
Williams and Company, and Mr. David Lewis, of Messrs. 
Franklin Thomas and Company, Limited, will be elected 
chairman and vice-chairman, respectively, of the Cardiff 
and Bristol Channel Pitwood Importers’ Association. 











Contract.—The Scheldt Intercommunal Electricity 
Company of Antwerp has placed an order with Ateliers de 
Constructions Electriques de Charleroi for two 40,000 
kv.-a., 10,500-volt turbo-alternators. 





AvuTOMATIC TELEPHONES IN MuxkDEN.—We _ under- 
stand that the telephone administration at Mukden, 
Manchuria, has decided to instal automatic telephones. 
It is anticipated that the installation will be complete 
in three years. eee 

GAILLARD MEMORIAL TABLET, PANAMA CANAL.— 
A bronze tablet, dedicated to the memory of Lieut.-Col. 
David Du Bose Gaillard, division engineer, Panama 
Canal, under whose charge the excavation of Culebra 
Cut was carried out from July, 1908, to July, 1913, was 
unveiled recently at a prominent place on the rock face 
at Contractor’s Hill, some 100 ft. above the normal surface 
of the Canal at that point. The Culebra Cut was officially 
renamed Gaillard Cut in 1915. 


Tue CommerciaAL Motor Users’ Assocration.—The 
annual luncheon of the Commercial Motor Users’ Associa- 
tion was held on Tuesday last, the 27th instant; the 
president of the Association, Mr. E, 8. Shrapnell-Smith, 
being in the chair. In proposing the toast of “ His 
Majesty’s Ministers,” the President stated that the 
Association was not opposed in principle to the co- 
ordination of road and rail traffic, as they held that such 
co-ordination was to the public interest. which they 
regarded as the decisive factor. They felt, however, that 
very careful consideration should be given to the rights 
of small owners. In this connection, the President 
mentioned that there were over a thousand ex-service 
members of the Association, each owning from two to 
four vehicles. Mr. Shrapnell-Smith stressed the import- 
ance of eliminating weak road bridges which greatly 
militated against the most effective use of the roads. In 
replying to the toast, Sir William Joynson-Hicks said 
our road system was second to none in the world, but in 
view of future traffic developments, every effort must be 
made to not only maintain the roads in their present 
condition, but to widen and extend them. The Rt. Hon. 
Wilfrid Ashley, in proposing the toast of ‘‘ The Associa- 
tion,” said that he was of opinion that it would be both 
unfair and unwise to prevent the railways having the 
powers they sought, providing that adequate safeguards 
against abuse could be assured. His Department were 
conducting experiments on road surfacing and skidding, 
and it was intended to devote a stretch of the new 
Colnbrook by-pass road to this work. He agreed that 
weak bridges should be strengthened as quickly as pos- 
sible, and mentioned that a private Bill was now before 
Parliament to deal with the more important financial 





into service by March 31, 1930. 


issues involved, 





NOTICES OF MEETINGS. 





Junior InstiruTion oF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Locomotive Main- 
tenance,”’ by Mr. C. F. Adams. 

ENGINEERS.—-To-night, 
“ Bronze 


INSTITUTION OF WELDING 
7.30 p.m., Caxton Hall, Westininster, S.W.1. 
Welding,” by Mr. W. Steele. 

Royat InstitutTion.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘‘ Radioactive Atoms and their Structure,” 
by Sir E. Rutherford. Saturday, March 381, 3 p.m. 
“The Transformation of Matter” (Lecture IV), by 
Sir EF. Rutherford. 

INSTITUTE OF TRANSPORT.—Monday, April 2, 5.30 
p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. ‘Southern Railway Electrifi- 
cation,” by Mr. E. C. Cox. 

INSTITUTION OF AUTOMOBILE ENGINEERS.— Western 
Centre : Monday April 2, 6.45 p.m., Merchant Venturers’ 
Technical College, Unity Street, Bristol. ‘‘ Mixture 
Distribution in Multi-Cylinder Engines,” by Mr. J. N. 
Tait. London: Tuesday, April 3, 7.45 p.m., Royal 
Society of Arts, John-street, Adelphi, W.C.2. “ The 
Electrical Characteristics of Spark Gap and Sparking 
Plug,” by Mr. E. A. Watson. 


INSTITUTION OF THE RuBBER INDUSTRY.—Monday, 
April 2, 8 p.m., Engineers’ Club, Coventry Street, W.1. 
‘Note on the Behaviour of Prussian Blue and Some 
Other Ferro-Cyanides in Rubber,” by Dr. J. R. Scott. 
‘Stickiness of Unvulcanised Rubber,’”? by Mr. R. W. 
Griffiths and Mr. M. Jones. 

INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, April 3, 5.30 p.m., Royal Society of Arts, Jokn- 
street, Adelphi, W.C.2. ‘The Oil Well and Later 
Developments at Hardstoft, Derbyshire,” by Dr. A. 
Wade. 

InstrTUTION oF CiviL ENGINEERS.—Tuesday, April 3, 
6 p.m., Great George-street, S.W.1. “An Experi- 
mental Determination of the Thickness and Distri- 
bution of the Oil Film in a Flooded Cylindrical Bearing,” 
by Professor J. Goodman. Wednesday, April 4, 6 p.m., 
Informal Meeting. ‘The Disposal of Sewage of Country 
Houses and Hamlets,”’ by Mr. G, T. Cotterell. 


INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch : Tuesday, April 3, 6 p.m., Royal Metal 
Exchange, Swansea. ‘ Reversing Blooming Mill Prac- 
tice,” by Mr. G. A. V. Russell. 

INstiruTION or EtecrricAL Enerrrers.—North- 
Western Centre: Tuesday, April 3, 7 p.m., Engineers’ 
Club, Albert-square, Manchester. Annual General 
Meeting. ‘“Some Practical Considerations in the 
Design of Automatic Equipments for Heavy Traction 
Sub-Stations,”” by Mr. H. B. Poynder. Scottish Centre : 
Tuesday, April 3, 7.30 p.m., Royal Technical College, 
George-street, Glasgow. ‘‘ Higher Steam Pressures 
and their Application to the Steam Turbine,” by 
Mr. A. H. Law and Mr. J. P. Chittenden. London: 
Wednesday, April 4, 6 p.m., Victoria-embankment, 
W.C.2. Wireless Section Meeting. ‘‘The Study of 
Signal Fading” (The Work of the Radio Research 
Station at Peterborough), by Prof. E. V. Appleton. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, April 3, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘The Balance of Internal-Combus- 
tion Engines,” by Prof. W. Kerr. 

InstITUTION OF RartLway SIGNAL ENGINEERS.— 
Wednesday, April 4, 6 p.m., Institution of Electrical 
Engineers, Victoria Embankment, W.C.2. ‘A Short 
Account of the Siemens and Halske Lock and Block 
System” by Mr. T. S. Lascelles. 








Frencu InpustriAL Fue Exursirion.—On page 148 
of our issue of February 3 last, we gave brief particulars 
of the second French Industrial Fuel Congress (Congrés 
du Chauffage Industriel) which is to take place in Paris 
in June next. We now learn that an international 
exhibition is to be held, in connection with the Conyress, 
at the Parc des Expositions de la Ville de Paris, from June 
23 to July 8 next. The exhibits will deal with the prepar- 
ation of solid, liquid, and gaseous fuels, the utilisation 
and conservation of heat, the control of heating media and 
the utilisation of steam. Full particulars regarding the 
function may he obtained from the Commissaire Général, 
Association Parisienne des Propriétaires d’Appareils 4 
Vapeur, 66, Rue de Rome, Paris, 8e, France. 

EXTENSION OF THE RAMSAY LABORATORY OF CHEMICAL 
ENGINEERING.—In response to the appeal for 50,000/., 
for the extension and equipment of the Ramsay Labo- 
ratory of Chemical Engineering at University College, 
London, issued recently by the Chemical Engineering, 
Building and Equipment Fund Committee, of which the 
Right Hon. Sir Alfred Mond is the Chairman, the sum of 
23,5551. has been produced. The principal subscribers 
include the following :—Messrs. Imperial Chemical 
Industries, Limited, 10,0007. ; The Shell group, 5,000/. ; 
Messrs. The Gas Light and Coke Company, Limited, 
5,0001.; Messrs. Dunlop Rubber Company, Limited, 
1,0007.; Messrs. Reckitt and Sons, Limited, 1,000/. In 
addition to the above, an income of 6,000/. a year is 
required for the maintenance of the laboratory, and, for 
this purpose, 3,191/. has been promised for the first 
5 years, and 2,600/. for the second 5 years. It is very 
desirable that both these funds should be completed 
at an early date, in order that the building may be com- 
menced. Donations may be sent to Sir David Milne- 
Watson, at University College, Gower-street, London, 





W.C.1, who will be glad to supply any further particulars. 











ENGINEERING. [MARCH 30, 1928. 








300-KW. TURBO-GENERATOR FOR H.M.S. “RODNEY” 


CONSTRUCTED BY MESSRS. W. H. ALLEN, SONS AND COMPANY, LIMITED, ENGINEERS, BEDFORD. 


(For Description, see Page 375.) 
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THE ORGANISATION OF RESEARCH. 


It is unfortunate that many of those who con- 
template scientific research regard an investment 
in it as in the nature of a gamble, not to be enter- 
tained unless, if successful, it may yield rewards 
on the scale to which gamblers look forward. 
Experience, however, contradicts this opinion. 
Research pursued in such a spirit is found most 
often to be fruitless, but when organised systemat- 
ically it seems to yield substantial returns with 
sufficient regularity to be classed as a_ highly 
remunerative form of insurance. In a suggestive 
lecture recently given to the Royal Colonial In- 
stitute Mr. H. T. Tizard, F.R.S., the Secretary 
to the Department of Scientific and Industrial 
Research, quoted the results of that Depart- 
ment for the last ten years as showing that 
scientific and industrial research was the equiv- 
alent, not of a gamble, but of a lottery loan, 
which, in addition to its immense, if infrequent, 
prizes, returned the principal with a larger in- 
terest than many public loans could afford to pay. 
To attain the best results, experience has shown 
that research needs to be organised. In the short 
discussion which followed Mr. Tizard’s address, it 
was pointed out that in the quality of their 
scientific men neither Germany nor any other 
country has an advantage over our own. An 
unquestioned superiority of German industry over 
British lies in the more effective organisation of 
its scientific forces. 

The need for this organisation would perhaps 
be recognised more readily if it were remembered 
that these forces are of two kinds, from whom 
different classes of work are expected. On the 
one hand, there are the few individuals who are 
gifted with high scientific imagination, standing 
in science where poets stand in literature, explorers 
who from time to time add new territories to know- 
ledge. Before these territories can be turned to 
material account a long interval may be required, 
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and a different kind of .scientific work, without 
which new or neglected fields of knowledge may 
remain unconsolidated and undeveloped. It is on 
such work that the large majority of scientific 
workers must always be engaged, refining the 
precision of measurements, improving the accuracy 
of data, filling in missing links in knowledge, 
working out the detail of improvements, and not 


only applying scientific methods to strictly 
industrial operations, but, by their example 


and results, acting as missionaries to spread the 
use of such methods within the general practice 
of industry. Himself a distinguished man of 
science, Mr. Tizard is not likely to undervalue 
the former class of scientific workers, but a notable 
feature of his address was the emphasis with 
which he insisted that we are apt to expect too 
much of the former class of workers—at least, 
in imagining that they can produce results as 
and when wanted—and to underestimate the 
value of the great mass of workers who, by the 
sedulous and systematic practice of simple opera- 
tions, give results of such value. The extent to which 
the work of the imaginative type of scientific 
men can be co-ordinated is naturally much less 
than is possible with that of those whose work 
is to perfect what has already been discovered. Of 
both classes, however, it may be said that, as 
Mr. Tizard expresses it, the chief problem of the 
organisation of research is to co-ordinate their 
work without destroying individual enterprise. 
This applies not only to the workers, but to the 
industries for which they are working. 

When the Department of Scientific and Industrial 
Research was first instituted, a step which may 
now be remembered gratefully as among the last 
administrative measures taken by Mr. Asquith’s 
government, it is hardly an exaggeration to say 
that co-operative research was unknown in 
this country. What the Department has done, 
though it does not appear by any means to have 
reached the limit of its development, is already a 
remarkable object lesson, on the one hand as to 
what is possible, and on the other hand as to the 
general principles that seem to be necessary, at 
least in this country, to make State organisation 
of research successful. Rightly or wrongly, the 
general impression of State administrative depart- 
ments is that inevitably they follow a venerable 
example, and magnify their office. As is pointed out 
more than once in its annuai report, of which we 
gave an account in our issue of February 24 last, the 
Department, at and since its inception, has had to 
face many new and difficult problems. A few of 
these were obvious to outsiders. Industry, for 
example, did not start with any marked disposition 
to believe in the advantage to be gained by a State 
organisation of its research, and large numbers of 
scientific men had thé gravest suspicion of the havoc 
that a Government Department might play with 
their work. The extent to which these doubts and 
suspicions have been dissipated is matter of common 
knowledge in the fields alike of industry and of 
science. By what means this result was attained 
is probably best known to the Department itself, 
but doubtless neither the Committee of the Privy 
Council nor their Advisory Council overstate the 
extent of their obligations to their secretary of the 
time, who retired during last year. 

So far, however, as can be judged from outside, 
the Department is most indebted to whatever 
influence led it to start with and adhere to the 
unusual policy of minimising its own functions. By 
a natural tendency, a Government Department, 
especially when it is new, has been seen repeatedly 
to take every legitimate opportunity of extending 
its operations. With the enormous and increasing 
programmes described in its successive annual 
reports, the Research Department cannot be accused 
of having neglected any of its functions; but from 
the outset it appears to have made a fixed rule 
against undertaking any work that it could get 
done equally well elsewhere, particularly by those 
whom the work was intended to benefit. An inci- 
dental advantage of this policy appears to have been 
that the Department has worked with an unusual 
economy. Less than a sixth of its net expenditure 
is by way of grants to be spent by other bodies, 
and four-fifths has been devoted to work done 





386 


mainly at its own stations or in one way or another 
supervised by its Councils or Committees; but 
the total expenditure on its headquarters adminis- 
tration is only some 6 per cent. of its total net expen- 
diture for all purposes. By whatever standard it 
may be, judged, this appears to be remarkably 
economical administration, and the utility of the 
work for practical purposes is seen in detail by the 
record of the constant and increasing closeness 
with which the several organs of the Department 
keep touch with the industries concerned and are 
consulted by them. 

Taken as a whole, the short history of the Depart- 
ment seems to show that the possibilities of co- 
ordinating industrial research are much greater 
than could have been imagined before it came into 
existence. Hitherto an important part of its work 
has had to be to incite the industries themselves to 
recognise their interest in undertaking research of 
their own, and in assisting to encourage the provision 
of a supply of trained workers. These functions, 
it may be hoped, will gradually become unneces- 
sary, but among its other functions they will leave 
the Department permanently with the not less 
important duties of preventing overlapping between 
workers on similar subjects, and putting them in 
the way of learning the suggestions for useful work 
allied to their own, which may appear in the prac- 
tice of other industries, or in the course of other 
investigations. It may be hoped that the success 
of the Department in dealing with British science 
and industries may encourage the fulfilment of the 
proposal that some organisation should be set up 
for co-ordinating the work done in this country with 
that of the Dominions, India, and the Colonies. 
At the present time, the scale on which research is 
conducted in this country, is almost incomparably 
smaller than in the United States. The Western 
Klectric Company alone is said to be spending on 
research approximately twice the amount allowed 
to the entire Research Department of this country, 
and to derive the majority of that sum from royal- 
ties paid by foreign governments. The amounts 
expended by the Dominions are naturally yet 
smaller than our own, and it is therefore of the 
highest importance that what is spent in the 
Empire should be spent in such a way as will yield 
the best return. 

Co-ordination of Imperial science would have more 
advantage than preventing overlapping and suggest- 
ing problems to those who, at the time, were best 
placed for carrying them out. It would lead to 
the systematic collaboration between workers in 
the different parts of the Empire, such, for example, 
as is now in contemplation in the case of the 
geophysical survey in Australia. Apart from its 
material results, association in work, as in play, 
should add an important member to the founda- 
tions of the Imperial spirit. In the long run, 
however, measures cannot be acceptable to any 
part of the Empire unless they tend to promote its 
materia! interests ; and to increase the efficiency of 
research, as applied to the development of natural 
resources, would be to promote the most funda- 
mental interest of most overseas parts of the 
Empire. The investigations involved in such 
developments must often be prolonged, and thus 
the inconvenience of distances between the co- 
operating parties would be small relatively to the 
total time involved. The difficulties of setting up 
such an organisation would, doubtless, not be 
wholly the same as those which the Research 
Department has had to face, though probably many 
of them would be analogous. They should not, 
however, be greater; and the remarkable extent 
to which the British organisation has overcome 
them should enable an Imperial organisation, with 
a similar object, to be instituted with entire con- 
fidence in its prospect ef success. 

Everyday sees the further advance of the bene- 
ficent hand of science in control over natural | 
forces, and the British Empire, second to no other | 
political entity in the extent of its material re- 
sources, should be among the foremost of those 
who by fostering science add directly to the 
material advance of mankind. Co-ordinated 


Imperial research may well prove one of the main 
steps in helping towards the moral and material 
advance of our Empire. 
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FACTORS OF SAFETY IN BOILER 
PRACTICE. 


AFTER upwards of thirty years’ service, Mr. C. E. 
Stromeyer has this year relinquished the post of 
Chief Engineer to the Manchester Steam Users 
Association. That he may long enjoy his well- 
earned retirement will be the earnest wish of all 
those who have year by year derived both pleasure 
and profit from his interesting and suggestive 
reports dealing with the design and operation of 
steam-generating plant. The last of these to bear 
his signature has just been published by the Asso- 
ciation, and in this “Swan Song” Mr. Stromeyer 
advances certain conclusions derived from an 
almost unparalleled experience in the construction 
and operation of boilers. His main contentions are 
that safe working pressures are not merely a function 
of the thickness of plating and of the adequacy 
of the riveting, but that the real factor of safety 
depends very largely on the working conditions. 
With a sedimentary and corrosive feed this factor 
is distinctly less than when distilled water is exclu- 
sively used inthe make up. Mr. Stromeyer suggests, 
accordingly, that boiler owners who are prepared to 
use only pure water should be allowed to use higher 
working pressures than would be permissible where 
there is a likelihood of deposit on the tubes and 
plates. He mentions the case of a Continental 
power station in which only distilled feed was allowed 
to enter the boilers. On opening one of these up, 
after a continuous run of 14,000 hours it was found 
to be absolutely free from scale and corrosion. In 
this country, Mr. Stromeyer notes, shell explosions 
are practically unknown. Present methods of 
proportioning boilers are derived directly from 
past practice with low pressures in which the shell 
plates were so thin that a liberal allowance had to 
be made for wastage and corrosion. The result 
was that the original factor of safety of these boilers 
was large. When at length a move was made 
towards higher pressures, the same nominal factor 
of safety was adopted, although with thicker plates 
the relative importance of corrosion was greatly 
reduced. This procedure has satisfied the boiler- 
maker, but Mr. Stromeyer states that inspecting 
engineers are literally afraid of these thick shells 
owing to the numerous mishaps which have occurred, 
but are in fear of being considered illogical if they 
recommend thinner plates. 

Mr. Stromeyer contends that in very many cases 
high-pressure boilers would be materially stronger 
if less liberally proportioned. The higher pressures, 
in fact, imply higher temperatures and greater 
deformations. The stresses resulting from such 
distortions are greater the thicker the plating, and 
there have, in fact, been very numerous cases of 
boiler failures directly attributable to deformation 
strains. In one power station the Association’s 
inspectors found no less than 48 cracked dished 
ends out of a total of 64. Where metal is strained 
by deformation instead of by pressures or loads, an 
increase of scantlings quite commonly implies a 
diminution rather than an increase of strength, 
and this is particularly marked in the case of the 
harder materials. Mr. Stromeyer is, accordingly, 
a strong advocate of mild steel in all cases where 
distortions or shocks are to be expected. He 
notes that bottom-end aero-engine bolts broke 
repeatedly so long as they were made of high- 
tenacity steel. An additional objection to unneces- 
sarily thick plates is the greater difficulty of securing 
tight joints without excessive caulking. Like all 
other engineers experienced in the maintenance of 
steel structures, Mr. Stromeyer has no belief in the 
elastic limit as a measure of the practical strength 
of steel exposed to non-alternating stresses. 

In support of his contention that factors of safety 
are unnecessarily high Mr. Stromeyer observes that 
copper drying cylinders having brazed seams are 
quite commonly worked at stresses which in the 
new condition amount to 9,500 Ib. per square inch, 
and which may rise to 12,000 lb. per square inch 
when worn out. There are thousands of such 
cylinders in use, but they never burst unless from 
external causes, such as an overloaded safety valve 
or the like. The customary stress on mild steel 
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than copper. The makers of the copper pressure 


vessels do not stand in fear of the Board of Trade 
and have thus been able to base their practice on 
experience instead of on a priori assumptions ag to 
suitable working stresses. The information thus 
acquired should, Mr. Stromeyer contends, be 
assimilated into boiler practice. Naturally, how. 
ever, he does not propose an immediate and general 
rise of permissible working pressures. The Board of 
Trade inquiries, being directed by a lawyer, seldom 
afford technical information of much value, although 
under more competent direction each failure might 
provide valuable information about the actual 
stresses on the parts which just did not fail. The 
best data now available indicate that some parts of 
boilers might be reduced in thickness by 25 per cent, 
to 50 percent. Mr. Stromeyer suggests accordingly, 
that, as an experiment, one or two boilers should be 
constructed, embodying these changes, and worked 
for a number of years with increasing pressures. 
They would he fitted with automatic stokers and 
automatic feeds and situated in a “‘ bomb proof” 
near a factory to which they would supply steam. 
Such an experiment would undoubtedly yield very 
valuable results. The “ bomb proof ” would merely 
be of the type which has for long been required by 
the French regulations for the working of boilers 
with large water capacity. 

Mr. Stromeyer holds that there would be far 
fewer stay failures if the diameter of the stay bolts 
was reduced. Flue plates are also often unnecessarily 
thick. Timidity in this regard was, perhaps, 
Mr. Stromeyer says, justified, when iron was the 
material used, since in case of collapse, iron plating 
almost always tore. Tearing, however does not 
occur with steel, and collapses due to shortness of 
water cannot be guarded against by the use of thick 
plates. In the discussion of distortions due to unequal 
heating, we are inclined to think that there is a 
numerical slip in the report, where it is suggested 
that in modern conditions there may be a tempera- 
ture drop of 452 deg. F. between the opposite faces 
of a }-in. furnace plate. Taking the specific 
conductivity of steel as 0-14 such a temperature 
gradient would imply a heat flow of some 367,000 
B.Th.U. per square foot per hour, a figure which is 
not approached even in the case of the water-cooled 
tuyere of a furnace using hot blast, and which, of 
course, is many times the highest figure yet recorded 
in boiler practice. 

In another part of his report Mr. Stromeyer 
comments on the grotesque forms still often adopted 
by boilermakers. These invariably originate from 
the practical man, since the tendency of the college- 
trained engineer is to adopt forms which will 
lend themselves easily to calculation. This ten- 
dency has at times been detrimental in the case of 
structural engineering, but is wholly to be com- 
mended -where fluid pressures are to be resisted. 
Irrational forms are defended on the plea that 
boilers of the particular types in question have been 
at work for many years. According to the report, 
this claim not infrequently means merely that more 
than one boiler of the type has been at work for 
more than one year. Whilst claiming that they 
are just as safe as simple boilers, the builders of 
these abortions would certainly not risk doubling 
the pressure even for an hydraulic test. Flat 
plates, Mr. Stromeyer states, are very much stronger 
than the usual rules for proportioning them admit. 
Present practice, he suggests, originated largely in 
an atmosphere of mystery created at the time of the 
explosion on the Thunderer, in 1874. It appears 
that in this accident the stop valve was shut, that the 
safety valve jammed, and that the pressure was 
three or four times that intended in the design. 
Those in charge of the inquiry, however, made, 
Mr. Stromeyer says, sustained efforts to prove that 
the flat plates would have given way even if the 
safety valve had operated. The weakest parts of 
a stayed plate are in the neighbourhood of the 
stay holes, and if these are well supported by double 
nuts the plate between the stays may, Mr. Stromeyer 
contends, be made quite thin. He mentions a case 
in which a small locomotive fire-box had wasted 
away uniformly between the stay-holes until it 


was only } in. thick, yet there was still no sign of 





boiler plating is 12,000 to 13.000 Ib. per square inch, 





and steel is notoriously a much more reliable metal , 





buckling under a working pressure of 70 Ib. pet 
square inch. 








Ern 
lect 


had 
pos 
unt 
acti 
pro 
soli 
the 
In 

loss 
D, 

emi 


bro 
of | 
tur 
for 
Th 
tio 
anc 
rac 
hat 
tics 
It 

sin 
pos 
otk 
chl 


It 
res 


pre 
otk 


lea 
C01 
col 
ch 
ori 


Ca 
th 


an 


da 


ea 


th 


GC; 
ga 


pl 


tel 
we 





sure 
rade 
2 on 
8 to 
thus 

be 
OwW- 
eral 
d of 
lom 
ugh 
geht 
ual 
The 
3 of 
nt. 
‘ly, 

be 
ced 
eS. 
ind 


f”’ 


= SS 


“—s crs => 





MARCH 30, 1928.] 





THE TRANSFORMATION OF 
MATTER. 

On Saturday last, at the Royal Institution, Sir 
Ernest Rutherford, F.R.S., delivered the third 
lecture of his course on the above subject. 

On the previous occasion, the speaker said, he 
had shown experiments illustratifig how it was 
possible to determine the chemical properties of 
unweighable and “‘ unsee-able” traces of radio- 
active bodies, by making use of their electrical 
properties. It was thus possible to follow the 
solution, the volatilisation, and the electrolysis of 
these elements both qualitatively and quantitatively. 
In the case of the radium emanation, this, by the 
loss of an « particle, transformed itself into radium 
D, which was an isotope of lead. This radium D 
emitted $-rays only, and its activity fell to half value 
in sixteen to twenty years. When the emanation 
broke up, this radium D was deposited on the walls 
of the apparatus, and as it slowly broke up in its 
turn, it gave radium KE, which was finally trans- 
formed into radium F, otherwise known as polonium. 
The speaker had worked out the above transforma- 
tions in 1905. Of the three bodies named, radium D 
and radium E both emitted 6-rays, but those from 
radium D were weak. Radium F, on the other 
hand, emitted «-rays only. This body was prac- 
tically all that was left in old emanation tubes. 
It was of great importance in the laboratory, 
since it was the only body known from which it was 
possible to get a-rays in quantity, unmixed with 
other radiations. Polonium dissolved in hydro- 
chloric acid and, if a clean copper plate were im- 
mersed in the solution, the polonium deposited on it. 
It was, however, very difficult to get quantitative 
results in this way, as the radiations emitted 
promoted the formation in the solution of oxides and 
other chemical compounds. 

As already mentioned, radium D was an isotope of 
lead,and it was a constant contamination of ordinary 
commercial lead. Hence, lead free from radioactive 
contaminations must be secured from the roofs of 
churches hundreds of years old, as in such lead the 
original radioactivity had entirely died away. At 
Cambridge the speaker had one or two electroscopes 
in which this precious material was used. 

Another isotope of lead was thorium B, and from 
this thorium C was derived, which was an isotope 
of bismuth. It had been found that thorium C 
formed a hydride, which was temporarily stable, 
and the existence of this body having been proved 
by radioactive methods of analysis, subsequent 
investigation showed that ordinary non-radioactive 
bismuth also formed a temporarily stable hydride. 
These hydrides were gaseous. They were obtained 
by depositing the metal on magnesium and im- 
mersing the plate in acidulated water. The nascent 
hydrogen then combined with the thorium C, giving 
a volatile hydride, half of which decomposed in 
34 minutes. A polonium hydride could also be 
obtained, but this decomposed in four or five 
minutes. The production of this latter hydride 
had been the occasion of much trouble in the early 
days of radioactive studies. 

Thorium B and thorium C could be separated from 
each other by making use of the fact that, when 
thorium B broke up, the residue, which was thorium 
C, carried a positive charge as it recoiled through the 
gas, and was thus attracted to a negatively-charged 
plate. In the absence of an electric field, these 
“Tecoil atoms” would be stopped within a few 
tenths of a millimetre of their birthplace, but they 
were attracted by a negatively-charged plate. 

The existence of these recoil atoms was beauti- 
fully shown in photographs of «-particle tracks 
taken by Wilson’s method. In this, it would be 
remembered, the «-particles were shot through super- 
saturated air, from which moisture condensed in 
the form of minute droplets on the ions generated 
by the passage of the particle. At the commence- 
ment of each track there was always a slight bulge, 
which was due to the ionisation produced by the 
recoil atom. Specially interesting results had 
been obtained with the actinium emanation. 
When this disintegrated, atoms of actinium A 
Were produced, the half-period of which was 
only =; of a second. This had been measured 
by Moseley and Fajans, who mounted a disc, 
Totating at a high speed, before a narrow window 





ENGINEERING. 


387 





opening into a vessel containing the actinium 
emanation. When this broke up, actinium A was 
formed and the atoms of this that collected on the 
disc were carried round by it, and when they 
exploded, in their turn, « particles were again shot 
out. These were collected at another window, 
the position of which could be varied relatively to 
the first opening. The angular distance between 
the two windows, when adjusted so that the activity 
just disappeared, provided the means for measuring 
the time between the explosion of the emanation 
atom and that of the actinium A. 

When the actinium emanation was introduced 
into the Wilson expansion chamber, the actinium A 
exploded in its turn and gave rise to a track which 
might make any angle whatever with the track of the 
original « particle. By establishing an electric 
field inside the expansion chamber, the positive and 
negative ions constituting an « particle track, could 
be separated, as was indicated by the two horizontal 
and rather fuzzy tracks shown in Fig. 4. In this 
case, the recoil atom, which was actinium A, happened 
to be neutral and remained, therefore, stationary 
between the two double tracks shown. When this 
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atom exploded, which it did within a very small 
fraction of a second after its formation, a second 
« particle was shot out, as indicated by the inclined 
track in the figure. The small bulb at the com- 
mencement of this track was due to the recoil of the 
residue of actinium A. 

Another example was shown by Fig. 5. Here the 
recoil atom left on the explosion of the actinium 
emanation, became positively charged, and was there- 
fore carried up along with the positively-charged ions 
of the « particle track. When the actinium A 
exploded in its turn, we got the nearly vertical 
track shown in Fig. 5. The two photographs were 
stereoscopic views of the same incident, and when 
examined in a stereoscope, showed clearly the 
path in space of the « particle. Whilst these 
experiments did not provide an actual measure- 
ment of the life period of actinium A, they were 
sufficient to show that this must be very short. 

Radium, it was now known, stood fifth in the 
series of radioactive bodies derived from uranium, 
and in this series it occupied no privileged position. 
When the transformation theory was first put 
forward in 1903, it seemed fairly clear that the 
radium must come from uranium. If this were so, 
then, in any old uranium mineral, the weight of 
radium present should be a constant fraction of 
the weight of the uranium. The amount of radium 
could be deduced from the amount of its emanation, 
which was easily collected by grinding the mineral 
and heating it so as to drive off the gas. Boltwood 
had investigated, in this way, uranium minerals 
from the most varied sources, and found that, in 
the case of old minerals, the ratio was, in fact, 
remarkably constant. In some cases, however, in 
which the minerals were of relatively recent origin, 


100,000 years or so, the amount of radium present 
was only about one-half to one-third of the true 
equilibrium value. 

If, however, radium came directly from uranium, 
then, if pure uranium were left for a month or so, 
it should be possible to detect radium in it. When 
this experiment was tried, however, not a trace of 
radium was found. The speaker accordingly sug- 
gested that there must be some long-period radio- 
active body intervening between uranium and 
radium, and in 1908 Boltwood proved this by the 
discovery of ionium, the half-life period of which 
was about 10,000 years, that of radium being 1,600 
years, and that of uranium about 4°5 x 10° years. 


NOTES. 


Tue British Macurine Toon INpustry. 


On a recent occasion, a complaint, which lost none 
of its force by being made with considerable humour, 
was put forward that British engineers would 
willingly send their staff to Leipzig to see the latest 
things in machine tools, but never appeared to think 
it worth while to ascertain if novelties were being 
produced at, say, Halifax. The occasion was that 
of the annuai dinner of the Machine Tool Trades 
Association, held on Wednesday, March 21. There 
is a good deal that is justifiable in the complaint, 
but since British machine tools are absent from 
most of the recognised exhibitions in this country, 
it is not unnatural that the average engineer may 
assume that manufacturers have nothing new to 
show. Unfortunately, the annual report of the 
Association for 1927, presented at the general meet- 
ing, under the chairmanship of Sir Alfred Herbert, 
which preceded the dinner, shows no sign of this 
attitude being modified. On the contrary, while 
refusing to participate in the British Industries 
Fair, for instance, the Association addressed a 
remonstrance to the Prime Minister on the alleged 
extravagance of granting a subsidy of 25,000/. for 
advertising it. The meeting and the dinner 
both brought out an encouraging statement that 
the Association’s exhibition of machine tools, to be 
opened early in September, is being very well 
supported and promises to be a marked success. 
There is one thing the visitor will certainly find 
at that exhibition, which is sometimes elusive in 
others, and that is the truly British characteristic 
of “quality.” The statement is made that the 
space already let is 50 per cent. more than the 
whole amount let for the 1924 exhibition. The date 
of the opening is fixed for September 5, and the 
ceremony will be performed by the Rt. Hon. W. C. 
Bridgeman, First Lord of the Admiralty. The 
dinner of the Association was marked by excellent 
speeches, and the toast list, though long, was 
carried through in a way not in the least wearisome. 


Tue InstTiTUTION OF GAS ENGINEERS. 


With certain obvious restrictions it is open to any 
number of persons in this country to form them- 
selves into an association for the furtherance of one 
or more of a great variety of objects. But, after 
foundation, such an association has to prove its 
worth in action, or otherwise, both to its members 
and, what is more important, to that much wider 
public, the greater part of which is probably little 
concerned with the aims which the particular body 
has in view. The time may come sooner or later, or 
it may not come at all, when that body secures such 
general recognition as an authority in its particular 
field of activity, but it remains, nevertheless, self- 
appointed and can, for that reason, never altogether 
escape the stigma that it is something in the 
nature of a club, in other words, that it is self- 
interested. That stigma can be removed by the 
grant of a Royal Charter, which is an acknowledg- 
ment by the State that the body is really doing 
that which it purports to perform. It is therefore 
not surprising to find that an increasing number 
of scientific and technical bodies have, in Jate years, 
applied for Royal Charters which have been granted 
in a satisfactory number of cases. The latest of 
these bodies to make such an application is the 
Institution of Gas Engineers, which is holding a 
meeting at which a resolution proposing that a 





petition with this object shall be presented to His 
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Majesty in Council, at the Institution of Electrical 
Engineers on Monday next, April 2, at 11 a.m. 
This petition recites the history of the Institution, 
which was originally formed in 1863, as the British 
Association of Gas Managers. The name was 
changed to the Gas Institute in 1881, while in 
1890 an Institution of Gas Engineers was formed, 
the two bodies being amalgamated in 1902. The 
present membership of the Institution is about 
1,200, and proof of adequate qualifications for 
the practice of the profession of gas engineer is 
required before admission is granted. The Institu- 
tion also concerns itself with the training of persons 
intending to become gas engineers, and generally 
with the advancement of the gas industry in all its 
branches. 
the work of members in the manufacture of high 
explosives during the war, and to the benefits that 
would accrue by the greater use of gas, both in 
industry and for domestic purposes. It is felt that 
the grant of a Royal Charter would assist the Insti- 
tution more fully to achieve the objects it has in 
view and to maintain a high standard of professional 
conduct among its members. The petition is 
supported by various associated bodies, and we 
can only add the hope that it will be seen fit to 
grant it. 


ExLectricaL DEVELOPMENT AND TARIFFS. 

The generating and transmitting branches of the 
electricity supply industry have recently received 
so much attention from engineers, politicians and 
the Press that it is well that all and sundry should 
be reminded, and again reminded, that the distribu- 
tion branch not only has its technical problems, but 
the difficult task of what may be conveniently 
described as “ keeping in touch” with the public. 
That this is absolutely essential work is now very 
generally recognised, and it is, of course, for that 
reason that the British Electrical Development 
Association, whose annual dinner was held on 
Friday, March 16, under the presidency of Mr. J. M. 
Gatti, was formed some years ago. For though, 
as Mr. Archibald Page pointed out in proposing 
“ The Greater Use of Electricity,” electricity might 
be described as the ideal agent for providing light, 
heat and power, it is not the only agent, and its 
virtues must therefore be brought to the attention 
of the public by some or all of those various means 
which it seems necessary to use before we can be 
persuaded to buy anything, however useful or neces- 
sary to our existence. Mr. Page went on to state, 
what is almost an axiom, that only by increasing 
consumption could the price of electricity be 
lowered, though he did not forget to hint that the 
reverse proposition is also to a great extent true 
and that a reduction of price may easily lead to an 
increase in consumption. We are glad to find that 
he also dealt with the tariff question, a matter 
about which the public mind, not without excuse, 
is now being greatly exercised, in certain parts of 
London. Complicated tariffs were, he said, an 
obstacle that needed removal. In replying to the 
toast, Mr. J. M. Gatti was at pains to point 
out that prices had fallen progressively during 
recent years, and also that they were as high, or 
higher, in New York than in London. That, how- 
ever, rather misses the point, which was implicit 
in Mr. Page’s criticism. For in this country, not 
only are charges for electricity made unnecessarily 
a mystery, but there are inexplicable differences 
in the prices payable for comparable services. No 
sensible person expects to be charged as low a rate 
for the current used for lighting as for that used for 
power, but he does expect that the same class of 
service should be charged for at the same rate when 
the conditions are similar. That the consumers 
on the two sides of the seme street should be charged 
at widely different rates because they happen to live 
in areas supplied by two different undertakings is 
ground for just criticism, and is a discrepancy, 
which the British Electrical Development Associa- 
tion should work its hardest to get removed. 


PANAMA CANAL WHEAT TRAFFIC.—During the calendar 
year 1927, wheat cargoes aggregating 2,034,523 long 
tons passed through the Panama Canal. Of this total, 
1,129,137 tons came from the United States and 891,820 
tons from Canada. Over 93 per cent, of the product 
was destined for Europe. 
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THE ENGINEERING OUTLOOK. 


X.—CONSTRUCTIONAL ENGINEERING. 


Tuts branch of industry has not been previously 
dealt with as a separate entity because its product 
is very distinct from that of the engineering industry 
as a whole. Nevertheless, it is closely allied to 
engineering, being dependent entirely for its raw 
material on the iron and steel industry. It is an 
industry which is becoming one of great magnitude 
and importance, and it is thought desirable, and in 
fact necessary, in a full review of the engineering 
and allied industries to take it into account. Before 
the war the constructional engineer confined his 





Attention is called in the petition to | 


activities very largely to the building of entire steel- 
work, such as bridges, etc. To-day, a very large 
proportion of the work is of the nature of building, 
and there seems every reason to anticipate a further 
expansion of the steelwork construction industry 
in this direction. 

The indices of activity usually available in the 
well-defined branches of engineering are not avail- 
able in the case of constructional engineering, as it 
is not in the same sense a manufacturing industry, 
and there is no way of measuring imports or exports. 
Nevertheless it is possible to form a very fair opinion 
of the state of the industry by a study of the employ- 
ment statistics available. Prior to 1923, the employ- 
ment statistics of constructional engineering were 
not separately distinguished, but Table I has been 
compiled on the basis of statistics issued by the 
Ministry of Labour since 1923, and displays a very 
considerable expansion in the employing power of 
the industry. 


TABLE [.—Constructional Engineering. Number 








Employed. 
ats | Number | Number Number 
‘ | Insured, | Employed. | Unemployed. 
| | | 
eens 
July, 1923... | | 20,414 2,816 
1924 21,129 2,861 
1925 .. | 25, | 22,876 3,004 
, eee .. 27,110 23,633 3,477* 
> 1927 27,460 | 25,569 1/891* 
| 





* Excluding temporary stoppages. 

It will be observed that in the course of the last 
five years the number of men registered by the 
Unemployment Insurance Authorities, as employed 
in the constructional engineering industry, has in- 
creased by over 4,000, and that the number actually 
employed in the industry has increased by over 
5,000. These figures speak well for the progressive 
condition of the industry, so far as employment is 
concerned, and there is no reason to expect any 
decline in the numbers employed. On the contrary, 
a steady expansion seems a reasonable anticipation. 
In 1924, the value of iron and steel structural work 
returned on the schedules of the engineering trades 
was 9,823,000/. The Census states that the work 
done by structural engineers is only partially covered 
by this figure. The value of similar work done by 
firms making returns on schedules for the iron and 
steel trades was 4,960,0001., and the returns of many 
firms whose business consists in carrying out 
contracts for the supply and installation of structural 
iron and steel work have been made on schedules for 
the building and contracting trades. As there are 
no means of distinguishing the value of such work 
from that of other building and contracting work 
returned on the latter schedule, no reliable estimate 
can be formed of the aggregate value of the produc- 
tion of constructional engineering. 

It has to be admitted that the constructional 
engineering industry is closely allied to the building 
trade, and as such there might be a tendency to 
regard it as a sheltered industry. This would be 
a completely erroneous conclusion. Competition 
between firms engaged in steelwork construction 
is particularly keen, and, unfortunately, contracts 
can frequently only be obtained by the use of im- 
ported iron and steel which can be procured at a 
price very much less than the home product. — It 
would probably not be incorrect to say that a high 
percentage of the imported iron and steel is con- 
sumed by constructional engineers. 

In the same way as this industry contributes to 
our import trade, it contributes to our export trade 








on foreign contracts secured. In some cases, of 
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course, foreign iron and steel are utilised on foreign 
contracts, but in others British steel is used and jis 
exported from this country to the site. Competi- 
tion for foreign contracts is intensely keen, and it 
would appear that British steelwork contractors 
can hope to get no more than their share of such 
work. 

Bearing in.mind the almost inevitable increase in 
the utilisation of steel in constructional work in the 
future, it seems certain that this branch of industry 
can look forward to increasing prosperity from the 
point of view of employment, but from the point 
of view of monetary return the outlook is not too 
hopeful, as may be confirmed by a study of the 
balance-sheets of firms concerned. 


CONCLUSION. 


There remains a very considerable group of indus- 
tries embraced by the term “ general engineering,” 
which, on account of the size and reputation of many 
of the firms, merits consideration in a complete 
review of the engineering industry. Due to the wide 

variety of commodities covered by the term “ general 

engineering,” it is not possible even to attempt a 
detailed analysis on the lines followed in the case of 
other well-defined branches of the industry, but as 
has already been demonstrated, a very satisfactory 
index of output is to be found in the employment 
statistics, two sets of which are available. In the 
first place, Table II, reproduced below, gives employ- 
ment statistics obtained from an investigation by 
sample in the principal engineering districts in the 
United Kingdom. 


TasBLe Il.—Employment in General Engineering. 





Numbers Index 1913 


Date. 





Employed. 100. 
1914... | 47,275 | 100-0 
1918.. Pe ae ae 86,097 182-1 
1920.. we os er 57,770 122-2 
1923— | 
lst Half year .. aa 24,782 | 52 4 
2nd > “fe re 31,702 | 67-0 
1924— | 
ist Half year 30,964 65:5 
2nd ve 33,491 70-9 
1925— | 
Ist Half year 37,763 | 79-9 
2nd a 37,182 | 78:6 
1926— 
1st Half year 36,866 | 78-0 
2nd a. 33,765: | 71-4 
1927— | 
lst Half year sal 36,923 | 78:1 
2nd ma oe en] 36,766 | 77°8 
| 








The classification ‘“ General Engineering and 
Iron Founding” in the unemployment insurance 
statistics of the Ministry of Labour is rather wider 
than that upon which the sample given in Table II 
is based, but the figures contained in the following 
Table III, which are based on Ministry of Labour 
statistics, are interesting in conjunction with 


Table II. 


Taste III.—Unemployment Insurance Statistics— 
General Engineering and Iron Founding. 


$$ 




















Date Number Number : Number 

mee Insured. Employed. Unemployed. 

July 23, 1923.. 698,700 559,352 139,348 
5» 25) 1924.. 651,390 557,735 93,657 
59 ety 20RD... 653,410 572,454 80,956 
»» 2¢,1926.. 643,350 574,097 69,253 
os 20, 1927.. 627,850 570,752 57,098 








It will be observed that the number employed 
in July, 1927, was less than in July of the two 
previous years, and that the number insured has 
declined steadily since July, 1923. Any further 
serious decline in the number insured does not 
now seem possible,- but the steady turnover away 
from the industry is disconcerting. In five years 
the number insured in general engineering has 
declined by over 70,000. The number employed 
has increased by about 11,000, showing a reduction 
in the man-power of the industry of 59,000 men. 
From the 1924 Census of Production. it would 
appear that the value of production of General 
Engineering in that year was 101,134,000/. 

In the course of these surveys it has been shown 
that the interests and prospects of the different 
branches of the engineering industry are. very 
diverse, and for this reason any generalisation 
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difficult and of limited utility. Nevertheless one 
or two points of universal application appear to 
emerge which may be summarised as follows :— 

1. By the end of 1927 the British engineering 
industry had recovered from the effects of the coal 
stoppage, and had regained the level of activity 
prevailing at the end of 1925. The first quarter 
of 1928 has followed closely the movement in the 
first three months of 1926. It would seem that 
British engineering is now in a position to resume 
the very gradual expansion which had been in 
progress from 1923 to 1926. 

2. The level of activity in March, 1926, was not 
sufficient to maintain the industry on its pre-war 
scale, and then the slow rate of progress from deep 
depression had already imposed a severe strain on 
the resources of many units within the industry. 

3. The loss of two more years without any 
material progress makes it most improbable that 
there can be any general revival under a system of 
laissez-faire. 

4. Many things remain to be done to increase the 
competitive efficiency of British engineering, which 
are within its own control. Among these may be 
mentioned in particular the solution of its internal 
wage problems. There is also an evident need for 
rationalisation in almost every branch of the in- 
dustry with a view to eliminating wasteful com- 
petition and avoiding the burden of maintaining 
highly-rated surplus capacity. 

5. There are corresponding factors of no less 
importance beyond the control of the industry. 
The solution of the sheltered wages problem has 
not yet been attempted. A redistribution of the 
burden of local rates, which, based as at present on 
the geographical area and situation of premises, is 
particularly severe on engineering, is overdue. 

6. In the absence of these reforms, the prospect 
is that the export business will show only slight 
improvement insofar as the expansion of world 
trade outweighs the growth of foreign competition. 

7. Home demand should also develop gradually 
in the absence of unforeseen misfortunes. It is not 
likely, however, that it will expand rapidly enough 
to rescue the industry from depression, unless a con- 
scious national policy of capital investment at home 
is embarked upon. It may be suggested that to 
press for such a policy is one of the first duties of 
the leaders of the British engineering industry. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 

TuE spring meetings of the Institution of Naval 
Architects, which terminate to-day, commenced on 
Wednesday morning in the hall of the Royal Society 
of Arts, John-street, Adelphi, W.C.2. The pro- 
gramme included thirteen papers for reading and 
discussion, and to dispose of them it was found 
necessary to hold a session on the afternoon of 
Wednesday, in addition to those usually held in the 
morning of Wednesday, the morning, afternoon and 
evening of Thursday, and the morning and afternoon 
of to-day. The annual dinner was held as usual in 
the Grand Hall of the Connaught Rooms, Great 
Queen-street, W.C.2, on Wednesday evening, and 
is referred to below. At the inaugural meeting on 
Wednesday morning, the chair was taken by His 
Grace the Duke of Northumberland, and the first 
Item on the agenda was the annual report of the 
Council, which was read by Mr. R. W. Dana, the 
Secretary of the Institution. 


REPORT OF THE COUNCIL. 


The report first referred to the effect of the pro- 
longed depression in the shipbuilding industry on 
the Tate of expansion in the membership of the 
Institution. A slight decline in the total member- 
ship had occurred during the past six years, owing 
Principally to the fact that a smaller number of 
students had been admitted. It was hoped, how- 
ever, that as the outlook for employment in ship- 
building improved, the student membership would 
crease in normal proportion. The report referred 
to the loss the Institution had sustained by the 
death of several prominent members during the 
past year, mentioning the names of Lord George 
Hamilton, Honorary Vice-President, Mr. W. H. 
Whiting, Vice-President, and Mr. John Gravell, 
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Member of Council, and several others. On the invi- 
tation of the Council, the report continued, Admiral 
of the Fleet Lord Wester Wemyss had consented 
to succeed His Grace the Duke of Northumberland 
as President, and the Council’s high appreciation 
of the services rendered by His Grace to the Institu- 
tion since his election as President in 1921, was 
duly recorded. His Grace the Duke of Montrose 
and Engineer Vice-Admiral Sir Henry J. Oram had 
been elected Honorary Vice-Presidents, and Sir 
Charles E. Ellis, having tendered his resignation as 
Honorary Treasurer, Mr. Francis Henderson had 
been nominated as his successor. The report 
referred to the successful summer meeting held in 
Cambridge in July last, which was duly reported in 
our columns at the time. Attention was also called 
to the need for further financial support for the 
work of the William Froude National Tank. The 
scheme for awarding National Certificates in Naval 
Architecture, it was stated, was now working 
satisfactorily, the first award of certificates having 
been made last vear, but the entries for the Institu- 
tion’s scholarships had .been below the average, 
doubtless owing to the unsatisfactory conditions in 
the shipbuilding industry. Eleven candidates were 
examined for scholarships in naval architecture, and 
the following awards were made: The Institution 
of Naval Architects’ Scholarship to Mr. F. V. Cross, 
of Chatham Dockyard ; the Vickers’ Scholarship to 
Mr. L. Johnston, of Messrs. John Brown and 
Company, Limited, Clydebank; and the Denny 
Scholarship to Mr. P. F. Foss, of Douai School, 
Woolhampton. The Denny Scholarship in Marine 
Engineering was awarded to Mr. L. G. G. Kirton, of 
Gloucester, while the award for post-graduate 
research of the Royal Commissioners for the 185] 
Exhibition was made to Mr. L. C. Burrill, of Durham 
University. A list of representatives of the Institu- 
tion elected during the year to serve on various 
committees, &c., was given in the report, which 
concluded with a financial statement of the general 
account of the Institution and of the various 
scholarship and other funds it administers. 

The Chairman moved the adoption of the report, 
which was duly carried. 


PRESENTATION, AND INDUCTION OF NEW 
PRESIDENT. 


His Grace then remarked that it would be con- 
venient to alter the agenda by presenting the 
Institution’s premiums next. Premiums had been 
awarded to Mr. H. J. R. Biles for his paper entitled 
“* Notes on the Effect of Wind on Power and Speed ” 
and to Mr. W. C. S. Wigley for his paper on ** Ship 
Wave Resistance.” Mr. Biles was unable to be 
present, owing to illness, but the presentation was 
duly made to Mr. Wigley. The next business was 
the election of Admiral of the Fleet Lord Wester 
Wemyss as President, but before putting this to 
the meeting, His Grace the Duke of Northumber- 
land said he wished to say a few words of farewell. 
He greatly regretted the necessity for this, as he 
retained many pleasant memories of his seven years 
of office, and had had the advantage of making many 
friends. He expressed his appreciation of the 
cordial relationship that had existed between the 
Council and himself, and particularly thanked Sir 
John Biles and Sir Archibald Denny, and also the 
Secretary, Mr. R. W. Dana, for the help and support 
they had given him. He had been especially glad 
to have been associated with the Institution’s 
foreign visits, and added that, in spite of the severe 
depression that the shipbuilding industry had 
experienced, he thought that during the period for 
which he had held office there had been great 
progress in the prestige of the Institution, largely 
owing to the visits paid to foreign countries. 

Such a distinguished sailor as Lord Wester 
Wemyss, he continued, required no introduction to 
the members of the Institution, who should, he 
thought, be congratulated on having obtained his 
consent to accept office. It was particularly 
advantageous that the President of the Institution 
should be a naval officer who could speak with 
knowledge and experience on naval matters, and it 
was some consolation to him, on bidding farewell 
to the Institution, to know that the office would be 
filled by someone more qualified than he had been, 





His Grace then moved the election of Lord Wester 
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Wemyss as President, and this was unanimously 
agreed to. 
ELECTION OF OFFICERS. 


The Secretary then read a list of names of vice- 
presidents who would continue to serve in their 
present capacity, and subsequently a list made as a 
result of a ballot for the election of vice-presidents, 
members of council, and associate members of coun- 
cil for the ensuing year. The vice-presidents were 
Professor P. A. Hillhouse and Sir John E. Thorny- 
croft, while the members of council were : Professor 
T. B. Abell, Messrs. John Black, A. J. Campbell, 
W. E. Denny, and William Fife, Sir Frederick 
Henderson, Sir Alexander M. Kennedy, Engineer 
Rear-Admiral W. R. Parnall, Mr. R. L. Scott and 
Mr. A. T. Wall; the associate members of council 
were Sir Kenneth Anderson, Bart., Sir Alfred A. 
Booth, Bart., and Professor C. E. Inglis. The 
election of these gentlemen was then duly confirmed 
by the meeting. 


PRESIDENTIAL ADDRESS. 


His Grace, the Duke of Northumberland, then 
asked the new President to take the Chair, and in 
doing so Lord Wemyss first expressed his thanks to 
the Institution for the honour conferred upon him 
by his election, and to His Grace the Duke of 
Northumberland for the manner in which he had 
introduced him. While he had no illusions as to his 
lack of knowledge of naval architecture, he thought it 
not inappropriate that the office should be filled 
by a man of his profession, which was so closely 
concerned with advances in naval architecture. 
It was not only those that went down to the sea in 
ships that profited by these advances ; the whole 
community benefited because of their influence on 
trade. The value of national resources was derived 
from the fact that goods could be transported to all 
parts of the world, and all who took part in this 
movement benefited by it. The ancients had 
regarded the seas as obstacles, but they were now 
known to be the main highways of the world, and 
that we were able to make such good use of them 
was due to the science and practice of naval 
architecture. So much of the trade of the world 
was seaborne, that the shipbuilding industry was 
an index of the state of trade, and there were reasons 
for hoping that the trade depression might be 
nearing its end, because of the increase in the tonnage 
under construction recently recorded. 

Before allowing our hopes that the slump was 
over to rise unduly, however, it was necessary to 
ascertain the cause for the improvement in the 
shipbuilding industry. This might be due to the 
fact that masters and men had got together in an 
effort to reduce costs of construction, or to the fact 
that shipowners now found themselves obliged to 
replace their fleets. Actually there were many 
factors affecting the position, but his own view was 
that there could be no justification for high hopes 
of trade improvement except by the achievement of 
real national economy. There was little evidence 
of this, either nationally or individually ; the pro- 
tected and luxury trades, at present, were the most 
flourishing and not the producing trades. The 
latter could not be expected to prosper unless the 
burden of taxation and rates was relieved, and until 
the House of Commons took the matter in hand and 
insisted on economy, great hopes for the expansion 
of trade could not be justified. In concluding, 
Lord Wemyss referred to the valuable work His 
Grace the Duke of Northumberland had done for the 
Institution, mentioning that under his guidance the 








foreign visits had done much to cement international 
friendships, and had therefore tended to promote the 
peace of the world. 

FUEL FOR SHIPS. 

Lord Wester Wemyss then called on Sir John 
H. Biles to read his paper entitled ‘‘ The Present 
Position of the Question of Fuel for Ships.” This 
paper we commence to reprint on page 378 of our 
present issue. 

The discussion was opened by Engineer Vice- 
Admiral Sir R. B. Dixon, who said that the figures, 
in the paper, of new vessels launched, showed that 
the ratio of steam to oil engines in 1925 was roughly 
20:6. In 1926 this ratio was 7:6, but in 1927 
it was 9:6. Was it possible that the latter ratio 
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indicated a decrease in confidence in the oil engine 
on the part of shipowners ? He was pleased to see 
that, after many years, the merchant service was 
following the Royal Navy in adopting water-tube 
boilers, but it must not be overlooked that greater 
care in working was required and it was necessary to 
use distilled water as feed. He congratulated those 
concerned on the good results obtained from the 
high-pressure steam installation on the King George 
V, but it was not really clear how much of the 
economy was due to the high pressure and how much 
to the high degree of superheat. 

In .H.M.S. Nelson, at high powers, they had 
obtained practically the same degree of economy 
as in the King George V; at low powers they had 
exceeded it. The comparison, however, might not 
be quite fair, as the machinery installation on H.M.S. 
Nelson was much larger. The use of very high 
pressures ashore held possibilities, but there were 
grave drawbacks to similar pressures on battleships. 
He thought that, with regard to the comparison, of 
costs given in the paper, further actual costs were 
required, as the time vessels were laid up for repair, 
for example, was a factor. Experience in the Navy 
indicated that Diesel-engine running costs were 
considerably greater than those of the steam engine. 
His own view was that excellent results could be 
obtained from well-designed geared-turbine installa- 
tions. The subject of pulverised fuel was of national 
importance. He had noted the results obtained on 
the §.S. Mercer, but, while he congratulated the 
American Shipping Board on them, he thought much 
still remained to be done. At the present stage he 
could not see pulverised fuel being used in the Navy. 

teference had been made to the early work of the 
Admiralty in investigating the possibilities of oil fuel. 
The advantages, in that case, were more obvious, as 
it was a matter of getting higher power in the space 
available. 

Mr. A. Spyer was glad to note that the former 
suspicion of the water-tube boiler for ships had 
nearly disappeared, but there was danger of a re- 
action due to difficulties with feed water. These 
difficulties were being overcome. At the present 
moment, Messrs. Harland and Wolff, Limited, were 
fitting water-tube boilers, having a working pressure 
of 430 Ib. per square inch, and a superheat of 650 deg. 
The engines were of 20,000 h.p. and the vessel was 
for the Atlantic trade. With regard to the cost of 
fuel per shaft horse-power, he had read a paper 
some years ago at Hull, and was pleased to note that 
the figures he had given in it for this item agreed 
closely with those in the present paper. Sir John 
Biles had stated that with coal firing extra boiler 
power was needed. This needed qualification. The 
boilers could respond to heavier demands for steam, 
but larger boilers might be required from the 
necessity of providing bigger fuel-burning arrange- 
ments. The use of pulverised fuel afloat might 
alter the position. 

The economy of the use of mechanical stokers 
at sea had been commented on. It was difficult to 
compare them with hand firing, as so much depended 
on the men. With the high standard of training 
and discipline of the Navy, there would probably 
be not much gain, but with the men of the 
ordinary mercantile marine an increase in boiler 
efficiency of 5 per cent. to 10 per cent. was 
possible by fitting mechanical stokers It was 
stated that a disadvantage of the mechanical stoker 
was that it fixed the quality of the coal burned ; 
this occurred also with pulverised fuel. As regards 
the entering air temperature with mechanical 
stokers, it was desirable not to exceed 300 deg. to 
350 deg. F., but this really arose from. reasons con- 
nected with the exit temperature of the gases. He 
thought that efficiencies might be increased from 
2 per cent. to 4 per cent. by the use of pulverised 
fuel when water-cooled furnaces were employed. 
He would point out that there were other types of 
burner in existence besides those mentioned in the 
paper. They were all closely allied in principle to 
the typical oil-burner. 

His Grace the Duke of Montrose was confident 
that finality had not yet been reached in steam 
practice, and that greater efficiencies, even than that 
shown by the King George V, would be reached. 
There was reason for optimism in a detail such as 


the furnace, after leaving the air heater, was at 
temperature of the steam was 650 deg. F. 


the flow of the steam as well as that of the air, and 
also the air pressure, while there were others for 
indicating the steam temperatures. 
other advantages in addition to increased efficiency ; 
thus, there was a saving in the number of men in the 
stokehold, and there was no opening and shutting of 
firedoors. 
for in future installations. 


employed in analysing the results of the trials of the 
King George V. 
by air-heating. 
use of distilled water as feed was necessary. 


too much stress on the radius of action in making his 
comparison. 
to carry depended on the trade routes, which also 
determined the type of machinery best fitted for a 
particular service. 
point of view of reliability and cost of repairs, the 
high-pressure turbine with coal-fired water -tube 
boilers had drawbacks. 
difficult for the men to keep level fires, and the small 
steam capacity was a disadvantage, especially when 
maneevring. 
almost completely removed. 
danger of burst tubes through overheating, which 
frequently meant the replacement of the whole of 
the tubes. 
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effected great economies in railway work. <A vessel 
having engines fitted with this gear was making her 
maiden voyage from the Clyde on that very day. 
She had a tonnage of 637 and was of 650 indi- 
cated horse-power, with triple-expansion engines 
having cylinders 13} in., 22 in. and 37 in. in dia- 
meter, a piston stroke of 26in., and a working 
pressure of 200 lb. per sq. in. On the trial trip they 
had had definite proof of an economy of 10 per cent. 
On a larger scale—say, 3,000 h.p. with reciprocat- 
ing engines having the Bauer-Wach turbine arrange- 
ment—-still greater efficiency could be reached. 
Greater attention should be paid to the firing end 
of a boiler. He thought development in pulverised 
firing implied the use of fuel which had been sub- 
jected to distillation by some form of low-tempera- 
ture carbonisation. The danger of spontaneous 
combustion would then disappear, as by distillation 
all the oil and much of the gas was removed, while 
the flash-point of ‘distilled fuel’’ was higher than 
that of oil. There were other considerable advan- 
tages, notably in the connection with bunkering. 
He thought it was time that the collieries bestirred 
themselves. They should consider the question of 
the supply of pulverised distilled fuel. It was 
wrong to leave such matters to the engineer and 
scientist to work out. Sir John Biles had referred 
to coal and oil, but there was another possibility 
in marine fuel—namely, gas. He had _ himself 
tried to use gas in this direction some twenty- 
five years ago,* but had been greatly handicapped 
by the presence of tar and clinker, which had 
entailed the use of expensive and bulky cleaning 
plant. By using distilled fuel this plant was ren- 
dered unnecessary, and gas of an average calorific 
value of 130 to 135 B.Th.U. per cubic foot could be 
obtained. The day was not far distant when gas 
would be used as fuel in the ordinary cargo boat. 
It should be possible to produce the distilled fuel 
at 15s. per ton delivered, and its resulting gas would 
make the gas engine a strong competitor with raw 
coal and oil at sea. 
Mr. H. Yarrow said Sir John had referred to 
Mr. Johnson’s work in connection with the Canadian 
Pacific Steamships. The vessels meant were doubt- 
less the Beaverburn, Beaverdale, and Beaverford. 
These were fitted with turbines and Yarrow boilers 
with mechanical stokers, the arrangement of which 
was very similar to that illustrated in one of the 
figures in the paper. These boilers had shown, 
on the official trials, an efficiency of 83 per cent. 
on the gross calorificevalue, and 87 per cent. on 
the net calorific value, of the fuel.. The air entering 


325 deg. F., the temperature of the gases at the 


base of the funnel was 340 deg. F., while the 
The 


boiler equipment was similar to that of an electric 
power station. There were instruments to record 


There were 


Further developments might be looked 
Mr. R. J. Walker, gave a brief account of methods 


The boiler efficiency was improved 
Experience had shown that the 


Mr. J. Austin thought that Sir John Biles had laid 


The amount of fuel it was necessary 
He thought that, from the 
With hand-firing it was 


With oil firing, these difficulties were 
Then there was the 


It was difficult to keep the tubes clean, 








| even with a good condenser, and distilling salt water 
was not very satisfactory on account of leaky 
evaporators. The best method of ensuring cleanli- 
ness was to use fresh water, with water-softening 
plant. The tubes must be cleaned at every 
opportunity. This meant that the cost of feeding 
high-pressure water-tube boilers was very heavy. 
He would not recommend their use unless the vessel 
visited a home port frequently. Low-power 
Diesel engines had proved fairly satisfactory, but 
the matter had yet to be proved for high powers, 
He thought pulverised coal for marine work was, 
at present, proceeding on the wrong line. 

Mr. 8. G. Visker said he could not agree with 
Sir John Biles’s conclusions as to the cost per shaft 
horse-power of the various engines, or that the 
steam engine was the most economical of all the 
types. The figures depend very largely on the 
design, as well as the type of engine employed. He 
instanced a case of a steamship which had been 
converted into a motorship by fitting Sulzer 
engines, with the result that the speed had been 
increased by 1} knots, and a net annual saving of 
from 4,000/. to 5,0001. effected. This latter allowed 
for a depreciation of 10 per cent., and all expenses 
were included. The Diesel engine required very 
careful attention, otherwise the repair bil! was large. 
For that reason he thought the tramp steamer 
should continue to employ the steam engine, as 
the degree of skill in the engine-room was hardly 
high enough for the oil engine. On other grounds 
the oil engine, he considered, was as yet hardly 
suitable for a large Atlantic liner. 

He was surprised to hear it claimed that the 
King George V had passed the experimental stage, 
and would like to have some results from a ship 
thus fitted after making long voyages. Short trips 
were no criterion; neither, as a matter of fact, were 
even two or three ships sufficient to generalise on. 
As with the Diesel engine in some ships, he thought 
very high-pressure installations unsuitable at 
present at sea, owing to want of sufficient experience 
in engine-room staffs. Pulverised coal might be 
burned with the correct amount of oxygen, but to 
do so involved big furnaces, which he considered 
inapplicable to ships. It was possible to burn bad 
coal thus, but the cost of transport of this material 
to the bunkering port was fatal from an economic 
point of view. He thought the saving by the adop- 
tion of mechanical stoking could not exceed 5 per 
cent. 

Prof. C. J. Hawkes also challenged some of the 
figures in the paper relating to the initial cost of 
fuels and engines. With regard to pulverised coal, 
in America good coal was often pulverised which 
would be burnt on an ordinary grate here. 

Mr. J. H. Narbeth thought that the adoption of 
machinery of 3,600 shaft horse-power hardly did 
justice to the modern installation, and considered 
that a basis of over 5,000 shaft horse-power would 
have been more satisfactory. With larger powers, 
too, the advantages of the smooth-running turbines 
over the heavy reciprocating masses of Diesel 
engines would be more manifest. Sir John had 
apparently shown that the Diesel engine was the 
most expensive type of propelling machinery in 
existence to-day. He’ submitted, however, that 
other figures given in the paper as to the progress of 
the adoption of the Diesel engine, and also what 
was taking place elsewhere, seriously affected this 
argument. Thus, quite recently, Lord Kylsant has 
declared that four motorships in the King Line 
were likely to prove remunerative, while from the 
tables of the paper itself it appeared that, during the 
last three years, the tonnage of ships built to be 
propelled by oil engines, was about three times as 
great as the aggregate of all turbine-driven tonnage, 
including both coal and oil-fired vessels. 

On the question of running costs of oil-engined 
ships, Mr. Narbeth quoted figures showing that 
two 14-knot motorships which had been running 
for just three years had cost only about 500/. per 
annum per ship, for about 4,500 shaft horse-power 
in each ship, while the lubricating oil used for all 
purposes on these ships amounted to less than half- 
a-gallon per 100 shaft horse-power per day. These 
figures were a great contrast to those on the same 
branch of the subject given in the paper. He 











the Beardmore-Caprotti valve gear, which had 
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as 18} per cent. for all types of engine, as had been 
done in Table I in the paper, and proposed different 
rates varying from 14 per cent. to 20 per cent. for the 
different classes of engine. If this were accepted and 
fuel costs were taken at coal 22s. 6d. a ton, and oil 
70s, a ton, then the net savings of the various engines 
over triples, as given in Table I in the paper, would 
read thus :— 

3 4 


] 2 


Sir John Biles ... Zero 1,7537. 1,6501. 4,3007. 
Mr.J.H. Narbeth Zero  1,2701. 11,4302. 5.6501. 
5. 6. us 8. 
sir John Biles ... 5,0902. 5,4132. 5,080. 1,515. 
Mr. J. H. Narbeth 4,3301. 4.0751. 2,9901. 3,9401. 


He submitted these would be more in accordance 
with the actual order when more experience had been 
gained. He thought the Government should be 
urged to continue vigorously every kind of research 
on low-temperature carbonisation. 

Sir John Biles was only able to make a brief 
reply owing to the lateness of the hour, an afternoon 
meeting having to follow. In the course of his reply, 
he stated that the question of charges was always a 
debatable one, and he had had some guidance from 
shipowners. He was pleased that the paper had 
elicited some fresh information. 


BENDING AND LOADING OF SHIPS. 


The chair at the afternoon meeting was taken by 
Sir Eustace Tennyson d’Eyncourt, who called on 
Mr. J. Foster King to give his paper bearing the 
above title. The paper is reprinted on page 393 
of this issue, so that we may at once proceed to deal 
with the discussion to which it gave rise. The 
first speaker, Dr. J. Montgomerie, said he had 
experienced some difficulty in grasping the various 
steps by which the author had arrived at his 
conclusions. He therefore felt a certain diffidence 
in criticising, or even commenting upon, the state- 
ments made. He wished, however, to recall a 
statement made by the author in 1915 to the effect 
that it had been found that a close approximation 
to the greatest bending moment obtained from 
direct calculations was given by the formula 

2y B> <0: 
es = X O°8 5 being the length, B the 

00 X JV 
breadth, and D the winter draught in feet. Mr. King 
had then stated that twenty years’ experience in 
the application of the formula had shown an agree- 
ment of the order of about 5 per cent. with the 
calculated figures furnished by builders for vessels 
of the most widely dissimilar character and dimen- 
sions, and gave evidence of its utility as a guide in 
strain investigations. The function of length 
mentioned in the paper, Dr. Montgomerie continued, 
was 0-0165, while the corresponding function quoted 
in 1915 was 0-023. The difference might be ex- 
plained by the correction given, but he asked if 
the results of the present investigation were in 
general agreement with the statement previously 
made, With regard to the relative states of stress 
in fine and full ships, he was of the opinion that the 
matter involved so many indeterminate factors 
that it was not amenable to refined mathematical 
methods of solution. The only effective method of 
obtaining such information, he thought, was the 
experimental one, carried on over fairly long periods 
and embracing as many individual cases as possible. 
On the general question, and apart from mathe- 
matical investigations, his opinion was that practical 
experience supported the view that there was no 
sensible difference in regard to general stress con- 
ditions between a full ship and a fine one. It was, 
however, easy to assume conditions in which a full 
ship would be more severely stressed than a fine 
one and vice versa, but experience seemed to show 
that the greater speed, usually associated with a 
smaller coefficient of displacement, neutralised 
any advantage which a fine ship might be supposed 
to have over a full one. 

At this point the chair was taken by Sir John H. 
Biles, who invited Sir Westcott Abell to continue the 
discussion. Sir Westcott mentioned that he had 
found the paper difficult to follow, probably 
because a mass of information had been condensed 
into it and it had been necessary to invent a 
language for the purpose of condensation. The 
paper appealed to him in that it was suggested that, 
instead of making a laborious calculation for the 
Stresses in a vessel poised on a wave, use might be 
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made of the investigations made by the author. 
The making of such calculations was difficult and 


2 L 
was generally avoided. He suggested that 3 


might be substituted for 0-0165 L in the formula 
towards the end of the paper, and said he had been 
puzzled by the correction for the difference between 
actual and designed draught, which appeared only 
to be applied in certain cases. He asked why it was 
not always applied. He was also unable to see the 
reason why the formula appeared to give better 
results in cases of eccentric loading. 

Mr. Maurice Denny, the next speaker, said he 
had found the paper by no means easy to follow. 
The author had stated in the early part of the paper 
that he had found a strong body of technical 
opinion that the longitudinal strength of ships of 
similar dimensions should vary as their displace- 
ment. He thought, from the formula near the end 
of the paper, that the author had not entirely 
departed from that opinion, which perhaps was not 
so very far wrong. Mr. Foster King, he continued, 
had suggested that, with the formula in the paper, 
shipbuilders could supply shipowners with guidance 
in the matter of loading, but he doubted whether 
shipbuilders, even with the relatively simple formula, 
would carry out the calculations necessary to give 
the owner the strength of a ship in all the different 
conditions of loading. He finally asked the author 
if he could give some idea of the safe stresses which 
would be associated with his formula in a modern ship. 

Mr. G. H. Hoffmann, who continued the dis- 
cussion, said the stress figure mentioned in the 
paper related to the effective material, and asked if 
this was to be taken as being all continuous longi- 
tudinal material less the corrosion margin, or whether 
any further deductions were made. He wished also 
to know whether the stress figure mentioned was 


simply p = En 3 where M was the standard bending 


moment, or whether local straining affects, such as 
those due to water pressure, were allowed for. 
Further did the stress figure relate to the ultimate 
strength of the material ? In some quarters it was 
usual to regard the yield point as the limit beyond 
which it was not generally advisable to go. For 
average shipbuilding material, the yield point was 
about half the ultimate strength, and it would be 
interesting to know whether Mr. Foster King related 
his stress figures to the ultimate strength or to the 
yield point. a 

The next contribution to the discussion was made 
by Mr. E. L. Champness, who, in the course of his 
remarks, said he was in agreement with the author 
up to a certain point. He criticised, however, the 
curves given by the author for the case of a vessel 
with a draught of two-thirds the load draught. 
In the case of a 400-ft. vessel at 0-80 block, he said, 
it would necessitate the vessel being loaded with 
over 4,000 tons of ballast and bunkers to bring her 
down to such a draught. Whilst two-thirds full 
draught might be a reasonable ballast draught in 
the finer vessels, it could hardly be called a ballast 
draught for the fuller ships, and if a series of 400-ft. 
true ship-shape forms of varying fullness were 
loaded to draughts corresponding to ballast in all 
double bottoms, peaks and deep tanks, and, in 
addition, fuel for 4,000 miles were added, and each 
case properly balanced on the standard wave, their 
curves of travel of L.C.B. of fore and aft bodies, 
due to the passage of the wave form, gave results 
differing considerably from those presented in 
Fig. 3 of the paper for a ballast condition. 

Up to the point indicated by Fig. 3, Mr. Champ- 
ness continued, the author was, in effect, using the 
same principles as were employed in the usual classic 
wave-form calculations, and in order to prove that 
bending moments were constant, irrespective of 
fullness, it would be necessary to obtain results 
showing the travels increasing as the ships were 
fined at the same rate as the displacement decreased. 
He discussed the two efforts made in the paper to 
produce such a result, and inquired what were the 
grounds for the assumption made and for describing 
it as a reasonable one. The inability of the vessel 
to adjust itself instantaneously to the vertical 
movement of buoyancy gave rise to vertical oscilla- 
tions of the ship on a wave, known as heaving, 
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and he suggested that it was these resulting oscilla- 
tions, and the stresses arising from them, that 
accounted for the differences between fine and full 
vessels. No one, he concluded, would suggest 
that the usual calculations were absolute, but 
such calculations were based upon principles of 
mechanics which had stood the test of time and 
practice in all branches of engineering, and he 
saw no reason, at present, for abandoning them. 

Mr. J. H. Narbeth suggested that the paper should 
be followed up by experimental investigations, and 
expressed the view that useful information would 
be obtained from photographs taken from one ship 
of another subjected to wave action. It would 
also be interesting to know how far from the middle 
of the ship the stress obtained by girder calculations 
for the midship section might be expected to extend. 
Photographic investigations, he suggested, might 
throw some light on this point. The last speaker, 
Mr. E. F. Spanner, enquired if the author had taken 
into account the effect of water pressure on the 
bottom plates, remarking that the stress on the 
plates would appear to be greater in the case of 
those holds which were empty or only partially filled. 

The Chairman then called on Mr. Foster King to 
reply to the discussion, which he did briefly. He 
remarked that he found it necessary to place himself 
more on the defensive than he had expected. He 
had been faced with the alternative of stating his 
case in the barest number of words, or of writing 
a book, and had chosen the former course, but he 
would make some of the omissions good and explain 
more fully the route by which he had arrived at 
his final results. He, was not there to say that 
these were correct, but the figures they had been 
using for 37 years had been a sound guide up to 
a point. Bending moments did not vary, as the 
displacement and the margin allowed for eccentric 
loading, although good enough for thirty years, was 
gradually becoming less satisfactory. He had 
endeavoured to find what allowance to make for 
dynamic stress, and had come to the conclusion 
given in the paper. With regard to the soundness 
of his method, he was not putting forward a theory 
but was putting forward a formula which agreed 
with the effects on damaged ships in a way which 
the ordinary formula did not. In conclusion, he 
said he preferred to wait for the written contribu- 
tions of his critics, the answer to which would 
doubtless need to be longer than the original paper. 

After the Chairman had proposed a vote of thanks 
to the author for his paper, the meeting was 
adjourned. 

ANNUAL DINNER. 

The annual dinner of the Institution was held 
on Wednesday evening, the chair being occupied by 
the President. The toast of “The Royal Navy” 














was proposed by the Rt. Hon. Lord Merrivale, 
who, after referring to the serious depression through 
which the shipbuilding industry had _ recently 
passed, said that there were grounds for looking to 
the future with some confidence. He mentioned 
in the course of his speech that the Institute con- 
sisted of those who know the essential public needs 
and are zealous in safeguarding vital interests, and 
he trusted that the spirit of the Institution would 
spread throughout the country. The toast was 
responded to by the Rt. Hon. William C. Bridgeman, 
First Lord of the Admiralty, who, after expressing 
the thanks of the Admiralty and Navy to the 
members of the Institute for their valuable co- 
operation, devoted the bulk of his speech to an 
outline of the policy of the country regarding the 
limitation of naval armaments. “The Merchant 
Navy and Fishing Fleets” was proposed by the 
President, who paid a warm tribute to the work of 
the men of the mercantile marine, both in the recent 
war and in times of peace. In replying to the toast, 
Commodore Sir Bertram Hayes endorsed the tribute, 
and said it was astonishing how little the public 
knew of the Merchant service. It was probable, 
however, that the recent appointment of the Prince 
of Wales as Master of the Merchant Navy and 
Fishing Fleet would lead to a keener interest in the 
work of this service on the part of the public. The 
final toast of “‘ The Institution of Naval Architects ”’ 
was proposed by His Excellency the Belgian Ambas- 
sador, and replied to by Lord Wester Wemyss. 
(To be continued.) 





392 


LABOUR NOTES. 


In the course of some comments on the Mond 
movement, Mr. Wardale, the president of the United 
Pattern Makers’ Association, takes an unusual line. 
He says that membership of a trade union implies that 
at one time a man was to a large degree class conscious 
of his value to the employer, and agreeable to pay trade 
unions officials for endeavouring to obtain for him 
from the employer improved conditions and higher 
wages. Now, it would appear, trade union officials 
are to be paid for collaborating with the employer 
in an effort to maintain efficiency of production. 
‘“* Meetings of employers and trade union officials will 
not,” Mr. Wardale says, ‘ supply this. The meetings 
may result in an agreement that the present burden of 
high wages on industry may be relieved by allowing a 
semi-skilled or cheaper workman to perform certain 
functions that now cost more. But only the inventive 
genius of man can supply all the improved and 
cheapened methods of production required.” 


At one time, Mr. Wardale goes on to say, the work- 
men met their employers and knew them, and the 
employers knew their workmen. To-day company 
promoters, or as they were called, ‘‘ mergers,” were 
at the head of many undertakings. These amalgama- 
tions had only been effected at enormous cost, and their 
formation had incidentally created a great many more 
non-producers—in other words, shareholders. Owing 
to the prolonged slump, it had been difficult to provide 
dividends for these shareholders; therefore, Labour 
was faced with the position that there was a heavier 
burden of non-producers to carry. ‘In order to 
supply the needs of these useless people,” Mr. Wardale 
says, “and bring about further unemployment,” the 
workers were asked to increase production. “‘ Is this a 
policy worthy of our consideration ?”’ he asks, “ or 
should we be more concerned in seeing that our 
officials are engaged in bringing into membership of 
the union those at present outside—the men whom our 
friends, the employers, do not hesitate to make use of 
when they are engaged in the pastime of reducing wages 
or increasing hours? The pretence is that industry 
cannot bear the burden of wages. What industry 
cannot bear is the burden of useless non-producers.” 


Mr. Wardale’s colleague, Mr. Findlay, the General 
Secretary, who is also a member of the General Council, 
is, naturally, a supporter of the movement. Both 
sides in the negotiations are, he says, free and unfettered. 
They can discuss matters without prejudice, without 
sinking fundamental principles, and without seeking to 
impose agreed decisions on either employers on the one 
hand or trade unionists on the other. But decisions 
arrived at by men of high standing in the worlds of 
industry, commerce and finance must surely, Mr. 
Findley thinks, carry weight. ‘* We believe,” he says, 
‘and are sincere in our belief, that the present system 
does not give the workers a fair deal. We think the 
results of the present system justify our condemnation 
of it. We must, therefore, end it or mend it.” 


The special committee appointed by the employers’ 
group and the sub-committee of the Trades Union 
Congress General Council, appointed to prepare an 
agenda for discussion at the conferences initiated by 
Sir Alfred Mond, met in London, on Wednesday last 
week. Sir Alfred Mond was voted to the chair, and 
he proposed that at the next Joint Committee the 
chair should be occupied by Mr. Ben Turner, and sub- 
sequently by alternate chairmen. This was agreed to. 
It was decided that the agenda agreed upon by the 
Joint Committee should be referred to the Trades Union 
Congress General Council and the representative group 
of employers. Another decision was that further meet- 
ings of the Joint Committee should be held weekly, 
and that arrangements for further full joint conferences 
should be made as required. In view of the large field 
of important industrial problems covered by the 
agenda, it was agreed that there must be some lapse 
of time before any complete and detailed information 
could be issued for pul lication. There were present at 
the meeting :—Sir Alfred Mond, Mr. Ben Turner, Sir 
David Milne Watson, Lord Londonderry, Lord Ash- 
field, Colonel Vernon Willey, Mr. George Hicks, 
Mr. Walter Citrine, Mr. Arthur Pugh, Mr. Ernest Bevin, 
Mr. Tom Richards, Mr. Will Thorne, and Mr. Conway 
Davies and Mr. Milne-Bailey (secretaries). Lord Weir 
and Sir Hugo Hirst, who are abroad, sent apologies 
for their absence. 


Gateshead branch of the National Union of Railway- 
men has formally requested the Executive not to per- 
mit the representatives of the organisation on the 
General Council of the Trades Union Congress to com- 
mit their Union to any peace in industry policy without 
first referring the matter to the members. 


Having 
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regard to the importance of the question, the Executive 
have decided to place it on the agenda for the annual 
conference of the Union in July. 


At a conference in London last week, a special com- 
mittee of the Trades Union Congress General Council 
endeavoured to induce representatives of the Notting- 
hamshire Coalowners’ Association to allow the miners 
in the area to exercise freedom of choice in the selection 
of their union. Nottinghamshire has, it may be ex- 
plained, a thriving Non-Political Miners’ Union, 
organised by Mr. G. A. Spencer, M.P. The owners’ 
representatives replied that they intended loyally to 
carry out the agreement made with the representatives 
of their workmen, and that they could not recognise 
any other organised body of workmen than that with 
which they were now dealing. The Nottinghamshire 
Coalowners’ Association make no inquiry or discrimina- 
tion with regard to a man’s employment or his member- 
ship of any trade union. 


A protest against the proposal of the British Govern- 
ment for the revision of the Washington Eight Hour 
Day Convention is embodied in a resolution to be pro- 
posed at the Scottish Trades Union Congress which 
opens at Perth on April 18. The text of the resolution 
is as follows :—** That this Congress emphatically pro- 
tests against the proposal of the British Government 
that the International Labour Conference considers the 
revision of the Washington Hours Convention, and calls 
upon the Government to withdraw its proposal. Further, 
this Congress condemns the continued delay by the 
British Government in honouring its obligations to the 
I.L.0. by ratifying the Convention. This Congress 
re-affirms its demand that the Government proceed 
with ratification without further delay. The necessary 
legislation to contain adequate provision to safeguard 
those workers whose conditions are better than the 
minimum conditions prescribed by the Convention.” 


At the end of February, 10,414 members of the 
Boilermakers’ Society were reported as signing the 
books as compared with 10,236 a month earlier. 
The number of members in receipt of superannuation 
benefit was reported as 4,264 as compared with 4,201, 
and the number in receipt of sick benefit was 2,943 
as compared with 3,055. In January the expenses 
were 10,407]. 14s. ld.; while in February they were 
10,4391. 16s. 4d. 


In the latest issue\of the Boilermakers’ Society’s 
Monthly Report the ’Executive Council say: “ It 
must be clearly understood that only members 
contributing to the political funds in accordance 
with the new Act are eligible or entitled to take 
any part in the election of Labour Party repre- 
sentatives, or take any part in branch discussions 
relating to the use of the political funds of the 
society. In accordance with the constitution of the 
Trade Union Congress and the Labour Party, candi- 
dates must be either working at the trade or full- 
time officials. From time to time we receive letters 
from branches protesting against Communists repre- 
senting our society at these Conferences, as, in their 
opinion, all such representation is contrary to the 
interests of the society. The principal objects of 
our society are the regulation of the relations between 
our members and their employers with the object 
of maintaining reasonable hours, wages and conditions 
of labour. Politically, our objects are those of the 
Labour Party—to obtain democratic control of local 
and national administration, and by constitutional 
means improve our conditions as workers and as 
citizens. The Communist Party is definitely opposed 
to our industrial methods. It is opposed to consti- 
tutional Parliamentary efforts. The policy of the 
Communists is to change the whole industrial and 
social system by violent revolution. The Party 
takes its policy and its orders from a committee of 
dictators in Russia who also finance the propaganda 
of Communists in this country.”’ 


Members of the society are entitled, it is admitted, 
to hold whatever political opinions they choose. 
But, the statement continues, ‘* members who are 
Communists are also members of an organisation 
whose purpose is to destroy the present organisation 
of our society and trade unionism generally, and also 
to destroy and nullify our political efforts. The 
Executive Council have now had evidence of the 
subversive work of Communists, and there can be 
no doubt that it is contrary to the interests of the 
society. The Executive Council have, therefore, 
decided that no known Communist can be eligible 
for nomination as a representative to the Labour 
Party or the Trade Union Congress.” ‘“‘ The Execu- 
tive Council,” it is added, “* have taken this decision 
after most careful consideration and in the belief 
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———— 
that they are interpreting the wishes of the vast 
majority of members,” and officers and members 
are asked ‘“‘to see that the decision is adhered to 
when the question of nominations for the Labour 
Party and Trade Union Congress is considered by 
their branches.” 


The Ministry of Labour states that on March 19, 1928, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,066,100. 
Of these, 764,400 were wholly unemployed, 233,900 were 
temporarily stopped, and 67,800 were persons normally 
in casual employment ; 864,300 were men, 30,500 boys, 
142,500 women, and 28,800 girls. On March 12, 1928, 
the number of unemployed persons was 1,071,735, of 
whom 866,926 were men, 30,747 boys, 143,972 women, 
and 30,090 girls. Of the total number, 774,265 were 
wholly unemployed, 229,020 were temporarily stopped, 
and 68,450 were persons normally in casual employment. 
On March 21, 1927, the number of unemployed persons 
was 1,078,530, of whom 875,206 were men, 27,713 boys, 
145,553 women, and 30,058 girls. 


An interesting article on the subject of unemploy- 
ment in the United States appears in the latest issue 
to hand of the Machinists’ Monthly Journal, the official 
organ of the International Association of Machinists. 
The author is Mr. Ethelbert Stewart, the United States 
Commissioner of Labour Statistics. According to 
Mr. Stewart, the unemployment statistics of most 
foreign countries “‘ are very close to worthless.” The 
best are, he admits, those compiled in Great Britain, 
but the accuracy of even the British figures is, he says, 
very much over-rated. The Editor of the Journal, 
in a note attached to the contribution, mentions that 
the American Federation of Labour is gathering un- 
employment figures relating to trade union members 
who are unemployed. The figures collected to date 
have not yet, it is stated, been made public, but when 
they are, the writer suggests, it will be found that they 
‘“ show a rising curve of unemployment over a period 
running back four or five months.” 


According to I'he Times correspondent at Washing- 
ton, unemployment in the United States is considered 
by the Department of Labour to be less extensive 
than has been unofficially asserted, but ‘‘ nevertheless 
serious.” As against the earlier statement that there 
were 4,000,000 idle, the Department says :—* The 
number of employees in 1925 working for wages or 
salaries for others is estimated at 25,222,742. This 
figure does not include any persons operating their own 
business. It is calculated that the number of employees 
in January, 1928, upon the same basis was 23,348,692, 
leaving a shrinkage between the two periods of 
1,874,050.” 


It will be noted, the correspondent goes on to say, that 
this calculation apparently ignores the factor of unem- 
ployment in 1925, although this undoubtedly existed. 
Obviously, while this discrepancy remains, and even 
when it is remedied, the Department’s figures can only 
be accepted as an approximation to the truth. The 
number of unemployed in the United States, if there 
were, as there are not, exact means for determining 
it, would perhaps be found midway between the 
4,000,000 of the earlier assertions and the 1,874,050 
of the present report, and this in relation to the total 
population would be disturbingly near to the British 
figures. 





THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
At the annual meeting of the Manchester Association of 
Engineers, which was held on Friday, March 23, Mr. W. G. 
Gass, of Messrs. Entwistle and Gass, Limited, Bolton, 
was elected president for the year 1928-29, in succession 
to Mr. G. H. Heywood. 

Tue INSTITUTION oF StRUcTURAL ENGINEERS.—The 
annual dinner of the Institution of Structural Engineers 
was held on Monday of this week, the function taking 
place this year at the Park-lane Hotel, W.!. The 
principal guest on this occasion was the Marquess of 
Londonderry, K.G. The Rev. H. Costley-White, the 
headmaster of Westminster School, in proposing 
the toast of ‘Our Country and Empire,” said that 
it was the object and pride of the schools of England 
to provide boys of the type that could be moulded into 
great engineers. In his reply to the toast, the Marquess 
of Londonderry paid a tribute to the part played by 
structural engineers in the maintenance and progress 
of the Empire, and emphasised the fact that this progress 
must be continued. The toast of “The Guests ” was pro- 
posed by Lieutenant-Colonel J. Mitchell Moncrieff, 
and Sir Lyndon Macassey and — Valentine 
Williams responded; while the toast of The Institution 
was proposed by Mr. E. F. Trench, the President ot the 
Institution of Civil Engineers, and was replied to by the 
chairman, Mr. H. J. Deane, President of the Institution, 
who stated that the membership had now reached 3,500, 
and that the Institution would celebrate its coming-0! 
age next year, having been founded in 1908. 
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ComMPLETE INSTRUMENT WITH COVER REMOVED. 




















Frio. BALANCED Pen ARM. 


SYNCHRONOUS MOTOR-DRIVEN 
AVERAGING RECORDER FOR 
ELECTRIC POWER SUPPLY. 

In the supply of electricity in bulk, it is desirable that 
the maximum demand should be accurately known, 
since a reduction in the maximum demand for a given 
total consumption enables the plant to be more efficient- 
ly utilised and the price charged to be reduced in conse- 
quence. In addition toa knowledge of the amount of 
the maximum demand, it is also necessary to know 
its duration, since the “ flywheel ”’ effect of a supply 
system can be relied upon to supply a high demand for 
a short period, while to cover a long-period demand it 
may be necessary to instal additional plant. What 
is required, therefore, in order that a charge for the 
energy may be arranged on a basis equitable alike 
to the supply company and the consumer, is an instru- 
ment which will give a reading of the total consumption 
in the ordinary way and also record the average rate 
at which the energy is consumed. 

For this purpose, the Thomas averaging recorder, 
which we illustrated and described in our issue of 
April 3, 1925, on page 417, was placed upon the market 
by Messrs. Elliott Brothers (London), Limited, Cen- 
tay Works, Lewisham, S.E.18. It comprised an 
integrating meter and a recording pen connected to 
the meter for definite time intervals, in such a manner 
that a series of separate lines was drawn upon a chart, 
the length of each line representing the energy consumed 
during the particular time interval. In this instrument 
the mechanism was operated by clockwork. A new 
pattern of the averaging recorder, in which a self- 
contained, self-starting synchronous motor is used for 
operating the mechanism and for driving the chart, was 
exhibited by Messrs. Elliott, in association with Messrs. 
Siemens Brothers and Company, Limited, of Woolwich, 
at this year’s exhibition of the Physical and Optical 
Societies, and was mentioned, in this connection, 
on page 101 ante. 

; In its general form the new instrument resembles the 

‘omer pattern. Fig. 1 shows the open case, which 








measures 16 in, by 134 in., with the integrating meter 
on the left, the synchronous motor in the centre, and 
the chart and its mechanism on the right. The pen 
arm and the synchronous motor are separately illus- 
trated in Figs, 2 and 3. The synchronous motor 
comprises a laminated horse-shoe magnet, the pole 
pieces of which are divided and shaded by heavy 
copper bands. These short-circuited bands cause a 
lag in the flux in the short-circuited portion of the pole 
pieces and produce a torque on the conductors of the 
motor, so that the motor starts immediately the cur- 
rent is switched on. _ The rotor is of the squirrel-cage 
type, but the conductors are so spaced around the 
periphery that the rotor, after running up to speed, 
runs synchronously at a speed exactly proportional 
to the periodicity of the supply. The rotor spindle 
is vertical and, in' operating the rotor lifts and floats on 
the stator field. The upper face of the rotor is painted 
with a star for stroboscopic checking of the speed by a 
neon lamp run from the same supply. The vertical 
spindle drives the chart through reduction gearing 
and is also connected to a cam which is released at the 
end of the time interval (of 15, 20, 30 or 60 minutes) 
agreed upon between the consumer and the supplier, 
by means of a trip gear driven off the chart mechanism. 
The cam is connected to a spiral spring, which is wound 
up by a gear train, also driven by the synchronous 
motor. When the cam is released, a lever depresses 
the'pen upon the paper, with which it was not previously 
in contact, and the energy stored in the spring returns 
the pointer to zero, at the same time drawing a line 
across the chart. 

We turn now to the integrating meter and the re- 
cording pen. The vertical spindle of this meter pro- 
jects upwards and carries a small disc or turntable of 
mild steel, just visible above the dial in Fig. 1, which 
is connected with the pen arm, Fig. 2, by means. of a 
magnetic clutch. The arm is a tube carrying, on the 
left, a balance weight, and also an ink reservoir mounted 
in trunnions on a small flat bar magnet; at the end 
of the arm is a stylographic pen. The whole arm is 
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train. The pen arm is carried round clear of the 
chart by the meter mechanism acting through the 
magnetic clutch for the required time interval, and 
is then brought down into contact with the paper and 
returned to zero as explained above. During the latter 
operation, the bar magnet slides round on the surface 
of the disc. The chart roll holds about 65 ft. of paper. 
At ‘the standard paper speed of 4 in. per hour, the 
roll will last two months; this would be the paper 
speed for a time interval of 15 minutes. A change in 
the time interval and the chart speed requires only 
a change of gear wheels, and does not affect the accuracy 
of the records. 





BENDING AND LOADING OF SHIPS.* 
By J. Foster Kine. 

Ir will be generally agreed that the problem of 
solving the longitudinal stresses in the hull structure 
of a ship at sea, is governed by dispositions of load 
which are more or less under control, of which the 
bending effects are governed by ever-changing, uncon- 
trollable forms of sea support, and that the standards 
for structural strength for ships were, in the first 
instance, the product of trial and error, or in other 
words, of the observation of full-scale experiments. 
The process was quite scientific but terribly slow in 
its reaction upon past general structural development 
because of the absence of machinery for the co-ordina- 
tion of observed facts upon a comparative basis. Since 
the advent of the present mechanical age, however, 
some form of beam theory has been used as a guide 
to the determination of the longitudinal strength of 
iron and steel ships, and, since Mr. John’s paper,f 
it has been governed by consideration of static bending 
moments which have some relation to the hull dis- 
placement of water having surfaces of trochoidal wave 
form. As a consequence, when, some thirty-seven years 
ago, I was faced with the responsibility of devising 
satisfactory longitudinal scantlings for any ship in 
ordinary service, I was also faced by a strong body 
of technical opinion that the longitudinal strength 
of ships of similar dimensions should vary as their 
displacement. 

As it appeared to me, this was not supported by 
evidence derived from available bending-moment data, 
or from a series of independent wave calculations in- 
tended to ascertain the effect of different coefficients 
of fineness on the same ship, or from current sea experi- 
ence. The evidence did show, however, that the 
maximum bending moment to be expected in general 
service conditions could be expressed by the formula 
Lx Bxd-+ 35x 0-0215L.t These bending mo- 
ments (which are hereafter called “ standard”’), 





* Paper read before the Institution of Naval Architects, 
on Wednesday, March 28, 1928. 

+ Trans, I.N.A., vol. xv, page 74. 

+ Throughout the paper :—L = length, B = moulded 
breadth, d = moulded draught, c = block coefficient of 





located by means of a small spigot on top of the meter 


fineness, A = displacement. 
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although they take no account of form, were based 
upon analysis of results given by static calculations of 
Wwave-crest support and the knowledge that such con- 
ditions are unrealisable in service. They were, there- 
fore, considered by me as an expression of what I 
believe to be Sir John Biles’s idea, that ordinary 
comparative methods relate to the worst contingency 
for which it is reasonable to provide, for contingencies 
so rare in relation to ordinary service conditions as to 
make it safe to associate the standard bending moments 
with a stress on the effective material minus a corrosion 
margin, which was half its ultimate strength. 

This first attempt to co-ordinate a standard for 
scantlings with a definite comparative basis was also 
associated with a fairly sound distribution of material, 
so that in comparison with those of the erratic systems 
of construction then practised, the results combined a 
distinct gain in average efficiency with a surprising 
reduction in average weight. The efficiency of the 
standard has been proved during the subsequent years 
by its successful application to thousands of merchant 
ships and to structural designs for which there were no 
precedents. In 1917, scantlings devised under the 
standard were advanced to very complete public ex- 
pression in elaborate tables of scantlings, and in effect, 
if in varied external forms, it has now become a world 
standard. There is no doubt of its soundness as a 
measure of scantlings for average service conditions, 
where loading is fairly uniform, but care has been 
taken to provide margins when loading is known to 
be eccentric, and when draught is small in proportion 
to length of ship. 

There is, however, a growing mass of evidence that 
modern ship design, modern models, and modern 
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cases, and gave ocular demonstration of a suspected 
tendency for the effects of service loads at light draught 
to be even more severe than those of ordinary loading 
at full draught. 

An attempt was made to attach values to varying 
dispositions of load by means of calculations of parti- 
cular load variations upon varying forms of ships. 
It was soon found that general knowledge of the effects 
of form, loading, and displacement could not be reached 
by this road, because possible combinations of parti- 
cular conditions are infinite and life is short. The 
work done before its abandonment was of value 
because it revealed such facts as a tendency for a 
constant weight in a constant position to cause a 
constant bending moment irrespective of displacement, 
and gave useful light upon the direction of subsequent 
work. In order to settle, if possible, the relationship 
between calculated bending moments and variations 


Fig.1. MIOSHIP SECTIONS OF MODELS. 
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suffered structural damage on ballast passages, al-| in form and displacement, a complete series of wave- 
though the calculated wave-crest bending moments | crest calculations was made under apparently ideal 
at the ballast draught were less than the standard ; | conditions, where the curves of load and displacement 


cases where passenger ships of fine form have given 
practical proof of subjection to sagging moments 


in still water were identical in form and area. In order 
to cover as much ground as possible, three widely 


which exceed the standard, in spite of the common | different types of model were selected, of which the 
view that such moments are negligible in general | midship sections are shown in Fig. 1. 


service, and cases where ships specially designed for | 


Y had rectangular sections, angular water-lines, and 


heavy trades showed clearly that the actual exceeded | a midship section coefficient of 1-0. 


the calculated bending moments. The full-scale | 


Sl had modern lines, a midship section of 0-975 


loading experiments with the Prometheus, belonging | coefficient such as is now found over a wide range of 


to Messrs. Alfred Holt and Company, with which I had 
the privilege of being associated, where the ship was 
subjected to a hogging stress in still water, which 
exceeded 5 tons per square inch as measured by strain- 
meter, and where lizht parts of the hull structure 
showed such movements as are attached to the phrase 
“straining in a heavy sea,’ were a further potent 
contribution to my growing belief that the standard 
bending moment may not give sufficient value to 
dynamic effect and that limits of loading should, in 
any case, be associated with it. 


Mr. Maurice Denny very kindly provided particulars | 


and calculations for a number of ships which cover a 
very wide range of loading conditions, and they were 


thankfully added to the numerous investigations | 


c values. 

S2 had old-fashioned fine lines, hollow at ends, and 
a midship section coefficient of 0-84. 

The lines of each model were pulled about, in order 
to cover c values between 0-5 and that of its midship 
section coefficient; their still-water displacements 
were considered in relation to those on ordinary tro- 
choidal waves which had a length = L and a height = 
0-05 L, first with the crest amidships and second with 
the hollow amidships. Under the assumed conditions, 
the curves of load and of still-water displacements 
are the same; the centres of gravity of the half-dis- 
| placement in still water therefore coincide with the 
centres of gravity of the half-load on each side of the 
centre of buoyancy, and there is no bending moment. 





rendered available to the British Corporation Register | The position of the centres of gravity of each wave half- 


during its active history. A large number of facts were, 
therefore, ready for co-ordination, after having been 
rendered comparable in terms of the standard moments 
and of draught divided by L. Their graphic expression 


| displacement travels towards amidships as the crest 

travels to amidships, and towards the ends as the crest 
| travels to the ends. The bending moment at the centre 
| of buoyancy (which is also the centre of gravity of the 


supported views founded on observation of individual | load and displacement areas) is the difference between 


| 
| 
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the original still-water positions of the centres of 
gravity of the respective half-displacements, and thiose 
of the wave half-displacements multiplied by i 
This corresponds to the mean of the distance travelled 
on each side, multiplied by => or alternatively the 


half-travel multiplied by A. The accuracy of this 
proposition as a measure of maximum bending effect 
has been tested, not only by comparison with calculated 
cases but by means of calculated moments for a mode] 
of which the after half was oblong and the other half 
was a wedge. The mean positions of the centres of 
gravity of the half-displacements in still water are 
very near each other in all three models, and it may 
sometimes be convenient, when full information is not 
available, to know that the mean positions for ship 
forms lie near a straight line joining 0-18 L at 0-65, 
and 0-21 L at 0-83 prismatic coefficient. 

Fig. 2 shows for the three models Y, SI, and 82, the 
mean travel towards and away from amidships of the 
centres of gravity of the wave half-displacement areas, 
in relation to the still-water positions of the centre 
of gravity of the half-loads. The Y models have vertical 
sides all fore and aft, the wave travels shown are for a 
draught corresponding to 0-06 L, and, being expressed 
as a percentage of the length, are applicable to any 
length of ship. As the models have vertical sides the 
displacement area in way of the wave contour at each 
coefficient, is constant at all draughts ; the area below 
the wave contour therefore causes the travel of the 
centre of gravity of the half-wave displacement, to 
vary inversely as the draught; the resulting bending 
effect at each coefficient is therefore derived from a 


Fug. 3. LONGITUDINAL TRAVEL OF CENTRES OF GRAVITY OF HALF-WAVE 
DISPLACEMENTS ABOUT CENTRES OF GRAVITY OF HALF-DISPLACE- 
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constant percentage of L at all draughts greater than 
are sufficient to accommodate the wave profile, or 
than 0-023 L at 1-0 coefficient and 0-033 L at 0-9 
coefficient. The midway position between the Y curves 
for hog and sag travel, lies on the hog side of the centres 
of gravity of the hull half-displacements in still water, 
so that the ideal position for each centre of gravity 
of half-load is not at but nearer amidships than the 
centres of gravity of the still-water displacements, as 
shown on Fig. 2. As the mean travel multiplied by the 
half-displacement gives the actual bending moment, 
it follows that the travel multiplied by the coefficient 
of displacement is a comparative measure of bending 
effects. Within the range of practicable ship coefficients 
(say 0-6 to 0-83), Y curves indicate that the bending 
effects tend to vary as the square of the coefficient. 
Models S1 and 82, as used in Fig. 2, have geometrically 
the same model as at their original design draught, 
but their draughts have been increased inversely 48 
their midship section coefficients, so that at the same 
prismatic coefficients as the Y models they have the 
same displacements. 

The effect of the curvilinear forms of ship models and 
of their varying slope in way of the wave contour, 
causes the travel of the centres of gravity of the half- 
wave displacement areas to be distinctly greater than 
in the case of the Y models. The travel also becomes 
relatively greater as the models become finer, 80 that 
the tendency of the bending effect changes from 4 
variation of the order of the square of the coefficient 
to one of the order of directly as the coefficient. It -~ 
transfers the ideal positions of the half-load centres © 
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gravity to the other or sag side of the still-water centres 
of buoyancy, as shown in Fig. 2 for the S models. In 
spite of the great difference in form between models 
§1 and 82, it is apparent from Fig. 2 that, in way of 
the wave contour, at design draughts and equal: dis- 
placements, there is such geometric similarity in form 
as prevents any wide difference in their respective 
ranges of travel. Absence of “tumble-home” and 
presence of good flare, however, have the effect of 
increasing the travel in the hog and sag directions res- 
pectively, and vice versa. For each of the ship models 
the curves of area of wave half-displacements at each 
coefficient, is of geometrically constant form at the 
design draught, so that like the Y models the bending 
effect of travel is a constant percentage of the ship’s 
jength for all models which are geometrically similar. 
So long as the draught is great enough to keep the 
wave contour well away from rapid “fining” of the 
bottom, the bottom form has no importance, and 
under the conditions taken the midship-area coefficient 
has no appreciable effect upon the travel. Fig. 2 
shows that the travel curves for all forms of midship 
section have a common origin at 1-0 prismatic 
coefticient, and it has been shown that the resulting 
bending effects for each prismatic coefficient are 
constant at all design draughts. It follows when the 
travel curves for models whose midship area coefficient 
is less than 1-0, are expressed in terms of constant 
moulded draught and varying block coefficients of 
fineness, that the origin of travel for each model is 


Fig 4. VERTICAL TRAVEL ON WAVES. 
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travels are shown by the dotted lines marked “ S ballast 
draught ”’ on Fig. 3. The total travel for Sl model 
is such that, with nearly 35-per cent. less displacement, 
the mean bending effect has only been reduced 8 per 
cent. from that at the designed draught, but the 
actual distance travelled is 42 per cent. greater, and 
the ideal position is still on the sag side of the travel. 
Observed facts show that there must be some other 
factor in the problem, and a series of calculations was 
made in order to ascertain the effect of supporting the 
models on two waves of the same height, but half the 
length of those previously used. This condition is so 
much nearer probability than that of the “ single- 
wave ”’ estimates, that it might have been reasonable 
to double the ascertained travels as a comparative 
measure of their effect. They have, however, been 
shown on Fig. 3 by the lines marked “S two-wave 
support ”’ as actually calculated for average ship forms. 
Their travel and corresponding bending effects increase 
so rapidly from zero at 1-0 coefficient, that the lines 
are no less than two-thirds of the way to the single- 
wave travel at 0-5 coefficient. They give, therefore, 
a surprising confirmation of my disbelief in “‘ fineness 
of form” as a qualifying factor in dynamic stress. 
This line of investigation was not pursued, partly 
because it is only one of an infinite number of possible 
assumptions, but chiefly because it commences with 
no moment at amidships with 1-0 coefficient. The 
latter fact, however, has to be considered in relation 
to the other fact that severe bending stresses do travel 
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midship-area coefficient. It was found that with a 
moulded draught corresponding to 0-06 L, the travel 
curves for the S2 or fine models were nearly parallel 
to those for the Y models, and that the curves for 
the Sl or moderate models swung out from their 
origins near Y to meet S2 at about 0-5 coefficient. 
Midship-area coefficients of the order of 0-84 (S2 
model) are now used with none but very fine models, 
and those of the orders of 0-975 (Sl model) cover a 
wide range of coefficients, but the whole range to 1-0 
can only be covered by midship-area coefficients 
which also reach towards 1-0. It was found that the 
Y curve swung outward about its origin, at 1-0 co- 
efficient, to the position occupied by the fine model 
(S2) at its own coefficient, complies with the foregoing 
description of the average relationship between mid- 
ship area and block coefficient, and can be accepted 
as an almost perfect picture of the travel induced by 
wave-form displacements on ordinary modern models 
of all coefficients of fineness, as the investigated 
draught of 0-06 L. Fig. 3 shows these curves (S) 
for d = 0-06 Lin comparison with curves Y, which are 
the same as on Fig. 2, because the block coefficient of 
fineness is also the prismatic coefficient. For the 
reasons given in connection with the travel curves on 
Fig. 2, ie., the geometric similarity of the curves of 
displacement area for each model at the design 
draught, it follows that the bending effect of travel 
18 again measured at that draught by a constant 
percentage of the ship’s length at each value of c. 
S curves travel farther on the sag than on the hog 
side, and the mean or “‘ ideal” position for the centres 
of gravity of the half-load areas in still water for aver- 
age models, lies outside the positions of the half- 
displacement centres, by an amount which is expressed 


| = » 
by Coot. The total travel at 0-5 coefficient is 





only LR per cent. greater than that which would show 
bending effects that vary as the displacement at the 
designed draught. 

An investigation was made to ascertain the effect 
upon travel when the draught of the same models is 





reduced to two-thirds of their designed draught. The 
ascertained travels were corrected for displacement, 
80 that bending effects could be directly compared 
with those at the original draught. The corrected | 


along the midship half-length of ships, because under 
the assumed conditions the maximum bending moment 
at 1-0 coefficient takes effect at the quarter-length 
from each end. 

Reverting to the original wave-crest calculations 
as a comparative measure of dynamic effect of wave 
forms of displacement, it has to be observed that their 
use has hitherto been restricted to a measurement of 
the longitudinal movement of the centres of gravity 
of the half-displacements about the centres of gravity 
of the half-loads. There is, however, a_ vertical 
movement of the wave displacements, additional to 
and concurrent with the longitudinal movement, 
which seems to require consideration as a factor in 
any static base for a comparative measure of dynamic 
effects. Fig. 4 shows the calculated extent of these 
vertical movements for the Y and S models in terms of 
c, at design and ballast draughts respectively. It 
will be seen that this travel starts from zero at 1-0 
coefficient, and increases as c diminishes, until at 0-5 
coefficient it corresponds to 0-013 L for S at design 
draught, 0-016 L for S at ballast draught, and no less 
than 0-02 L for Y models. The magnitude of the 
movement in the Y models is consequent upon their 
sides being vertical; for that reason the movement of 
the ship models increases as their draught decreases, 
because the mean form of the sides in way of the wave 
contour is at the same time coming nearer to the 
vertical, an effect which is shown by the curves marked 
“$ ballast draught.” The effect of the potential 
vertical movement of wave displacement on ship 
forms, might be expressed as a bending moment in 
similar fashion to that of our expression of the effect 
of the potential longitudinal movement. Its value 
might reasonably be measured by the layer of dis- 
placement contained between the middle and the 
top or bottom of the total travel, multiplied by the 
mean distance of the centres of gravity of the half- 
waterplane areas, from the centre of gravity of the 
whole waterplane. Fig. 5 shows such bending effects 
added to those for longitudinal travel expressed by S 
curves on Fig. 3. This sum of vertical and longitudinal 
effects as shown by lines z, lie very near to those for 
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the evidence of full-scale experiments justifies the form 
of x as a sound basis for a comparative measure of 
wave effects, and also indicates the wisdom of pro- 
viding the small margin of safety which is afforded by 
varying the rate of travel inversely as the coefficient. 
The x curves for “‘ ballast draught,” which are also 
shown on Fig. 5, seem to show that for draughts less 
than the design draught, no greater modification 
should be made than is due to the shift of the ideal 
position for the half-load centres towards that for the 
half-displacement centres. 

The present analyses of the double movement show 
that where the lower part of the model is “ fined” 
and the upper part “filled out,” any gain in restraint 
of vertical movement is lost in increased longitudinal 
movement, and that converse operations produce 
converse results, It is therefore difficult to see what 
useful purpose can be served by making particular 
wave-crest calculations for particular models, in order 
to estimate unknown dynamic effects. 

Turning to the practical application of these investi- 
gations, it is obvious that any other series of assumed 
wave forms will produce other percentages of the 
ship’s length as measures of wave travel, but experience 
seems to prove that the x curves are a more severe 
measure of the movement of wave-displacements past 
load centres, than is necessary for good service condi- 
tions, because the direct use of x travels would obviously 
restrict the position of the centres of gravity of,the 
half-loads to that which coincides exactly with the 
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ideal position, or midway between the travels ofjthe 
half-wave centres of gravity. Experience also shows 
that the “Smith” correction (which is, in effect,Ga 
modification of wave contour) has justified its use, 
The effect of this modification is stated by Sir John 
Biles to represent a reduction of about 12 per cent. 
from the total bending moment derived from the 
unmodified wave contour, a reduction in total effect 
of load and wave travel which means a larger reduction 
in the constant travel effect of the half-waves alone. 
Experience also indicates that the standard bending 
moment (which corresponds to a travel equal to 0-043 L 
in the nomenclature of the diagrams) provides a 
sufficient margin to cover a movement of the‘half-load 
centres of gravity on either side of the ideal position, 
which is of the order of 0-01 L. It seems safe, there- 
fore, to deduct 0-01 from the standard figure of 0-043}L 
and to use 0-033 L at 1-0 coefficient, as a sufficient 
measure of the constant bending effect of wave travel 
about the ideal position for the centres of gravity of 
the half-loads, which, as already shown, lies outside 
the position of the still-water centres of half-displace- 
ments by an amount which corresponds to Cs) k. 
For use with the whole displacement, 0-033 L becomes 
0-0165 L. 

As the derivation of a load factor in the standard 
formula was the chief object of this investigation, it 
appears to me, on the evidence of observed facts and 
of the investigation, that a satisfactory expression of 
present knowledge will be given by the following 
adjustment of the standard formula :— 

Where the designed draughts bear a reasonable 
proportion to the length of the ship, and the total 
distance between the centres of gravity of the half-load 
situated on each side of the true centre of buoyancy 
is equal to the total distance between the centres of 
gravity of the still water half-displacements on each 
l1—c)L 


side, plus a distance equal to ( , the constant 


bending effect of wave travel at the designed draught 

is found from the formula, L x B x d x 0-0165 L = 35 

i.e., the parallelepipedon displacement x 0-0165 L. 
Where the whole distance between the centres of 





the ‘standard’? bending moment, which are also 
shown on Fig. 5. This result was not foreseen, but 


gravity of the half-loads is greater or less than that 
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defined above for the ideal position, the factor 0-0165 | 


is to be increased by the amount derived from the 
following formula :— 

Difference in distance ., Actual draught 

4. Design draught 








The presence of draught and coefficient in the second | 


or load effect portion of the formula is required because 
the load effect of travel varies directly as the displace- 


In conclusion, I desire to thank my colleagues for 
| willing assistance in a somewhat arduous task, particu- 
| larly Mr. Turnbull, who has made a large proportion 
| of the prolonged and laborious calculations involved 
| in that task. 








DEEP-DRAWING PRESSES. 


THE three presses which we illustrate in Figs. 1 to 3, 


ment, and the formula as applied gives a modification | annexed, are manufactured by Messrs. Hordern, Mason 


in the direction indicated by the investigation at two- 


thirds of the designed draught. The formula has | 


been tested over a wide range of known cases, and 
gives results which harmonise more closely with 
observed facts than those given by the classic wave 
crest calculations. For instance, it gives a greater 
bending moment than the standard bending moment 
in cases where trouble was caused by eccentric loading, 
and the classic wave-crest calculations showed that 
there was no reason for it. It also gives results 
which could be accepted as a guide to the strength 


required for the Prometheus if sent to sea under the | 





and Edwards, Limited, Vulcan Works, Vesey-street, 
Birmingham. The press illustrated in Fig. 1, is specially 
designed for moulded-composition work, but is also 
suitable for pressings in cardboard, leather, &c. It 
is made in various sizes, the smallest machines being 
suitable for articles up to 4 in. deep, and requiring a 
pressure up to 30 tons, and the largest for articles up 
to 10 in. deep, and requiring pressures up to 130 tons. 

The drive is by belt on to fast-and-loose pulleys 
mounted on the shaft visible on the left in the illus- 
tration. The clutch and brake are also mounted on 
this shaft, and the drive is transmitted by the former 


extreme conditions of loading to which she was sub-| to a worm driving a worm wheel. The latter gives 


jected in still water. 





| 
whereas I would not have been 


a 40 to 1 reduction, and is of exceptionally large size 


at all prepared to accept the guidance of the classic | to give a fine angle of lead, and is totally enclosed, as 
wave-crest calculations for that purpose. Above all, ; shown in the illustration. The worm wheel is mounted 
it gives due prominence to the importance of those loads | on the end of the crankshaft, from which the motion 


which induce sag in still ~vater. 

As the formula deals only with known conditions 
which are easily ascerta’ned at designed and light 
draughts, it enables builders to supply owners with 


| is conveyed to the die head by a connecting rod, adjust- 
| able for length. The hand control lever, of which the 


rear end can be seen in the figure below the clutch, 
is provided with a balance weight which tends to hold 


guidance as to permissible dispositions of cargo and_| it in the top position. The hand lever is forked at the 
ballast, without having resort to complicated calcula- | front of the machine, and the vertical stop bar passes 


tions. This in itself would be an immediate, definite | 
contribution to the safe handling of ships, while the | 


tangibility and relative facility of application of 
the method present opportunity for the expansion of 


through the fork. At the top, the stop bar is con- 
nected to a pivoted arm carrying a roller, and this 
roller makes contact with a cam on the crankshaft. 


| The stop bar is pulled in at the bottom by a spring, and 
knowledge of the true relation between the formula | 


before the hand lever can be depressed it is necessary 


and the facts of service conditions. It would be a/ to draw the bar forwards to enable the fork to clear the 
comparatively simple matter to*provide ship-masters | lower stop on the bar. Assuming that the hand lever 
with information and material which would enable|has been depressed, the clutch is engaged and the 
them to record facts as to dispositions of load in| press performs the down stroke. On the completion 
— to positions of centres of gravity, and of their| of the latter the cam lifts the stop bar, bringing the 
effects at sea. 





stop into contact with the hand lever. The latter is 
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therefore raised releasing the clutch and putting on the 
brake. The tool thus automatically stops at the 
bottom of the stroke. The machine is provided with 
hand or automatic ejector gear, the arrangement of 
the latter being clear from the illustration. Lubrication 
/ has received careful attention throughout, the main 
| shaft bearings and worm shaft being lubricated by 
| thick oil at a pressure of 500 lb. For this purpose a 
}-in hole is drilled through the main shaft to the floating 
bearings of the worm shaft. ; 
A larger machine of the same type is illustrated in 
Fig. 2. The arrangement of this machine is generally 
similar to that already described, and as the view in 
this case is taken from the front, the details of the stop 
bar can be clearly seen. The machine, however, differs 
from the smaller model in that it is fitted with a rising 
table, to increase the effective length of the draw. 
The tool illustrated will produce articles up to 103 in. 
deep in moulded composition, and it may be mentioned 
that the space between the uprights is 23 in. The 
rising table mechanism is of the toggle type, in contra- 
distinction to the cam arrangement frequently fitted. 
A slide on the left-hand side of the machine, as viewed in 
the figure terminates in a crosshead at the bottom, 
and the two ends of this head are connected by short 
links to cranks on the end of two spindles mounted on 
the front and back of the machine respectively. The 
front spindle can be clearly seen in the figure, and the 
connections to the table will be clear from the same view. 
The slide is actuated by a connecting rod coupled to 
an outside crank on the end of the crankshaft. It 
may be mentioned that all the machines of this type 
can be inched or stopped in any desired position with- 
out difficulty. The ejector gear on the large ye 
consists simply of a plate, which can be seen in the 
figure carried on an adjustable screwed spindle. 
The third press, which is illustrated in Fig. 3, 1s & “dl 
of the rising-table type, but differs from those already 
described in that the crankshaft is driven from the 
pulley shaft by double-reduction spur gearing, 
an overall reduction of 24 to 1. The clutch and — wo 
operation only differs in detail arrangement from t at 
already described, while the table raising gear 





identical. The slide for the latter can be clearly seen 
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in the figure. The vertical movement of the table is 
12 in., and the stroke of the punch is 14} in. As the 
die ascends and holds the blank before the punch 
commences to descend, the full stroke is utilised in 
drawing. By removing the pressure-plate holder, the 
machine can be used as a single-action press, advantage 
then being taken of the combined movement of the 
table and the slide to give a continued stroke of 26 in. 
The gearing is machine-cut throughout, and the crank- 
shaft is a forging of Siemens high-tensile steel. The 
overall height of the machine is 10 ft. 6 in., the width 
between uprights 23 in., and the depth of the die table 
2lin. The machine will take blanks up to a diameter 
of 22 in., and punches up to a diameter of 14 in. The 
pulley speed is 270 r.p.m., and the slide makes 11 strokes 
per minute. The machine requires 5 h.p. to 6 h.p., and 
Weighs about 6 tons. The various features to which 
we have specially referred have been, we understand, 
covered by patents. 








THE DESIGN AND PROPULSION 
OF FAST DOUBLE-ENDED SCREW 
VESSELS.* 

By E. H. MitcHe tt. 


Wuen I had occasion during last year to prepare a 
design for a double-ended screw vessel for service in 
Sydney Harbour, and of considerably more speed 
than had previously been required, I found great 
difficulty in obtaining any reliable data for the efficiency 
of a bow propeller, especially when running on the 
same shaft as the stern screw, and such data as I did 
obtain was very contradictory. It is with the object 
of putting before this Institution such information as 
I was ultimately able to collect, and which has been 
obtained during the design and trials of these vessels, 
and possibly eliciting further opinions on what is 
undoubtedly a difficult problem, that this paper has 
been submitted. 








* Paper read before the Institute of Naval Architects, 
on Thursday, March 29, 1928. Abridged. 


The vessels are for service in Sydney Harbour, running 
between the Circular Quay, in the heart of the city of 
Sydney, and Manly, which is a large residential suburb 
about seven miles down the harbour, and near the 
Heads at the harbour entrance. It is compulsory 
under the harbour regulations that the vessels should 
be double ended. There are so many lines of ferry 
traffic converging at the Circular Quay and crossing the 
main route of sea-going traffic that if turning were 
allowed considerable danger to the latter would follow. 
The service for which the vessels were required is 
carried out by the Port Jackson and Manly Steamship 
Company, to whose order the new vessels have been 
built by Messrs. Napier and Miller, of Old Kilpatrick, 
near Glasgow. The Port Jackson and Manly Steam- 
ship Company has been established many years, and 
runs the service at present with six vessels, the principal 
difference in the new vessels, apart from slightly larger 
size, being the much higher speed required. The special 
requirements were as follows: Length not to exceed 
220 ft.; speed, 17 knots going in either direction ; 
passenger capacity about 2,000; draught not to exceed 
12 ft. 6 in. 

The vessels were to be built of heavy scantling, 
with two enclosed passenger decks, and to be capable of 
standing fairly heavy weather, which is frequently met 
with near the Heads. A single screw at each end 
directly coupled to the main engines was preferred, 
acting on the “ push-pull” principle, which is the 
usual arrangement in the existing vessels in Sydney 
Harbour ; but if the desired result could not be obtained 
with this, the owners were prepared to consider alter- 
native proposals, including a twin-screw arrangement. 
Owing to the fine ends of the vessels necessary for the 
speed and for good sea-going qualities, it was, however, 
difficult to protect the screws properly in a twin-screw 
arrangement. 

It was essential that the boilers should be entirely 
under the main deck with as small casings as 
possible, so as to interfere with the embarking and 
disembarking of the large number of passengers as 
little as possible. Double-ended ferries of a somewhat 
similar type are very common in America, and a 





considerable proportion of the later American vessels 
have been fitted with electric drive, either in association 
with Diesel or steam-turbine machinery, but generally 
speaking, these vessels are confined to comparatively 
smooth water, and their speed is considerably less 
than that of the vessels under consideration. 

To return to the propulsion problem, I propose, in 
the first place, to enumerate briefly such data as I was 
able to obtain. In a paper read before the University 
Engineering Association of Sydney by Mr. A. J. 
Gibson, A.M.Inst.C.E., in July, 1909, on “‘ Some Notes 
on the Distribution of Power in a Double-ended Screw 
Steamer,” a very full account was given of the trials 
which were carried out on the Bingarra, a vessel very 
similar to those under consideration, and belonging 
to the same company. The dimensions of the vessel 
were: Length, l.w.l., 190 ft.; beam, 30 ft. 6 in.; 
trial draught, 10 ft. 10 in. ; trial displacement, 600 tons ; 
and the mean results of the trials were: speed, 13-2 
knots ; indicated horse-power, 1,000; revolutions, 137. 
The torque of the bow and stern shafts was taken sepa- 
rately ; the torque of the bow screw was about 45/55ths 
that of the stern screw. At the time of this trial the 
vessel was newly out of dock. No E.H.P. curves were 
available, so that it was difficult to make an accurate 
estimate of the propulsive efficiency, but from results 
since obtained, I estimate that it was only about 324 
per cent.—an appallingly low result. On the other 
hand, the results obtained by the Bingarra were 
stated by the company to be much inferior to those 
of their later vessels, These vessels were of very similar 
type, 215 ft. long by 34 ft. beam, and they obtained a 
speed on trial of about 15 knots with 1,400 h.p., which 
would give a propulsive efficiency of approximately 
40 per cent. The following remarkable result was 
also vouched for by the company. One of their vessels 
got the blades of one of her propellers stripped entirely 
off, but owing to the pressure of traffic at the time 
they had to keep her running for some days, and she 
went one way with a bow screw pulling and the other 
way with the same screw (now at the after end) pushing, 
and she got consistently better results with the screw 
pulling (7.e., as a bow screw) than she did with the 
screw at the afterend pushing. This is certainly against 
all preconceived ideas of screw efficiency, and is unfor- 
tunately not supported by the Bingarra’s results, but 
might have been caused by the stern screw when acting 
alone being overloaded and having a low efficiency, 
whereas when acting as a bow screw in more solid 
water it might not be affected to the same extent. 

In a paper read before the Pacific Coast Committee 
of the American Institute of Electrical Engineers, in 
September, 1926, by Mr. A. Kennedy, Jun., and Mr. 
F. V. Smith, entitled ‘‘ Electric Propulsion for Double- 
ended Ferry Boats,” it was stated ‘‘ that the reciprocat- 
ing steam engine in which the bow and stern propellers 
are operated at the same revolutions requires approxi- 
mately 19 per cent. more power at the propeller 
shaft than the electric system, due to differences in 
propulsive efficiency.” I should state here, that in 
the electric system, which has been applied to a large 
number of ferry-boats in the United States, either in 
association with steam turbines or with Diesel engines, 
it is the practice to concentrate practically all the 
power on the stern screw, using only sufficient power 
at the bow screw to keep it idly revolving, so that the 
propulsive efficiency of this system should be practically 
the same as in the case of a vessel with stern screws only, 
except for the very small amount of power absorbed 
by the idly revolving bow screw. 

If the figure given above is reliable, we have then 
something definite to go on, and the horse-power 
required for a bow and stern screw working on the 
same shaft would be approximately 19 per cent. more 
than in the case of an ordinary vessel with stern 
screw only. In the case of certain steam trials which 
I attended some years ago, where the speed and power 
were measured going astern, the indicated horse-power 
for a given speed astern was considerably greater 
than that at the same speed going ahead (approxi- 
mately 2} times), which goes to support the case 
of the inferior efficiency of a pulling screw. In such 
cases, however, the inefficiency is probably increased 
by the form of the stern (a cruiser stern in the special 
case referred to) being unsuitable for travelling astern 
at any speed. 

On the other hand, in aircraft the propeller is 
almost invariably placed at the forward end, which 
seems to show that under certain conditions a pulling 
screw can be made very efficient. The problem to be 
solved is whether such conditions can be applied 
to a sea-going ship. In the case of aircraft, the 
propeller is relatively so much larger compared with 
the hull than is the case in a ship that the effect of 
the wake may be very much less, and thus what 
proves disadvantageous in a ship may have little 
effect on the screw efficiency of an aeroplane. 

In Reports and Memoranda No, 1046, dated 
July, 1926, of the Aeronautical Research Committee, 
on “The Effects of Body Interference on Air-Screw 
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Performance,” it is stated, with reference to com- 
parative tests of tractor and pusher propellers, that 
“both combinations had the same air-screw and 
bodies of the same cross-section, and the tractor 
type gives the greater net efficiency. This is due to 
the less efficient design and greater drag coefficient 
of the pusher body compared with the tractor body, 
for it is shown later that in an expression for the 
air-screw efficiency which partially separates air-screw 
from aircraft characteristics the efficiency is slightly 
greater as a pusher than as a tractor.’ Curves are 
also'given which show that if the overall efficiency is 


__ [Marcu 30, 1928. 





beneficial to have the bow and stern sections of a 
vessel of different form, the forward end having more 
or less U-sections, and the after-end V-sections with 
a fuller water-line. In the double-ended vessels both 
ends must be the same. The loss from this cause is 
probably very small, but it is an item which has to 
be taken into serious account in connection with 
the stability, as the usual comparatively full water-line 
aft has to be replaced by one of the same fineness 
as that required for the fore end, with a considerable 
reduction of the metacentric height. 


the efficiency may be reduced fro 
61 per cent. to 51} per cent., or a loss of 15} per 
cent. 

(3) In the case of a stern screw the efficienc 
the screw itself as measured in undisturbed wat 
when working in its place at the stern of 
two factors, viz., increased by 
factor and decreased by the thrust-deducti 
The first is caused by the following w 
increases the efficiency of the scre 
of the speed of the ship to the av 


qualified by 


m this cause from 


Vy of 
er is, 
a ship, 
the wake 
on factor. 
ake, which 
w in the proportion 
erage speed of advance 








Fig.7. 








e.ocK ; 
TEAM DECK 402 
FIRE Buln 





Fig.3. 


Sx 23 TEAK RAIL ON 











vo 












Fig.5 
G5. ot ———<—$- 
Ain ogee = 3 
Pe | tt ju 






[) 
o MEFRESHMENT 
si 
Sitar 
© 40 PERSONS. z= 









(566.8.) 


measured on the same basis as in ship calculations, 
this efficiency in the case of a pusher screw is about 
I per cent. less than the screW efficiency in free air, 
whereas in the case of a tractor screw this efficiency 
is 3} per cent. less than the screw efficiency in free 
air. It appears, therefore, that even in aircraft a 
stern screw is slightly more efficient than a bow 
screw, but the difference, as would be expected, is 
very much less than in the case of a ship. 

Having enumerated briefly such data as I was able 
to obtain, I now propose to consider the question 
theoretically. The following are the items which 
would be expected to reduce the efficiency of a 
double-ended vessel, compared with a vessel of the 
usual form and having to travel in one direction 
only. 
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propeller is usually flat; the back round. When a 
similar propeller is fitted at each end of a vessel, 
and so as to be able to travel in either direction, the 
driving face at one end must be the rounded surface 
giving an excessive pitch at the leading edge, and 
too little at the trailing edge. This must result in 
a loss of efficiency of quite an appreciable amount. 
An attempt may be made to reduce this by making 
the blades of symmetrical section rounded on both 
back and face, but to a smaller extent. The effect 
of that, however, is to make both the screws 
less efficient in either direction, instead of confining 
the inefficiency to the one rounded on the driving 
face. Mr. Baker, of the William Froude National 
Tank, has kindly supplied me with information from 
which this loss may be estimated. The information 
is given in a table in Appendix I, and shows that 
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caused by the suction of the screw increasing the 
tow-rope resistance of the ship. : 
According to Mr. W. J. Luke, in his paper in the 
Transactions I.N.A., 1917, on “ Further Experi- 
ments upon Wake and Thrust Deduction,’ the 
wake factor for a vessel of this type with a single 
stern screw would be approximately 1-15, and the 
thrust deduction factor about 0-91, giving a hull 
efficiency of 1-05, or a slight gain. If, however, 
the screw is working at the bow instead of at the 
stern, there will be no wake, and the gain from the 





wake factor will disappear. On the other hand, 
the thrust-deduction factor will still remain owing 
to the screw race impinging on the vessel and 
increasing the resistance. It looks, therefore, _ 
this reasoning as if the efficiency might be reduce¢ 
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wake factor, resulting in a loss of about 15 per cent. 
Summing up these losses we get, due to the thrust 
deduction and no corresponding gain from a wake 
factor, 2 possible loss of about 15 per cent., and, due 
to the curvature of the working face of one of the 
serews, a possible loss also of about 15 percent. If 
the propulsive efficiency of a stern-screw arrangement 
were 50 per cent., accepting the above figures of 
loss, the corresponding efficiency of a bow screw 
would then be 35 per cent., and the combined efficiency 
of bow and stern screws 42} per cent. On this basis 
the power required for a bow and stern screw for 
the same speed would be about 17} per cent. more 
than that required for an efficient stern-screw arrange- 
ment, a result which agrees fairly well with the 
American estimate of 19 per cent. 

It has to be borne in mind that the above estimate 
is on the assumption that the stern screw is efficient. 
It is quite possible, however, that with a single screw 
at the after end only, and with the relatively high 
speed aimed at, the power which would have to be 
transmitted through this screw would be more than 
it could efficiently take. Its efficiency in this case 
would drop, and the comparative loss of efficiency with 
a double-ended arrangement would be considerably 
reduced. When the order for the vessels was placed, 
tank experiments were carried out at the William 
Froude National Tank, both with the naked hull 
and with both bow and stern screws working in 
place; and after adopting modifications suggested 
by the Superintendent of the Tank, results were 
obtained which were fully up to expectations, an 
overall propulsive efficiency of about 42} per cent. 
being obtained. Unfortunately at this time it was 
not possible to analyse completely the working of 
the bow and stern propellers and to obtain the efficiency 
of each independently, but sufficient information was 
obtained to enable a fairly accurate estimate to be 
made of the gain in efficiency which would have 
resulted if all the power had been transmitted to 
the stern screw. This estimate showed a gain in 
efficiency of about 33 per cent. only, or, put the 
other way round, the bow and stern arrangement 
absorbed about 8-2 per cent. more power than if 
all the power had been transmitted to the stern 
screw. This is much less than was to be expected 
from the data previously referred to, and from 
theoretical considerations, and was no doubt due 
to the falling off of the efficiency of the stern screw 
when all the power was transmitted to it, this screw 
being limited in diameter by the draught of the 
ship. 

Two types of sérews were tried. One type with 
the usual flat driving face and round back, and 
another with the curvature divided between the 
two faces. With the first type, the stern screw took 
about two-thirds of the power, but, with the second 
type, the power was fairly evenly divided between 
the two screws. The first type proved, however, 
to be rather the more efficient. In a vessel of this 
type there is always a possibility of improving the 
results by transmitting all, or practically all, the 
power to the after screw, either by fitting a clutch 
or by fitting electric drive, and these results show to 
what extent an improvement’ would have been 
possible in this particular case. The fitting of a 
clutch is in many ways undesirable, and taking into 
account the resistance caused by the idly rotating 
bow screw as it is pushed through the water the 
gain would have’ been very small. In the early 
stages of the design the fitting of electric drive to 
these vessels was seriously considered, in view of 
this system having been fitted to so many of the 
American ferry boats; but the conditions were not 
quite the same, and in view of the small gain in 
efficiency which these experiments show would have 
resulted, the large increase in cost would certainly 
not have been justified. 

Whilst on the subject of the. increased power neces- 
saty for double-ended vessels for the same speed, it is 
desirable to look at the problem from another point of 
view. Assuming for the moment that the increased 
power was as much as 19 per cent. (an amount which 
should certainly not be exceeded) for the same power, 
the ordinary or stern-propelled vessel would obtain 
about 6 per cent. more speed, or, say, a service speed of 
15-9 knots, compared with 15 knots for the double- 
ended vessels. On a run of seven statute miles, the 
time for the first vessel would be about 23 minutes, for 
the second vessel 24-3 minutes. A difference of 1-3 
minutes. On the other hand, the ordinary vessel would 
have to turn round either at the commencement or at 
the end of the trip, or make a half-turn at each end; 
whereas this would not be necessary in the case of the 
double-ended vessel, which would go direct from point 
‘o point. The time lost in turning can very easily 
“ccupy three to four minutes, and with piers, as they 
are necessarily arranged in Sydney Harbour, it would 
probably take more time, so that considering the 
matter from a broad point of view, the double-ended 





vessel is really the more efficient, and this would be 
much more apparent in the case of a shorter run. 

Figs. 1 to 5, opposite, show the general arrangement 
of the vessels, while particulars are given in Appendix II, 
below. 

Although the above trials add to our knowledge 
of the efficiency of bow propellers working in conjunc- 
tion with a stern propeller on the same shaft, there are 
still several points on which our information is rather 
vague; especially as regards the wake factor, thrust- 
deduction factor, and hull efficiency of a bow pro- 
peller working in place by itself, as compared with the 
corresponding efficiency of a stern propeller, and it is 
to be hoped that we may have fuller information on 
these points at some future date. 





APPENDIX I. 

TABLE SUPPLIED BY THE WILLIAM FrRoupE NATIONAL 
TANK SHOWING EFFICIENCY OF SCREW THRUSTING 
WITH THE BACK. 

Twin Screws in Open Water. Uniform Pitch Flat Face 

with Circular Back Sections. 
Diameter, 0-458 ft. ; Pitch, 0-924 ft.; Speed of 
advance, V = 5-5 ft. per second. 





| Thrusting with 




















Vv . 
TX Face as Usual. Cireular Back. 
fs 
Thrust* | sapere Thrust* a BB 
Constant. | Efficiency. Constant. Efficiency. 
1°35 0-74 0-61 0-47 0-515 
1°25 0-93 0-60 0-62 0:°505 
£2 1-06 0-58 0-74 0-49 
1°15 1-19 0-54 0-88 0-47 
1+] 1-30 0-505 1-01 0-44 








NOTE.—The screws were run near the surface, and at high 
slips were beginning to break the surface. 
T 
* Thrust constant ——; 
d2 V2 
T = Thrust in pounds. d = Diameter in feet. 
feet per second. N = Revolutions per second. 


V = Speed in 





APPENDIX IL. 


THE DovuBLE-ENDED Screw STEAMERS “ DEE Wuy ” 
AND “ Curt Curt.” 

The leading particulars of these ships are as follows :— 
Length on L.W.L., 220 ft.; breadth moulded, 35 ft. 
1l in.; depth moulded to main deck, 15 ft. 6 in.; 
draught extreme, 12 ft. 6in.; gross tonnage, 799. 

The vessels are classed with Lloyd’s 100 Al with 
freeboard, and have the Board of Trade Steam 4 and 5 
certificates. The bulkheads extend to the main deck, 
which is of steel over the engines and boilers sheathed 
with teak. The general arrangement of the vessels may 
be readily followed from the drawings. Regarding 
the anchor end as forward, the main hull is sub-divided 
thus: In the fore-peak is the cable locker. Abaft the 
fore-peak bulkhead and on the cabin flat is the accom- 
modation for the crew. Abaft this is a smoke-room for 
the male passengers. The space below these rooms is 
the forward tunnel. Aft of the smoke-room are the 
forward bunkers, separate coal and oil-fuel com- 
partments being provided; and at the aft end of the 
stokehold are the after bunkers, similar in arrangement 
to those forward. The engines sit directly on the 
reserve feed-tank top, which is the only portion of 
double bottom fitted. Aft of the engine-room is the 
refreshment café on a cabin flat, below which is the 
after-tunnel. On the main deck is a large steel deck- 
house to shelter the passengers, the top of this house 
running into the poop and forecastle decks to form a 
promenade, and on this promenade deck is a large 
wooden deckhouse. The sun deck forming the top of 
the promenade deck-house takes the boats and the 
steering-gear leads, but is not available for passengers. 
A feature of the promenade deck accommodation is 
the seats which are of the hinging “ tramway ” type, 
and accommodate four each. Other special features 
of these vessels are the large number of gangways and 
exits provided—the disembarking and embarking of 
nearly 2,900 passengers having necessarily to be accom- 
plished in a very brief space of time—and the arrange- 
ments for steering, the leading rudder being locked and 
the after rudder controlled from the forward steering 
gear. Chemical fire extinguishing and electric lighting 
are fitted throughout. Boats and buoyant apparatus 
are provided in accordance with the Board of Trade 
requirements. 

The Propelling Machinery.—The main engines, which 
have been supplied by Messrs. D. and W. Henderson 
and Company, Limited, are of the four-crank triple- 
expansion Yarrow-Schlick-Tweedy balanced type. 
To suit the peculiar system of propulsion, the valve 
gear is arranged to give the same power ahead and 
astern at the designed speed of 160 r.p.m. There are 








two Michell thrust blocks, one at each end of the engine, 
and the propellers are bronze. The shafting is of 
bright ingot steel. The air-pump is an independent 
unit of Messrs. A. and J. Weir’s dual type, the feed- 
pumps being also Weir machines. The centrifugal-type 
circulating pump is by Messrs. Matthew Paul. The 
remaining pumps are of the duplex type. The reversing 
engine is of the steam and hydraulic type by Messrs. 
Brown Brothers, of Edinburgh. The steam generat- 
ing installation consists of four single-ended Scotch 
boilers, 12 ft. in diameter by 11 ft. 6 in. long, built to 
Lloyd’s and Board of Trade requirements for 185 Ib. 
working pressure, and fitted with Howden’s system 
of forced draught, there being a steam-driven fan to 
each pair of boilers. The boilers are suited for both 
coal and oil, the oil-fuel plant being on the Wallsend- 
Howden system. Steam flue blowers of the Parry type 
are fitted to each combustion chamber. 


CATALOGUES. 


Fans.—A priced list of fans, ranging in size from 9 in. 
to over 100 in. and for belt or electric-motor drive, is 
to hand from the Blackman Export Company, Limited, 
374, Euston road, London, N.W.1. 

Switches and Fuses.—A priced list of switches and 
fuses designed for use in fiery mines, petrol depots, &c., 
is to hand from Messrs. Mavor and Coulson, Limited, 
47, Broad-street, Mile End, Glasgow. 

Machine Knives.—A circular with particulars of 
Herkules machine knives made of Swedish tool steel by 
the Verkstadsaktiebolaget, of Gothenburg, is to hand 
from their agents, Messrs. W. J. Bithell, Limited, 30, 
Charing Cross, London, 8.W.1. 

Ball Bearings and Valves.—The Universal Ball Bearing 
Repair and Manufacturing Company, 111, The Grove, 
Hammersmith, London, W.6, have issued an extensive 
list of ball and roller bearings, and also a list of nickel- 
steel valves for motor vehicles. Prices are stated in 
all cases. 

Marine Engines.—A circular describing the Jaffa 
marine steam engines, of 100 h.p. to 1,000 h.p., is to 
hand from Messrs. Humpleby and Company, 3, Bury- 
court, St. Mary Axe, London, E.C.3. The engines, 
which are of the single-acting uniflow type, were illus- 
trated and fully described on page 386 of ENGINEERING, 
vol. exxiii. 

Concrete Moulds.—A set of moulds for forming hollow- 
concrete walls when rammed with semi-dry concrete, 
is described in a circular received from Messrs. Thermo- 
crete Constructions, Haywards Heath, Sussex. The 
moulds are moved by hand from place to place until 
a course is completed, when cross ties are laid and a new 
course started. 


Steam Plant.—The Foster-Wheeler Corporation, 165, 
Broadway, New York, U.S.A., have sent us copies 
of a periodical describing their products, including 
boilers, furnaces, pulverisers, condensers, water coolers 
and other steam plant. They are represented in this 
country by the Power Specialty Company, Limited, 
Aldwych House, London, W.C.2. 

Hot-Air Dryer.—The hot-air drying unit made by 
Messrs. W. Smit and Company, Limited, Nymegen, 
Holland, is described in a blue print circular issued 
by their agents, Messrs. G. Dikkers and Company 
(England), Limited, Avenue Chambers, Southampton- 
row, London, W.C.1. It is for use with electric power, 
and is suitable for drying out transformers and for 
general purposes. 

Valves and Fittings——An illustrated catalogue of 
valves, air and petrol cocks, injectors, union fittings, 
lubricators, oil pumps, &c., with dimensions and prices 
is to hand from the Lunken Company, Limited, 
35, Great Dover-street, London, S.E.1. These fittings 
are made in bronze, cast iron or steel for ordinary or 
for the highest working steam pressures, and of all 
the types generally required. 

Centreless Grinding—A most complete and lucid 
explanation of the centreless grinding process is given, 
with fully detailed illustrations, in the catalogue of 
their No. 10 centreless grinding machine issued by 
the Birmingham Small Arms Company, Limited, 
Birmingham. Numerous examples of work are illus- 
trated, including shouldered and tapered pieces. The 
adjustments of the machine and the method of wheel 
dressing are also dealt with. 


Oxy-Acetylene Welding and Cutting—Three useful 
pamphlets have been issued by the British Oxygen 
Company, Limited, Angel-road, Upper Edmonton, 
London, N.18, giving practical information on oxy- 
acetylene welding and cutting processes. One illustrates 
a number of the more intricate examples of the appli- 
cation of oxy-acetylene welding in construction and 
repair work, and the others, dealing separately with 
welding and cutting, describe the tools and methods 
of use in detail. 


Equipment for Rolling Stock.—Messrs. G. D. Peters and 
Company, Limited, Slough, Bucks, have issued a new 
edition of their general catalogue of equipment for rolling 
stock. It is divided into sections dealing with blinds, 
seats, pneumatic-door apparatus, heating apparatus, 
furnishings, &c., and also with electric-welding equip- 
ment and coil clutches. The improvements in carriage- 
heating, door operation, and electric-welding apparatus 
are of special interest. The catalogue is well arranged for 
reference with thumb index, and is of the loose-leaf type 
with strong covers. 
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PROGRESS IN THE RECORDING 
AND REPRODUCING OF SOUND.* 
By A. Wuiraker, M.A. 


THE first graphical records of sound vibrations were 
obtained in 1864 by the phonautograph of Scott and 
Koenig, in which a light membrane carrying a stylus 
made a trace on a lamp-blacked surface. In Edison’s 
phonograph of 1877 the stylus indented a sheet of tin 
foil or waxed paper, and by making the stylus retraverse 
the sheet the sound vibrations were imitated. Bell 
made records on wax cylinders and separated the 
recording apparatus, which was fitted with a sharp 
stylus on a stiff diaphragm, from the reproducing device, 
which had a rounded stylus on a limp diaphragm. 
Edison further used a glass diaphragm, duplicating his 
records by electroplating and casting them in wax. 
Berliner introduced the disc machine or gramaphone in 
1887. The record was a wavy groove, the stylus 
scratching through an etching ground on a metal plate 
which was then etched in acid; a fine needlepoint 
playing in the groove communicated its transverse 
vibrations to a diaphragm. Berliner also made electro- 
type moulds of the wax disc. For the next thirty years 
the development of cylinder and disc machines was 
slow. The Parsons soundbox of 1904 was based on the 
principle of the siren, compressed air passing through | 
orifices controlled by the needle; this was developed in 
the Auxetophone and Stentorphone. In the Lumiére 
pleated-paper diaphragm which had no sound box and 
horn, the stylus was carried on the apex of a large 
paper cone. 

When, during the war, accurate measurements were 
applied to talking machines, deliberate resonances 
were introduced into the system, to fill up gaps in the 
response, and peaks were eliminated, with uncertain 
success. In 1926, J. P. Maxfield and H. C. Harrison{ | 
showed that mechanical recording was limited by the 
very small amount of power available and that electric 
recording was preferable. They picked up sound by a 
microphone, amplifying the output and passing it on 
to the recording mechanism. Their proposals were 
developed by the Western Electric Company of America. 
For equal input energy at any frequeney the maximum 
velocity of the cutting stylus should be constant, 
the amplitude of vibration ranging inversely as the 
frequency. But as nearly all electro-magnetic devices 
such as telephone receivers had definite resonances, 
Maxfield and Harrison designed their mechanism on 
the analogy of an electric filter system. Velocity in 
a mechanical vibration system was equivalent to current 
in an electric network ; stiffness represented capacity 
(the magnitudes varying inversely), masses represented 
inductances, and non-reactive loads corresponded to 
resistances. A stiffness between two consecutive moving 
members was analogous to a shunt capacity, and stiff- 
ness between a moving member and a rigid support 
analogous to a series capacity. A great difficulty in 
proportioning the parts was the lack of a satisfactory 
non-reactive mechanical resistance; rubber rods were 
used, along which the vibrations travelled transversely 
with heavy attenuation. 

A section of His Master’s Voice, No. 5, soundbox 
designed as the mechanical equivalent of a filter circuit 
was shown in the diagram, Fig. 1, while in Fig. 2, the 
ideal band-pass filter circuit and the equivalent circuit 
were set out. In these figures A C signifies air-chamber 
compliance; S M spider mass; LAC lever arm com- 
pliance ; LA lever arm; LAM lever arm mass; NC 
needle compliance ; E M D effective mass of diaphragm ; 
SAC spider arm compliance; DC diaphragm com- 
pliance ; H I horn impedence ; A T air-chamber trans- 
former; L A T lever arm transformer; LT constant 
lateral velocity record ; and DM diaphragm mass. 
In an ordinary band-pass filter circuit, any section 
through the centre of the shunt impedance divided the 
filter into two parts, the impedances of which, looking 
forward and backward, were matched. Two trans- 
formers were used, each stepping up the velocity 
(equivalent to current); this matching of impedances 
by equivalent transformers was the chief point in the 
design of this sound box. The impedance of the horn 
constituted the terminal load and should be sensibly 
independent of the frequency. ‘That was best attained 
by the exponential horn of Hanna and Slepiant with 
the aid of patched iripedances. The area of cross 
section of such a horn should be an exponential function 
of the distance along the axis. But the horns were of 
great length and had to be folded up; the exact defini- 
tion of area and axial distance was difficult, and many 
assumptions, none rigorously sound, had to be made 
to establish a definite relationship between folded and 
straight horns. Yet it had been possible to construct 
folded and divided horns approaching in their charac- 
teristic properties those of the ideal exponential horn. 





* Abstract of a Lecture delivered in connection with 
the Physical and Optical Societies’ Exhibition. 

t Bell System Technical Journal, July, 1926. 
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In the new type of talking machine, the electric 
reproducer, all the components of the gramophone 
had gone, excepting therecord. The reproducing needle 
was now attached to a pick-up which converted the 
mechanical vibrations directly into electric oscillations ; 
these were amplified to feed a loud speaker. The latter 
was the most difficult part ; few loud speakers could 
approach a good gramophone for truth of reproduction. 
Many component parts were sold as separate units, 
but the best outfits were designed as a whole. Such 
were, e.g., the Panatrope, fitted with an electro-magnetic 
pick-up and a Rice-Kellogg loud speaker, and His 
Master’s Voice reproducer, the loud speaker of which 
consisted of a large diaphragm of aluminium alloy foil 
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stretched almost to its elastic limit on a robust ring 
frame, and driven by a coil placed eccentrically. That 
diaphragm generated substantially spherical waves, 
free of interferences. 

The diagram, Fig. 3, illustrated the progress made in 
frequency response. The abscisse were frequencies 
plotted on a logarithmic scale. The ordinates represented 
the gain or amplification required to bring the output 
to an arbitrary energy level, and were plotted in trans- 
mission units, defined as 10 log,,E/E,, E being the 
energy of output and E, the standard energy level. 
This transmission unit scale was roughly proportional 
to the audible value of the sound. In perfect response 
throughout the frequency range the jagged curves of 
Fig. 3 should be horizontal lines at high ordinates. The 
curve of one of the earliest commercial gramophone 
models of 1897, with conical horn, looked like a cross 
section through a range of mountains; the generally 
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audibility was poor, the low notes were absent, and the 
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high notes had a very pronounced maximum. The 
curve of a 1912 model with a flared horn showed some 
improvement; the curve of the 1928 cabinet model, 
designed according to the analogies of Figs. 1 and 2, 
indicated a fairly uniform, though still jagged response 
throughout the now high audible range. Extension of 
the range was still desirable, especially at the lower end 
and without the aid of huge horns or unwieldy baffles. 
At the upper end other difficulties came in. If the 
range were extended upwards, surface noises and 
scratches would be magnified. They were due to 
irregularities in the record surfaces, giving rise to 
sounds spread over frequencies, the sound spectrum 
of which had its maximum in the upper register, 
Microscopic examinations of worn gramophone records 
showed that the wear affected some notes selectively 
and appeared in series of patches along the grooves, 
owing to the fact that the load was not purely resistive, 
but contained reactive components varying with the 
frequency and out of phase with the velocity. A pick- 
up took far less actual work off a record (only one- 
hundredth usually) than a sound box, and the wear 
due to the pick-up should, therefore, be small. Actually 
the wear of most pick-ups was found to be excessive. 
That was because the needle was mainly constrained by 
masses and stiffnesses, while non-reactive mechanical 
damping was difficult to obtain ; but those troubles had 
been overcome. 

In the various recent attempts of obtaining photo- 
graphic reproduction of sound, the sound was picked up 
by a microphone, and the amplified vibrations were 
caused to modulate a source or beam of light. That 
modulation could be effected without any moving 
parts by the Kerr electro-optical effect, by the Faraday 
magneto-optical effect and by the aid of vacuum dis. 
charge tubes. The record produced on a photographic 
film consisted, in the early methods, of a band varying 
in width, and now generally of a band of variable 
photographic density. Reproduction was by the aid of 
a light-sensitive cell, amplifiers and loud speakers; 
photoelectric cells did not suffer from the time lag 
(causing attenuation at the higher frequencies) of 
selenium and thallium oxysulphide (thallofide) cells, 
but they required enormous amplifications. 

Concluding, Mr. Whitaker said that the work referred 
to had largely been done in the research laboratories 
of the Western Electric Company of America, of the 
Bell Telephone Company and of the Gramophone 
Company, Limited, of Hayes ; he is a member of the 
research staff of this last company. He then exempli- 
fied the historical development of the gramophone by a 
series of performances on a large number of instruments 
lent by the Gramophone Company, Limited. 








Booxs oN MECHANICAL ENGINEERING.—We have re- 
ceived from Messrs. McGraw-Hill Publishing Company, 
Limited, 6, Bouverie-street, London, E.C.4, a copy of the 
third edition of their sectional catalogue No. 9, which is 
devoted to books on mechanical engineering. The 
subjects include heat and thermodynamics, engine-room 
practice, power plants, gas power, compressed ait, 
lubrication, refrigeration, heating, and ventilation. 





British STANDARD SPECIFICATION FOR TRANSLUCENT 
GLASSWARE ILLUMINATION Firtines.—A_ specification 
has just been issued by the British Engineering Standards 
Association, covering translucent glassware illumination 
fittings for interior lighting. The pamphlet states that 
translucent glassware shall, for the purpose of the specifi- 
cation be taken to include only satin-finished glass, 
frosted glass, sprayed enamel glass, opal glass, flashed 
opal glass and glass having a milky texture, and not any 
form of decorative glass. After specifying the general 
conditions of the glassware and requiring the type, 
maximum rating, and position of the light source to be 
clearly stated by the manufacturer, a table of the neck 
dimensions of totally-enclosed and bowl fittings and 
metal work, for both electric and gas lighting, is given. 
A heat resistance test has been included to safeguard 
against the likelihood of cracking or deterioration due to 
overheating. Copies of this specification, No. 324-1928, 
may be obtain from the Publications Department, 
B.E.S.A., 28, Victoria-street, London, S.W.1. Price 
2s, 2d. post free. 





Nicut Sicns ror Mororists.—A demonstration be 
given recently in Richmond Park by the Automobile 
Association, Fanum House, New Coventry-street, — 
W.1, of some of their new road signs and devices = h 
should generally improve motoring conditions after oe 
Illuminated direction posts, which in themselves shou 
constitute a most efficient danger signal, were — 
having floodlights fixed immediately over the arms, t : 
necessary power for which being obtained from the — 
when available; otherwise batteries are provided. P.. 
further solvtion to the problem, which seems to be “< 
most practicable for country roads, is making the gored 
only 2 ft. or 3 ft. high, so that the arms come well fect 
the beams of approaching headlights. Danger ol 
giving warning of dangerous crossings or sharp bend : 
obstructions, were demonstrated, the latter consisting Ae 
red and white reflectors mounted on short posts, the oo 
ones to be ed on the right and the white on nie 
left. A demonstration was also given of the —, 
Association’s ‘fog flares, which were first use 








autumn, much to the benefit of all users of the road. 
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NATURAL INTERNAL ILLUMINATION. 


Waite no striking advances have been made, 
or could have been expected, in the application 
of daylight and sunlight to internal illumination, 
a good deal has been done of late years to define 
how their efficiency can be measured and towards 
adopting a criterion of adequacy. The illumination 
at any point within a building not only varies 
with the time of day, but may change from minute 
to minute through the interference of clouds. It is 
found, however, that whatever may be the 
illumination at any point, it stands in a constant 
relation to the simultaneous brightness of the 
portion of sky from which it is derived. Accordingly 
the ratio of these two brightnesses, or of others 
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OBSTRUCTIONS IN RELATION TO 
“NO-SKY” POINT. 
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dependent on them, is a definite function of the 
internal point at which the measurement is made, 
and some form of it can be used to measure the 
extent of its daylight illumination. The form usually 
adopted is either the “ daylight factor,” which is the 
mination at the internal point expressed as a per- 
‘entage of the simultaneous brightness of the sky 
ks . from it, or more generally the “sill ratio,” 
, ch is its percentage of the illumination of a 
orzontal surface, such as a card, placed on the 
os sill of the room, all external buildings 
other obstructions being supposed removed. 
te 8 a growing tendency to define standards 


Py g.1. SILL RATIO DIAGRAM OF ROOM USED AS EXAMPLE 


A) ¢———> 





of adequate internal illumination by different 
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values of the sill ratio, and methods have been 
developed both for measuring and calculating them. 
At the present time the basis of these methods 
is incomplete in many respects. No sufficient 
data are available, for example, for deciding the 
effect of reflection from interior and exterior 
surfaces, or of the deterioration of these surfaces 
and of window materials. 

Some of these matters are being investigated 
experimentally by the Illumination Research 
Committee of the Department of Scientific and 
Industrial Research, and in the meantime the 
Committee has recently issued a report containing 
a general description of the present state of practice 
in such matters.* This report is based on one sub- 
mitted to the Committee by one of its members, 
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Fig.5. APPARENT PATH OF THE 





40° 30° 





20° 





70° 60° 50° 10° 


(487. 0.) 





HORI 


Mr. P. J. Waldram, F.S.I1, who has taken an 
active part in developing the practice in question, 
and is accepted as a considerable authority on 
the subject. Apart from its intrinsic interest, 
the matter is of importance because the practice 
in question determines in a large measure, if not 
altogether, the policy of public authorities and 
the attitude of the Law Courts in regard to 
obstruction of light, and may be expected to play 
a considerable part in determining the standard 
requirements for the internal illumination of 
buildings, such as schools and possibly factories. 

It is, of course, possible to measure the sill ratio 
accurately, though it is not always convenient to 
do so, and in any case is impossible with buildings 
not yet erected. More usually, therefore, the 
sill ratio is obtained by calculation, and the report 
gives some particulars of a graphical method for 
the purpose devised by Mr. Waldram and Mr. J. M. 
Waldram. This method consists essentially in 
constructing a chart (Fig. 1) in which the angular 
co-ordinates @ and 6 of each point in horizontal 





*Tilumination Res-arch: Technical Paper No, 7. 


and vertical planes are set off on rectangular axes 
of co-ordinates, the vertical divisions being corrected 
according to the cosine law so that each elementary 
area on the chart is proportionate to the amount 
of light falling on that area, the area of the entire 
diagram being taken to represent the illumination 
of the whole sky visible within the room if there 
were no obstructions. The window is plotted out 


Fig.2. DIAGRAM SHOWING BRIGHTNESS OF MATT 
REFLECTING SURFACES UNOER DIFFERENT 
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SUN ACROSS EAST ASPECT. 
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on the chart by its angular co-ordinates, and any 
obstructions, whether from external buildings or 
from bars, can be superimposed. If there were 
no obstructions at all, the sill ratio would be 
measured by the quotient of the area so plotted for 
the window and that of the entire chart. If there 
were obstructions which contributed nothing to the 
illumination, the numerator of the sill ratio would 
be measured by the difference between the areas 
shown on the chart for the window and for the 
obstructions, while if reflection from the obstructions 
contributed something to the light, a suitable addition 
would be made to the numerator. The brightness 
of the sky under moderately dull conditions, such as 
in th’s country are found between 9 a.m. and 3 p.m. 
(G.M.T.) in weather of average dulness from Febru- 
ary to October, is given at about 500 foot-candles 
from the hemisphere, falling on a flat unobstructed 
roof, or 250 foot-candles from the quarter-sphere, 
which falls on an unobstructed sill. Under 
such conditions a sill-ratio of 1 per cent. at a 
given point would therefore mean an illumination 
of 24 foot-candles, and 1 foot-candle would be 
received for a sill ratio of 0-4 per cent. These 





Penetration of Daulight and Sunlight into Buildings. 
H.M. Stationery Office. ls, net. 


ratios are said to represent respectively the 
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minima for good and for adequate lighting, 1 per 
cent. being the minimum found on the worst-lit 
desk of approved elementary school rooms. 

While the extent to which the effect of obstruc- 
tions may be reduced by whitening their surfaces 
cannot be stated precisely without further data 
than are available at present, attention is called to 
certain overall considerations by which the value of 
this increase is necessarily limited. A vertical 
surface, for example, can receive light from only 
half the celestial hemisphere, and if it reflected its 
incident light without any loss whatever would 
therefore be only half as bright as the sky. As a 
fact, however, the light reflected from glazed brick, 
painted or whitewashed surfaces when new does not 
exceed about 60 per cent. of the incident light, a 
figure which falls rapidly through dirt, and the 
amount of incident light varies with the angle at 
which the building cuts it off, and, for example, is 
less at the lower part of the reflecting surface than 
at the upper. The various extents to which these 
considerations operate is shown for matt, white 
surfaces in Fig. 2. The lower reflection factors 
are reached the more rapidly because reflected light 
has to pass twice through whatever film of dirt has 
collected on the surface, paying toll each time, and 
it is suggested, as a practical measure, that white 
facing, where a substantial part. of the lighting is 
derived from it, should be cleaned not less than four 
times a year. 

The method of plotting contours along which 
minimum adequate or minimum good illumination 
is to be found is admittedly long and tedious, but 
where obstructions are irregular, no more rapid or 
convenient way is known. It is said, however, that 
where obstructions are uniform, these contour lines 
lie very close together, and all gradations of light 
between sill ratios of 0-2 per cent. and 1-0 per 
cent., are said usually to be found within a zone less 
than a foot wiue. It is suggested, therefore, that 
for practical purposes it is sufficient to take the com- 
plete absence of visible sky at any point as a stan- 
dard of inadequate lighting, which would amount 
to substituting a sill ratio of about 0-1 to 0-15 
per cent., representing clearly inadequate light, for 
one of 0-4 per cent., representing the minimum 
adequate. On this basis, an approximate compari- 
son of the extent of obstructions can be made by 
determining the proportion of the whole area of 
a room which at standard height—normally the 
height of a table—receives no light direct from 
the sky. It is pointed out that the vertical angular 
limits of the obstructions must be specified by 
reference to the heads of the windows, and not to 
the sills. As is shown in Fig. 3, obstructions at 
different distances from the building, but sub- 
standing the same vertical angle at the sill, will give 
different positions for the no-sky limit according 
to the distance of the obstruction from the building, 
and the vertical angle subtended by the unobstructed 
sky from points between the no-sky line and the 
window will be less for distant than for near obstruc- 
tions. When, on the other hand, the subtended 
angle is measured from the head of the window, 
Fig. 4 shows that at ali distances obstructions sube 
tending the same angle, give the same no-sky line, 
and the sky angle visible from points between that 
line and the window is greater for distant than for 
near obstructions, ‘To indicate the etfect of obstruc- 
tions on buildings such as may be found in practice, 
plans are shown representing what is taken to be an 
average section of a town building with rooms of 
definite dimensions and height and size of windows, 
the effect which obstructions subtending assumed 
angles exert on the lighting of the several floors 
being shown in detail by the methods previously 
described. 

The whole of this discussion, as has been pointed 
out, relates to obscured skies without direct sun- 
light, which defined in everyday language may be 
called dull, but not abnormally dull. 1t is recognised, 
however, that even in this country direct sunlight 
is not wholly unknown, and that sometimes the loss 
of it through obstructions may be worth determining. 
Charts are therefore given (Fig. 5 for E. aspect), 
which on a projection of the celestial quarter- 
sphere show the apparent paths of the sun for S., 
S.E. and E, aspects at various times of day and 
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/ communications made direct to Government Depart- 


length marked at angles of 30 deg., 45 deg., and 60 
deg. These charts are constructed according to 
a method due to Mr. H. Bridges Molesworth, 
M.Inst.C.E., the views of the paths from other 
aspects being based on that for the due E. or W. 
aspect, in which the circles of the sun’s diurnal path 
are seen on edge and therefore appear as straight 
lines. The construction of this chart is based on 
from simple astronomical considerations, and the 
charts for other aspects are obtained by shifting 
points from the rectilinear paths horizontally 
through the appropriate number of degrees to the 
right or left. 


SOUTH AFRICAN RAILWAYS AND 
HARBOURS. 


TRADITION, in this country at least, wisely 
imposes a certain reticence on the Government 
official in his relations with the public. He is 
expected, for instance, to be as nearly as possible 
impervious to criticism, and to use the official 
communiqué or the political head of his depart- 
ment as his only weapons of defence when he is 
attacked. His role is that of the power behind the 
throne—the Moses rather than the Aaron. Recently 
we have noted certain exceptions to this rule, 
especially in the annual reports and similar docu- 
ments, which emanate with relentless frequency 
from the Stationery Office. But, even so, these 
counter-attacks are restrained and, what is perhaps 
more important, impersonal. Neither of these 
adjectives can, however, be applied to the latest, 
and we are sorry to say the last, report of Sir William 
Hoy, the general manager of the South African 
Government Railways and Harbours. 

In this document, which applies to the year ended 
March 31, 1927, Sir William first of all replies to 
the criticisms of the Natal electrification scheme, 
which appeared in the report of the Select Com- 
mittee appointed to consider the subject and in 
the Press. He is at pains to point out that the 
latter criticisms were often ill-informed, and that as 
regards the former the Administration supports 
his views as against, those of the Select Committee. 
Again, some three years ago he referred to certain 
statements in the report of the Durban Grain 
| Elevator Committee, which he alleged reflected on 











—__ 


no less than 230,372]. Government stores for 
railway work, however, increased by 11 per cent, 
The export of zold fell slightly, while that of 
diamonds increased, and maize decreased from 
5,669,405/. to 908,5417. Fresh meat and whale oj] 
showed satisfactory increases, while sugar, eggs, 
raw asbestos, and fresh fruits indicated an upward 
tendency. The revenue was 24,093,347/., or 
58,060/. less than in 1925-26, the falling off being 
due, not only to decreased traffic, but to reductions 
in the rates and fares. The gross working expen. 
diture was 19,437,1771., or 701,852/. more than in 
the previous year—a result due to the greater 
volume of traffic, additional expenditure under the 
item of staff expenses, and the Salt River accident 








| his integrity, and he now publishes a letter from | 
| “Fs os - | 
| the Minister of Railways and Harbours assuring | 
him that his bona fides was never in doubt. Thirdly, | 
he objects to Sir George Buchanan’s criticisms of 

African port management, though those | 





| South 
criticisms were not accepted by the Administration, | 
!and follows up these objections with a personal | 
| attack on this engineer, which is, to say the least 
|} of it, unusual, both as regards matter and style, 
in a Government document. Finally, he refers to 
the unwarranted attacks that have been made 
against the Railway Administration in the Press 
and suggests that these should be made direct. We 
call attention to these unfortunate features of an 
interesting document, partly in the hope that this 
publicity may help to discourage its repetition, 
and partly to point out the fallacy inherent in the 
attitude that a Government department should be 
immune from criticism. Personal attacks are in 
any event to be deplored. Nevertheless, the public 
have a right to indicate how their money should be 
spent and to point out when they consider it is 
being spent inefficiently. Experience has shown 
that the Press is one of the best channels for this 
| criticism, and experience has also shown that 








| ments are as often as not fruitless. 

| As usual, the report, to which we now turn, is 
| very voluminous and is packed with varied informa- | 
|tion. Unfortunately, the results of the year’s 
| working under review were unsatisfactory, mainly | 
| owing to the drought. This seriously atiected the | 
| farming interests and reduced the maize crop to| 
| one-half that of the year before. In spite of this, | 
|there was a considerable improvement under the | 
| heading of general traffic, and the gold output was | 
| the highest on record. The total value of imports | 
{was 72,758,805/., representing an increase of | 
| 4,821,288I. over the previous year. This was| 
principally due to machinery and motor vehicles, 





periods of the year, with obstructions of unlimited | the value of the agricultural plant falling off by | areas. 


in which 17 passengers were killed. The ratio 
of expenditure to earnings was 80-68 per cent., 
a figure which shows a marked increase over that 
obtained in the last five years. The surplus of 
earnings over gross working expenditure was 
4,656,7101., and the net surplus 262,5141. 

The number of passengers carried amounted to 
80,084,249, or 4-98 per cent. more than in 1925-26, 
thus constituting a new record. The tonnage of 
the revenue-earning coal traffic also constituted 
a record, being 10,118,773 tons, an increase of 
420,334 tons over the figure for 1925-26. The total 
volume of goods and mineral traffic conveyed 
was 24,968,965 tons, a decrease of 264,129 tons 
over the figure for the previous year. On the 
other hand, the number of head of livestock 
carried—4,322,040—was greater than ever before. 
The train mileage was 45,547,644, compared with 
44,329,230 in 1925-26, to deal with which the 
number of steam locomotives was increased to 
1,411, the coaching vehicles to 2,098, and the 
merchandise-carrying stock to 22,742, figures 
which are 554, 1,347 and 13,394 in excess of the 
previous year. In addition there were 95 electric 
locomotives in service. 

This brings us to a consideration of a matter, to 
which passing reference has already been made. 
The position—political and economic, rather than 
engineering—of the electrified lines in Natal. 
The completion of the intake works at the Colenso 
power station and the Tugela river barrage brought 
the construction programme on the Pietermaritzburg- 
Glencoe section to a conclusion, and the whole of 
the equipment is reported to be working satis- 
factorily. The power station, sub-stations and 
primary transmission lines of an aggregate value 
of 2,864,2441. have been placed under the control 
of the Electricity Supply Commission, in accordance 
with the provisions of recent enactments, and the 
way would therefore seem to be clear to obtaining 
the full advantages from electrification, especially 
as the traffic is developing in a satisfactory 
manner. 

This result, which is yet to be obtained, has, 
however, been awaited with some impatience, 
so much so that in 1926 a Select Committee was 
appointed to consider electrification matters. This 
body criticised the organisation and methods of 
carrying out the conversion, especially the system 
of so-called dual control, whereby the Admini- 
stration’s engineers were responsible for the 
civil engineering portion of the work and the 
consulting engineers for the remainder. This, 
the Committee reported, had meant an avoidable 
increase in expenditure, a view with which, having 
regard to the special circumstances of the case, 
the Administration did not agree. More general 
criticism of the scheme has appeared in the Press, 
the line taken being that the electrification would 
never pay the interest charges on the capital 
invested, that the anticipations of increased 
carrying capacity could not be realised, and that 
the service would be disorganised by constant 
breakdowns. ‘To this the reply is made that the 
carrying capacity of the lines has been increased 
by 50 per cent. and that the electrified section 
can efficiently deal with the 30,000 tons per diem 
for which it was designed. Though the maximum 
traffic, which the line is capable of carrying, has 
not yet been reached, the results are such as * 
justify the opinion that the interests of the country 
will best be served by the employment of electric 
traction in mountainous districts and suburban 
This view appears to be borne out by; 
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inter alia, the figures given in a previous report* 
and by the statement in the document under 
review that it has been possible to keep 95 per cent. 
of the 95 electric units always at work, compared 
with 79 per cent. in the case of steam locomotives. 
Under ordinary operating conditions goods trains 
of 1,500 tons are handled by three electric units, 
but a test train of 2,043 tons has been hauled by 
four units at a speed of 20 m.p.h. 

An interesting point mentioned is that there 
has been some trouble with the fracturing of rails 
on the electrified section, the fault consisting of 
splitting between the web and the flange, mainly 
on the sharper curves. This is attributed partly 
to the severe action of the electric units and partly 
to defects in the rails themselves. It is thought 
that the best solution of the difficulty will be to relay 
with 85-lb. rails, while a new type of spring coupling 
between the bogies of the units is being tested. 
It is also proposed to purchase a 3,600-h.p. experi- 
mental locomotive, which will do the work of 
three of the present units, but whose wheel arrange- 
ment will go far to eliminate the difficulty men- 
tioned. Work on the electrification of the Cape 
Town suburban lines has reached asatisfactory stage. 

As in this country, so in South Africa the rail- 
ways are suffering increasingly from road motor 
competition. On one line, in fact, the number of 
passenger journeys in June, 1927, was about 
55,000 less than in September, 1926. It is not, 
therefore, surprising to find that, supported by the 
usual arguments, the plea is put forward for an 
efficient control by legislation of these competing 
services. As a matter of fact, the South African 
Railways Department in 1926-27 itself operated 
motor services over 4,282 miles of road, a mileage, 
which represents an increase of no less than 2,731 
miles over that of the previous year. The pas- 
sengers carried in this way increased from 297,407 
to 493,924 and the goods from 9,997 to 24,891 tons. 
The earnings were 79,8851. as against 32,207/. in 
1926-27 and the expenditure 82,558]. as against 
30,6001. There is, therefore, a small deficit, which 
is probably rightly ascribed to the comparatively 
recent introduction of the service. In spite of the 
competition the development is therefore obviously 
considerable. Since the date of the report it is 
understood that the road mileage operated in this 
way has increased by 946 miles. 

Such services, it is pointed out, obviate the 
construction of unprofitable branch lines, and there 
is every indication that they are the right policy. 
On the other hand, the operation of such branch 
lines as already exist by rail motor cars has not 
made much progress. It is stated, however, that 
the development of the rail motor car in other 
countries is being closely watched, though nothing 
more is said about the large “‘ gas-electric ’’ locomo- 
tive, which two years ago was reported to be nearly 
ready for use. 

We must pass over the many other interesting 
details given regarding railway operation, and 
turn, in conclusion, to that portion of the report 
which deals with harbours. The capital expendi- 
ture on this service at the end of March, 1927, 
amounted to 14,527,4051., of which 620,769/. were 
spent during the preceding year on various improve- 
ments. The revenue amounted to 1,580,3031., or 
27,0371. less than the previous year, while the 
expenditure was 725,822/. compared with 689,418/. 
in 1925-26. During the year, 5,266 vessels, with an 
aggregate tonnage of 24,186,194 tons, entered the 
various ports, being an increase of 34 and of 501,436 
tons over the figures of the year before. The total 
cargo dealt with was 7,890,455 tons, or 349,321 less 
than in 1925-26, the decrease being mainly due to 
the falling off in the shipments of maize and fruit. 
On the other hand, the cargo landed amounted to 
3,133,297 tons, or 121,000 tons more than the 
Previous highest figure, which was attained as long 
ago as 1913. As regards engineering work, the new 
wharf at Walvis Bay was sufficiently completed to 
enable vessels to be berthed alongside and a 30-ft. 
4pproach channel to it had been dredged. A new 
floating dock was placed in commission at Table Bay, 
and the work on the breakwater at Port Elizabeth 
harbour was advanced. Various other improve- 





See ENGINEERING, vol. cxxiii, page 520 1927). 


ments at the remaining harbours were made, in- 
cluding additions to the dredging equipment. 

In a valedictory paragraph, Sir William Hoy 
pays a tribute to the loyalty and energy of the staff, 
a tribute which the results given in the report show 
to be well-deserved. 





THE TRAFFORD PARK WORKS OF 
MESSRS. METROPOLITAN-VICKERS 
ELECTRICAL COMPANY, LIMITED. 

(Continued from page 280.) 

Wrru the subject of the manufacture of insulating 
material we conclude our sketch of the main 
contributory departments of the factory. We 
believe a brief account of the processes of insulating 
electrical machinery will be found of particular 
interest to those engineers whose work does not 
bring them into contact with electrical practice. 
There are generally similar problems to be faced 
by both the mechanical and the electrical engineer, 
but the means adopted for solving them must, in 
many instances, differ widely. The metal walls 
which confine steam, water, oil, or gas under pressure 
are replaced by other, and less staunch, substances 
when boundaries have to be set to electric current. 
| In addition to the metallurgist, the physicist, the 
| chemist, the botanist, and textile and paper experts 
| must be taken into consultation. At the same time, 
the stresses imposed by mechanical and electrical 
| pressure and comparatively high temperature, under 
which the materials must unfailingly retain their 
insulating properties, have still to be met, while the 
corrosion troubles of metal may be regarded as 

paralleled by the tendency to breakdown of insula- 

tion in the presence of moisture from climatic or 
other conditions, of from chemical reactions in the 
material itself. The magnitude of the stresses 
involved and the importance of the sound mechani- 
cal construction, combined with high electrical 
| efficiency, required from machines in which non- 
| metallic materials must be used, will be clear from 
the fact that modern turbo-alternators are manu- 
|factured in single-unit machines ranging up to 

| 50,000 kw. capacity running at speeds of 1,500 r.p.m., 

'or 35,000 kw. at speeds of 3,000 r.p.m., the very 

large mechanical forces involved in the production 

| of such great powers being confined within remark- 
| ably little space. 

| Of the materials used in insulation, mica and 

silk are, perhaps, the most widely known, and the 

| large quantities of them used per year in the factory 
| were stated in our third article, but there are, in 
addition, many other substances such as shellac, 
synthetic resin, paper, asbestos, rubber, cotton, 
and jute employed in different ways, and to varying 
extent. Some of these materials are used in the 
state in which they are purchased, but in other 
instances, to some of which we propose to refer, 
the raw materials are converted into finished 
insulating mediums by Messrs. Metropolitan- 
Vickers themselves. Many of these involve the 
use of mica, either machine or handmaking processes 
being employed, according to the precise purpose 
for which the insulation is required. The process of 
manufacture is intimately associated in the case of 
insulation with that of the application of the 
product, and in consequence both operations are 
situated in one shop known as the insulation and 
winding department. This occupies the whole of 
the gallery above aisle “‘ A” of the machine shop, 
with the exception of two sections used for the 
assembly of train lighting and railway signalling 
apparatus respectively, and is 898 ft. long by about 

84 ft. wide. Ifthe plan on page 64 ante be consulted, 

an independent building 163 ft. long by 83 ft. wide 

will be seen in line with the main shop of the depart- 
| ment, with which it is connected by a covered pas- 
sage having at each end fire-proof sliding doors. 

This is known as the dip shop, and is set apart 

for impregnation and insulation processes involving 

the use of prolonged heat. 

It is towards the south end of the gallery that the 
mica insulation is prepared, and the mechanical 
method of production may be first noticed. This is 
employed on the manufacture of what is known as 
micanite. The mica is received from the suppliers 
in boxes containing flakes, which flakes are first 
passed through the inclined revolving screen shown 











in Fig. 68, on page 404, ii order to separate the dust 
and any small foreign material. The screen dis- 
charges on to a travelling band, illuminated from 
below, any faulty splittings or foreign material 
being easily recognised and removed by hand. The 
material thus graded and cleaned is then conveyed 
to a room situated near the roof of the building. 
It is here weighed into definite quantities and 
placed in the horizontal conveyor shown in Fig. 69. 
This discharges into a vertical trunk, of which the 
bottom part is shown in Fig. 70. The mica, on 
being introduced into the trunk, is met on its 
downward course by a blast of air in an upward 
direction. The flakes are thus scattered, and flutter 
downwards in a uniformly distributed shower on 
to a sheet of paper placed in a box at the bottom 
of the trunk and seen in Fig. 70. Each layer of 
mica flakes is succeeded by a sprinkling of varnish, 
and the process is continued until the desired thick- 
ness of sheet has been obtained, when the box is 
removed and a fresh one substituted with a new 
sheet of paper in it. The built-up sheets are then 
transferred to the ovens in the foreground of Fig. 71, 
in which ovens sufficient heat is applied to fuse the 
bond and cause the flakes to stick together. 

In this state the sheets are somewhat rough and 
have a comparatively loose texture, but they are 
given a smooth surface and a consistency approach- 
ing that of metal by being subjected to great pressure 
between the steam heated platens of the hydraulic 
press visible in the middle of Fig. 71. Greatly 
improved results are obtained by placing a resilient 
material, such as thin felt or heavy cloth, between 
the sheets of micanite when pressing, this producing 
sheets of great uniformity with an even distribution 
of bond and mica, and free from the light patches 
familiar in micanite made between solid metal 
platens. At the conclusion of the pressing process 
cold water is turned in to the platens before removing 
the sheets. This process is not confined to the 
manufacture of flat sheets exclusively, moulded 
parts, such as V-rings for commutators being made 
in a somewhat similar manner from the micanite 
sheets by subjecting the material to great pressure 
in heated steel moulds. 

The above processes produce a hard insulating 
material in definite forms, but flexible preparations 
are also required. These are made by hand, Fig. 78 
on Plate XX XIX, showing one of the processes. 
Fine Jap silk is spread on tables and covered 
with shellac varnish or similar bond, on to which 
mica flakes, in the desired number of layers, are 
laid by hand in a kind of overlapping mosaic. 
The strips are consolidated by being passed through 
hot rolls and are afterwards hung up until thoroughly 
dry. The shop shown in this figure is situated on a 
second floor in the insulation department. In 
another process paper, in much greater quantities, 
is employed as a foundation. The method of 
preparing this is, in principle, the same as that used 
for the silk, but machines are employed to which the 
paper is supplied in rolls, and in which it is kept 
continuously moving over a long electrically-heated 
machined iron bed. Overlapping mica flakes are 
laid by girls in the required number of layers, the 
paper, after each intermediate layer has been added, 
being passed under a roller and a heated cylinder 
from which a supply of bonding varnish is furnished. 
After receiving the last layer of mica flakes and 
passing under a final roller, the completed material 
is taken over a considerable length of the heated 
bed to a spindle on which it is rolled up. The 
material is then ready for use and is known as 
micafolium. 

Other important insulating products, which are 
illustrated to show the extent to which non-metallic 
parts are used in modern electrical engineering, 
consist of tubes of rectangular and cylindrical 
section, high voltage bushing terminals, and insu- 
lated metal bars. The insulating tubes, Fig. 72 
on page 405, are made of varnished paper, wound 
under tension on suitable mandrels to which they 
are pressed by heated rollers. The high voltage 
condenser type bushings, Fig. 73 on page 405, consist 
of a series of layers of varnished paper wound on 
the conductor with alternate layers of tinfoil, the 
materials being subjected to tension during winding 
from the delivery roller, and also to pressure from a 
hot roller which is in contact with the bushing as 
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VERTICAL TRUNK. 


itis beingformed. The radial thickness of varnished 
paper and the lengths of the tinfoil layers are pro- 
portioned to maintain a uniform voltage gradient 
throughout the bushing with definite steps of small 
valve across each layer, and also to give practically 
uniform voltage distribution over the surface of 
the bushing. The length of the largest bushing 
shown in the figure is about 8 ft., and it is con- 
structed for service at 154,000 volts. The insulating 
tubes fitted with porcelain rain-sheds are designed 
for outdoor service, the porcelain being dispensed 
with for indoor installations. An example of their 


application is given in our last article, in Fig. 62, 
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on page 281 ante, of which, a large transformer with 
detachable radiators demonstrates the fitting of the 
outdoor service terminals. 

The insulated metal bar type of construction 
Fig. 76 on page 405 is used in places where great stiff- 
ness or strength is needed. The bars are insulated 
by being machine wrapped with either layers of var- 
nished paper or mica, and are then hot pressed till 
the insulation has become of almost metallic hard- 
ness. The application of these insulated steel bars 
is shown in Figs. 74 and 75 on page 405. The latter 
of these is the switch portion of an oil circuit breaker 
in which the live parts are clamped on three pairs 
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of circular section insulated bars, providing 4 
method of construction electrically good, mechani- 
cally sound, and virtually non-inflammable. The 
earlier figure shows a water-tight industrial con- 
troller. Here the fingers and drum segments are 
clamped on rectangular insulated bars. A further 
type of insulating product consists of moulded com- 
position parts such as used in the firm's wireless 
components and wireless sets. These parts are 
made in a shop, situated underneath the dip oe. 
which is equipped with mixing plant, ovens, oe 
hydraulic presses. In addition to the materials 
described above, various types of insulating press- 
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Fig. 76. 


boards, asbestos sheets, bakelite sheets, &c., are|the smaller machines. It is divided into sections 


both manufactured and also purchased largely from | 
other firms. The reflections in the sheets of bakelite | 
at the bottom and sides of Fig 72, above, show the | 
extremely high finish and great density attained in | 
its manufacture. These materials are made into 
all kinds of machined pieces, are shields and so on, | 
in the insulation machine shop, Fig. 79 on Plate 
\XXIX, at the right hand side of which may be 
seen examples of various complicated outlines cut 
trom flat sheets. Examples of asbestos arc shields 
may be seen in the controller in Fig. 74. The shop 
's fully equipped with band and circular saws, with 
drillimg and milling machines and similar tools for 
working the different materials, most of which are 
‘omewhat similar in physical properties to hard 
close “grained wood. In addition, there are various 
machines and presses for winding cylinders and tubes. 

At this point our account changes, almost insen- 
sibly, from a description of the manufacture of 
preliminary or partly worked materials into one of 
the actual marketable products themselves as the 
processes of insulation are, apart from the prepara- 
ton of insulating material, involved in the opera- 
ons of finishing those products. As before stated, 
the work done in this department includes both 
covering the coils of electrical machines with insula- 


allotted to the different processes, the location of 
which sections hardly calls for mention. The 
section devoted to the manufacture of large coils, 
as used in turbo-alternator stator windings and other 
electrical machines, is perhaps best described first, 
for, as will be seen from Fig. 80 on Plate XX XIX, 
these coils are wrapped with insulating material and 
present a finished appearance not unlike that of the 
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WATERTIGHT CONTROLLER. 


Fig. 74. 
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not only of great hardness but finished to exact 
dimensions. The resulting section is illustrated by 
Fig. 77, above, and the treatment, applicable to 
nearly every class of coil for the larger machines, 
provides a slot portion of a hardness almost 
approaching that of metal. 

An example of the Haefaly-type ironing machine 
is shown in Fig. 81 on Piate XX XIX. This is a new 
machine, constructed by the Metropolitan-Vickers 


wrapped steel bars already described. The like-| Company, in which an ingenious arrangement of 
ness, however, ends here, for the conductors them- | springs maintains practically uniform pressure and 
selves are composed of a number of rectangular | overcomes some difficulties experienced with earlier 
copper straps. These straps are first machine | machines owing to the pressure on the surface of 
taped, dipped in varnish, and then baked. They | rectangular bars altering as the heaters travelled first 
| are next assembled and clamped in a steam heated | on the flat and then on the edge of the conductor. 
press, and after being cleaned are wrapped with | The coils shown in Fig. 80 are of two kinds. The 
mica mounted on a backing of paper, that is, with | straight bars are used in machines arranged for 
the micafolium described earlier. The wrapped | concentric end connections, while those with bent- 
straight, or slot, portion of the assembled con- | out ends are used for involute or diamond end 
ductor is then transferred to a Haefaly ironing| connections. Another type of the latter is shown 
| machine, in which, by the application of revolving | in the foreground of Fig. 82 on Plate XL, which is a 
| heaters, the insulating material is ironed on to the | view of part of the turbo-coil department. To the 
conductor and volatile matter is removed from the | left hand is seen a row of ironing machines as just 
insulating bond. After the ironing process the bars | described, to the right are the cold presses. As 
are put first into a cold press, and then into a steam- | this department is also responsible for the produc- 
heated press in which high temperature and great|tion of pulled coils for stators of water-wheel 
pressure are applied, the latter being sustained | alternators, synchronous condensers, and synchro- 








tion, and fitting the insulated coils themselves in 


until the bars have cooled, giving a final flat surface | nous motors, &c., water-wheel generator-type field 
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coils, mica slot cells, bakelite paper strips, and 
asbestos board, there is a wide variety of machines 
in it. Thus, a 500-ton hydraulic press is provided 
for certain types of field coils and for the manufac- 
ture of bakelite asbestos board, and there is a 
120-kw., 1,500-ampere generator set for supplying 
the energy used to heat coils whilst under pressure. 

The screw-operated, steam-heated presses by 
which the final consolidation is effected are situated 
in the independent building, known as the dip shop, 
mentioned above. Some of these are shown in 
Fig. 83, on Plate XL, while the hydraulic steam- 
heated presses are seen in Fig. 84. 

The end portions of all coils and separate end- 
connecting pieces, when required, as for concentric 
winding in turbo-alternators, are hand taped, a 
process illustrated in Fig. 85, on Plate XL, which 
shows part of the coil-assembly department in line 
with the turbo-coil department. It is used for the 
assembly and insulation of field and armature coils, 
as well as miscellaneous coils of all kinds. The 
insulation used is mainly of the flexible type, 
consisting of such materials as empire cloth, linen 
tape, and flexible mica. Flexible mica cells are 
wrapped round the slot portion of armature coils 
by hand, and are pressed in pedal-controlled, 
compressed-air vices, which also serve to hold the 
coils whilst being taped. In many instances strap- 
wound coils are taped, and special machines are 
employed on the work. The ends of all armature 
coils are tinned before leaving the department. The 
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coils made in the two departments above briefly 
described are for machines ranging up to pressures 
of 13,000 volts. The departments are equipped 
with testing apparatus for short circuits, open 
circuits, and defective cotton covering, and, in 
addition, for testing high-voltage coils, there is 
provided a small testing room, centrally situated as 
regards both departments, equipped for test pressures 
up to 45,000 volts, and having a special tank for 
time tests under oil of small bushings. 

Adjacent to the coil-assembly department is the 
coil-winding department, set apart for the produc- 
tion of cotton-covered wire coils of all kinds. These 
include wire-wound field coils for generators and 
motors, small solenoid coils for numerous purposes, 
instrument transformer coils, and armature coils 
in great variety for machines ranging from 1 h.p. to 
about 300 h.p. A notable feature of the coil- 
winding department is the employment of portable 
electric welding machines to join the ends when a 
reel of wire is finished and a new one must be 
commenced. A typical group of armature coils is 
given in Fig. 86 above. These have all been 
wound in lathes on formers of hard wood and 
vulcanised fibre, but in many instances coils are 
wound in a simple loop form and given the necessary 
loop at the reverse corner by special pull-out 
machines in the coil-assembly department, the 
complete coil being formed in a single pull-out 
motion. There is, near this part of the gallery, a 





special shop fitted with both wood and metal-working 
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machine tools and benches for the manufacture of 
the formers above referred to as well as for moulds. 
Next to this shop is the section of the main stores 
of which a view is reproduced in Fig. 52, on 
Plate XVIII, ante for cotton-covered wire, its 
location, where its contents are immediately avail- 
able and just where needed, illustrating an advantage 
of the decentralisation of the stores. Above these 
stores is an upper floor containing office accommo- 
dation, and that section for the manufacture of 
flexible mica insulation which forms the subject of 
Fig. 78. 

The remainder of the winding done in this gallery 
is that of stators and wound rotors for alternating- 
current motors, and also that of armatures for 
direct current industrial and traction motors 
ranging up to about 300 h.p. It should be noted 
that practically all transformer winding is done in 
the separate transformer shop, and that all small 
machines from ,!, h.p. to about 1 h.p. are wound 
in the fan department situated over the brass 
foundry and pattern stores. The winding of large 
machines exceeding about 300 h.p. is done I 
the large electrical machine aisle of the main 
shop. Fig. 39, above, gives a view of the depart- 
ment referred to above as occupying part of t 
gallery. It is taken from the north end and shows 
a number of stators in process of winding, each 
for convenience being mounted on a table with 
a revolving top. In the background of the figure 18 
the rotor and armature winding department. Here 
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the following operations are carried out :—direct 
current commutators are pressed on, the cores are 
insulated, coils are wound in, the coil leads are 
soldered to the commutators in a single operation, 
the armatures are banded, the commutators are 
turned in lathes, and the completed rotors are 
balanced. All stators, armatures, and rotors are 
tested before leaving the department after which 
they are passed to the dip shop to be dried, im- 
pregnated, and baked. 

As has already been stated, the dip shop is com- 
pletely detached from the main departments and 
is isolated by a long passage with heavy sliding 
doors at each end, the object being to ensure as 
complete an absence of dirt and moisture as can 
be attained. A view of part of the shop is given in 
Fig. 87, on page 406. On the left are seen the hori- 
zontal chambers of the vacuum impregnation plant 
and on the right are the containers for the bitumen 
compound immersion, after vacuum drying, of 
the completely wound stators field coils, &c., of 
the smaller machines. In general, it may be stated 
that the practice of varnish vacuum impregnation 
is tending to fall into disuse, the firm’s experience 
being that hot dipping, preceded by a baking 
process, which in some instances takes place for 





24 hours at 100 deg. C., followed by immediate | 


complete immersion in a varnish tank with sub- | 


sequent baking, gives all the advantages of vacuum 
impregnation without certain important dis- 
advantages. Parts and coils for large machinery 
cannot be immersed as a whole and are therefore 
varnish treated before being put in place. Fig. 88, 
on page 406, shows that part of the dip shop where 
these operations are carried out. On the right are 
dipping tanks, and, on the left a series of drying 
and baking ovens. These have special arrange- 
ments for air circulation and are fitted with thermo- 
static control apparatus and temperature recorders. 

As insulating materials are admittedly the 
weakest point, both electrically and mechanically, in 
any piece of well-designed electrical plant it is 
not surprising to find that investigation of their 
properties is a prominent activity of the Research 
Department. In addition to the inspection and 
testing by Research Department specialists of all 
incoming material, practically all operations are 
controlled by carefully drawn up process  speci- 
fications which substitute scientific for rule-of- 
thumb methods of controlling and recording tem- 
peratures, pressures, specific gravity of liquids, 
&e. Of these specifications, we here give an 
example. 


PROCESS SPECIFICATION No. 22365. 


VaRNISH TREATMENT OF Corts IN INSTRUMENT 
TRANSFORMER DEPARTMENT, 


General.—This specification details the process to be 
followed in the drying and dipping of coils in 
Instrument Transformer Department. 

Material.—Baking Coil (0°875) varnish, P.S. 1065; 
Motor spirit No. 3, P.S. 1168-A. 

Varnish—The varnish shall be thinned down with 
No. 3 Motor spirit to a specific gravity between 
9-870 and 0-875. This gravity shall be checked 
every day by means of a hydrometer, and no 
coils shall be dipped if the specific gravity of the 
varnish is not correct. 

Drying out of Coils before Dipping.—All coils for 
dipping shall be dried out for eight hours in an 
oven at a temperature between 100 deg. to 
120 deg. C. Care shall be taken when loading 
the oven that no coils are placed in contact with 
the steam pipe, as this will damage the insulation. 


Dipping and Draining of Coils.—The coils shall be 
removed from the oven and immediately dipped 
in the baking coil (0-870 to 0-875) varnish. They 
shall remain below the surface until all bubbling 
has ceased or for a period of five minutes, should 
bubbles cease to rise to the surface of the varnish 
before this time has elapsed. The coils shall 


then be removed from the varnish and hung up 
on the rack provided, where they shall remain 
until all surplus varnish has drained off. 


Second Drying.—After draining, the coils shall be 
replaced in the oven and dried at a temperature 
between 100 deg. to 120 deg. C. for 15 hours. 

Subsequent Dipping, Draining, and Drying.—In cases 
where more than one dip is called for, the coils 
shall be re-dipped, drained, and dried as detailed 
above. The second or subsequent dip shall take 
place immediately after the drying period which 
follows the previous dip. 


In addition to the technical control of processes, 
4 search is being continually made for improved 
machinery and better materials. An example of 





| private individuals. 


the first lies in the modifications made by the 
firm to the Haefaly hot-ironing machine, and an ex- 
ample of the second may be quoted in the attempt 
to obtain a better pressboard. In this effort a close 
study was made of the relative suitability for elec- 
trical work of various commercial vegetable fibres, 
and also the most suitable methods of converting 
them into reliable boards. In this work the co- 
operation of a manufacturer of papers and boards 
was sought, and ultimately, by a close joint study 
of requirements, possibilities, and methods, a series 
of pressboards of greatly improved and widely 
varying properties to suit different electrical purpose 
has been evolved, this material being claimed to be 
the only British-made pressboard that complies 
with the British Engineerng Standards conditions 
of test. The special machinery necessary to manu- 
facture the improved boards in the quantities 
required has been installed and electrical testing 
apparatus devised, and, incidentally, the paper 
manufacturer has been left free to supply the new 
products to other electrical concerns. 


(To be continued.) 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 391). 

THE morning session on Thursday, the 29th ult., 
was presided over by the Right Hon. Lord Wester 
Wemyss. The meeting was occupied with the read- 
ing and discussion of two papers, and with the 
presentation of a bust of Sir Philip Watts to the 
Institution. 


EXPERIMENTAL DIESEL ENGINES. 

The first paper taken was by Eng. Capt. A. 
Turner, and was entitled ‘‘ A Note on Experimental 
Diesel Engines.” The first part of this paper is 
reproduced on page 425 of thisissue. After the paper 
had been summarised by the author, the Chairman 
called on Vice-Admiral Sir George Goodwin to open 
the discussion. After referring to the origin of the 
Admiralty Engineering Laboratory, Sir George 
Goodwin briefly reviewed the course of the researches 
carried out there, and suggested that the results 
had fully justified the undertaking. He regarded 
the results obtained with the Datic engine as out- 
standing, and expressed the opinion that they could 
only have been obtained in a Government laboratory, 
as the stimulus was insufficient, and the expense 
too great, to justify the work being carried out by 
The laboratory could not be 
said to be well equipped, and was not in fact equal 


|in this respect to some of the private laboratories 





in the country. He suggested that the importance 
of the work carried out justified a larger allocation 
of Government funds. Turning to the details of the 
paper, Sir George said that while no doubt the 
results given in tabular form of the performance 
of different types of engine were truly comparative 
in the case of the particular engines on which they 
were based, they hardly appeared to be of general 
application. As an example, the two-stroke double- 
acting engine had only given twice the brake 
horse-power per given size of cylinder when com- 
pared with the single-acting four-stroke, while 
much greater differences had been obtained outside 
the laboratory. Referring to the snap tests given 
for the Datic engine, he was not in favour of the 
publication of results of this kind. While such 
tests might serve a useful purpose for the investi- 
gators concerned, they were sometimes taken as 
forming a basis for design, with bad results. Com- 
menting on the statement made in the paper that 
no material advance had been made on the methods 
of fuel injection, Sir George expressed the hope that 
work in this direction would not be neglected. 
Since the valuable paper given before the Institu- 
tion on this subject was read some time ago, further 
advances had been made in America and else- 
where, but there was room for further research on 
pulverisation, and later, on penetration and dis- 
persion. In concluding his remarks, Sir George 
Goodwin referred to the admirable arrangement 
existing in the laboratory, in virtue of which the 
metallurgist was able to work with other investi- 
gators under the same roof. He asked the author 
whether he could give any information regarding 





the difficulties met with in utilising aluminium 
pistons, and if he would state how these difficulties 
were overcome. He would also like more informa- 
tion on the torsional vibrations referred to in the 
paper. 

Engineer Commander H. B. Tostevin, who 
followed, said that the two outstanding facts referred 
to in the paper were the development of over 
2,000 h.p. in the single cylinder of the Datic 
engine, and the achievement of mean indicating 
pressures exceeding 200 lb. per square inch in the 
case of the Digit engine. These results undoubtedly 
placed the laboratory in the forefront of progress 
in Diesel-engine experiments. It was stated in the 
paper that the highest mean indicated pressure 
obtained in the Digit engine, without supercharging, 
was 159-6 lbs. per square inch. In such a case only 
a definite air charge was possible, and only a certain 
amount of fuel could be burned. To obtain higher 
powers it was therefore essential to supercharge, 
but it was clear that the additional power required 
for the supercharger must be obtained from the 
exhaust, and not from independent units, to obtain 
the greatest advantage Speaking on the question 
raised by the previous speaker regarding the diffi- 
culties with aluminium pistons, Engineer Comman- 
der Tostevin pointed out that the pistons had to be 
made fairly thick in order to stand up to the rapid 
fire bombardment, and that the internal structure 
was necessarily complicated, leading to expansion 
difficulties. It was, unfortunately, very easy to be 
carried away by the glamour of large powers per 
cylinder, but to obtain such results as those given 
in the paper for a double-acting engine, an ample 
supply of accessory power must be available. The 
working power in fact depended on the efficiency 
of the auxiliary units, and the latter must not be 
subjected to too high a rating. The total weight 
of the installation might be higher than that of a 
modern steam engine, the efficiency being little, 
if any, better. After referring to the special value 
of the work conducted in the Admiralty laboratory 
in that there was no bias in favour of any particular 
type of engine, the speaker said that any impression 
given in the paper that mechanical injection was 
being condemned without trial was quite a mis- 
taken one. 

The discussion was continued by Mr. J. H. 
Narbeth, who said that naval architects and marine 
engineers were united in their admiration for the 
Admiralty laboratory. Any money spent there 
could be regarded as an excellent investment, as 
it served to direct the work of firms who had not 
the means to conduct their own researches. Its 
value in this direction was greatly enhanced by the 
freedom with which the results obtained were 
published, and great thanks were due to the 
engineer-in-chief for allowing this to be done. 

The meeting was broken off at this point for the 
presentation of the bust of Sir Philip Watts to the 
Institution, and further discussion was held over 
to the completion of this ceremony. For con- 
venience, however, we continue the discussion 
herewith. 

Prof. C. J. Hawkes said that as he had previously 
been associated with the laboratory, he did not 
propose to attempt any criticism of the paper. 
In connection with the results quoted, he thought 
that it might be as well to point out that 
the Digit engine was designed for a very specific 
purpose, that of investigating high mean pressures, 
while the Datic engine was designed more with a 
view to general information. In considering the 
design of the latter engine, it was felt that special 
attention should be given to factors governing 
combustion, and the shape of the combustion 
chamber had been designed with this point in view. 
On the whole, the results given in the paper might 
be regarded as reasonably good, but scavenging 
appeared very inefficient. The scavenge trunk 
should, of course, have been alongside the engine 
instead of being connected by pipes. He noticed 
that in the Datic engine, the scavenge and super- 
charge-air pressures were the same throughout. 
The original idea had been to keep the two systems 
entirely separate, and he would like to ask the 
author whether it was not considered worth while 
to do this. He would also like to ask how the 
induction air was measured in connection with 
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Table II, as the results given in this table appeared 
to be inconsistent. He noticed a statement in the 
paper that the volumetric efficiency had been con- 
firmed by light-spring diagrams, and asked for 
more information on this point, as such diagrams 
only gave the volume and not the temperature. 
When at the laboratory, he had initiated a 
scheme for supercharging through ports uncovered 
by the piston, and thought this would materially 
reduce the size of the supercharge pump; he 
would be interested to know whether the proposal 
had been discarded, and if so, why this had been 
done. There was no doubt that better results 
than those given in the paper would be obtained 
with a more efficient blower and with scavenge-air 
coolers, and a further improvement might be 
secured by attention to the sprayer. In con- 
cluding his remarks, Professor Hawkes expressed 
the opinion that the best engine for submarine use 
was still the single-acting four-stroke with trunk 
arrangement of pistons. It was uncertain whether 
the Biichi system of supercharging, which gave 
consumptions lower than those shown in the paper, 
was suitable for submarine work. 

The chairman then called upon the author to 
reply to the discussion. Eng.-Captain Turner 
said that, as time was very limited, he proposed to 
reply in writing to the bulk of the questions, but he 
would like to reply at once to the query raised as 
to the apparent neglect of experiments on spraying. 
He felt that no advantage would be gained in con- 
tinuing these experiments unless an atmosphere of 
pure air could be obtained into which to spray, 
and his object had been to secure such an atmo- 
sphere. Reference had been made to the high 
scavenging pressures used. In this connection, he 
would point out that the increase of scavenge 
pressure with speed appeared to be unavoidable, 
and that the pressure was largely governed by condi- 
tions in the engine. In reply to Professor Hawkes, 
he said that the scavenging and supercharging 
pressures were entirely independent. 


PRESENTATION OF Bust. 


The chairman called upon Sir John Biles to 
open the proceedings in connection with the 
presentation of the bronze bust of Sir Philip Watts 
to the Institution. Sir John explained that those 
who had been associated with Sir Philip Watts 
thought that some form of memorial was desirable, 
and he had ventured to ask the Chancellor of the 
Exchequer if such a movement would meet with 
his support. On receiving a favourable reply, a 
committee was formed to arrange the details. The 
committee consisted of Sir Westcott S. Abell, 
representing the Worshipful Company of Ship- 
wrights; Sir Richard T. Glazebrook, representing 
» the Royal Society ; Sir Robert Dixon, representing 
the Smithsonian Institution ; Mr. E. F. C. Trench, 
C.B.E., representing the Institution of Civil 
Engineers ; and Sir John Biles, representing the 
Institution of Naval Architects. The bust was the 
work of Mr. John Andrew, and the committee decided 
that it should be entrusted to the custody of the 
Institution of Naval Architects. After this explana- 
tion, the chairman requested the Chancellor of the 
Exchequer to perform the presentation ceremony on 
behalf of the subscribers. Mr. Churchill said that 
he had the privilege of knowing Sir Philip Watts 
intimately, and gave a brief outline of his career, 
in which he mentioned that Sir Philip had risen to a 
position of the highest consequence and importance 
to the Empire from humble beginnings, and that his 
fame was written in the weapons through which the 
Empire was preserved in a time of inconceivable 
peril. The speaker paid a warm tribute to Sir 
Philip’s personal charm, and said that not only was 
he master of his subject, but he was anxious that his 
knowledge should be imparted to, and shared by, 
those around him. On the completion of his 
remarks, Mr. Churchill unveiled the bust and 
presented it to the Institution on behalf of the 
subscribers. The chairman then expressed his 
acceptance of the bust in suitable words on behalf 
of the Institution. 


Dovusie-ENDED ScrEW VESSELS. 
The Chairman called upon Mr. E. H. Mitchell to 


of Fast Double-Ended Screw Vessels, with special 
reference to the Sydney passenger vessels Dee Why 
and Curl Curl.” This paper was reproduced on 
page 397 of our last issue. 

The discussion was opened by Mr. J. Hamilton 
Gibson, who, after complimenting the author upon 
his paper, said that it contained a considerable 
amount of information and data hitherto un- 
obtainable, the first appendix being particularly 
useful in this connection. Mr. Gibson recalled that 
some of the old broad-beamed luggage boats in 
service on the Mersey were originally fitted with 
screws at each end, but that the bow propellers 
were ultimately removed as useless. About 1910, 
he was responsible for the machinery of a 
double-ended ferry steamer for Cuba. There were 
two-thrust blocks in this vessel, one forward and one 
aft, and special adjustments were incorporated to 
ensure that both blocks had a fair share of the work. 
He regarded this as very important, particularly in 
the case of long four-crank engines such as those 
referred to in the paper, and he would like to ask 
the author what arrangements were made for this 
purpose in the vessels described. Information 
regarding the actual pull and thrust at each block 
would be very instructive. 

Professor P. A. Hillhouse, who followed, said that 
the backing power of a propeller was a question of 
great interest, which frequently arose in collision 
cases. Some very useful information on the subject 
was given in a paper read some twenty years ago 
before a Glasgow institution, and he would be pleased 
to put any member in touch with this who might 
be interested. He noticed that it was stated in the 
paper that no wake existed when a screw was work- 
ing at the bow instead of the stern, but it appeared 
to him that such wake must undoubtedly exist. 

Mr. H. Napier said that difficulties often occurred 
in building boats because the owners wanted to 
get too much in, and also tied the builders by limit- 
ing the beam. One advantage of tank experiments 
was that they persuaded owners to increase the beam. 
Another difficulty was to get the Board of Trade 
to modify local regulations in special cases. The 
full trials of the vessels which formed the subject 
of the paper were not yet completed, and there had 
been no time to analyse the results fully. There 
had been some difficulty with the steering engine, 
which, while not of importance, had delayed the 
work. The results of the preliminary trials showed 
a sea value of about 14? knots. This compared 
very well with the sea value obtained in the tank, 
being slightly higher. The guaranteed speed had 
been exceeded, 16} knots having been obtained on 
the measured mile without full power. An interesting 
point observed on the trials was that the wake was 
slightly to starboard when going at full speed. The 
rudder was of the balanced stream-line type and both 
propellers revolved clockwise locking aft. The 
biggest duty on the rudder occurred when it was 
brought from 10 to 15 degrees port, to midships. 
The effect was probably associated with the direc- 
tion of the propeller wake, the amount of balance 
given to the rudder, and the stream line form of 
the latter. 

In replying to the discussion, the author said that, 
as regarded Mr. Gibson’s point, the conditions at 
Sydney were totally different from those on the 
Mersey, as the strong tide in the latter river made 
turning essential. | Double-ended vessels were, 
therefore, obviously useless. With regard to the 
thrust-block arrangements, the crank was fixed 
at each end, the distance between the blocks being 
40 ft. An expansion coupling was introduced 
between the bearings. Professor Hillhouse had 
raised a point about the wake at the bow. It 
was probable that some wake existed, but he 
was not aware that this had ever been measured. 
The bow was extremely fine on the boats under 
discussion, and the screws were well advanced, so that 
the wake could only be very slight. He regretted 
that the full results of the trial could not yet be 
given, but the trouble with the steering gear referred 
to by Mr. Napier had spoilt the results. He had 
no doubt that a speed of 17 knots would be 
easily exceeded. A question had been raised as 
to the power distribution at the two ends. Two- 
thirds of the power was utilised aft and one-third 
forward. 
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RELATIVE STRENGTH OF CaRGO VEsszts, 


Tue chair at the afternoon meeting was Occupied 
by Sir John H. Biles. The first paper was a joint 
one by Mr. E. L. Champness and Mr. F, McAlister 
and was entitled “ Further Notes on the Relative 
Strength of Fine and Full Cargo Vessels,” It 
continues and completes the paper read before the 
Institution in 1922 by Mr. Champness.* In that 
paper the statical strength of a series of vessels 
of varying fullness was considered, and final curves 
of bending moment and shearing force were pre- 
sented. The present paper recapitulates the data 
then used, and presents an extension of the longi. 
tudinal statical strength calculations for the same 
vessels under certain conditions of loading, taking 
into consideration (a) the range of stress experi- 
enced during the passage of the wave form, (5) the 
effect of taking into account the true wave pressure, 
(c) the dynamical effect of heaving in waves, (d) the 
dynamical effect of pitching in waves. The plotted 
results show that the range of stress and bending 
moment modified for the dynamical conditions jg 
reduced considerably, and that in each condition 
of load, the fuller vessels of the series experience a 
greater reduction than the finer vessels. 

Attention is drawn to the special case of vessels 
having deep tanks, the general scantlings of which, 
apart from fullness, need separate consideration on 
account of the higher sagging moments experienced. 
The investigation as a whole has been directed to 
ascertaining by theoretical means, in one particular 
and common type of vessel, whether the practice 
of assigning scantlings on the basis of principal 
dimensions without reference to fullness is conducive 
to economy of material. If variation in bending 
moment with fullness is established and recognised 
it should be possible to assign scantlings embody- 
ing this factor, the ideal state being to retain the 
same margin of strength in all vessels under similar 
conditions and similar liabilities of service. An 
appendix discusses the methods of calculation 
employed in the work on the Smith correction for 
bending moments, due to the orbital motion of the 
particles forming a wave, and also in connection 
with heaving. 

The first contribution to the discussion was made 
by Mr. J. Foster King, who remarked that it would 
have been a convenience to the ordinary readers 
of the paper if the draught had been stated. The 
relation of the draught to the length was a potent 
factor. He was rather sceptical with regard to the 
statements made in the early part of the paper as 
to the ultimate failure of material subjected to 
alternating stress. He considered that if the stress 
varied but occurred always in one direction, the life 
would be short. This was confirmed by experl- 
mental data. If there were actual stresses con- 
tinually in one direction of over 12 tons per square 
inch, either tensile or compressive, he thought 
there would be failure. The authors seemed to 
have achieved the figures in their final table, which 
included dynamic effects, by a route which involved 
a great amount of work. He was still of opinion 
that an empirical formula was more easily handled 
and of great practical utility. . 

Dr. A. M. Robb thought the paper only lent itself 
to minor criticisms. It would seem that in endea- 
vouring to be fair Mr. Champness had overstated 
the sagging effect in some cases. He wished it 
were possible to obtain particulars of actual 
failures, as a few cases of this might provide more 
knowledge than many successes. ; 

Mr. T. R. Thomas commenting on the previous 
speaker’s remarks that the authors had been rather 
severe on the fine ship during sagging, pointed out 
the effect due to engine weight in this condition. 
The ballast condition was by no means the worst 
condition on ordinary service. 

Mr. E. F. Spanner, exhibiting a diagram of a tanker 
with tanks full and empty approximately alter- 
nately, enquired if any allowance had been made “ 
the differently stressed plating in different parts 
the vessel in such a case. He had never seen an 1 
vestigation for eccentric loading of this nature. | Sup- 
pose there was a load of 4 or 5 tons on @ partic h 
part of the ship, its direction depending upon whether 
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the tank was full or empty, what would be the result 
of the superimposed bending moment ? He thought 
that the element of time should enter into these 
investigations. If a ship could be held fixed, say 
on a wave crest, would it not take time to bend ? 
It appeared to him that it must require time for a 
complicated structure like a ship to develop a 
strain appropriate to the stress imposed on it. This 
involved strain lagging behind stress and the ship 
therefore was not subjected to full strain. He 
had found this to occur during the launch of a 
cruiser. The numerous stress-reversal tests of 
materials had all been made at a high rate, perhaps 
one hundred reversals per second, which was very 
different from the stress reversals in a ship. These 
might be only one every two or three seconds. 
Such slow reversals might afford time for molecular 
adjustments to be made. No theory but that of the 
lagging of strain behind stress would account for 
many of the puzzling failures in ships. 

Dr. E. V. Telfer said that after listening to Mr. 
Foster King’s paper he had felt that work on the 
subject was completed, and there was apparently 
no need to discriminate between fine and full vessels. 
Yet the present paper showed there was really a 
difference. He wondered which of the two was 
right, and felt that investigation on other lines than 
that of experience alone was needed. The naval 
architect was not receiving much assistance in that 
direction from the classification societies. 

Mr. J. Lockwood Taylor thought it was of interest 
to note that the paper was concerned with the range 
of stresses, rather than actual stresses. There was 
also the question of intermittent stresses. A ship 
might work for two or three days, and this might 
be followed by a longer rest period. He had made 
some rough calculations, taking 0-70 and 0-80 block 
coefficients, for a ship of the size given, and making 
allowance for permissible variation in the longi- 
tudinal scantlings, it might be possible to save 
about 55 tons on the 0-70 ship. 

Professor C. M. Carter referred to the Smith correc- 
tion. The standard trochoidal wave was 400 ft. by 
20 ft. Vaughan Cornish had given a somewhat 
different ratio, in which the height was propor- 
tional to the square root of the length. The Vaughan 
Cornish wave curve of buoyancy coincided with the 
standard wave curve having the Smith correction 
applied. The vessel concerned was taken as being 
longer than 400 ft. 

At this point, Mr. Champness was called upon to 
reply. He considered he had been dealt with 
lightly. Mr. Foster King would find the draught 
given in the 1922 paper referred to at the beginning 
of the present one. With regard to the reversal test 
figures given in the paper, these were illustrative and 
did not refer to ship work. The figures and conclu- 
sions were drawn from the work of the National 
Physical Laboratory and other sources. He believed 
the experiments quoted were carried out at a rate 
approximately the same as that occurring in ships. 
He agreed that certain conditions of loading were 
more severe than the ballast condition. In reply to 
Mr. Spanner, he would point out that the investi- 
gation of local strength in tankers did not come 
within the scope of the paper. With regard to 
the practical utility of a difference in the scantlings, 
he would point out that, apart from the less first 
cost due to the weight saved, there was less weight 
to be carried, which would amount to a considerable 
figure in the long life of a ship. 


MopEL PROPELLER EXPERIMENTS. 


The next paper was also a joint one, being pre 
sented by Mr. W. Sprague and the staff of the 
William Froude National Experiment Tank. It was 
entitled “An Experimental Comparison of the 
Performance of Model Propellers Working in Air 
and in Water,” and in its opening paragraphs 
stated that the investigation was partly undertaken 
to provide further data to clear up some of the dis- 
crepancies of a comparison made with different 
Propellers in air and water and reported in a paper 
read before the Institution in 1915.* The present 
investigations involved the testing of the same 
model propeller in air and in water. Two four- 
bladed screws, V and AK, representative of average 


_—_ 





* Transaction I.N.A., vol. lvii, page 117. ENGINEER- 
ING, vol. xciv, pages 373 and 395. 
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merchant-ship practice and approximately 9-6 in. 
in diameter by about the same pitch, and one two- 
bladed air screw, CA, 19-24 in. in diameter by 
13-62 in. pitch, were chosen. They were driven 
in air by a } h.p. induction motor enclosed in a 
spindle-shaped casing a little over 3 in. in diameter, 
the interference effect thus set up being reproduced, 
when the screws were run in the tank, by a wooden 
body of the same contour placed behind the screws. 

The wind tunnel was capable of a maximum air 
speed of 60 ft. per second. The range was limited 
by the power of the propeller motor, and, in screws 
V and AK, by considerations of strength. For the 
water experiments, the speeds chosen were in the 
proportion of the kinematic viscosities, or roughly 
about one-thirteenth those in air. Various speeds 
were used in the wind-tunnel experiments, but 
in the tank only two speeds were used, which 
about covered the same range of Reynolds’ number 
as in air. The results of the comparison can be 
summed up by saying that there is substantial 
agreement between the values of the thrust co- 
efficient over the practical slip range, i.e., where 
the thrusts are of fair magnitude, at all speeds of 
advance, and that at the higher speeds, the same 
may be said of the efficiencies. The lower speeds 
show varying discrepancies between the efficiencies, 
which may arise from the difficulty of measuring 
small torques, but it is no doubt due in part to 
scale effect. 

Dr. E. V. Telfer opened the discussion by point- 
ing out that of the thirteen papers read at this 
meeting, four were from past or present holders of 
1851 scholarships, a fact he thought creditable 
to the holders and Institution alike. Mr. Sprague 
had chosen a fruitful subject. The study of pro- 
peller scale effect was probably new. Sir Charles 
Parsons, in the past, had frequently pointed out that 
scale effect did occur, yet its existence seemed to 
have been forgotten. With the propellers chosen, 
the scale was not much different, yet there was evi- 
dence that scale effect was of more importance than 
the figures showed. He thought that instability at 
different temperatures might show other differences 
in the results than those on which Mr. Sprague 
had commented. The paper was on an important 
branch of the subject, which was becoming more 
complex, though, no doubt, all difficulties would be 
ultimately cleared up. 

Mr. M. P. Payne considered that the paper, in 
describing an investigation into the application 
of Rayleigh’s law of dynamical similarity to the 
behaviour of bodies in different media, revealed 
rather large differences between the thrust co- 
efficient and efficiency for the same propeller when 
tested in air and water at the same Reynolds’ 
number. Tests of the same screw in water in 
different establishments sometimes revealed differ- 
ences. In the experiments described in the paper, 
the conditions in air and water had been made 
as nearly identical as possible, yet corrections to 
thrust amounting, at 35 per cent. slip, to 2 per cent. 
for the propellers when tried in air, and 5 per cent. 
when tried with water, had been found necessary. 
Caution was therefore required in attributing varia- 
tions primarily to difference in media. 

Provided the motions were geometrically similar, 
Rayleigh’s law must hold. If the differences 
between the results in air and water were attributed 
to the differing media, then there must be geometrical 
dissimilarity between the flow patterns in air and 


water for the same value of Le . Cavitation might 


be dismissed as a cause for this, and for screws 
V and AK, the immersion was sufficient to eliminate 
sensible surface effect. A third cause might be 
viscous flow, as it was probable that the method of 
generation of the air stream past the stationary 
screw was such as caused a state of turbulent flow to 
be set up around the blades. At the lower speeds 
of rotation, the possibility of viscous flow was not 
absent, but it must be greatly minimised with 
increasing speed of advance. In all cases, the 
agreement between air and water was sensibly better 
for the higher speed of advance, and this might be 
taken as giving general experimental support to 
the theoretical grounds for applying data obtained 
from experiments in air to behaviour in water and 
vice versa. 


=. 


| Mr. W. Hamilton Martin said the tests of the 
two-bladed air screw showed encouraging results 
both in air and water, but as the disc-area ratio 
was low compared with the marine type screws 
tested, it would seem worth while to test a propeller 
of such aerofoil shape but with an equal disc area, 
ratio and diameter to the others. It would be 
necessary, in this case, to increase the number of the 
blades to six, with a proportionately narrow section. 
Comparative screw experiments, with two- and six- 
bladed propellers, had shown the latter, with a disc 
area of 0-286, to be most efficient. Full-size screws 
with two, four and six blades had been tried in 
H.M.S. Emerald, and showed general efficiencies 
of 0-422, 0-457 and 0-466, respectively. Similar 
propellers in H.M.S. Shannon gave efficiencies of 
0-409, 0-445 and 0-420, respectively. The six- 
bladed propeller, in this case, showed a low efficiency, 
but this might perhaps be accounted for by its high 
surface ratio of 0-858. The respective surfaces of 
these last three propellers were 71-2, 115-2 and 
172-8 sq. ft. The adoption of six-bladed propellers 
might also be said to be justified by the experimental 
results given in Admiral Taylor’s paper in 1904.* 
In Mr. Martin’s tests, about 1893, with two-, three-, 
four- and six-bladed propellers, the six-bladed 
propeller proved the most efficient and was fitted 
to two fast vessels. The propellers turned at 
220 r.p.m., and were about 8 ft. in diameter. The 
engines were of 1,600 i.h.p. The smooth running 
of the vessels was particularly noticeable, and 
this type of propeller would seem suitable in 
connection with high-speed light-weight oil engines. 
An eight-bladed screw, with a disc area of about 
0-45, was designed, but not tried. From the model, 
which was still in existence, the shape of the blades 
appeared to conform with present aeronautical prac- 
tice. These blades were of a section approximating 
to nearly a semi-circle at the root. Further tests 
of such screws, in both air and water, would seem 
to be worth while making. 

Professor Sir James B. Henderson, in a written 
communication, while expressing his appreciation 
of the paper, said he was disappointed that the 
results of Mr. Sprague’s experiments had not 
shown a closer agreement in the curves of thrust 
and efficiency in the two media, seeing that a very 
close one had been obtained from experiments 
on the flow of air and water when analysed by 
Rayleigh’s coefficient. He suggested a possible 
cause of deviation. In the flow of fluid through 
pipes the same fluid was being sheared continuously, 
and there was no doubt that Rayleigh’s theory 
applied to the whole phenomena if any elastic 
deformation of the fluid were negligible. In propul- 
sion, however, the screw‘was continually acting on 
new fluid. In such cases, the laws of resistance 
were changed. Thus, the resistance to the flow of 
oil or treacle through pipes was proportional to 
the first power of the speed, but the resistance to 
the motion of a smooth ball through oil or treacle 
was proportional to the 1-5 power of the speed, 
because the ball was continuously operating on 
new fluid. This operation upon new fluid, in the 
case of the screw propeller, would not affect the 
application of Rayleigh’s coefficient to the problem, 
unless there were an energy system of some kind 
surrounding the screw which advanced with it, 
being self-propagating. Such systems, which were 
independent of viscosity, did not come within 
Rayleigh’s law, and there was no reason, prima 
facie, why these energy systems should possess that 
particular ratio of strength in the two media which 
would enable the Rayleigh coefficient to cover 
them exactly—that is, their strength proportioned 
to the coefficient. In fact, there was good reason 
why they should not. Mr. Sprague, by analysing 
his curves carefully to see if he could make them 
agree more closely, either by changing the zero of 
speed or by altering the scales by different amounts 
in air and water, might be able to throw some light 
upon the subject of energy systems which were 
arbitrarily assumed not to exist, but the existence 
of which was highly probable. 


STRESSES IN STRANDED VESSELS. 


When the meeting was resumed in the evening of 
Thursday, March 29, the chair was occupied by 


* See ENGINEERING, vol. lxxviii, peges 815 and 883. 
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Sir William J. Berry, who called on Professor E. G. 
Coker to read his paper, entitled “‘ Stresses in the 
Hulls of Stranded Vessels.” This paper, which we 
shall reprint in a later issue, was written as a result 
of the grounding of the motor ship Lochmonar in 
the Mersey, in December last, in which accident 
the hull plating parted immediately forward of the 
captain’s bridge, where the plating above the level 
of the main deck was reduced in height by a few 
feet, and the discontinuity of section was rounded 
off by a curve. Experiments were made by the 
author’s well-known optical method to gain some 
idea of the magnitude and disposition of the stresses, 
in a ship so situated and the paper gave the results 
of these experiments. 

Professor Coker gave a brief abstract of his paper, 
at the conclusion of which the Chairman invited 
Dr. A. M. Robb to open the discussion. Dr. Robb 
first asked the author whether, when stating that 
there was no shear stress between the points of sup- 
port of the beam used in his experiments, he did not 
mean that there was no shear force. He felt that 
any discontinuity induced a shear without regard 
to external forces, and this view was supported by 
the work of Dr. Bruhn. The first signs of trouble 
at a discontinuity, he continued, were overstrained 
rivets, and he instanced a case in which this trouble 
had occurred. Professor Coker’s results, he thought, 
if anything, rather understated the case; it was 
however, impracticable to provide against accidents 
which were inevitable to some ships, but were un- 
likely on the whole. 

The only other speaker on this paper, Mr. T. R. 
Thomas, gave a brief account of some stress 
measurements made on a vessel 425 ft. long, which 
generally confirmed the author’s conclusions. He 
would be glad of Professor Coker’s views as to the 
best method of getting over the trouble. There 
were scores of cases in which the only weak part 
was at the forward end of the bridge deck, and he 
had attempted to get over this by running the 
bridge-deck stringer plate down on a slope instead 
of on a curve, and fitting a heavy rail. When this 
was done there was very much less trouble. 

In calling upon the author to reply, the Chairman 
remarked that he thought all practical men would 
endeavour to avoid a right-angle bend or a curved 
run of the nature described. In the naval service, 
they often had a break-down at the beginning of 
the after turrets, where they often dropped a deck, 
but they always ran it off in the manner suggested 
by Mr. Thomas, but used a longer slope. During the 
war, many naval vessels had gone ashore, but there 


had been no case of breaking up due to discontinuity | author for the trouble he had taken, and expressed 


of the structure. He mentioned, however, that, in 


one case, a deck erection had been fitted on toa third-|on the theoretical side by some of the younger 


class cruiser, some thirty years old, to carry refrige- 
rating machinery. Where this touched the bulwark 
plating, breakages occurred, and the vessel came in 


with an angle-bar broken time after time, although | showing the supposed variation of the modulus of 
previously to the fitting of the erection the structure | elasticity with varying load, this variation being 
different in the hogging and sagging conditions. 

Professor Coker, who then replied, said, with} His conception of Mr. Hoffmann’s paper was that 
regard to Dr. Robb’s question, that he thought] he took the onus of those variations from the 
With the | modulus of elasticity and put it upon the moment of 


had been quite sufficiently strong. 


they both meant the same thing. 


beam loaded and supported as in the paper, there | inertia. 





related to an analysis of the results of bending 
experiments made on H.M.S. destroyer Wolf by 
the Committee on Destroyers, which were commu- 
nicated to the Institution in a paper read by Professor 
(now Sir) John H. Biles in 1905. The present 
author, in 1925, read a paper before the Institution 
describing some experiments suggested by Professor 
Vossnack, of Delft University, concerning the 
question of a theory put forward by Herr Pietzker 
and based upon the Wolf experiments. That 
paper gave proof that, in the case of the Wolf, 
Pietzker’s theory was rather on the safe side, and 
also attempted to explain the discrepancy found 
between calculated stress and measured strain. 
The discussion on the paper indicated that further 
research was needed, and this was undertaken. 
The results led Mr. Hoffmann to a theory concerning 
the effective moment of inertia of the Wolf, which 
was explained in ENGINEERING on pages 19] and 
251 of our 122nd volume. This theory is presented 
in the present paper in relation to all available 
strain indications taken on the Wolf. 

After Mr. Hoffmann had read his paper in 
abstract, the Chairman called on Sir John Biles to 
open the discussion. Sir John first remarked that 
the calculations in connection with the Wolf were 
made about twenty-four years ago, and he was 
quite prepared to change his opinion on the deduc- 
tions made at that time. The Wolf experiments 
were an example of a full-size structure being 
subjected to bending moments somewhat of the 
nature of those occurring at sea. Incidentally, in 
determining the stresses on the Wolf, they had 
confirmed, more or less, the theory of structures 
upon which ship calculations were based. This was 
a valuable contribution to the subject, but it was 
not what they had set out to do, which was to 
determine the stresses to which a ship was subjected 
in dock. Having measured the strains on the ship 
in dock, the vessel was sent to sea with the same 
instruments in position as were used in the dock, 
and thus the strains at sea were determined and 
compared with those measured in dock. The author 
had investigated the subject further with the aid 
of later theories, and had given his views of what 
should have been the deductions from the observa- 
tions made of the position of the neutral axis in a 
full-size structure. He gathered, however, that 
when the value of I was corrected as the author 
desired, it did not make any appreciable difference 
from the point of view of the committee, who were 
trying to ascertain whether a destroyer had been 
strained or not. He was greatly indebted to the 


the hope that the discussion would be continued 
members. 


The next speaker, Mr. 8. V. Goodall, said that in 
his 1905 paper, Sir John Biles had given a table 


The justification for this, the speaker 


was no shearing force between the supports. He | suggested, was only partial. To clear up the dis- 
might have used the word force, but he was thinking 
in stresses. He was glad to hear from Mr. Thomas 
that evidences of the high stresses indicated by 


photo-elastic experiments were found in practice. 
He did not profess to know the remedy, but could 


see that if the steps referred to by Mr. Thomas were 
taken the trouble would be avoided. He spoke with 
diffidence, but he thought that, if it were desired 
to retain the curve, a bulb angle might be fitted on 
both sides of the plating with zig-zag riveting, which 
would give a very strong job. He was interested 
to hear from the Chairman that the cases of stress 
concentration had been accurately diagnosed in the 


Navy. 


THe EFFECTIVE MOMENT OF INERTIA OF 
H.M.S. ‘“ Wor.” 


After a vote of thanks to Professor Coker had 
been proposed and carried, the Chairman called on 
Mr. G. H. Hoffmann to read his paper bearing the 
above title. We shall reprint this paper in a sub- 
sequent issue, but we may here explain that it 


crepancies in the Wolf results, the strainmeter 
readings in the hogging condition must be satis- 
factorily accounted for, and the author had stated 
that hogging results presented a less satisfactory 
aspect than the sagging results as he had analysed 
them. The paper contained a warning against 
compressive stresses which might buckle thin 
plating, but calculations of that nature had been 
made at the Admiralty for several years. In fact, 
so far as the Admiralty was concerned, it was 
necessary to correct a statement in the paper to the 
effect that methods of estimating the most important 
straining effects on ship’s hulls were still the same 
as they were 56 years ago ; in the main the methods 
were the same, but in detail they had been changed 
as knowledge increased. Whatever method of 
estimating was adopted, however, was actually a 
method of comparison; scantlings giving stresses 
similar to those similarly calculated for earlier 
successful ships were accepted. Sometimes stresses 
calculated by the latest methods were alarmingly 


service. What was needed was to correct the regret- 
table state of affairs, mentioned in the paper, that 
there was a dearth of information concerning the 
actual stresses on ships, and it would be an excellent 
thing if experiments similar to those on the Wolf 
could be made on a modern vessel. 

Mr. L. Woollard, who followed, said the further 
investigation by the author of the Wolf results 
provided a solution to a difficult problem in a con- 
venient form. In the design of both naval and mer. 
cantile ships, the necessity for reducing structural 
weights to a minimum had become very acute, 
and although weight could be reduced by using steel 
of higher tensile qualities, it was not possible to 
improve the strength in compression by that means, 
It was important to know what the compressive 
stresses really were, and that could be done by the 
author’s method. He wished to know, however, 
what account, if any, was taken of laps, and also 
whether the author’s process of getting closer and 
closer approximations tended’ to a definite result, 
or, mathematically speaking, whether it converged. 
Having successfully dealt with the difficult problem 
of compression, he hoped Mr. Hoffmann would 
devote some time to the question of shear stress, 
Such stress was liable to lead to buckling, and, in 
warships, where the frame spacing was compara- 
tively high, it would be useful to be able to calculate 
the stress at which serious buckling would arise. 

The last speaker in the discussion, Dr. E. V. 
Telfer, said he would suggest that even the Wolf was 
too simple a structure for some of the very important 
lessons which had to be learnt. It was very pleasing 
to know that some of the research laboratories in 
Germany were going to carry out tests on structural 
models. The Hamburg tank, in fact, was going to 
build a vessel in steel, 50 ft. in length, and to inves- 
tigate many of the problems that would have been 
solved in the Wolf if she could have been kept 
always in dock. When he had said the Wolf was 
too simple, he had been thinking of a curious problem 
which he illustrated on the blackboard. Sketching 
the lower part of the hull of a ship, in which the top 
of the double-bottom tank was not connected to the 
sides, he pointed out that, in sagging, the tank top 
must be in compression, while the bottom plates 
were in tension. If, however, the tank top were 
brought out to the sides a mechanism was intro- 
duced for stretching these plates, so that they were 
put into tension. In the case of a hollow box 
girder in which the top and bottom members were 
reinforced by internal longitudinals, the stresses in 
the top and bottom plates could only be fully applied 
to the parts of the longitudinals in contact with those 
plates ; the full stress could not be induced in the 
parts of the longitudinals remote from the plates. 
Such a comparatively simple beam as that, therefore, 
did not follow the simple beam theory. Experi- 
ments had recently been made in Germany which 
seemed likely to attack the theory of the hollow box 
girder in a much more thorough manner. 

The Chairman then invited the author to reply 
to the discussion, which he did briefly. To Mr. 
Goodall, he said he could hardly be expected to be 
fully conversant with the British Admiralty design 
methods, and he would look into the points raised 
by Mr. Woollard as soon as he could find an 
opportunity. His object had been to give a 
method of calculation which could be used in 
practice and was sufficiently handy to enable the 
calculations for a ship to be made between the time 
of obtaining the order and the ordering of the 
material. He asked to be allowed to reply to the 
main points of the discussion in a written contribu- 
tion. 

In proposing a vote of thanks to Mr. Hoffmann 
for his paper, the Chairman remarked that the 
Wolf was an early destroyer with light scantling, and 
was not a sufficiently rigid structure to come up to 
all the mathematical tests applied to it. Mr. Goodall 
was wrong in suggesting that the stresses in warships 
had not been measured. Stresses had been 
measured in many cases. In H.M.S. Renown, for 
instance, with H.R.H. the Prince of Wales on board, 
the stresses were measured at sea and found to be 
much lower than the calculated stresses. After 
the vote of thanks had been duly carried the meeting 
was adjourned. 

(To be continued.) 








high for ships that had proved amply strong in 








— 


ery DR wl © wet OD 8 tS CU! CUD OPH, 


= TT |} hms Oe 


—- 


pest oe ee 


er —eo 


et- 
iat 
he 
nt 
olf 


er 
ts 


+ 
~ 


oc = we SC ee CO 





APRIL 6, 1928.] 


ENGINEERING. 


THE PARMOTOR ELECTROMAGNETIC RELAY. 


MESSRS. PARMOTOR RELAY COMPANY, LIMITED, MANCHESTER. 






































Fig. 1. 


THE LATE SIR ALEXANDER 
RICHARDSON. 


IT is with regret that we have to record the death, 
which took place on Friday last, of Sir Alexander 
Richardson, who was associated with this journal 
over a long period of years. The connection began 
in 1888, when Mr. Richardson, as he was at that 
time, was on the staff of The Glasgow Herald and 
a contributor to our columns. He was throughout 
his working life interested in, and well-informed on, 
shipbuilding and shipping questions, and it was 
following on contributionsto our columns on various 
aspects of such questions that the late Dr. Maw 
invited him in 1890 to join the staff. His association 
endured until towards the end of 1924, when he 
retired, and a short time afterwards joined The 
Shipbuilding and Shipping Record as consulting 
editor. Sir Alexander had a wide acquaintanceship 
in shipbuilding circles, and during his thirty-six 
years’ connection with ENGINEERING devoted his 
attention in the main to shipbuilding, shipping 
and labour questions. On the death of Mr. B. A. 
Raworth in 1919, Sir Alexander became junior 
co-editor with Dr. Maw, and after the death of 
Dr. Maw in March, 1924, acted as sole editor for 
some eight months until his resignation towards 
the end of that year. 

Sir Alexander, during his connection with 
ENGINEERING, compiled a number of books, of which 
The Evolution of the Parsons’ Steam Turbine is 
perhaps best known. Others were Z'wo Centuries 
of Shipbuilding, which dealt with the history of 
Scott’s Shipbuilding and Engineering Company, of 
Greenock, and accounts of the Fairfield Works, 
the Parkhead Forge, &c. Much of the matter of 
many of these books appeared, in the first instance, 
in our columns. He was also associated with 
Brassey's Naval and Shipping Annual, and at the 
time of his death was, we believe, the chief pro- 
prietor. He was elected Member of Parliament 
for the Gravesend Division in 1918, and served on the 
Select Committee on Telephones and on other com- 
mittees. He, however, lost his seat at a subsequent 
election. He was knighted in 1922. Born at 
Dumbarton in February, 1864, he was 64 years of 
age at the time of his death. 








QUARRYING PLant Exursrt10on.—The third exhibition 


THE LATE MR. LEE MURRAY. 


WE regret to record the death of Mr. Lee Murray, 
which occurred in London on March 27, at the age of 
63. Mr. Murray had had a wide experience in several 
branches of civil and electrical engineering work, and 
took a great interest in the difficult problem of 
improving the relations between employers and 
employed. He was one of the founders of the Industrial 
League. 

Lee Murray was born at Ararat, Victoria, Australia, 
being the second son of Mr. K. L. Murray, of Tasmania. 
He received his early education at Wesley College, 
Melbourne, and subsequently was a member of the 
University in that city, graduating both as Master of 
Arts and Master of Civil Engineering. From 1885 to 
1887, he was employed in the engineering department 
of the Victorian Railways, being engaged on both 
surveying and electrical work, and acting as assistant 
engineer in the construction of the Terang and Warram- 
bool railways and as engineer-in-charge of the con- 
struction of the Terang and Mortlake Railway. In 
1890, he was appointed engineer-in-chief for Messrs. 
Bloomfield Brothers, railway contractors, and carried 
out a considerable amount of work for them in the 
western district of the State of Victoria. 

Two years later, he began his long connection with 
the electrical industry, when he was appointed Australian 
representative of Messrs. Siemens Brothers and 
Company, with headquarters in Melbourne. The chief 
contract he carried out for this concern included the 
electrical equipment of the Hobart Tramways and the 
public street lighting of Launceston, while, in addition, 
he was responsible for the installation of a great deal of 
plant in mines and factories. In 1900, he was trans- 
ferred to London, where he became manager of the 
outside department of the same firm. This position 
he held for two years, proceeding to South Africa in 1902 
to take charge of Siemens affairs in that country, until 
in 1906 he was appointed works manager of the 
factory of Messrs. Siemens Brothers Dynamo Works, at 
Stafford. 

In 1909, he was offered the managership of Messrs. 
Bruce, Peebles and Company, of Edinburgh, a position 
which for various reasons called for the exercise of 
much tact, energy and diplomacy, and brought out the 
best of his powers of organisation and control. After 
four years in this post, he resigned to start a consulting 
practice in London and to act as the English repre- 
sentative of Messrs. Noyes Brothers, of Melbourne and 
Sydney. During the war he held an appointment in 
the Ministry of Munitions and visited the United States 
to arrange for the supply of material from that 


count; 
At the conclusion of the war, he returned to consulting 





of quarrying plant, machinery and builders’ materials 
will be held in Stanley Park, Blackpool, from June 2 to 9 
next. The function is held in conjunction with the annual 
conierence of the Institute of ing. Further 
particulars may be obtained from the secretary of ea 
Institute, 160, Edmund-street, Birmingham. 





work, but his health unfortunately had already begun 
to show signs of breakdown, and his energies were 
greatly reduced. He was also obliged to undergo a 
serious operation, from the effects of which he sought to 
recover by a voyage to South Africa. A second 
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operation was, however, necessary, and from this he 
never fully recovered. Mr. Lee Murray was a 
member of the Institutions of Civil, Mechanical and 
Electrical Engineers. 








THE PARMOTOR ELECTRO- 
MAGNETIC RELAY. 


THE object of the relay devices, which are now so 
largely used in the various branches of electrical 
work, is to enable a small amount of energy received 
from a distant source to tap a local supply of 
energy which can be utilised to do further work of 
either an electrical or mechanical nature. The operating 
power in all these devices is electricity, but there is 
another class of apparatus in which the operating 
power may, for instance, be mechanical or thermal, 
but in which electricity forms a convenient secondary 
means of translating and magnifying small quantities 
of energy, so that they can be used effectively to do 
further work. A slight movement of a bi-metallic 
strip in a thermostat, for instance, can be used to 
close the circuit of a relay coil, whereby a solenoid 
is energised and a valve opened or closed. 

An interesting modification of these principles is 
to be found in the Parmotor electromagnetic 
relay, which is manufactured by the Parmotor 
Relay Company, of 11, Blackfriars-street, Manchester. 
This device, which can be employed for a wide variety 
of uses, is illustrated in Fig. 1, but the method whereby 
it operates will be more easily understood if reference 
is made to the diagram reproduced in Fig. 2. 
this diagram, A is an electromagnet, between the poles 
of which is a rotating armature B. One end of the 
magnet windings is connected to the negative side 
of the suppply mains, while the other end is connected 
to the central point C of the armature winding. The 
two ends of the armature winding are connected to 
the segments of a two-part commutator E and E,, 
with which the brushes F and F, make contact 
ultimately as the armature rotates in such a way 
that when the brush F is in contact with the segment E 
the brush F, is clear of the segment E,. The brushes 
are connected to the contacts G and Gy, respectively, 
on a controlling device, such as a_ thermostat, 
diaphragm or clock. This controlling device must 
have a movement of not less than 0-003 in., and is 
connected, as shown on the diagram, to the positive | 
main of the source of supply. Both sets of contacts 
of the operating mechanism are, therefore, on the 
positive side of the supply system. 

If, for the sake of example, G and G, are assumed 
to be the contacts of a thermostatic device, and H is 
the moving tongue, an increase of temperature will 
bring the tongue H over to, say, contact G, so that 
current flows through the brush F, the commutator 
segment E, the right-hand portion of the armature 
winding, and the field coil. The result is that the 
armature rotates through 90 deg., and in so doing 
breaks the connection between E and F and makes con- 
nection between E, and F,, thus setting the relay for 
the reverse operation. At the same time, the move- 
ment of the armature closes an operating circuit through 
a drum switch and thus controls the performance 
of the main apparatus. As the temperature falls 
as a consequence of this adjustment, the tongue H 
moves over until contact is broken between E and F 
and made between E, and F,, so that the armature 
is rotated through 90 deg. back to its original position. 

We understand that the relay is capable of dealing 
with a current of 15 amperes at from 200 volts to 
250 volts, and that its current consumption is 
0-2 ampere at that voltage. Actually the armature 
is in action and current being consumed for only 
about one-thirtieth of a second, so that there is no 
loss of energy when the device is not in use. It will 
be gathered from the above description that the 
circuit is only made and not broken at the operating 
contacts. Break, in fact, occurs on the commutator, 
where the surfaces are ample and a magnetic blow-out 
is provided. Owing to the movement of the tongue 
which is necessary to operate the relay being so small, 
adjustment is simple and the action can be made 
positive and accurate. 








Tue InstiruTION oF MINING AND METALLURGY.— 
The gold medal of the Institution of Mining and 
Metallurgy has been awarded to Sir Alfred Mond, M.P., 
in recognition of his scientific and industrial services 
in the development of the mineral resources and 
metallurgical industries of the British Empire. The 
medal will be presented to Sir Alfred at the annual 
general meeting of the Institution, to be held at 
Burlington House on May 17 next. The Council also 
announce that an invitation has been accepted from 
the Cornish Institute of Engineers and four other 
representative Cornish associations, to hold a meeting 
in Cornwall during the week commencing May 21. 
The programme is, at present, being drawn up and 
will be issued shortly. 
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7,000-B.H.P. MARINE DIESEL ENGINE. 


CONSIDERABLE interest is being taken at the present 
time in the relative merits of single- and double-acting 
Diesel engines for marine propulsion, and while it 
can hardly be said that a controversy exists, there 
is nevertheless a sharp difference in opinion between 
the protagonists of the two types. It is an open 
secret that exceptionally high-powered Diesel-engined 
vessels are under contemplation by some of the leading 
shipping companies, and while the double-acting 
engine admittedly lends itself to higher outputs 
as an individual unit, it is an open question whether 
powers greatly in excess of those at present achieved 
cannot best be obtained by coupling two or more 
single-acting units of moderate size to the same 
shaft. Some of the single-acting engines have proved 
exceedingly reliable over relatively long periods in 
actual service, and such engines can now be installed 
with practically the same confidence as would be 
felt in the case of steam reciprocating engines or 
turbines. With two-stroke engines in particular, this 
satisfactory position is due, in no small measure, to 
the work of Messrs. Sulzer Brothers, of Winterthiir. 
We have described engines made by this firm from 
time to time in our columns, and it will be recalled 
that these engines are of quite exceptional simplicity, 
a factor which has undoubtedly contributed very largely 
to their excellent record. The confidence with which 
Sulzer engines are regarded is demonstrated by the 
fact that, up to the end of 1926, engines totalling over 
2,000,000 b.h.p. had been constructed, of which some 
1,450,000 h.p. were of the four-stroke-cycle type. 

Up to the end of 1927, the largest Sulzer marine 
engine of the two-stroke type in actual service, so far 
as we are aware, was of 5,000 brake horse-power, but in 
Figs. 1 to 5, on this and the opposite pages, and on 
page 416, we illustrate an engine of 7,000 brake horse- 
power, built to the order of the Stoomvaart Maatschappij 
Nederland. This engine, which has just successfully 
completed its trials in the makers’ works, is one of 
four which are to be fitted to fast single-screw motor 
cargo boats for the company’s regular service be- 
tween Holland and the East Indies. It is interesting 
to recall that the same company are owners of the 
Bintang, built three years ago, and equipped with 
a single-acting, two-stroke Sulzer engine of 3,600 
shaft horse-power. This vessel, which at the time 
of its construction was the largest and fastest 
single-screw motor ship in the world, has given 
continuous and reliable service, and has no doubt 
influenced the owners in their decision to equip the 
latest vessels with similar engines of higher power. 
The new vessels are to be 490 ft. long between perpen- 
diculars, 61 ft. in moulded breadth, 28 ft. in draught, 
and of 17,450 tons displacement. Both the main engines 
and the auxiliaries are being built at Messrs. Sulzer’s 
works at Winterthur, and a number of the auxiliaries 
have already been delivered. 

The main engine does not embody any radical 
departures from the firm’s standard practice, although 
® number of improvements and refinements have 
been made in various details. Amongst the dis- 
tinguishing features are the method of scavenging 
and charging through a double row of ports in the 
cylinder liner, the upper ports, communicating with 
the scavenge-air receiver, being fitted with automatic 
valves, which can be clearly seen to the right of 
Fig. 3. The scavenge air is admitted through these 
ports when the exhaust pressure has fallen below 
that of the air in the receiver. On the compression 
stroke, the air ports remain open for a short period 
after the exhaust ports are covered, a slight super- 
charge being thus effected. Another outstanding 
feature of the engine is that the cylinder head is 
perfectly symmetrica!, with only one opening in the 
centre for the combined fuel and starting valve. 

As will be clear from Figs. 1 and 5, the engine 
illustrated has eight cylinders, with the injection-air 
compressors carried on the same bedplate. The 
cylinder bore is 820 mm. (2 ft. 8,°, in.), and the piston 
stroke 1,440 mm. (4 ft. 844 in.). The running speed 
is 100 r.p.m. and the engine actually develops 7,040 
brake horse-power at this speed. It will be seen 

from a comparison of Figs. 3 and 5 with the 
corresponding figures in the description of a Sulzer 
engine built in 1922, given on page 169 of vol. cxiv 
of ENGINEERING, that the construction of the bed- 
plate and crank case follows earlier designs. The 
resulting form of construction is exceedingly rigid, 
and the almost complete absence of vibration under 
full load was very noticeable when we were privileged 
to see the engine on test. It may be pointed out in 
this connection, that the cylinders are mounted 
directly on the crank case, the usual separate distance 
piece being omitted. The main crankshaft is in two 
parts of four throws each, with a two-throw extension 
for the injection-air compressor. The compressor 
cranks are set at 180 deg., thus eliminating primary 
unbalanced inertia forces. The connecting rods are 
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7,000-B.H.P. MARINE DIESEL ENGINE. 


CONSTRUCTED BY MESSRS. SULZER BROTHERS, ENGINEERS, WINTERTHUR. 





Kia. 1. ENGINE UNDER CONSTRUCTION. 











Fig. 2. MAana@uvrina GEAR. 


and follow usual marine practice, as shown in 
Figs. 3 and 5. The bearings are white-metal lined. 
The crosshead bearings have also been increased in 
size in relation to earlier engines, with a corresponding 
reduction in bearing pressure. The thrust bearing, 
which is of the single-collar type, is rigidly connected 
to the engine bedplate, so that its alignment with 
the crankshaft cannot be affected by any movement 
occurring in the ship’s hull. The flywheel is fitted 
behind the thrust bearing. 

The vertical shaft, through which the drive is taken 
to the overhead camshaft and governor, is driven from 
the centre of the crankshaft through spur and bevel 
gearing, the drive for the camshaft at the top being 
through skew gears. The mechanism for operating 
the fuel and starting-air valves, shown in Fig. 3, 
was fully described in our account of a Sulzer engine 
already referred to, so that it is unnecessary to repeat 








of relatively larger size than those of earlier designs, 





the description. The pistons are water-cooled, the prin- 





ciple of jet-injection, which has recently been developed 
for Sulzer engines, being employed in place of the 
older telescopic-pipe arrangement. Details of the 
new system were given on page 71 of our issue for 
January 20 last, in connection with the Schelde-Sulzer 
engines for the Sibajak, built for the Koninklijke Maats- 
chappij de Schelde Company. It may be recalled 
that there is a fixed mouthpiece mounted on the bracket 
in which the lower telescopic pipe is carried. The 
water is projected from this mouthpiece in the form 
of a jet, which is directed into a divergent nozzle at 
the bottom of the moving pipe. The usual central 
jet pipe, which occasionally got out of line and |: d to 
rapid wear, is thus omitted. A modification to the 
arrangement previously described has been made 1D 
the engine under discussion. It will be seen Irom 
Fig. 3 that the upper sliding pipe is ball-mounted 2 
the piston, and that it passes through scraper mings 
where it enters the lower fixed pipe. These "ngs 
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7,000-B.H.P. EIGHT-CYLINDER TWO-CYCLE MARINE DIESEL ENGINE. 


CONSTRUCTED BY MESSRS. SULZER BROTHERS, ENGINEERS, WITHERTHUR. 


(681.8) 


Serve to throw off surplus oil from the outside of the 
Pipe on the descent of the latter, while on the ascent, 
any water which is projected past the outside of the 
divergent nozzle at the base of the moving pipe is 
scraped off by the rings. This water does not fall 
back into the main jet pipe, but is directed into an 
annular space between this pipe and an outer pipe 
Concentric with it. From the bottom of this space, it 
18 taken to a separate outlet in the observation box 
Mounted on the side of the crank case. This box also 
contains the orifices through which water falling back 
directly from the jet passes, and it was noticeable, on 
test, that only a small volume of water is returned in 








Fig. 4. 




















(681.C.) 


this way, while 
that scraped off 
the outside of the 
pipe by the rings 
was at most a 
mere dribble and 
has often entirely 
ceased. 

The injection- 
air compressor, as 
shown in Fig. 4, 
is subdivided into 
two three - stage 
cylinders and is 
double - acting 
for the low-pres- 
sure stages. The 
arrangement of 
the valves and 
coolers is clear 
from the figure, 
and it will also be 
seen that there is 
a distance piece 
between the cylinder and crank case, and that a cross- 
head is employed. The valves are of the plate type, 
and are readily accessible for adjustments, cleaning, or 
renewal. There is a safety valve between each stage. 
The fuel pumps are driven from the compressor cross- 
head, as shown in Fig. 4, and are to the left of the 
service platform, of which a photograph is reproduced 
in Fig. 2. The reversing gear and starting controls 
can be seen to the right in this figure. 

Turning now to the auxiliaries, the scavenge air is 
provided by a turbo blower of the single-stage type, 
with air entry on both sides of the impeller. The 
blower is provided with two electric motors, in accor- 
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dance with Lioyds’ regulations. The three units are 
mounted in line with the blower in the centre, and 
either mctor can be coupled up by means of a clutch, 
the other serving as a standby. The blower is capable 
of delivering 560 cub. ft. of free air per second when 
running at 2,450 r.p.m. , 

The auxiliary compressor, which has a delivery of 
420 cub. ft. of free air per minute at a pressure of 
925 lb. per square inch, is of the four-cylinder type, 
each cylinder embodying three stages. It is driven 
by a 220 b.h.p., four-cylinder, airless-injection engine, 
of the type introduced by Messrs. Sulzer about 
four years ago. These engines are fitted with a two- 
part combustion chamber, and are of the crosshead type. 
The space below the working piston is completely 
separated from the crank case, and serves as a scavenge- 
air pump. It is impossible for dirty cylinder oil to 
find its way into the crank case, or for lubricating oil 
to be thrown up by the cranks on to the pistons. As 
a result, the lubricating-oil consumption is very low. 
The cylinder bore is 300 mm. (114§ in.), and the 
piston stroke is 400 mm. (153 in.). The engine develops 
its rated power at 320 r.p.m., and is direct-coupled to 
the compressor. All parts of the engine are of simple 
but robust construction, and the mean indicated pressure 
is very moderate, so that the engines have a good 
overload capacity and are very reliable in service. 

Among the remaining auxiliary units, the most 
important are the lighting sets, the combined gear- 
wheel pumps for bearing and crosshead-pin lubrication, 
and the combined centrifugal pumps for cylinder and 
piston cooling. There are three lighting sets, each 
cousisting of four-cylinder, two-stroke Sulzer Diesel 
engines, direct-coupled to 220-volt generators. The 
cylinder bore of the engines is 340 mm. (13% in.), the 
piston stroke 540 mm. (21} in.), and each engine 
develops 360 brake horse-power at 180 r.p.m. 
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THE LANCASHIRE COALFIELD. 


In connection with the physical and chemical survey 
of the national coal resources, which is being conducted 
by the Fuel Research Division of the Department of 
Scientific and Industrial Research, a further report 
has just been published, dealing with the Wigan four- 
foot seam of the Lancashire coalfield.* Partly under 
its own name and partly under various local names, the 
seam is traced over most of the South Lancashire 
coalfield, and is already worked by several collieries 
for the production mainly of house and gas coal. 
The present report is the result of an examination of 
sections, taken through the seam at eight districts, 
and of the run of mine products obtained at two 
others. The methods employed have been substan- 
tially the same as those used in previous reports, which, 
on various occasions, have been described in these 
columns. Their effect is to confirm the reputation of 
the seam as a valuable asset of the Lancashire coalfield. 
In three districts, laboratory tests were made to deter- 
mine the effect likely to be produced by washing. Such 
tests have the advantage of giving, at a small cost, an 
approximate figure for the best results that can be 
expected of the process on a large scale. The methods 
used were a float-and-sink test and a froth-flotation 
test. In the former test the coal, after having been 
crushed, was suspended in liquid of 1-35 and 1-60 
specific gravity, apparently calcium chloride solutions. 
Two froths were used for the second test, the first 
obtained by adding, to the water, 8 Ib. of sodium silicate 
per ton of coal, and the second froth by adding, to this 
solution, 0°36 Ib. of cresol and 0-51 Ib. of paraffin. 
This test was sufficient to show, on a sample from the 
Atherton district, that the material contained (at least 
in the fineness down to all on a $-in. mesh, to which it 
was ground) about one-third of coal with a specific 
gravity lying between that of the twoliquids. The froth 
flotation method, though slightly more efficient than 
the float-and-sink in removing ash, gave a poor recovery 
of clean coal, and it wasinferred from these results that 
it would not be possible, by washing, to obtain a high 
yield of coal of low ash content. In the Leigh district, 
on the other hand, the laboratory results on washing 
were much more encouraging. In the float-and-sink 
test, conducted on these, the material was crushed and 
sieved into five grades from { in. to below % in. 
It gave a high recovery of clean coal, and in all grades 
reduced the ash to well below 3 per cent., though, in 
the finest grades, the original ash was between 8 per 
cent. and 9 per cent. The proportions of the several 
grades are not stated, but the reduction of ash in all 
grades is good and in the fines remarkably so, so that 
as a whole these tests seem to indicate, as the Report 
remarks, that the material is very amenable to wash- 
ing. A bulk sample of some 34 tons of material from 
the Garswood district, obtained by screening the 
regular product of a colliery through a 23-in. mesh 
round-hole sieve, was graded in six finenesses, the 
coarsest (containing about two-thirds of the sample) 
being from 2% in to } in., and the fines below 2 in. 
A float-and-sink test, with calcium chloride solution 
of specific gravity 1-35, reduced the ash of the fines from 
23-1 per cent. in the original coal to 6-1 per cent. in 
the floating part, which was about ? of the sample. In 
the remaining grades, however, which gave recoveries of 
clean coal of from 90 per cent. to 80 per cent., the ash 
was reduced uniformly to about 2-2 per cent., though, 
in the original coal, it ran from 2-8 per cent. for the 
coarsest grade to 10 per cent. or 11 per cent. for the 
finest. The three grades below }-in. size were also 
tested by the froth-flotation process, but with a less 
satisfactory result, which was attributed to the fact 
that the froth was too dilute and voluminous. 


THE InstiruTION OF WATER  ENGINEERS.—The 
thirty-third summer general meeting of the Institution 
of Water Engineers will be held at Torquay from 
June 12 to 15 next. The whole of the first day will 
be devoted to a visit to H.M. Dockyard, Devonport. 
The business meetings will be held in the Reception 
Room, Town Hall, Torquay, on the mornings of 
June 138 and 15, commencing at 10 a.m. each day. 
The incoming president, Mr. S. C. Chapman, will 
deliver his presidential .ddress, and the following 
papers will be read and discussed :—‘‘ The Torquay 
Waterworks,” by Mr. R. V. Toms; ‘‘ Average and 
Extreme Seasonal Rainfal/ over the British Isles,” 
by Dr. J. Glasspoole ; ‘‘ The Water Supply of Lourengo 
Marques, Portuguese East Africa,’ by Mr. R. H. Fox; 
and ‘‘ Water Supplies as Future Sources of Power,” 
by Messrs. R. F. Legget and A. L. Lyon. The remainder 
of the time will be spent in visits to waterworks and 
places of interest in the vicinity. Members are requested 
to send in their applications for tickets, &c., to the 
Secretary of the Institution, Parliament Mansions, 
Westminster, London, S.W.1, not later than May 7 
next. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel_—While many sections show little 
change, the position does not lack encouraging features. 
Orders for steel products are being booked more regularly. 
Inquiries, too, are in circulation from many parts of the 
world, The upward trend of Continental and American 
steel prices is reflected in the increasing amount of work 
that is arriving in this country. Output at local works 
is assuming bigger dimensions, Substantial orders have 
been received from abroad for axles, tyres, springs, 
buffers, and other railway rolling stock. A firm operating 
outside Sheffield, but having a strong local connection, 
has received a contract from the South African Railway 
Administration for 100 drop-sided bogie wagons of 80,000- 
lb. capacity each. Activity in shipbuilding is only of a 
moderate character. An order from the Bombay Port 
Trust for a caisson for the communication passage between 
Princes and Victoria Docks, Bombay, has been placed 
with a big undertaking having extensive works in Sheffield. 
The machinery trades are patchy. Electrical equipment 
continues to make progress. Makers of mining plant 
are still acutely affected by the unsatisfactory conditions 
obtaining in the coal trade. The demand for machinery 
and appliances from the gold, silver, tin, lead, and other 


tariff barriers, works producing automobile steel and parts 
are doing a substantial amount of business with overseas 
customers. The Midlands are also taking an increasing 
tonnage. The replacing of old equipment with more 
modern coke ovens and by-product plant | is resulting in 
a good market for bars, sections, and plates. Tramcear, 
*bus, and railway furnishings are active lines. Engineers’ 
tools are in fairly good request, and good business is 
being done in electrical, automobile and agricultural 
appliances. Mining implements are depressed, but 
builders’ plant shows improvement. 


South Yorkshire Coal Trade.—The introduction of the 
Coal Marketing Scheme has made the future somewhat 
obscure. Both users and merchants are adopting a 
“‘ wait-and-see”” policy. With steel production on the 
up-grade, a larger tonnage of industrial fuel is going into 
consumption. The demand, however, is still below nor- 
mal, with output well in excess of requirements. The call 
for house coal shows no appreciable improvement. The 
coke market is much better placed. 
varieties are moving more freely, while foundry and fur- 
nace sorts are stronger, both on home and export account. 
Gas cokes continue firm. Quotations: Best branch 
handpicked, 27s. 6d. to 29s. 6d.; Derbyshire best 
brights, 20s. 6d. to 21s. 6d.; best house, 19s. to 





* Department of Scientific and Industrial Research. 
Fuel Research: Physical and Chemical Survey of the 
National Coal Resources No. 10, 


H.M. Stationery | shire hards, l4s. to 15s, 6d. ; rough slacks, 8s. 6d. to 9s. 6d.; 


20s. 6d. ; screened house, 16s. to 17s. 6d. ; screened nuts, 
15s. to 16s, ; Yorkshire hards, 148. 6d. to 15s 6d. ; Derby- 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The tone of the market 


Laboratory Tests on Physical Properties of Water Pr ii cs : 
‘ win TEARN: : quite cheerful and, delivery demands apart, 
muving Battal. Dy H. 2. Eeeases. Toeeneunl running contracts are heavier than the limited output 


can cope with. Stocks are consequently decreasing, 


Faunas of North America, By J. P. Surru. (Price! Now business is not heavy, but expansion of market 


operations is expected after the Easter holidays. Export 
demand remains on a very limited scale, and does not 
promise to improve materially, but continuation of 
steady home business and trade with Scotland is looked 
for. No. 1 Cleveland pig is 68s. 6d.; No. 3 g.m.b,, 
66s. ; No. 4 foundry, 65s. ; and No. 4 forge, 64s. 6d. 

Hematite.—While conditions in the East Coast hemu- 
tite branch are still very unsatisfactory, production being 
excessive and quotations unremunerative, a better 
feeling is noticeable. There is rather more doing, both 
with home customers and with Continental firms, and 
prices, though they still vary a good deal, tend upward. 
Recognised market quotations remain on the basis of 
70s. for mixed numbers, though certain makes are 
obtainable at a lower level, but, on the other hand, there 
are brands that command higher terms, 

Foreign Ore.—Though there is little doing in foreign 
ore, sellers take a very firm stand in view of possible 
shortage. Up to 22s. 6d. c.i.f. Tees is asked for best rubio, 

Blast-furnace Coke.-—Durham blast-furnace coke is in 
only moderate request, and with supply ample, good 
average qualities are on sale at 18s. delivered here. 

Manufactured Iron and Steel.—Quotations for manu- 
factured iron and steel are unaltered, but while some 
departments are well placed as regards contracts others 
need orders. Common iron bars are 10/. 5s. ; best bars, 
101. 10s. ; double best bars, 101. 15s. ; treble best bars, 
1ll.; iron rivets, 111. 5s.; packing (parallel), 77. 10s. ; 
packing (tapered), 10/.; steel billets (soft), 6/. 165s. ; 
steel billets (medium), 7/. 2s. 6d.; steel billets (hard), 
7l. 12s, 6d.; steel ship plates, 87. 7s. 6d.; steel angles, 
71. 17s, 6d. ; steel joists, 71. 17s. 6d. ; heavy sections of 
steel rails, 82. 10s.; and galvanised corrugated sheets 
(No, 24 gauge, in bundles), 131. 5s. 

Imports of Iron and Steel_—The reduction in use of 
imported iron and steel in this country is emphasised 
by comparing returns issued by the Tees Conservancy 
Commission showing imports of iron and steel to the 
Tees from Holland, Belgium, France, Norway, Sweden, 
Finland, Germany, and coastwise, for five months ending 
March 31 last, with the figures for the same months a 
year ago and for the corresponding pre-war period of 
1913-14. Pig-iron unloaded to the end of last month 
amounted to 4,071 tons, as compared with 66,303 tons 
a@ year ago, and only 54 tons in the pre-war period ; 
crude sheet bars, billets, blooms and slabs, unshipped to 
the end of last month, reached 67,200 tons, as compared 
with 87,682 tons a year ago and 19,970 tons in the pre- 
war period; and bars, plates, angles, rails, sheets and 
joists imported to the end of last month totalled 17,745 
tons, as compared with 25,318 tons a year ago, and 
11,242 tons in the pre-war period. 

Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees during March totalled 82,575 tons, 
comprising 20,318 tons of pig iron, 2,777 tons of manu- 
factured iron, and 59,480 tons of steel. As usual, 
Scotland was the largest purchaser of pig iron, accepting 
7,272 tons. India was the heaviest buyer of both 
manufactured iron and steel, taking 533 tons of the 
former and 10,716 tons of the latter. Other principal 
customers for steel were Argentina, 8,507 tons ; Portu- 
guese West Africa, 6,280 tons ; New Zealand, 4,045 tons : 
and Nigeria, 2,999 tons. 








TENDERS.—The Department of Overseas Trade, 39, 
Old Queen-street, London, 8.W.1, bave received from 
Bogota a copy of certain tenders relating to offers for 
the supply of steel bridges to the National Ministry of 
Public Works, Colombia. Further particulars may be 
obtained from the Department at the above address ; 
reference number A,X. 6123 should be quoted. 





INSTITUTION OF MECHANICAL ENGINEERS: ERRATA. - 
Our attention has been drawn to the fact that in the 
remarks of Mr. F. Carnegie at the discussion of Captain 
Beames’ paper on the “ Reorganisation of Crewe Loco- 
motive Works,” in the comparison made, it should 
have been stated that ball bearings were justified in 
new work although “‘ they cost about twice as much as 
plain bearings.” Further, in Colonel E. Kitson Clark's 
remarks it should have been stated that he had adopted 
the principle of roof heating, and not floor heating 
as reported on page 359 ante. 





Tue Late Mr. R. J. S. INSELL.—We regret to note 
the death, on March 25 last, at Torquay, of Mr. R. J. 5. 
Insell, late signal and telegraph engineer, Great Western 
Railway Company. Mr. Insell joined the signal depart- 
ment of the Great Western Railway at Reading 1! 
1881 and became chief draughtsman in 1893. He rose 
to the rank of assistant signal engineer in 1900 ; “— 
three: years later, was promoted to the position © 
assistant signal and telegraph engineer, which appoint: 


Blast-furnace | ment he continued to hold until he succeeded the late 


Mr. A. T. Blackall as signal and telegraph engineer 10 
1923. Mr. Insell was one of the foundation amemnes? 
of the Institution of Railway Signal Engineers oe 
until 1926, occupied the position of treasurer. ‘© 
was elected vice-president in 1922 and president In 
1923. Mr. Insell was intimately connected with ~ 
late Mr. Blackall in many signalling developments © 











Office. [3s. net.] 





nutty slacks, 6s. to 7s.; smalls, 3s, to 4s. 6d. 





recent years, including the Insell-Ferriera syste™ of 
route-lever signalling. 
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NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 


The Coal Trade.—Unsettling conditions have been 
created in the Welsh coal trade following upon colliery 
salesmen of Monmouthshire large coals having put up 
their prices 3d, to 6d. per ton, as a result of the meeting 
of colliery representatives to elect the executive com- 
mittee of the South Wales Coal Marketing Association, 
expressing the opinion that the prices, at which Mon- 
mouthshire large coals were being sold, were relatively 
low. In consequence of this, it was informally agreed 
to advance prices to the basis of 17s, 3d. for Black Veins, 
16s. 9d. for Western Valleys, and 16s. 3d. for Eastern 
Valleys, with 6d. extra for Cardiff shipment. Sub- 
sequently, @ meeting of the executive committee was 
held, when it was hoped that the full schedule of minimum 
prices would be adopted, but the meeting ended without 
anything definite being decided. Following this, sellers 
of Monmouthshire large coal, while maintaining the 
quoted figures for Newport loading, dropped their prices 
in some cases for Cardiff shipment, and in some instances 
were prepared to accept the same figures for loading 
at either port. Another meeting of the executive was 
held, but there was still no decision respecting prices 
for other classes of coal, and the next meeting of the 
executive will be held on Thursday after the holidays. 
In the meantime, disquieting rumours have been in 
circulation regarding the stabilisation scheme. In some 
quarters, it is stated that the contribution of 3d. per ton 
on output to a pool, and the penalty of 2s. per ton for 
selling below minimum prices has been dropped, while 
it is also stated that there is an endeavour to put some 
consumers outside the scheme, so as to enable exporters 
to retain certain old customers. What will happen in 
the future, however, remains to be seen. In the mean- 
time, the position is one of confusion, and as a result 
business is being held in check as prospective buyers 
are awaiting developments. Of course, some coal is being 
sold at the higher figures, as merchants who have already 
sold for shipment ahead and had not covered, are com- 
pelled to pay the new figures, but, where practicable, 
shippers are waiting events. For the moment, best 
Admiralty large is a steady market at 19s. 3d. to 19s. 9d., 
some classes being difficult to procure, with best seconds 
from 18s, 6d. to 19s., and ordinaries from 17s. 3d. to 18s. 
The best bunker smalls remain steady at 12s. 6d. to 13s., 
but other classes are erratic from 10s. 6d. up. 


Cardiff Shipping—Members of the Cardiff District 
Committee of the Shipping Federation, Limited, control 
305 vessels, totalling 1,046,000 gross tons, which repre- 
sents a reduction of 11 vessels and 19,000 tons compared 
with a year ago. This reduction was due to the policy 
of modernising fleets adopted by the leading owners 
who sold a considerable number of the older vessels, 
and placed orders for new vessels, some of which have 
not yet been delivered. Messrs. Foster, Hain and Read, 
of the Hain Steamship Company, Limited, retains the 
premier position with 42 vessels of 198,467 gross tons, 
and is followed by Messrs. Sir W. R. Smith and Sons, 
Limited, with 33 vessels of 168,388 tons, Messrs. Evan 
Thomas, Radcliffe and Company with 12 vessels of 62,107 
tons, and Lord Glanely with 13 vessels of 56,800 tons. 








British PropucTION OF Pia IRON AND STEEL.— 
According to the monthly report published by the National 
Federation of Iron and Steel Manufacturers, Caxton 
House (East), Tothill-street, London, 8.W.1, the number 
of blast furnaces in operation at the end of February 
was the same as that at the end of January, namely, 148. 
The production of pig iron, during February, amounted 
to 550,800 tons, compared with 560,500 tons during 
January, and 571,100 tons during February, 1927. The 
output of steel ingots and castings, during February, 
totalled 764,400 tons, compared with 626,200 tons, during 
January, and 826,800 tons, during February, 1927. 





Ture Nationat PuysicaL LaBoratory.—The Report 
for the year 1927, a volume of 264 pages, consists, as 
usual, of the report of the Executive Committee, 
drawn up by their Chairman, Sir Richard Glazebrook, 
* statement of the work proposed for the year 1928-29, 
summaries of tests made, list of papers published by the 
Laboratory or presented by members of the staff to 
various societies and periodicals, a complete list of the 
inembers of the staff, dated December, 1927, and 
detailed reports of the work done in the departments. 
These latter reports take up the bulk of the volume. As 
regards the Physics Building, the Committee are able to 
announce that provision for commencement of the 
building will be included in the estimates for the coming 
year. The installation of the million-volt transformers 
in the High-Voltage Building is soon to be completed. 
A variable-density wind tunnel is to be added to the 
equipment of the Aerodynamics Department. The 
] aborat ory is assisting the Commonwealth of Australia 
in establishing standards, and has supplied the Electro- 
Chemical Laboratory of Tokyo with a primary standard 
of mutual inductance. The value of gravity at Ted- 
dington is being redetermined. The equipment for 
measurements in wave-lengths of light as primary 
aenaard is almost complete, and considerable progress 
™ been made in numerous international comparisons. 

he nunbers of commercial tests have fallen off some- 
what in several departments, but have increased in 
the Engineering Department, and the demand for 
eet work continues everywhere to increase. We 
Pe deal later with the activities of the departments. 
my ot the Report for 1927, which is published by 

M. Stationery Office for the Department of Scientific 
and Industrial’ Research, may be obtained at Adastral 
Ouse, Kingsway W.C.2, price 7s. 6d. net. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—No change of any npte has 
taken place in the steel trade of Scotland over the week, 
and most producers are in great need of specifications. 
Consumers, on the other hand, are ordering sparingly 
and, despite everything, are unwilling to book for 
forward delivery. Only at a few of the works is there 
any accumulation of orders, and, at the majority, business 
is being carried on in a hand-to-mouth fashion. The good 
shipbuilding returns of the past quarter show that there 
has been quite a satisfactory tonnage of steel consumed, 
but the prospects from that direction are not now so 
rosy because of the dearth of new shipbuilding contracts 
during recent months. In the black-sheet works, business 
is quiet and bookings are not of much moment. Heavy 
gauges are in poor request, and galvanised sorts are also 
moving slowly at the moment. Prices are without 
change and are as under :—Boiler plates, 10/. 10s. per 
ton ; ship plates, 8/. 7s. 6d. per ton ; sections, 71. 17s. 6d. 
per ton ; sheets, 4 in., 8/. 12s, 6d. per ton ; and galvanised 
corrugated sheets, 24 g., 13/. 7s. 6d. per ton, all delivered 
Glasgow stations. 


Malleable-Iron Trade.—A dull tone continues to be 
general in the West of Scotland malleable-iron trade, 
and orders sufficient to keep the works running are very 
difficult to pick up. Foreign competition has a lot to do 
with the quietness in the bar iron and steel re-rolling 
branches. The current price of “Crown” bars is 
10/7, 58. per ton, and of re-rolled steel bars is 7l, lds. 
per ton, both for home delivery. The export prices 
are 9/. 15s, and 7J. per ton respectively. 


Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
has not changed much of late, but the firmer prices 
have tended to a little more business being put through. 
The current output is still quite equal to all demands 
meantime. The following may be taken as the current 
market quotations :—Hematite, 74s. per ton, delivered 
at the steel works; foundry iron No. 1, 76s. per ton, 
and No. 3, 7ls. per ton, both on trucks at makers’ 
yards, 


Engineering Contract—An important engineering 
contract has been secured by Messrs. John G. Kincaid 
& Co., Greenock. It is to supply the machinery for the 
16,000-ton vessel being built by the Furness Shipbuilding 
Company, Haverton Hill, for the United Molasses Com- 
pany. The machinery will consist of two sets of Bur- 
meister and Wain-Harland and Wolff Diesel engines. 
This will be the sixth similar contract secured by Messrs. 
Kincaid for vessels for the same owners. 


Shipbuilding.—The shipbuilding returns for the past 
month are as follow :— 





Vessels, Tons. 

The Clyde ... 13 46,138 
The Forth ... 6 1,236 
The Tay 1 360 
The Dee 3 285 
Total ... 23 48,019 


The Clyde total brings up the output for the first 
quarter of the year to 41 vessels of 162,897 tons. This 
figure makes a new record for the first three months 
of any year, the previous best being for the same quarter 
of the year 1921, when the total was 62 vessels of 
149,841 tons. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, March 31, amounted to 654 tons. 
Of that total, 605 tons went overseas and 49 tons coast- 
wise. For the corresponding week of last year the 
figures were 475 tons overseas and 9 tons coastwise, 
making a total shipment of 484 tons. 











CoLoMBIA AND ITs PossIBILITTEs.—Occupying an 
area of some 450,000 square miles, the Republic of 
Colombia lies south of Panama in the north-western 
corner of South America. Owing to the extreme varia- 
tions in climatic conditions, the country offers immense 
scope for agricultural development, and while the mineral 
wealth of Colombia has never been scientifically explored, 
the Republic is at the present time the largest exporter 
of gold and of platinum in South America. It is esti- 
mated that the oil deposits of Colombia extend over a 
total area of 34,000 square miles. Production as yet, 
however, is in its infancy. In 1911, the value of exports, 
from Great Britain to Colombia, amounted to 1,167,0001., 
being greater by some 80,000/. than the value of United 
States exports for that year. In 1925, British exports 
had risen to a value of 3,874,000/., while exports from 
the United States were worth the much larger sum of 
8,275,000/. In 1926, British exports remained more or 
less stationary at 3,767,000/., while those from the 
United States increased further to 9,856,000J. With the 
object of drawing the attention of British manufacturers 
and merchants to the opportunities offered by the 
Republic, a pamphlet, entitled ‘‘ Colombia, its Progress 
and Possibilities,” by Mr. Norman Thomson, has just 
been published, at the price of ls., by the Anglo- 
Colombian Chamber of Commerce, 7, Sicilian-avenue, 
Southampton-row, London, W.C.1. It comprises 40 
pages of information regarding seaports and railway 
connections, railways and aerial ropeways, roads, 
currency, banking, customs tariff and revenues, consular 
fees, weights and measures, wireless and ssroplane 
services, legislation regarding foreigners in Colombia, 
and oil and mining laws. Chapters devoted to British 
enterprise in Colombia are also included. A large-scale 
folding map of the Republic is by no means the least 








useful feature of the pamphlet. 








NOTICES OF MEETINGS. 





InstITUTE OF MARINE ENGINEERS.—Tuesday, April 10, 
6.30 p.m., 85-88, The Minories, Tower Hill, E.1. ‘‘ The 
Practical Value of the Report of the Heat Engine and 
Boiler Trials Committee,” by Mr. G. J. Wells. 


INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday . 
April 11, 7.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4. ‘Modern Welding Processes,’ 
by Mr. E. F. Newall and Mr. W. E. Quine. 


INsTITUTION oF CiviL ENGINEERS.—Birmingham and 
District Association: Thursday, April 12, 6 p.m., 
Birmingham Chamber of Commerce, New-street, Birm- 
ingham. ‘‘ The Sandfields Filters of the South Stafford- 
shire Waterworks Company,” by Mr. R. A. Robertson. 


Royat AERONAUTICAL Socrety.—Thursday, April 12, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. Lecture: “The Variable-Pitch Airscrew,” by 
Dr. Hele-Shaw and Mr. T. E. Beacham. 


InstTiITuTE or Mertats.—London Local Section: 
Thursday, April 12, 7.30 p.m., Society of Motor Manu- 
facturers and Traders, Limited, 83, Pall Mall, S.W.1. 
Annual General Meeting. ‘Alchemists in Art and 
Literature,’’ by Mr. R. B. Pilcher. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
April 12, 8 p.m., 10, Upper Belgrave-street, S.W.1. 
“Steel and Speed,” by Mr. H. W. Corbett. 


INSTITUTION OF MUNICIPAL AND County ENGINEERS. 
—LEast Midland District : Friday, April 13, and Saturday, 
April 14, Tower Pavilion Gardens, Skegness. Friday, 
April 13, 10.30 a.m. Opening of Town Planning Exhibi- 
tion. ‘ Rural Highways,” by Mr. F. Lake. 2 p.m. 
Various Visits. Saturday, April 14, 10 a.m. “‘ Town 
Planning in Urban Areas,” by Mr. W. A. Johnson. 
“Regional Planning in Rural Areas,” by Mr. J. 8. 


Woodisse. Address by Mr. G. L. Pepler. ‘‘ Develop- 
ment of Seaside Resorts,’’ by Mr. R. H. Jenkins. 8 p.m. 
Lecture : 


King’s Hall, Scarborough Avenue, Skegness, t 
“Garden Cities and their Relation to Town Planning, 
by Mr. S. C. Baggott. 

JuNIoR INSTITUTION OF ENGINEERS.—Friday, April 13, 
7.30 p.m., 39, Victoria-street, S.W.1. “Calculating 
Apparatus and Diagrams for Engineers,” by Mr. A. P. 
Morris. 

INSTITUTION OF ENGINEERING INSPECTION.—Friday, 
April 13, 7.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. “‘ Low-Temperature Carbonisation,”’ 
by Mr. R. P. Wilson. 

InstiTuTE oF British FounprymMen.—Lancashire 
Branch: Saturday, April 14, 4 p.m., College of Tech- 


> 


nology, Sackville-street, Manchester, “A Foundry 
Problem,” by Mr. J. Hogg. “‘ Refractories,” by Mr. W. 
Holland. At 7 p.m. Lancashire Branch—Junior 


Section : Annual General Meeting. ‘‘ Some Observations 
on Metallurgical Practice in the U.S.A.,” by Mr. C. F. 
Brereton. West Riding of Yorkshire Branch: Saturday, 
April 14, 6 p.m., Technical College, Bradford. ‘* What 
has Science done for the Foundry?” by Mr. W. H. 
Poole. 

Hutt AssocrATION or ENGINEERS.—Saturday, April 14, 
7.15 p.m., Municipal Technical College, Park-street, 
Hull. ‘‘ Rubber as a Shock Absorber,” by Mr. 
Rowland. 








Contracts.—The Bedford Engineering Company have 
received an order for a 35-ton electric crane from 
the Bedford Corporation Electricity Works.—Messrs. 
Vickers-Armstrongs, Limited, have secured an order 
from the Bombay Port Trust for a caisson for the com- 
munication passage between Princes and Victoria Docks, 
Bombay.—The Leeds Forge Company, Limited, have 
received an order from the South African Railway 
Administration for 100 drop-sided steel bogie wagons, 
each of 80,000 lb. capacity.—Orders have been placed with 
the British Thomson-Houston Company, Limited, Rugby, 
by the Metropolitan Electric Tramways Company, 
Limited, for 122 traction motors of 50 h.p. rating, and by 
the Dublin United Tramways Company, Limited, for 40 
traction motors of 35 ~e rating. These are repeat 
orders, the Metropolitan Electric Tramways Company 
having ordered a total of 214 B.T.H. traction motors of 
the same type.—Messrs. Siemens Brothers and Company, 
Limited, Woolwich, have received an order to fit each of 
the five new motor vessels, now building by Messrs. 
Harland and Wolff, Ltd., Belfast, for Messrs. H. & W. 
Nelson, Limited, with a 14-kw. wireless installation, in 
addition to a considerable amount of other electrical 
apparatus.—Amongst other orders for cast-iron pipes 
received recently by Messrs. The Staveley Coal and Iron 
Company, Limited, are the following: For the Mid- 
Glamorgan Water Board, 1,000 tons, 14 in. diameter ; 
for the Welwyn Garden City Authorities, 450 tons, 
3 in. to 6 in. diameter; for the Southport, Birkdale and 
West Lancashire Water Board, 365 tons, 15 in. diameter ; 
and for the Montevideo Water Works Company, 450 tons 
5 in. to 7 in. diameter, &c.—The Hunslet Engine 
Company, Limited, have received an order from the 
London, Midland and Scottish Railway Company for a 
further batch of 25 tank locomotives. This is the fourth 
similar order received by the company from the L.M. & 
S. Railway, making a total of 90.—Messrs. The Power. 
gas Corporation, Limited, Stockton-on-Tees, have secured 
an order from Synthetic Ammonia and Nitrates, Limited, 
Billingham, for the fourth extension to the water-gas 
and producer-gas plant which they originally installed 
for this company. This contract includes nine mechani- 
cal water-gas generators and four mechanical producer- 
gas generators, complete with auxiliaries. 
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AustTRALia and New Zealand are conspicuous 
for the extent to which their population is of 
British origin and the prospect that it will be 
recruited further from this country in the immediate 
and ultimate future. With a territory of much 
the same size as the United States, a population 
something less than that of Greater London, and a 
full share of the pandemic desire for material well- 
being which characterises the present age, Australia 
in particular needs more hands to help turn its 
natural resources to account, and prefers immigrants 
of its own blood, language and customs to those 
of foreign countries. The Mother Country, on the 
other hand, has few resources which are not already 
being worked, and its population could well do 
with a share of the opportunities to be found in 
developing a new land. The United Kingdom, 
moreover, is by far the most important purchaser of 
Australian exports. It takes three or four times as 
much as France, the next largest purchasing 
country, and in these purchases includes the whole 
range of Australian production, while about five- 
sixths of those of France consist only of wool. 
The United Kingdom is also the largest supplier of 
Australian imports, though during the last five 
years her share has fallen in round figures from 
51 to 40 per cent., while that of the United States 
has increased from 18 to 24 per cent. Accordingly, 
the economic and commercial positions of the two 
countries are matters of immediate interest to both 
of them from every point of view. This interest is 
reflected in the Commission of British business men 
recently appointed to proceed to Australia, at the 
suggestion of the Australian Government, through 
whose deliberations it is hoped that the relations 
of England and Australia may become more inti- 
mate and even more mutually helpful. The general 
situation was described in the last report on the 
subject by H.M. Senior Trade Commissioner in the 
Commonwealth, Mr. R. W. Dalton, which deals with 
the situation up to June of last year. In particular, it 
exhibits the Commonwealth as on the one hand the 
land of opportunity it has always been thought 


directions to supply its wants by its own manu- 
factures, and sacrificing to that end a large part 
both of its population and its income. 

This state of affairs appears to have been a 
development of the present century. During the 
last twenty years of the last century, the propor- 
tion of breadwinners engaged in industrial occupa- 
tions was practically stationary. After that it 
began to increase, and whereas the percentage of 
those engaged in primary industries fell from about 
44 per cent. in 1881 to 26 per cent. in 1921, the per- 
centage of those engaged in industrial occupations 
increased from 26 per cent. to 31 per cent. At the 
same time, the production of the manufacturing 
industries increased steadily, and if its imports of 
commodities which are not available, or cannot be 
produced, in Australia are left out of account, the 


.| local manufactures are now several times as great 


as the total imports, although the latter have been 
increasing steadily for some years past. This 
situation is the result of what at present is the 
settled policy of encouraging local industries at 


9}almost any price, and in consequence consumers 


are paying at the present time far higher prices 
than those at which the products could be imported. 
Some examples of the extent to which this process 
is carried were given in 1926 in an address by Mr. 
G. A. Julius, then President of the Institution of 
Engineers of Australia, and now Chairman of the 
Council of Scientific and Industrial Research, an 
account of which was given in our issue of August 6 
of that year. In the electrical industry, for instance, 
considerably more was collected in duty than was 
paid in wages, and the amount so charged upon the 
industry and its customers was more than double 
the value of the work added in the process of 
manufacture. Similar results were shown by the 
engineering trade, and while in part they may be 
attributable to the exceptionally high rates of wages 
paid in Australia, and the corresponding cost of 
living, a large part appears to be due to the encour- 
agement of small and inefficient factories. Where 
industries have sprung up for supplying a product 
which was required and manufactured in sufficient 
quantities to be produced efficiently, they have 
been successful. The Wunderlich firm, for in- 
stance, saw in the difficulty of obtaining plasterers’ 
labour a possibly general demand for stamped 
metal ceilings, and, by combining sound mechanical 
design with an unusual artistic sense and abundant 
commercial insight, they created a new industry 
within the Commonwealth, the products of which 
compare favourably with the best of their kind 
in any part of the world. The protection given 
to home manufacturers is not confined, however, 
to industries of which the products are wanted on 
this scale or supplied with similar efficiency. A 
considerable proportion of the present manufac- 
tures cannot pay their way by themselves. They 
are living on subventions by the State either by 
way of duty or otherwise, and the burden of these 
falls ultimately on their customers. 

How far and for how long the Commonwealth 
will be able to afford the luxury of paying much 
more for its commodities than they are worth cannot 
well be foreseen, but it seems obvious that the 
process cannot go on indefinitely. In the last resort, 
the well-being of Australia, as of any other country, 
must depend on the efficiency of its production. 
So far as concerns its manufacturing industries, 
they can only hope to prosper where the demand is 
sufficient to enable them to be conducted economic- 
ally, and for many of them an obvious limit is 
placed by the extent of the Australian population. 
For a long time to come, if not always, the 
main source of Australian wealth must lie in its 
primary industries, and the prosperity of these is 
essential for the national well-being, not merely in 
order to provide the standard of living which has 
been adopted and it may be hoped will be main- 
tained, but also to put the country in a position to 
meet its liabilities in respect of money borrowed 
abroad. The prosperity of these industries must 
obviously depend on the extent to which they are 
able to meet world competition; and whatever 
hardships may be imposed on individual consumers 
by the duties and other burdens levied upon manu- 
factures and borne by consumers, they are small 
from the national point of view compared with the 
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in producing or distributing Australian crops, 
minerals and other primary commodities, such as 
the cost of power or of railway material or of 
machinery, must handicap the primary industries, 
and reduce the effectiveness with which they can 
compete in the world’s market. Sooner or later, 
in fact, Australia will find, as is found in the United 
Kingdom and elsewhere, that they cannot have their 
cake and eat it. What she spends on labour or 
money in manufacturing goods at more than they are 
worth adds to the cost of the exports which use the 
inflated commodities, and acts in effect as an export 
duty on produce devoted to the subvention of 
manufacture. 

It seems, therefore, that at some stage a discrimi- 
nation will have to be made between the industries 
which are efficient or indispensable enough to be 
worth protecting in the national interest, and those 
which are not. The industries which survive will 
indeed be fewer, but they will also be much stronger, 
and manufacture as a whole will become a source 
of revenue to the State, instead of, as much of it is 
at present, a heavy burden on its other resources. 
The effect of this development, as Mr. Dalton points 
out, will not be necessarily to reduce the value of 
Australian imports, but to change the nature of 
them. 

One of the most remarkable circumstances of 
that great country is its extraordinary capacity 
for consumption. At the present time, for instance, 
while its manufacturing industries are producing 
between 601. and 701. worth of output per head of 
population, it is importing between 201. and 301. 
worth. How far this apparent ability to purchase 
may be due to the introduction of the instalment 
system and similar facilities, and how far it may 
be checked if the extent of national borrowing is 
reduced, still remains to be seen, and it must be 
realised also that recent figures have been affected 
by a series of good seasons. In any case, however, 
there appears to be little fear of the Australian 
market losing its importance for British engineers, 
if, as Mr. Dalton advises, they keep a careful eye 
on the demands of the country, and use their own 
opportunities for cultivating them. 

The interest which Australia has in cultivating her 
primary industries is, of course, not merely economi- 
cal. Manufacturing is doubtless an honourable 
employment, but experience shows that the value of 
a national stock is enhanced when it is drawn suffici- 
ently not from the workshop or the office but from 
open-air occupations. Those who follow them not 
only are placed in the best conditions for a healthy 
life, but have the benefit of the discipline involved in 
dealing immediately with natural phenomena. 
Their contact with the inexorable forces of pature 
is in some ways even more direct and continuous 
than that of the engineer, and a country has a 
more stable assurance of a sound national health 
of mind as well as body when a full share of its 
enlightened citizens are occupied in cultivating the 
natural resources of its land than when they are 
devoted mainly to exploiting their own labour. At 
the present time not far short of half its small total 
population are to be found in its six capital cities, 
and have to earn tneir living by their own unaided 
exertions and capital. It is hard to believe that the 
wealth and well-being of the country would not 
grow more surely and readily if more of its inhabi- 
tants accepted the co-operation of nature, which is 
offered so lavishly in its rich and fertile territories. 








THE PRESERVATION OF NIAGARA 
FALLS. 


THE sentiment in favour of the preservation of 
the natural and other wonders of the world is a 
thoroughly modern development. While the 
ancients attempted to build, and with some success, 
for all time, those who followed them were more often 
than not concerned with obliterating all traces of 
their predecessors. Few monuments have come 
down to us unscathed. It is only quite recently 
that we have been able to rid many of our cathedrals 
of accretions which for generations have defaced 
them. The natural beauties of the world have on 
the whole fared better, for the simple reason that 
while transport was lacking they remained safely 











out of reach. Many are so still, while as to others 
we may be thankful that consciousness of respon- 
sibility for their preservation for the enjoyment of 
generations to come has awakened simultaneously 
with the desire of the business man to make every- 
thing subservient to economic development. 

After some early ventures on a small scale, 
some forty or so years ago the Falls of Niagara 
came within the field of vision of the industrialist, 
and a great deal was heard of the vast possibilities 
in the way of power production at the Falls. Then 
it dawned upon people that if the head were made 
use of in this way there could be no Falls to admire, 
and a joint international body was appointed by 
Canada and the United States to decide how much 
water could safely be withdrawn from the river 
without adversely affecting the scenic beauty, which 
in its way is of unsurpassed grandeur. The Com- 
mission ultimately reported that diversion for 
other purposes to the amount of some 64,000 c.f.s. 
was the maximum permissible, or something like 
37 per cent. of the low water flow, according to 
Dr. J. W. Spencer in his Falls of Niagara pub- 
lished by the Geological Survey, Department of 
Mines, Ottawa, in 1905-6. At the present time 
some 56,000 c.f.s. are being so used, and it is 
clear from the present state of the Falls that the 
franchise figures are too high unless remedial works 
are insisted upon, as may now be done under the 
present form of control 

The present situation is that the so-called American 
Falls are very short of water for the best scenic 
effect, while on the flanks of the Canadian Falls 
large expanses of bare rock are exposed. This, in 
itself, is sad enough, but in more recent years, 
another danger has been brought to light. The 
Falls are said to be committing suicide, to be eating 
their way back up-stream at a phenomenal rate, 
and, worse still, to be concentrating their flow, and 
erosion, in one particular spot, deepening the 
channel there and forming a notch which adds 
nothing to the beauty of effect, but draws water 
away from other parts of the crest. 

In a field behind there has been built at 
Niagara on the United States side of the river, a 
very beautiful hydraulic model of the Falls, which 
privileged visitors are allowed to inspect. Although 
this is believed to be the largest model of its kind 
ever constructed, its size has frequently been exagge- 
rated into that of the field itself. It is actually 
built to a horizontal scale of 1 in 100, with an ex- 
aggerated but what is claimed to be a correct vertical 
scale to represent the hydraulic effects. The model 
truly represents the crest lines and other features 
of the falis, with the shoals and rapids above them, 
and all other details, which careful surveys have 
located in the river itself or its banks. A long 
channel at the far end, supplied with water by an 
electrically driven pump, provides an even and 
quiet flow of water, representing to scale the flow 
of the river taken as 200,000 c.f.s. At a given 
signal, a gang of men in waders set to work and 
carry pre-cast submerged weirs and islands from 
the banks to points in the channels where they are 
deposited with various effects, a lecturer meanwhile 
expounding upon their objects and the expected 
results. To an unsophisticated person this all 
sounds, as indeed it appears, horribly artificial. 
The general lesson sought to be thrust home is that 
while 56,000 c.f.s. are now taken from the river, 
leaving 144,000 c.f.s. to supply the Falls, the 
former amount could be increased to 100,000 c.f.s. 
with advantage to industry, and likewise benefit 
to the Falls by arresting their reputed tendency to 
destroy themselves, making ultimately something 
finer for the 2,000,000 annual sightseers to gaze 
at, than exists at the present time. 

One of the chief points brought out by the model 
is that it is easily possible to rehabilitate the 
American Falls. While the past beauty of these 
falls has been sometimes overstressed, there is no 
doubt that they have suffered in recent years. They 
are on the flank of the main channel, and though 
they have a crest approximately 1,000 ft. long, the 
depth of water in the channel leading to them is 
nowhere greater than 3 ft., and in places less, with 
many protruding rocks and small islands. These 
falls at present take only about 6 per cent. of 
the flow. By increasing this amount by from 








3,000 to 4,000 c.f.s. the effect could be substantially 
improved. The second object to which the model 
is designed to draw attention is the fact that by 
judicious manipulation, and spreading the film of 
water out evenly over the Horseshoe crest, the 
scenic effect can be retained at a vast saving of 
water for power purposes. Here, we are convinced, 
opinions will differ. What might be the feelings of 
a later generation, unfamiliar with the falls in 
their original state, we cannot say, but there is 
little doubt that many of the present would revolt 
at the idea of tinkering with the crest in such a 
way as to reduce the flow per foot run to something 
equivalent to that now passing over the American 
Falls, and that the Horseshoe Falls would in their 
eyes largely lose their attractiveness, if converted 
from a national spectacle into an engineering 
structure. 

We are pleased to note that this is the attitude 
adopted by the Special International Niagara Board, 
which has just issued a report on the subject of the 
preservation of the falls. The special board con- 
sists of Mr. J. T. Johnston, M.E.I.C., Director of 
the Dominion Water Power and Reclamation 
Service, and Mr. C. Camsell, Deputy Minister of 
Mines, representing Canada, while the United 
States members are Major De Witt C. Jones, 
Corps of Engineers, U. S. Army, and Dr. J. H. 
McFarland, Past President of the American Civic 
Association. The present is only an_ interim 
report, and a full discussion of the facts upon which 
it bases its conclusions are deferred to a final 
report of the Board, this summary being brought 
forward early so that remedial works may be put 
in hand this season. 

The Board admits the damage done to the falls 
by the reduction of the flow over the American 
crest, and the uncovering of the flanks of the 
Horseshoe Falls. To come straight to its conclusions, 
it recommends certain remedial works in the form 
of submerged weirs, together with excavation, with 
the object of diverting some of the flow from the 
central channel to the sides, thereby providing 
more for the American Falls and directing supplies 
also out to the flanks of the Horseshoe Falls. 
The amounts so to be diverted are, relatively, not 
large. 

Present conditions at the Falls are well illustrated 
by the views we give in Figs. 1 to 3, on Plate XLI, 
with our issue this week. The first view is an aerial 
view from above the Falls showing the meagre flow 
on the flanks of the main channel. Fig. 2 is a view 
of the Canadian Falls from the United States side, 
and Fig. 3 one of the same from the Canadian 
side. Both of these show exposed rocks formerly 
covered, and would show more if the views were 
extended to the left and right. We give two other 
views, both taken from the report, in Figs. 4 and 5, 
on Plate XLII, and of interest in this connection. 
The first illustrates the recession of the Horseshoe 
Falls, and indicates the anticipated crest lines at 
future dates, and the second (Fig. 5) the remedial 
works proposed by the Board. 

Accurate records of the crest line of the great falls 
go back to 1842. A second survey was made by the 
United States in 1875, a third in 1886, and a fourth 
in 1890. A fifth in 1905 was also carried out by 
the United States and another by Dr. J. W. Spencer 
in 1906. The subject was also investigated by 
Mr. G. K. Gilbert. Probably one of the most 
complete examinations of the whole subject of 
the Falls and Gorge, attended by considerable 
difficulties, was that made by Dr. Spencer, and 
though some of his conclusions are not in line with 
the views of present authorities as to the geological 
history of the region, the information he brought 
together is a most valuable contribution to the 
subject. From his study of the Falls, Dr. Spencer 
concluded that they had receded over a long period 
at the rate of about 4-2 ft. per annum. Mr. Gilbert 
a little later put the rate at about 5 ft., while more 
recently other authorities such as Mr. J. R. Freeman 
have put forward figures of as much as 7 ft. pet 
annum. Mr. Freeman possibly adopts the more 
extreme figures and somewhat alarmist view that t » 
rate of recession is rapidly increasing, with the object 
of compelling attention to the subject. W hether 
this be so or not we are bound to admit that this 
section of his recent book Regulation of the Gr on 
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Lakes, filled us with more than usual concern, until 
the appearance of the report which has now come 
to hand. This we are glad to note is reassuring. 
The Board considers that the suicidal inclination 
of the Falls has been greatly exaggerated. The 
latest determination points, it states, to the central 
part of the falls receding only at a rate of 3-7 ft. 
per annum since 1842, and at only 2-3 ft. since 1906. 
Spencer gave 2.2 ft. per annum for the 15 years 
prior to 1906. This rather upsets the notch theory, 
but the Board is ready with an explanation, which 
sounds at least plausible. It is stated that above the 
falls there are two fairly well-defined deep converging 
channels, separated by shoal water. Till recently 
these channels have both concentrated their flow at 
one point on the brink, but now they are gradually 
spreading farther and farther apart. As time goes 
on, therefore, the flow will be more and more dis- 
tributed and the effect of this will be beneficial for 
more than one reason, the two chief being the one 
directly connected with the divergence of these 
channels, and secondly, the fact that better dis- 
tribution of the flow results in less undercutting of 
the face. 

The main geological strata of the Niagara escarp- 
ment lie practically horizontal at the Falls across 
the river, but have a dip in a direction generally 
south-west of about 1 in 200, or 26 ft. per mile. 
The actual strata found in the immediate neighbour- 
hood of the falls consist of a top layer of 80 or 
more feet of Niagara limestone (Lockport dolomite) 
under which is 60 ft. of Niagara shale (Rochester 
shale), There follows a band of 8 ft. to 10 ft. of 
Clinton limestone, with below again are Medina rocks 
and Medina grey sandstone. The Medina rocks 
consist of interbedded layers of red and mottled 
shales and layers of red and mottled sandstones, 
easily broken up. The Medina grey sandstones are 
badly jointed. All the foregoing are Silurian forma- 
tions, Below still further is an Ordovician forma- 
tion known as Medina or Queenston shale, extending 
to many hundreds of feet. It will be evident from 
the above that the danger to the falls arises from 
undercutting of the shales, &c., support being thus 
removed from the hard shelf of limestone which 
forms the actual brink. The greater the distribution 
over the crest, the less will be the undercutting effect, 
and hence the Board concludes conditions are likely 
to be better in the future than in the past, instead 
of worse. It may further be pointed out that the 
overlying stratum of limestone increases in thickness 
in an upstream direction. It has been proved to 
have a thickness of over 130 ft. near the upper 
rapids, so that any tendency to recession will be 
counterbalanced to some extent on this account. 

The difference between the American and Cana- 
dian Falls is in no matter more marked than in this. 
While the Canadian Falls are moving back, whatever 
expert views be accepted with regard to the actual 
rate, the American Falls have been practically 
stationary. The reason for this is that the smaller 
flow has permitted, as is well known, the accumula- 
tion, at the foot of the falls, of piles of debris. 
Undercutting has resulted in the fall of masses of 
tock from the top ledge, and these have then acted 
as protection to the face, retarding very con- 
siderably further destruction. 

The works now suggested are of the nature of 
a harmless subterfuge. The proposed weirs will 
always be submerged and may not even forma wave 
on the surface except at one or two points where 
already waves exist. The excavations will pass 
unnoticed. The cost of the works suggested is put 
tentatively at 1,750,000 dols., but it is pointed out 
that there is no sound basis on which to make these 
estimates, nor indeed anything on which to judge 
the actual effect of the works proposed. The model 
‘o which we have referred above is not admitted by 
the Board to give quantitative indications of great 
Value, and they state frankly that the works will 

ave to be carried on until the desired effect is 
attained. 

An interesting point arises in connection with the 
question of the St. Lawrence waterway, recently 

ussed in these columns. The Joint Board of 
gineers on that question recommends, for the 
maintenance of the lake levels, works of a compen- 
‘ating character, rather than regulating works. 
© Board’s chief reason for this is that the former 


would be much less costly than the latter. The 
proposed works would be situated at a narrow part 
of the upper river at Fort Erie, and would consist 
only of a dyke and submerged weirs to narrow the 
channel, at an estimated cost of 13,500,000 dols. 
These works would be far above and would not 
affect in any way the proposed works of the Niagara 
Board. On the other hand, certain engineers, such 
as Mr. Freeman, favour regulating works not far 
above the Falls. The cost of these is put in Mr. 
Freeman’s book at some 33,500,000 dols. What- 
ever can be said for the ingenuity and care of 
detail brought to bear upon proposals of this 
kind, we feel that most people will join with us in 
the hope that the vicinity of the Falls may be saved 
from the disfigurement of a rigid line of regulating 
sluices stretching across the upper waters. 

It will be noted that we have said nothing of 
making further supplies of water available for power 
purposes. From published figures it would seem 
essential that if more water is to be provided for 
power purposes further works will be necessary. 
Dr. Spencer states that while at present the total 
crest length of the two falls is about 3,500 ft., if 
full use were made of the franchise, this would be 
reduced to betweeen 1,500 and 1,600 ft. and all 
the water would flow over the Canadian Falls. The 
Niagara Board has not at the moment reported on 
this, preferring apparently and doubtless with reason, 
to defer the public presentation of its recommenda- 
tions in this connection till it can place them on the 
table in detail. 








NOTES. 


Roap BumLpiIne IN CANADA. 


The advent of the motor-car and its subsequent 
rapid development, have made good, well-surfaced 
roads a question of supreme importance. 
Canada has recognised the advantages of possessing 
good highways is evidenced by the fact that, in 
1919, the Canada Highways Act was passed by the 
Dominion Government. This measure stipulated 
that the sum of 20 million dollars should be set 
aside to form a road-building subsidy. The purpose 
of this subsidy was to assist the Provincial Govern- 
ments to build a network of main roads linking up 
all important centres within the various provinces, 
and also to effect junctions with trunk highways at 
international points. Under this scheme, 40 per 
cent. of the cost of construction of the highways 
decided upon was borne by the Dominion Govern- 
ment. It was at first laid down that the Act 
should remain in force for five years ; it subsequently 
turned out, however, that work did not proceed as 
quickly as had been anticipated, and a considerable 
amount of the money provided by the subsidy still 
remained unspent in 1924. The operation of the 
Act was, therefore, extended for another four years, 
i.e., until March 31, 1928. Figures published in 
the current number of National Resources, Canada, 
a journal issued by the Department of the Interior, 
Ottawa, show that, by March 31, 1927, out of a 
total of 8,415 miles of road included in the Govern- 
ment subsidy scheme, 7,436 miles had been com- 
pleted. The cost of the work, up to the date 
mentioned, was estimated to be nearly 49 million 
dollars, causing the contribution of the Dominions 
Government to be in the neighbourhood of 194 
million dollars. In conclusion, it should be pointed 
out that, in addition to the work subsidised by the 
National Government, each of the nine Canadian 
provinces has, on its own account, spent large sums 
of money on extensive highway construction, and 
improvement operations. Taking 1926 as a typical 
year, the total amount expended on road construc- 
tion and maintenance, throughout the whole of 
Canada, was about 45 million dollars. 


THE ENDURANCE OF PLATE SPRINGS. 


Motor-car springs are probably subject to heavier 
strains in service than those of any other vehicle. 
The loads carried are, of course, much less than in 
railway service, but speeds probably average nearly 
as high, whilst the rail is very much smoother than 
the road. The more trying service conditions were 
very clearly brought out during the world-war, when 
the failures of laminated springs on the vehicles 
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the supply of over 500 tons of spring steel merely for 
repairs; in addition, there were thousands of 
complete replacements. As a consequence, a com- 
mittee was formed under the egis of the Department 
of Scientific and Industrial Research, to make a 
thorough investigation into the causes of failure, 
and to determine the qualities of steel most suitable 
for this very trying service. The first of these 
reports has now been issued and can be obtained 
from H.M. Stationery Office, the published price 
being 6d. net. The report deals with the endurance 
of spring steel plates under repeated reversed bending 
stresses, and is due to Mr. G. A. Hawkins, A.R.CS., 
B.Sc. The plates experimented with measured, 
in general, 12 in. long by 3 in. wide by 3 in. thick. 
They were tested in a machine specially devised for 
the purpose at the National Physical Laboratory. 
They were clamped fast at one end and deflected 
by the rotation of a pair of out-of-balance flywheels 
mounted at the other end. The deflection was 
observed by means of a mirror and scale. The first 
series of tests included 14 different specimens, three 
of which were of foreign origin. The latter were 
tested as supplied, the heat treatment to which 
they were subjected being unknown. The others 
were heated to various temperatures, hardened and 
tempered. The estimated fatigue limits, based on 
a combination of these tests with ordinary endurance 
tests, ranged from + 11-2 tons to + 16-2 tons per 
square inch. It is, perhaps, of interest to note in 
this connection that the balance springs of chrono- 
meters, which work mainly in bending, are stressed 
in service to about -+ 9 tons per square inch. The 
best results seemed to be given by a high silicon 
steel quenched in water. This steel showed on 
analysis 0-35 per cent. C, 2-07 per cent. Si, and 
0-92 per cent. of Mn. The sulphur content was 
0-028 per cent., whilst the phosphorus was present 
to the extent of 0-041 per cent. Information is 
given on further tests which were made with three 
qualities of steel, which were specially heat-treated 
at the laboratory, with the result of materially 
improving their endurance. Full particulars are 
given in the report. 








THE FAILURE OF THE ST. FRANCIS 
DAM, LOS ANGELES, CALIFORNIA. 


By F. A. Norrzui, M.Am.Soc.C.E. 


SHortTLY before midnight of March 12 the 
St. Francis gravity dam of the water supply system 
of the City of Los Angeles, California, gave way sud- 
denly under the pressure of a nearly full reservoir. 
The dam was about 206 ft. high. Both wings of the 
structure were washed away, and a centre piece 
alone, about 75 ft. long, was left standing. The 
amount of water released is approximately 38,000 
acre-feet. A wave nearly 125 ft. high immediately 
below the dam and flattening out as the canyon 
became wider, rolled down the valley. The loss of 
life is estimated at about 400. The physical damage 
to the dam, a power house, and public and private 
property is estimated at fifteen to twenty million 
dollars. Several investigations have been started 
by the City of Los Angeles, the State of California, 
and by private interests, for the purpose of deter- 
mining the causes of the disaster. Pending the 
outcome of these investigations, all comments 
regarding the possible causes of the breaking of the 
dam will be withheld for the present. 

The St. Francis dam formed a reservoir of 38,000 
acre-feet capacity, and was built in 1924-25 for the 
purpose of storing water brought through the Los 
Angeles aqueduct over a distance of some 450 miles 
from the Sierra Nevada mountains for use for domes- 
tic purposes in the City of Los Angeles, California. 
The dam, which is illustrated by the view Fig. 1 
and the plan, elevation and section in Figs. 2 to 4, 
on page 420, was of the gravity type, built curved 
in plan on a radius of 500 ft. It was built across 
a relatively narrow gorge in the San Francisquito 
canyon approximately 37 miles north of Los Angeles. 
The structure consisted of a main dam, about 700 ft. 
long and 206 ft. high, and of a low wing wall of 
550 ft. length built on top of the ridge forming the 
west abutment of the main dam. The maximum 
cross section of the dam is shown in Fig. 4. No 
uplift pressure under the base of the dam was con- 
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sidered in the design. Furthermore, no drains were 
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GENERAL VIEW OF Dam AFTER COMPLETION. 
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CROSS-SECTION OF DAM. 
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Fic. 6. REMAINS oF Dam; 


VIEW LOOKING UP-STREAM. 








VIEW LOOKING WEsT across Dam 
Site. 


Fia. 7. 


provided either in the foundation or in the dam 
proper. 

The aggregate for the concrete was derived from a 
gravel pit a short distance from the dam. Natural 
bank-run was used without first screening and 
separating the sand and the various sizes of the 
gtavel. An average of one barrel (360 lb.) of cement 
of a standard brand was used per cubic yard of 
concrete. 

The concrete was mixed in a central mixing plant, 
then hoisted in a tower and conveyed into the dam 
by means of chutes suspended from cables spanning 
across the dam site. Each layer of concrete 
Was poured more or less continuous all the way 
across irom abutment to abutment. Individual 
pours were made without moving the discharge end 
of the chute. The concrete was made to flow in all 
directious piling up slightly under the end. No 
vertical construction joints were provided. As a 
consequence, there developed in the dam a series of 
Practically vertical shrinkage cracks from 30 ft. 
‘o 70 ft. apart. However, there was hardly any 





VIEW LOOKING Down-STREAM AFTER 
FaILuReE. 


Fia. 8. 


sidered as not having affected materially the stability 
of the dam. 

A spillway was provided to discharge suplus waters 
through 11 openings at the crest of the‘dam, approxi- 
mately in the centre of the span. The drainage area 
above the dam site is relatively small, the main 
water supply for filling the reservoir being supplied 
by the aqueduct steel pipe line of 10 ft. diameter. 

The dam was built by the construction division of 
the City of Los Angeles. Mr. William Mulholland, 
chief engineer of the department, and responsible 
for the construction of the 450-mile aqueduct of 
the City, had general direction of the work. Mr. 
Stanley Dunham, construction engineer of the City, 
was in direct charge at the dam. 

The dam was supposed to be founded on rock of a 
reasonably good quality both as regards bearing 
pressure and water tightness. The rock at the 
east abutment and in the creek bed is schist. On 
the west abutment it is a volcanic deposit of reddish 
colour. The area of contact between the two kinds 
of foundation materials intersects the surface of 


leakage through these cracks, and they were con- | the foundation on a line which runs approximately 





in an upstream-downstream direction and inter- 
sects therefore the base of the dam nearly radially. 
There is also a fault line in the schist crossing the 
dam site in an upstream-downstream direction. 

In the preparation of the foundation prior to 
concreting all loose material overlying the bedrock 
was @moved. Apparently there was only a very 
small cut-off wall along the up-stream side of the dam. 
Cement pressure grouting of the foundation material 
was not considered necessary by the builders. 

On March 12, a few minutes before midnight, the 
dam failed. If there were eye-witnesses who saw 
where the first break occurred, they have not lived 
to tell the tale. At the time of the break, the 
reservoir was full to about 0° 2 ft. below the lip of the 
spillway, which is 3 ft. below the crest of the dam. 
The water had been standing at substantially the 
same depth for almost a week prior to the fateful 
hour when the dam gave way. The diagram in 
Fig. 5 shows the elevation of the water surface 
in the reservoir since the completion of thedam. No 
rain had fallen for days over the water shed, and 
the inflow into the reservoir from the natural drain- 
age was only a few cubic feet per second at the time 
of the break. 

The writer arrived at the dam site a few hours 
after the dam had collapsed. The reservoir was 
already empty, and the rush of the water down the 
valley had spent its force. Of the dam, only a 
centre piece of about 75 ft. length, but of the full 
height of the dam, was left standing, besides the 
low wing wall which extends along the ridge forming 
the west abutment. The portion of the main 
dam located on the right-hand side (west) of the 
remaining centre piece was completely washed away. 
The effects of the burst are shown in Figs. 2 and 3, 
while the central portion remaining standing will 
be seen in Figs. 6, 7 and 8. The fragments, con- 
sisting of huge blocks of concrete, were carried down 
stream, some as much as three-quarters of a mile, 
and may be distinguished in Fig. 8. The fragments 
of the eastern portion of the dam are in part still 
lying in the gap, while other fragments of this same 
portion were carried a short distance down stream. 
From this fact, and from other indications, it is 
concluded that the west portion of the dam was 
breached first. The scouring of the outrushing water 
apparently was not able to affect materially the 
centre piece which was built on hard rock in the 
stream bed. However, the scour may have loosened 
the softer rock on which the left wing was built, so 
that this part of the dam collapsed also. It is not 
known, of course, how many seconds or minutes 
elapsed before this second breach in the dam occurred. 
The fact that the fragments of the west portion 
which failed first were carried far down stream, 
while some of the fragments of the east portion 
are still left in the gap, may be an indication that 
the water level in the reservoir had already dropped 
considerably when the east portion collapsed. Of 
the accompanying illustrations, Fig. 6 was taken 
looking upstream and shows the remaining middle 
portion and the fragments of the east wing dam. 
Fig. 7 was taken looking west across the dam, and 
Fig. 8 was taken looking downstream. This view 
shows fragments of the dam washed far down 
stream, while the scour mark of the water released 
can be traced down the valley as far as it is included 
in the view. 

The force of the water rushing through the two 
gaps in the dam apparently eroded some of the 
foundation material. Not a trace is left of concrete 
still adhering to the rock where the dam formerly 
stood. It is quite likely, also, that the vertical 
elements of the dam were moved away bodily, 
perhaps by overturning, and breaking the bond 
between the dam and the foundation rock. In 
some places there is a layer of rock several feet 
thick still adhering to the base of some of the frag- 
ments, indicating that at least in these places there 
was a good bond between concrete and rock. 

A very interesting feature, especially from the 
structural point of view, is the fact that a slab of 
concrete from 8 ft. to 10 ft. thick broke away from 
the down-stream side of the centre portion, which 
is still standing. This slab is indicated in Fig. 4. 
It extended in substantially the same thickness 





over the entire 75-ft. length of the centre portion 
of the dam. The significance of this particular 
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spalling off of such a relatively large but thin slab 
is being investigated. 

About two miles below the dam there was located 
a hydro-electric power plant of two units of 
20,000 h.p. each. The turbines were fed by the 
aqueduct pipe line, which is independent of the 
dam and reservoir. The powerhouse sup@tstruc- 
ture, substation and transmission line, were washed 
away, but the penstock, turbines and generators 
were left in place in spite of the fact that the 
wall of water at this point was about 75 ft. deep 
above the powerhouse floor. In fact, one turbine 
and generator unit kept going for several hours 
after the washout, and produced sparks like arti- 
ficial lightning until the water supply in the pen- 
stock was shut off. 

Two construction camps housing 60 and 150 
men for work on high-tension transmission lines 
were located a few miles down-stream from the 
dam. Both camps were washed away, and few 
occupants were able to save themselves. Several 
villages were partly flooded; a railway, many 
bridges and isolated buildings were washed away. 

The San Francisquito Creek on which the dam 
was built is a tributary to the Santa Clara River. 
While the San Francisquito canyon is relatively 
narrow, the Santa Clara Valley is in places over a 
mile wide. In this flat basin the flood peak flattened 
out considerably, and the water flowed down the 
valley at a reduced velocity until it reached the 
Pacific Ocean, travelling a distance of some 50 miles 
from the dam to the sea. The towns of Fillmore 
and Santa Paula, and several smaller villages, were 
partly inundated. The flood crest reached the 
ocean about 3 hours after the dam broke. The 
average velocity of the water was, therefore, about 
17 m.p.h. 

Several engineering, geological and judicial com- 
missions have been appointed for the purpose of 
determining the cause of the failure, and to fix the 
responsibility for this disaster, which is among the 
greatest in the history of American dam engineer- 
ing. The possibility of a major earth movement or 
a criminal attack with explosives having caused 
the dam to fail, are being investigated. As a matter 
of fact, the Los Angeles aqueduct has been dyna- 
mited farther up three times during the past 
year by interests adverse to the city. There had 
been some seepage under the dam ever since water 
had been stored in the reservoir, but apparently 
this seepage was not sufficient to cause fear about 
the safety of the structure among the engineers 
in charge of the dam. 

As already stated, the dam was of the conven- 
tional type of gravity section, curved in plan for 
additional safety, and was not designed for uplift 
pressure under the base or in other horizontal 
planes. In view of the fact that there are in the 
United States over sixty arch dams of sections 
much thinner than required from considerations of 
gravity alone, there is much speculation as to the 
causes of the failure of this dam, and in the interests 
of engineering progress it is to be hoped that the 
official investigations will establish the facts. 


THE TRANSFORMATION OF MATTER. 


On Saturday afternoon last, at the Royal 
Institution, Sir Ernest Rutherford, F.R.S., delivered 
the concluding lecture of his course on the above 
subject. He said that, in his previous lecture, he 
had pointed out that although there was a genetic 
relationship between radium and uranium, another 
long-period radioactive body, known as ionium, 
intervened between the two. This explained the 
fact that when, say, 100 grammes of a _ pure 
uranium salt were kept for a year there was still no 
trace of radium to be found in them. It was, how- 
ever, easy to show that if one long-period radio- 
active body were present between uranium and 
radium, the amount of the latter present in a solu- 
tion of uranium, originally pure, should increase 
as the square of the time, being, in fact, propor- 
tional to $A, A, @, where A, represented the trans- 
formation constant of uranium and 4, that of 
ionium. 

Nearly twenty years ago Soddy had prepared 
four solutions of a pure uranium salt, and had 
determined the amount of radium present in 
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experiments showed clearly that the growth of 
radium followed the time-squared law, and showed 
further that there was only one long-period radio- 
active body intervening between uranium and 
radium. Had there been a second long-period 
body, the rate of growth would have varied as the 
cube of the time. There were, however, three 


These experiments had also provided the means | 


for determining the constant of transformation of 
ionium, which proved to have a half-period of 
70,000 years, that of uranium being about 4-5 x 
10° years, whilst the half-period for radium was | 
1,600 years. 





radioactive atom broke up in one way only, emitting 
either an « particle ora Bray. Ifan« particle were | 
emitted, the atomic number of the element was 
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these after different intervals of time. These | It was formed by the emission of a B particle from 


Radium C. In spite of the very small mass of the 
6 particle, the residue (Ra.C’) recoiled with a 
speed of about 400 metres per second, and this 
fact had been used by Jacobsen to isolate the 
element and to examine its radioactivity. To 
this end, thorium C was placed on the top of the 
plug, shown at the bottom of the vertical tube 


short-period bodies between Uranium 1 and ionium. |in Fig. 6. A high vacuum was maintained in this 


tube, and a certain proportion, about 3 per cent., 
of the recoil atoms left on/the break up of Radium (: 
passed up the tube, breaking up in their tum 
during the course of their flight, In this break up, 
a particles were emitted, and the number passing 
through openings at different levels was counted by 


In the foregoing, it had been assumed that each | the scintillations produced on a fluorescent screen, 


Gamma rays were also observed when Radium ( 
broke up, and there had been much difference of 


opinion as to how these were generated. Probably 
altered by two units, whilst if a 8 ray were emitted | what happened was that when Radium ©’ was 
the atomic number was raised by unity, since the | formed, the nuclear disturbance due to the emission 


to the gain of a unit positive charge. 


be followed right down to the end products, and 
there was no doubt that the general facts were 


showed the existence of certain discrepancies. 
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In framing the general scheme, the assumption 
had been that in each particular case the « particle 
emitted was always shot out with the same speed. 
It was, however, not unreasonable so expect that 
a nucleus might not always break up in exactly 
the same way, so that certain « particles might 
have more than the normal speed, or, in other cases, 
a ® particle might be shot out instead of an a 
particle. 

The speaker had, in fact, always been on the 
look out for evidence that the neucleus might 
have more than one way of breaking up. Hahn 
had, in fact, found that Thorium C emitted two types 
of xrays. Thirty-five per cent. of the total emitted 
had a range of 5 cm., whilst the remainder had the 
much longer range of 8-6 cm. The explanation of 
this anomaly was that Thorium C broke up in two 
ways. Thirty-five per cent. of the total emitted 
an « ray with a range of 5 cm., and the residue 
then left was known as Thorium C’, of which the 
half-period was 3-1 minutes. This Thorium C’, 
when it broke up, emitted a § ray, and the residue 
was thorium lead. The remaining 65 per cent. 
of the original Thorium C broke up with the emission 
of a 8 ray, and the residue then left was known as 
Thorium C’, of which the half-period was only 
10-4 second. When Thorium C’ broke up, an « 
particle was emitted which had a range of 8-6 cm., 
and the residue was thorium lead, as in the pre- 
vious case. This explanation of the two types of « 
ray derived from Thorium C had been pretty well 
checked. It had since been found that Radium C 
and Actinium C also broke up in two ways, but it 
had hitherto been impossible to determine the range 
of the weaker « particles emitted in the case of 
Radium C, since only 0-03 per cent. of the total 
atoms broke up with the emission of these weaker 








rays. The Radium C’ had a half-period of 10-® second. 





loss of an electron by the nucleus was equivalent | of the @ ray had to be quelled by the emission of a y 
|tTay before the nucleus was able to shoot out 
According to this simple scheme, the chemical} an «@ ray. 
character of successive radio-active elements could | 
| methods of break up, in addition to the dual type 
| described above. 
thus fairly represented. Nevertheless, experiments | emitted by Radium C’, 28 had a range of 9-3 cm. 
‘and five a range of 11-2 cm.; the remainder had 


It had now been proved that there were other 


Thus, out of one million «-rays 





the normal range of 7 cm. In a similar way, out 
of one million «-rays emitted by Thorium (’, 65 
had a range of 9 cm. and 180 a range of 11-5 cm., 
the normal range being 8-6 cm. Two of these 
groups of rays had been detected by the lecturer 
many years ago. 

From the foregoing, it was evident that there were 
alternative ways in which a radioactive atom might 
break up, and the phenomenon was really much 
more complicated than the first observations indi- 
cated. The difference in range of the a-particles 
was well shown by Wilson photographs of «-ray 
tracks. Occasionally long-range particles were 
found in these photographs, as, for example, in 
Fig. 7. Here the track of a long-range «-particle 
is clearly visible on the right. The very long- 
range track completely crossing the photograph was, 
however, due to a hydrogen atom expelled in the 
collision of an «-particle with a molecule of H,0. 
In this photograph, in which Thorium C was the 
radioactive body under examination, the abnormal 
track was 11} cm. long. A still more interesting 
photograph was that obtained with Radium C’ and 
reproduced in Fig. 8, where, in addition to the a- 
particles having the normal range of 7 cm., there 
was one track 9-3 cm. long and another of 11-2 cm. 
It was an extraordinary coincidence that both these 
rare tracks should be obtained on the same plate. 
Such a chance might not be repeated in a thousand 
years. Na 

It was quite possible that other radioactive 
bodies also broke up in more than one way, "= 
it might be very difficult to detect the presence 0 
occasional rays with other than the norma! range. 

Boltwood had shown, many years ago, that there 
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radium was found, and in the other the actinium 
series, constituting about 3 per cent. of the whole. 
It was, however, difficult to determine where the 
actinium branch broke off from the main line of 
descent. In the main line we had Uranium Il, 
followed by Uranium X:, Uranium X,, Uranium II, 
and ionium, and one opinion was that the actinium 
branch started from Uranium II, about 2 per cent. 
of which broke up to yield Uranium Y. This 
then changed to proto-actinium, with a half-period 
of twenty thousand years. When proto-actinium 
broke up we got actinium, of which the half-period 
was twenty years. Another view was that 
Uranium Y was derived directly from Uranium 1. 

Proto-actinium was an extremely interesting body. 
Its atomic number was 91, and it belonged to the 
tantalum group of elements, but had apparently no 
isotopes. Attempts were now in progress to isolate 
this body, which, in view of its long life, should be 
present in uranium minerals to the extent of one- 
third the radium content. There should thus be 
enough present to determine its atomic weight, 
and when this was known it should be possible to 
fix definitely the point at which the actinium branch 
broke off from the main chain. It had also been 
suggested that actinium was derived from an 
isotope of uranium, and a similar suggestion had 
been made as to thorium, but in this case it was 
claimed that this isotope had now completely died 
away. 

Apart from minor details, the general genesis 
of the radioactive bodies was now fairly clear, but 
the outstanding problem, the solution of which 
must perhaps be left to another generation, was 
why these atoms broke up, why they emitted « 
or 8 rays, and why the speeds of both types of 
ray were what observation showed them to be. 
Why, also, were y-rays emitted? The answers to 
these questions might give a clue to the structure 
of the atoms. As matters stood at present, there 
was an immense mass of material represented 
merely by observations and still lacking inter- 
pretation. 





LABOUR NOTES. 

THE Bureau of Statistics and Information in the 
Department of the Industrial Commissioners of New 
York State reckons, in its latest published report, that 
in the area covered by its operations, the number of 
factory workers declined by 2 per cent. from December, 
1927, to January, 1928. Approximately 20,000 wage- 
earners were laid off during the month. Employment 
often, it is stated, shows a drop between December and 
January, but rarely so big a drop as 2 per cent. Annual 
closings for inventory and repairs, and the mid-winter 
quiet in most industries, reduce somewhat the number 
of workers required. In December, employment in 
New York State factories touched its lowest point for 
the year 1927. The further decrease in January, 1928, 
was partly seasonal, but following upon the low level! 
of the previous month, it pulled the index of employ- 
ment down to 91, or lower than it has been at any time 
since the trough of the depression in the summer of 
1921. Employment in 1928 began with a January 
index, which was two points less than January, 1921, 
and five points less than January a year ago. This 
analysis is based, it is explained, on monthly reports 
received from a fixed list of representative factories 
which employed more than 450,000 workers in January, 


The reduction in employment has now displaced, the 
Bureau states, over 200,000 factory workers since 192’, 
and about 65,000 during the past year, when employ- 
ment was receding in non-factory industries. It has 
also gravely affected the industrial situation through 
the influence of factory payrolls on the effective pur- 
chasing power of consumers. In the 1,650 factories 
which report their employment figures to the Bureau of 
Statistics and Information, the actual payroll for the 
middle week of January was 13,361,308 dollars. The 
estimated payroll for all the factories in the State for 
that week was about 35,000,000 dollars. Compared 
with January, 1927, factory wage payments have gone 
down about 2,000,000 dollars per week. Although 
wage rates and average earnings have been rising since 
1923, the decline in employment has caused a decrease 
of Over three and one-half million dollars in weekly 
Wage payments, compared with payrolls for all factories 
in the year 1993, 


that the gross income of the organisation in 1927 was 
94,5271. 13s. 4d.. and the gross expenditure 84,604. 
Os. 1ld. In 1926, the gross expenditure exceeded the 
gross income by 7,9327. 8s. ld. The purely trade 
union figures show an increase of 1,376l. 10s. 3d. in 
the income, and a decrease in the expenditure of 
15,8017. 16s. 4d. The net accretion to the funds is 
9,783. 17s. Id. All told, the balance at the credit 
of the organisation is 60,3711. 19s., of which 1,228/. 16s. 
belongs to the Political Fund and 5,780/. 9s. 10d. to 
the Auxiliary Sick and Funeral Benefit Fund. The 
remaining 53,3621. 13s. 2d. is entirely Superannuation 
Reserve Fund money. An additional 2,712]. 2s. 
belonging to the Superannuation Reserve Fund has 
been borrowed to enable the organisation to pay the 
present scale of benefits. ‘‘ It must also be stated,” 
Mr. Findlay adds, “‘ that the balances of the Contingent 
Benefit Fund, 8,784. 8s. 7d., Assistance Benefit Fund, 
2,1207. 9s. 10d., and Tool Insurance Benefit Fund, 
1,1701. 6s. 8d., have also been borrowed for the same 
purpose. Altogether 14,787/. 7s. ld. is due from the 
General Benefit Fund to make up these various loans 
before we can say we are out of debt.” 





The home branches of the Amalgamated Engineering 
Union have voted for the re-election of Mr. J. T. Brownlie 
as president, by a decisive majority. Mr. Brownlie’s 
poll was 26,076, Mr. Tanner’s 12,476, Mr. Hisee’s 3,728, 
Mr. Low’s 2,548, and Mr. Roberts’s 2,095. The colonial 
branch votes have not yet been enumerated, but 
whichever way they go they cannot affect the result. 
Mr. Tanner was the National Minority Movement’s 
candidate, and a vigorous campaign was organised in 
support of his candidature. 





Representatives of the two groups of shipyard trade 
unions, which recently put forward a demand for 
increased wages, met the Shipbuilding Employers’ 
Federation in London last week to discuss the matter 
further. They pressed the employers to make a better 
offer than the conditional 3s. per week proposed for 
certain classes of time-workers at an earlier meeting. 
The employers, however, made it clear that they could 
not do so, and the negotiations were broken of. The 
unions concerned will now, it is assumed, consider the 
matter separately, and the probability is that some 
of them will ballot their members on the employers’ 
offer. 





Professor André Philip, who recently spent two years 
in a first-hand study of American conditions, has set 
forth his conclusions in an interesting book. The 
professor’s opinion is that scientific production imperils 
the independence and the personality of the workers. 
They find themselves, he says, absorbed by a mechanical 
system in which they are to play an uncomprehending 
part, and this leads to a degradation of the function of 
labour in the industrial life of the country, and an 
atrophy of personality which might become a very 
serious problem. The result of this automatism is 
that in American factories intelligence is now a dis- 
advantage to a worker in the struggle for survival. 
The results of an inquiry undertaken by Professor Scott, 
on the relation between discontent and intelligence in 
workers, are stated to be of great importance in this 
connection. Discontent was measured by the labour 
turnover, and intelligence by achievement in the 
public schools. In a tool factory employing highly 
skilled workers, the least intelligent showed a turnover 
of 89 per cent., the workers of average intelligence one 
of 60 per cent., and the most intelligent one of 80 per 
cent. The person of average intelligence was therefore 
best satisfied. 


In their devotion to scientific production, continues 
the professor, American manufacturers reach a point 
at which they regard the life of the worker outside the 
factory as merely a preparation for work. Family life, 
reading, rest, and recreation are regarded as existing 
solely for the purpose of reviving the physical and 
mental strength of the worker so that he can come back 
to work with renewed energy. In attempting to 
organise the whole existence of the worker around the 
idea of production, they forget that the worker is 
not merely a producer, but also a father, a citizen, and 
finally, a man who, having earned his daily bread, is 
entitled to a few hours, not merely of rest but of 
recreation. An appeal is made to the trade unions to 
promote the development of rationalisation in a 
direction consistent with the aspirations of the workers, 
and, above all, to safeguard the independence of the 
worker's intellectua! and moral life. 





Industrial and Labour Information, the weekly 
organ of the International Labour Office, gives parti- 


In 1922 a strike was declared in the electricity works at 
Pruszkow, the workers demanding increased wages. 
The management decided to dismiss, without any 
indemnity, the workers who had organised the strike. 
Two of these workers brought an action, claiming an 
indemnity corresponding to three months’ wages, 
their contract of service providing for three months’ 
notice in case of dismissal. The Court of first instance 
refused to allow the claim, but the Court of Appeal 
ordered the management of the works to pay the 
indemnity claimed. 





In the course of its judgment, the Court of Appeal 
said that it was beyond doubt that the wages paid in 
1922 to the workers in the Pruszkow works were 
particularly low, and decidedly lower than those paid 
in other works. The workers wished to obtain an 
increase in wages without resorting to a strike, and it 
was only after the management categorically refused 
that a strike was declared. In these circumstances the 
strike in question could not be considered a breach of 
agreement. The fact that the two workers claiming 
an indemnity were the organisers of the strike in no 
way constituted a reason for dismissing them without 
notice ; workers who had the right to associate had, 
ipso facto, the right to elect delegates empowered to 
direct any collective action such as a strike. The 
management of the factory had therefore no right to 
dismiss the two workers concerned without notice, 
and should pay the indemnity demanded by them. 
The Supreme Court upheld the decision of the Appeal 
Court. 


Mr. H. P. Macmillan, K.C., has accepted an invitation 
extended to him by the Shipbuilding Employers’ 
Federation and the Shipyard Trade Unions to act as 
independent chairman at the national conferences 
provided for in the conciliation machinery agreements 
concluded last year. All the shipyard unions except 
the Boilermakers’ Society are parties to these concilia- 
tion agreements, and a further endeavour is to be made 
to secure the acquiescence of the boilermakers in the 
procedure laid down. The agreements provide that 
work shall be continued pending the adjustment of any 
matter in dispute. There is adequate provision for 
discussion of questions in the yards where they arise, 
and for dealing with local questions in the districts, 
with a right of appeal to a national central conference, 
failing local settlement. Questions of national and 
general interest may be taken direct to a national 
central conference. There isa final appeal to a national 
general conference. 





A report issued this week by the Ministry of Labour 
gives the results of an investigation carried out with 
the object of ascertaining the composition of the 
present large number of unemployed persons. The 
examination was restricted to the cases of 10,000 
persons, and the conclusion arrived at was that among 
the great majority of the claimants unemployment was 
not chronic. There was, however, the investigators 
found, a sort of hard core of male unemployment 
composed mainly of persons over 45 years of age; 
but it was well below 10 per cent. of the total number of 
males in the sample, and was probably less than 7 per 
cent. According to one commentator on the report, 
‘the sample method of inquiry has been tested, and 
can be relied upon to yield results representative of the 
whole field from which the sample is taken.” That is 
not, however, the opinion held outside the Ministry of 
Labour. Many important people in industry hold that 
the only way in which the character and composition of 
the burden of unemployment can be accurately ascer- 
tained is through an examination of the whole list. 





The General Council of the Trades Union Congress 
are arranging to proceed with their ballot in the Notts 
coal area, notwithstanding the refusal of the Industrial 
Union to have anything to do with the project. A 
committee composed of local public men have, in 
conjunction with the General Council, drawn up con- 
ditions under which the vote is to be taken, and the 
issue submitted will be, it is understood, whether the 
miners wish to be represented in negotiations with the 
coalowners by the Nottinghamshire Miners’ Association 
or the Industrial Miners’ Union. In their conference 
with the General Council, it may be recalled, the 
Nottinghamshire Coal Owners’ Association stated that 
they ‘‘ intended loyally to carry out the agreement made 
with the representatives of their workmen, and that they 
could not recognise any other organised body of 
workmen than that with which they were now dealing.” 





The Ministry of Labour states that on March 26, 
1928, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,033,800. Of these, 746,000 were wholly unem- 








\ In the annual report of the United Pattern Makers’ 
“sociation, Mr. Findlay, the General Secretary, states 





culars of an important decision by the Supreme Court 
of Poland affecting the right of workers to strike. 
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were persons normally in casual employment ; 836,800 
were men, 29,600 boys, 139,200 women, and 28,200 
girls. On March 19, 1928, the number of unemployed 
persons was 1,066,077, of whom 864,316 were men, 
30,488 boys, 142,491 women, and 28,782 girls. Of the 
total number, 764,414 were wholly unemployed, 
233,875 were temporarily stopped, and 67,788 were 
persons normally in casual employment. On March 
28, 1927, the number of unemployed persons was 
1,081,729, of whom 878,268 were men, 26,813 boys, 
147,107 women, and 29,541 girls. 


In a memorandum issued this week by the Engineer- 
ing and Allied Employers National Federation, dealing 
with the burden of local taxation, it is suggested that a 
Royal Commission should be appointed for the purpose 
of :—(a) Analysing the composition of the unemploy- 
ment figures to show the nature and qualifications of 
those unemployed. (&) Ascertaining whether the un- 
employed are physically capable of performing the work 
which they claim to do. (c) Determining to what 
extent the unemployment fund is carrying a load of 
misfits due to the war. (d) Ascertaining whether they 
are unemployed on account of age. (e) Exploring 
thoroughly the inter-relation of unemployment benefit 
and Poor Law Relief and laying down lines for the 
distribution of both. (f) Ascertaining from what in- 
dustries and in what proportions the unemployment 
arises. (yg) Ascertaining other relevant considerations 
as to the facts, their causes and remedies. 





WIRELESS TELEGRAPHY IN SuIps’ LirEBoats.—The 
Mercantile Marine Department of the Board of Trade 
informs us that several changes have been made in 
paragraph 115 (6) of the Instructions as to the Survey of 
Life-Saving Appliances, 1926. It has been decided to 
make the single-wire aerial the standard in wireless 
telegraphy installations in ship’s lifeboats. Furthermore, 
in order to avoid technical difficulties as regards the 
metre-ampere figure of 15, laid down in the present 
regulations, the figure has been reduced to 10. A leaflet, 
designated Circular No. 1667, and giving full particulars 
of the changes, may be obtained from H.M. Stationery 
Office, Adastral House, Kingsway, London, W.C.2, 
price ld. net. 

TRIAL TRIP OF THE T.S.S. ‘‘ BEAVERBRAE.”’—Messrs. 
Sir W. G. Armstrong, Whitworth and Company, Limited, 
recently carried out successful trials of the twin-screw 
cargo liner Beaverbrae, which they have built to the order 
of the Canadian Pacific Railway Company. She has 
been built to comply with Lloyd’s highest class with an 
overall length of 512 ft. and a moulded breadth of 61 ft. 
6 in. The propelling machinery consists of two sets of 
single-reduction geared turbines supplied by Messrs. 
Parsons Marine Steam Turbine Company, Wallsend. 
The total power of the installation is about 7,350 shaft 
horse-power in service, the designed speed being 14 knots, 
which was exceeded by nearly 1} knots on her trials. 
She is a sistership of the Beaverford, which vessel was 
built by Messrs. Barclay, Curle and Company, Limited, 
and was described in ENGINEERING on page 185 ante. 


THE IRON AND STEEL INstTITUTE.—The annual meeting 
of the Iron and Steel Institute will be held on May 3 and 
4 next, in the hall of the Institution of Civil Engineers, 
Great George-street, London, 8.W.1, the proceedings 
commencing each day at 10 a.m. On May 3, the newly- 
elected president, Mr. B. Talbot, will be inducted into the 
Chair, will present the Bessemer Gold Medal to Mr. 
Charles M. Schwab, and will deliver his presidential 
address. The papers to be read and discussed are as 
follows :—‘* Blast-Furnace Data and their Correlation,”’ 
by Messrs. E. C. Evans and F. J. Bailey ; ‘“‘ Reactivity of 
Coke,”’ by Messrs. J. H. Jones, J. G. King, and F. 8. Sin- 
natt; “The New Plant of the Appleby Iron Company, 
Limited,’’ by Mr. T. Thomson ; “ Blast-Furnace Practice 
in Natal,” by Messrs. J. E. Holgate and R. R. F. Walton ; 
“The Fatigue Resisting Properties of 0-17 per cent. 
Carbon Steel at Different Temperatures and at Different 
Mean Tensile Stresses,’’ by Mr. H. J. Tapsell; ‘* The 
Properties of Nickel Steels with Special Reference to the 
Influence of Manganese,’’ by Mr. J. A. Jones; ‘ The 
Influence of Nickel in Iron-Carbon-Silicon-Alloys con- 
taining Phosphorus,”” by Dr. A. B. Everest and Pro- 
fessor D. Hanson; “‘ The Effect of Silicon on Tungsten 
Magnet Steel,”” by Mr. J. Swan; “‘ On the Structure of 
the Iron-Chromium-Carbon System,’”’ by Dr. A. West- 
gren, and Messrs. G Phragmen, and Tr. Negresco ; 
Second Report on “ Eeterogeneity of Steel Ingots,’’ by 
a Committee of the Institute; ‘*A Comparison of the 
Most Important Methods Employed in the Cleaning of 
Blast-Furnace Gas,’’ by Mr. V. Harbord ; “ Heat-Resist- 
ing Steels. Part II.—Mechanical Properties,’ by Dr. 
W. H. Hatfield; ‘‘ Chromium Steel Rails,’”’ by Dr. T. 
Swinden and Mr. P. H. Johnson; ‘‘A Study of the 
Resistance of Over-Stressed Wrought Irons and Carbon 
Steels to Salt-Water Corrosion,” by Dr. J. H. Friend ; 
“The Rapid Normalising of Overstrained Steel,” by 
Mr. W. E. Woodward ; “ The Recovery and Sinking-in 
or Piling-up of the Material in the Brinell Test and the 
Effects of these Factors on the Correlation of the Brinell 
with Certain other Hardness Tests,”’ by Dr. A. L.Norbury 
and Mr. T. Samuel ; and ‘‘ Twin-Like Crystals in Annealed 
@ Iron,” by Mr. H. O'Neill. The annual dinner of the 
Institute will take place in the Grand Hall of the Con 
naught Rooms, Great Queen-street, W.C.2, at 7.30 p.m., 
on Thursday, May 3. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


JANUARY. 
8B 


FEBRUARY. 





MARCH. 
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Norz.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign” and “ standard ” metal, respectively. The prices shown for 


lead are for English metal, whilst those for spelter are for virgin metal. 


Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron.. The prices given in the case of steel 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is pet 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








A MovasLe RatLway PLatrorM.—In order to deal 
with a considerable increase of traffic, the London 
Underground Railway have recently found it necessary 
to lengthen one of the platforms at their Wood Lane 
station by an extent, which, if carried out in the ordin- 
ary way would have meant permanently fouling a track 
from the car depot, and a timber extension, 40 ft. long 
and hinged at the end adjoining the existing platform, 
has therefore been built. In the normal way this 
extension covers the track from the depot, but it is 
so arranged that its outer end can be swivelled about 
4 ft. and the track thus left free. The movement is 
operated electro-pneumatically from the signal cabin, 
complete interlocking with the point and signal move- 
ments of both the main and depot tracks being provided. 
The equipment was designed and constructed by the 
Underground Railway staff. 





TRIAL Trip or THE M.S, “ Kine Lup.”—The fifth of 
the nine motor cargo vessels ordered from Messrs. Harland 
and Wolff, Limited, by the King Line, Limited, 
named the King Lud, has been handed over to her 
owners recently, after running satisfactory trials. She 
is a sistership of the M.S. King John, described ™ 
ENGINEERING on page 30 ante. 





Roap CONSTRUCTION IN THE STATE OF PERNAMBUCO. 
—It is reported by His Majesty’s Consul that the 
Pernambuco State Government has created a special 
fund for road-construction purposes. British firms, who 
are interested in the supply of this class of material, can 
obtain further particulars on application to the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
$.W.1. Reference number A.X. 6121 should be quoted. 
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EXPERIMENTAL DIESEL ENGINES.* 
By Engineer-Captain A. TURNER, R.N. 


Some of the earlier experimental work carried out by 
the Admiralty Engineering Laboratory at West Drayton, 
has been described in papers read before this Institu- 
tion,t and the present note has been written with the 
object of discussing some of the more recent develop- 
ments that have taken place at that establishment. 
One of the principal aims of the laboratory has been to 
assist, by obtaining experimental data, in the develop- | 
ment of reliable and durable Diesel oil engines of high 
powers on the basis of a minimum expenditure of 
weight and space which is consistent with a speed of 
revolution suitable for use with the marine propeller. | 
These requirements are exacting, as it is desirable to 
reduce the machinery weight for naval purposes, if it | 
were possible, to that of aircraft engines on the one | 
hand, where the propellers work at high speeds of | 
revolution in a medium which is about one-thousandth 
the weight of water, whilst on the other hand, preserving 
the high efficiency of the merchant ships’ propeller 


| 
| 
| 








Needle-valve lift ... 0-114 in. 

Exhaust colour ; Shaded. 

Exhaust temperature 1,050 deg. F. esti- 
mated. 

Brake mean pressure 110 = per square 
inch. 


Both the aircraft and mercantile machinery are efficient 
and economical with fuel in their own spheres, the latter 
being particularly so, and, as in the case of the steam 





which runs at its best at, say, 800 r.p.m. to 100 r.p.m. | 


Fig.3. EX.7. DIGIT ENGINE 





(678. B) 


Diagram” showing lengths of worn face on camshaft skew gear wheel. 


Note.—The camshaft is not shown in its true relative position to the 
It has been displaced to bring together those portions of the 
cams and gear wheel that are in operation together, e.g., when No. 5 tooth = 
is engaged, point X on the exhaust cam is in contact with its roller. 


gear wheel. 


TaBLeE I.—Digit Engine. 
Two Hours’ Test at 390 Brake Horse-power. 


Revolutions per minute ... 392-7. 
Indicated horse-power_ ... owe 407. 
Brake horse-power nee sas 


Mechanical efficiency 78-6 per cent. 


Mean intermediate pressure 159-6 lb. per 
square inch. 
Blast air pressure 1,150 lb. per 


square inch. 


Blast air consumption 80 cub. ft. per 


minute. 
Compressor brake horse-power ... 48. 
Net brake horse-power of installa- 
tion aed ape Ae cae, ae 
Net mechanical efficiency... 69 per cent. 
fuel... eee ose oes --- Texas. 
Lb. per indicated horse-power- 
hour wae a « §=0°336, 
Lb. per brake horse power engine- 
hour ... =e tos --- 0-428. 
Lb. per brake horse-power (net)- 
hour ... aes mae --- 0-488, 
Compression pressure 460 lb. per square 
inch, 
Maximum cylinder pressure 630 lb. per square 
inch. 
Injection nozzle Six 0-130-in. 
holes, 120 deg. 
angle. 





* Paper read before the Institution of Naval Architects, 
on Thursday, March 29, 1928. Abridged. 

t “Some Experimental Work on Diesel Engines,” 
by Engineer-Commander C. J. Hawkes, R.N., ENGI- 
NEERING, vol. cx, page 127; ‘ Further Experimental 
Work on Diesel Engines,” by Engineer-Commander R. 

eman, C.M.G., R.N., ENGINEERING, vol. cxvii, pages 
$87 and 624, 





| improvements in the economy of fuel of the modern 
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conditions would be repeated if multi-cylinder engines 
were constructed from them—in other words, if the 
mechanical efficiency of the unit cylinder is low, it does 
not necessarily follow that the low efficiency would be 
repeated in the actual sea-going engine. For example, 
a unit cylinder requires a relatively large flywheel, 
whereas the multi-cylinder engine may have none at 
all; the camshaft driving gear may be heavy and 
strong enough to drive six or eight pairs of valves, and 
yet only work one in the unit cylinder; and, further, 
what may be more important in their effect of the 
reduction of the mechanical efficiency of these units, 
are the heavy balance weights which are necessary in 
the case of the single-cylinder engine and unnecessary 
on service where the engine can be balanced without 
them. The trial results, of which typical examples 
will be given, must therefore be studied from this 
aspect, otherwise some of them may appear to be 
decidedly poor, whereas it does not necessarily follow 
that they are so. 

Among others used for occasional studies, the 
principal engines are as follows :— 

(1) The Digit Engine.—This engine was built at 
Chatham Dockyard from designs prepared at the 
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reciprocating engine, it is doubtful whether naval ma- 
chinery of the reciprocating type is likely to be the equal 
of the latter on account of the severe limitations forced 
upon it by considerations of weight, lack of head-room 
and space available ina warship. The general character 
of this difference of size may, perhaps, be illustrated by 
Fig. 1, which depicts in block form a typical Diesel 
engine of about the highest power at present in use in 
the Mercantile Navy in relation to one of the same 
power, but of a type based on the several experimental 
engines under development at the Laboratory. 

The position as regards Diesel engine development 
for naval work has not altered appreciably from 
that described in the latter of the two papers men- 
tioned. For although considerably greater powers 
have been obtained than was the case at that time, 


marine steam installations have also been effected of 
magnitude sufficient to render the competition between 
the two rivals as keen as ever. Steady progress has been 
made and knowledge has accumulated during the period 
of the Laboratory’s existence, and it is proposed to 
compress into this paper a few of the lessons learned 
in following the various paths of exploration. The 
study centres round the general behaviour and charac- 
teristics of engines of the following types :—Four- 
stroke cycle trunk piston engine. Four-stroke cycle 
double-acting engine. Two-stroke cycle stepped piston 
engine. Two-stroke cycle opposed piston engine. Two 
stroke cycle double-acting engine. 

In each case single-cylinder units have been con- 
structed, and, as a general rule, only the cylinder 











HORSE POWER TRANSMITTED 


laboratory (at that time at South Kensington). It 
is of the simple four-stroke cycle type, with a trunk 
piston having a cylinder diameter of 20 in., a stroke of 
20 in., a speed of 390 r.p.m. Its normal brake horse- 
power is regarded as 300 gross, i.¢., without its air 
compressor, and under these conditions it is used for 
trials of 200 hours or so duration whenever required. 
It has been used for testing improvements in detail 
such as pistons, cylinder covers, exhaust valves, valve 
gear details generally; and, furthermore, has been 
subjected to most severe tests of an exploratory nature 
with the object of obtaining more power from a cylinder 
of this size. 

(2) The White Engine.—This engine was built by 
Messrs. J. S. White at Cowes to designs prepared by the 
laboratory. This is a two-stroke engine with a single 
cylinder of 18 in. diameter, 20 in. stroke, designed to 
run at 400 r.p.m. The scavenge air was supplied by a 
stepped piston, and the supercharge air from a crank- 
driven pump. The scavenging arrangements proved 
to be generally unsatisfactory ; 100 lb. mean indicated 
pressure at 300 r.p.m. was not exceeded satisfactorily, 
and drastic alterations were necessary. Subsequently 
a double-acting engine commenced its trials, and work 
on the White engine ceased when the new engine 
became available for experiments with scavenging and 
other two-stroke features, its principal parts being 
embodied to form a new trial engine. 

(3) The Doxford Engine was built by Messrs. W. 
Doxford and Sons, Limited, of Sunderland. It is an 
opposed piston engine of the two-stroke type, having a 
cylinder 14% in. in diameter, a stroke of 28} in., and a 
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them, which is outside the province of this paper; | and the speeds of the camshafts increase. For similar| cylinder heads in Diesel engines have been found 
put it cannot be too strongly emphasised that it is| valves and spring arrangements the working stresses | most awkward to arrange for at present on account 
not 2 matter of mere power per cylinder that eventually | in the spring steel may be regarded as varying with | of the difficulties in efficiently water cooling both the 
counts, but the general requirements of the engine| the square of the valve diameter and the square of cylinder head and the removable valve cages and 
taken as a whole in regard to accommodation on| the camshaft speed, and possibly this may be taken | also in arranging a practicable reversing arrangement. 
board ship, and these vary considerably. as a rough criterion of measure of the shock on the Pe a te. renee. — —_ 
at the same speed as the crankshaft, and it is eviden 
TABLE III. that apart from any consideration of severe working 
= ——— conditions as regards heat, the valve springs, if scavenge 
| . . 
| Two-stroke ; valves are provided, must be carefully considered, as 
Four-stroke Single Acting. | pie Opposed naa ee. other things being equal the stresses in the springs 
| Piston Type. may be four times that obtaining in valves of similar 
size in the four-stroke engine. 
sens | Supercharged | It may be observed that contrary to supposition 
= | with Natural Three Cranks One Crank the provision of four valves in lieu of two would 
| Aspirated. | Equivalent of aeaied Super- Super- actually appear to simplify the design of the cylinder 
| Aspirated. = | ; Aspirated. charged. charged y appe D pity sign 0! cy 
| aus beans. . ’ head and render it free from casting difficulties, and 
| reduce the risk of cracking between the fuel and 
Ea Nl l exhaust valve orifices. No difficulty has, however, 
Referred brake mean pressures, Ib. | . E - P , 
persquareinch ..  .... 100 | 115 81:2 87 61:4 been experienced with this type of cracking at the 
Raative number of impulses 1 | 1 2 2 4 Laboratory, although tested under working conditions 
Speed of revolution .. .. —.. 390 390 | 400 324 320 corresponding to 203 lb. per square inch mean indicated 
Comparative B.H.P. per given size Ss | - 2 pressure with cylinder relief valves occasionally lift- 
of cylinder Se : | laa si | oo i ing at about 750 Ib. per square inch. Fig. 3, and 
a Pas Fig. 4, page 425, show the nature of the wear that 
TABLE IV.—Datic ENGINE. can take place in camshaft driving gear, also how 
Trials at 120 lbs. square inch. M.I.P. (Approz.). — — ak pr Prec se aon fe 
ie —__— 1 1 1 i IL 
RPM 251-3 275-5 302-5 316-2 velocity, either collectively or individually, under 
MLP., top, Ib. per square inch 124-3 116-3 120-2 127-2 which it will work without chattering or even firing 
M.LP., bottom, lb. per square inch 120-1 114:3 ey ae up. At high speeds it follows, therefore, that the 
aS” — UC pan is 899 "055 mechanical efficiency of the engine must be adversely 
LH.P., total 1,593 1,642 1,893 2,052 affected by gears of this description. Valve gears 
—, ee er a by = be “— driven by straight chains of simple spur wheels with 
echanical efficiency, per cent. 56- : ° : 
Fuel consumption, Ib. per hour per 556-5 580-5 620 754 ground teeth have been used for a large experimental 
Fuel consumption, Ib. per I.H.P. per hour, top 0-342 0-347 0-323 0-352 engine employing wheels up to 3 ft. diameter running 
7 Ib. per I.H.P. per hour, aii oan 0-888 0-885 at speeds from 400 to 200 r.p.m., and have worked 
ottom . os o- oe oe oe "00 * ie bs . . . . e 
Fuel consumption, Ib. per 1.H.P. per hour, total 0-350 0-353 0-327 0-367 smoothly, silently, and evidently with a high mechanical 
Fuel consumption, lb. per B.H.P. per hour 0-618 0-644 0-662 0-763 efficiency, although the latter has not been definitely 
Bebaest ome cei O/88 | vig eg m4 measured at the Laboratory. The loading on the 
ixhaust temperature, eRe se aa <a 5 5 i . ° : ’ 
Compression pressure, top, Ib. per square inch 585 595 600 610 teeth of spiral gears, coupled with high rubbing speeds, 
Compression pressure, bottom, lb. per square ‘ is incalculable in the event of a valve sticking or 
a es ca = = | = = seizing, and further difficulties have been experienced 
Maximum pressure, top, . per square inc yas) “ . . e 
Maximum pressure, bottom, Ib. per square inch 675 652 690 720 with valve-operating gear on account of a desire for 
Scavenge air pressure, Ib. per square inch 4 5k 52 64 compactness having involved occasionally too great 
Supercharge air pressure, Ib. per square inch . . 4 4% 5k 6 an angle of obliquity of links and rods during reversing 
Blast air pressure, lb. per square inch .. a 1,150 | 1,190 | 1,265 1,175 sasennte,. the fesees sucsined te weeiees willie en 
Compressor I.H.P., per centage of engine I.H.P. 11-9 12-9 12-1 — processes, . 1 _ FeP : ars 
Scavenge I.H.P., percentage of engine I.H.P. 3-6 5-2 5:8 — their cams against the heavy spring loading on the 
es oe Lae mtg keel aa B . B+. = valves being considerable. Any error in this direc- 
iction H.P., perce e i A: A ee 25° 23° 25° oat ° : . ° ° aacia 
Sec gumdiomad pe LH.P., per — 40 39-5 42-7 38 tion may lead to stiffness in operation, even if it does 
Heat converted to B.H.P., per cent. 22-7 | 21-7 | 21-2 18-2 not defeat the operation altogether. In this respect, 
oe ee °° a | a 3 a = as in the case of the normal working operation of the 
0 pisto -0oling Ol, per cent. Pe i - = . * 
Heat to por sein &e., per B coacly 38-5 39 36-6 = valves, the loading on a cam operating two small 
valves due to inertia effects may be only 60 per cent. 
Stee elie of that on the cam which works a single valve of the 
Snap Tests at HicH Powers. combined area of the small valves. The smaller 
) | ~~ | valves may be expected to give a freer passage to the 
RPM. ae ale 295, n° | a | = B78 inconing air, and thereby improve the volumetric 
.L.P., top, Ib. per square inc! os 29- 28°5 | | = ici i i 2 le 
M.LP., bottom, 1b. per square inch 122-1 118-5 118 122-2 123 efficiency of the cylinder. It will be seen, by exter 
LH.P.,top .. ae a os 1,077 1,087 | 1,110 1,120 1,270 polation of the tests on supercharging, that the normal 
ae — = i.” | A, A cam oan volumetric efficiency of the cylinder is about 85 per 
-H.P., total .. 399 ’ | , ’ ’ * : . 
B.H.P. a ss Ke 055. 968-5 1,033 1,065 1,093 cent., an estimate that is confirmed by a number 
Mechanical efficiency, per cent. 47-8 48-6 | 51:5 51:2 | 48-4 of tests with light spring diagrams. 
7 (To be continued.) 
TABLE V.—Dicir ENGINE. 
Tests with Invisible Exhaust and 3-93 lb. per square inch Boost. 
STRESSES IN THE HULLS OF 
A i as Ba § FA = i. PA STRANDED VESSELS.* 
pressure, lb. per square inch 3° 3° De \ wy — 
oon B.H.P. ellie Vaile 328 338 = - 473 By Prorsssor E. G. Coker, F.R.S. 
Net B.H.P. .. AP << 251 306 2 
M.LP. Ib. per square inch 149-4 162-3 166°5 183°8 185-3 THE loss of the motor cargo boat Lochmonar, 
LHP. ae _ a ey 416 504 515 570 617 which ran aground early in December last at the 
| yor tere efficiency, per cent. es a 7 Fie 76°8 mouth of the Mersey and broke her back with a 
4 echanical efficiency, per cent. . . . , 2 5 D 
Fuel consumption, 1b. pe -H.P. hour “] 0-287 0-307 0-322 0-314 0-300 cargo on board of an estimated value of 400,000/., 
Fuel consumption, Ib. per B.H.P. hour (gross) .. 0-362 0-399 0-399 0-404 0-391 is an interesting, if lamentable, case of the failure 
Fuel consumption, Ib. per B.H.P. hour (net) .. 0-472 0-506 0-500 0-511 0-483 of a ship’s hull under abnormal conditions of loading 
Fuel consumption, Ib. per hour es ee 118-7 154-7 166 178-7 185 hich ibl se semmeee: dacmmeniaadl ane tlie 
Compressor B.H.P. a oa 43 47°5 49 58 56 which, possibly, we sve pla 
— oe. ae = 3 34 34°5 * be = into account by her designers. This ag was 
ast air, cub. ft. per minute - 63 69 485 ft. long and 39 ft. moulded depth, with a bridge 
Heat in fuel, B.Th.U. per minute i" 5.100 e B00 _ Bosoo” _ rere sii Be100 153 ft. long on the awning deck. According to photo- 
Heat to 1.H.P., B.Th.U. per minute 48-8 per cent. | 45-5 per cent. | 43-4 per cent. | 44-8 per cent. | 46-7 per cent. graphs taken at the time this structural failure took 
, .U. pe 17,600 21,300 21,800 24,200 26,200 place immediately forward of the captain’s bridge, 
Heat to jackets T ; 12-1 per cent. | 11-6 per cent. | 11-7 per cent. | 12-7 per cent. | 12-1 per cent. . > 
jackets, B.Th.U. per minute ‘ 5,450 5,890 i : where the hull plating above the level of the main 
Heat to piston cooling, B.Th.U. per minute 2-8 per cent. | 2-7 percent. | 2-8 percent. | 2-9percent.| 2-6 percent. | deck is reduced in height by a few feet, and the dis- 
. . 1,02 1,800 , 1,560 1,470 continuity of section is rounded off by a curve probably 
Heat to ext y : 36-3 per cent. | 40-2 per cent. | 42-1 per cent. | 39-6 per cent.} 38-6 per cent. . . te 
*at to exhaust, B.Th.U. per minute 3.100 18,850 21,210 21,440 21,630 of circular form. ‘The fracture in the ship’s hull 
a Pressure, Ib. per square inch -> 610-650 610-640 — —" — appears to have occurred at or near the join of this 
ession pressure, lb. per square inch 570 590 5 5 5 . ; 
Exhaust temperature, ee ¥. wae - eh $80 960 1,030 1,065 curve with the forward and sg “e € hull pie 
Exhaust colour... Fe wy Invisible Invisible Invisible Invisible Invisible and extended almost vertically for a distance of many 
Net brake M.E.P., lb. per square inch 90-2 98-7 107°5 113 115 feet, the two parts of the stranded vessel showing a 
eens mei uz 1 Se ee OS deep vertical V-shaped gap of small angle. : 
; The reason for the fracture taking place here is 
The speed of revolution of the engine shafting is| valves, cams, camshaft driving gear, &c. Experience | not surprising, as it is known that discontinuities due 





Soverned to a large extent by that at which the/| with valve springs in engines with cylinders about 
Propellers can be driven efficiently. At 390 r.p.m. | the size of the Digit engine shows that it is desirable 


to change of section in any structure cause abnormally 
high stresses to occur at such places; but this need 





the opening and closing of the valves of the Digit | to consider at least two air valves and two exhaust| not be inevitable, and having regard to the large 
pos, seme is undoubtedly noisy, but the limits of speed | valves per cylinder head, and tests on another engine| amount of capital involved—in this case, about 
which engines of this size may be driven is largely | with valves on these lines show that the valves are 


governed by 


the stresses obtaining in the valve springs, | uncommonly silent. The cylinder heads of the aircraft 


Which increase rapidly as the diameters of the valves! engines are most attractive in this respect, but similar 


* Paper read before the Institution of Naval Architects, 
on Thursday, March 29, 1928. 
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700,0001. for ship and cargo—it is of especial interest 


to naval architects, owners, passengers, shippers 
and underwriters that this risk, to which all vessels 
are liable, shall be diminished as much as possible, 
if the hull of a vessel can be strengthened in a simple 
and economical manner to avoid a ship breaking 
her back due to running aground. It is not, however, 
the object of the present paper to discuss the structural 
alterations which might be useful. Their detailed 
consideration is more a matter for the experienced 
naval architect, who possesses the knowledge of what 
is possible under the circumstances. The present 
paper is, therefore, an attempt to obtain by simple 
experiments some idea of the magnitude and dispo- 
sition of the stresses in a ship thus situated. 

In this connection some results may be mentioned 
on the effects of change of section in tension members, 
which are useful as illustrations, before considering the 
more generally applicable case of the stress in a loaded 
beam with a sudden change of section, to which a 
stranded ship has a general resemblance. When a 
symmetrical tension member of breadth a changes 
to a section 6 in the manner shown by Fig. 1, where 
the radius of the fillets is R, it is found that a high 
stress is developed near the join of the straight part 
of the contour AB with the arc BC at some point D 
just beyond the join, and that this increase of stress 
depends mainly on the radius of the connecting arc, 
and to a less extent on the change of breadth. This 
is shown in the diagram by plotting the results of some 
observations in which R only is varied, and the stress 
at the breadth a is maintained at 1,200 lb. per square 
inch for convenience. The maximum stress is then 
found to be as given in the following table. The 
figures here given show clearly that as the radius 
decreases the maximum stress intensity will tend to 
increase indefinitely. 




















R i-In. 4-In. jy7In. 
i Radius. | Radius. | Radius. 
aed | 
Maximum stress in Ib. persq.in...} 1.480 1,725 | 1,890 
Percentage increase of stress .-| 23-4 43°8 57°5 





Practically, of course, this last stage could never 
be reached, as the material, if ductile, will become 
plastic and fail at some point, not necessarily the 
point D, unless possibly the loads are alternating and 
repeated sufficiently often. If brittle, the chance of 
failure at D is much more likely. It is of interest to 
note here that, in the ship above mentioned, fracture 
appears to have commenced at a place in the hull 
corresponding to point D, but whether this was due 
to brittle material or the continued movement of 
the vessel owing to waves or tidal causes does not 
appear. 

The experimental values, quoted here from a former 
paper,* do not, however, do more than indicate the 
possibility of a large increase of stress at a corresponding 
place in a ship’s hull; and in order to obtain more 
precise information on the subject, some experiments 
will now be described of a somewhat elementary 
nature on simple beams, with discontinuities of type 
similar to those in a ship’s hull, in which the depth 
of the beam is changed on one side only from a to 6, 
Fig. 2, with a connecting quadrantal are BC of radius R, 
and where necessary a straight contour CD at right 
angles to the upper contour ED. For this inquiry 
it is probably sufficient for the purpose if a beam of 
this form is subjected to a simple bending moment 
in order to bring out the characteristic effects due to 
the abrupt change of section. This bending moment 
is obtained very simply by supporting the beam at 
two points F and G, between which the discontinuity 
occurs, and loading equally at two other points H and | 
equidistant respectively from F and G. 

Under these conditions the bending moment is 
uniform between the points F and G, and there is no 
shear stress. In the general case of a ship there would, 
of course, be shear stress, since the stranded end is 
more or less rigidly fixed and the free end is loaded by 
a distributed system of weights due to cargo, machinery, 
and the like; but if the hull at and near the discon- 
tinuity is free from ex.ernal load, the shear stress at the 
extreme ends of the cross-section must have a zero 
value, and hence the extra complication caused by 
adding a shear load to a beam is hardly worth arranging 
for, since the maximum stresses are not likely to be 
other than at the upper and lower boundaries of the 
hull plating, unless there are internal boundaries also, 
which latter are not considered here. It is, moreover, 
hardly worth while to use a more complicated form of 
beam to represent a ship’s hull, as although the latter 
is a somewhat complex built-up structure, the stress 
distributions obtained in simple forms have a general 





* “ Photo-elastic Measurements of the Stress Distribu- 
tion in Tension Members used in the Testing of Materials,” 
by E. G. Coker, Proceedings of Institution of Civil 
Engineers, vol. ceviii, 1918-19, Part II. 
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application to actual ships and can be modified if 
required later to approach them in complexity. There 
is also an advantage in commencing with the simplest 
cases, as it is easier. to proceed to the more intricate 
ones later if necessary. 

In the investigations to be described, transparent 
beams are used, for simplicity of observation and 
measurement, and as the general principles involved 
have already been described in two papers*, read 
before the Institution of Naval Architects, it is not 
necessary to describe these further. 

When a straight beam with parallel contours is 
bent uniformly the distribution is of a simple type, 
and the stress p in it is given accurately by the well- 
known formula p=My/I. This does not apply, 
however, at or near a discontinuity, as the fundamental 
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basis on which this formula rests no longer holds. The 
formula, however, is useful here as a standard of com- 
parison to show the extent of the change from normal 
conditions, and in the following examples the actual 
stress intensities are compared with this hypothetical 
one to afford a measure of the change due to the 
presence of the discontinuity. For this purpose two 
beams of rectangular cross-section and 0-199 in. thick 
are compared, both of which have depths a = 0-985 in., 
b = 1-250 in. Fig. 2, and the discontinuity of the 
upper edge consists of a quadrantal arc BC in the one 
case of ; in., and in the other of 3 in., joined by a 
straight vertical part C D to the upper contour. The 
beams when supported on rollers are loaded by weights 
applied at their ends to give a uniform bending moment 
of 62-4 in.-lb., and the stress condition is observed 





* “The Determination by Photo-elastic Methods of 
the Distribution of Stress in Plates of Variable Section, 
with Some Applications to Ships’ Plating,’ by Professor 
E. G. Coker, Trans. I.N.A., 1911, vol. liii, page 265 
(ENGINEERING, vol. xci, pages 531, 566). 

** The Distribution of Stress due to a Rivet in a Plate,” 
Professor E. G. Coker and Mr. W. A. Scoble, J'rans. 
I.N.A., 1913, vol. lv, page 207 (ENGINEERING, vol. xcv, 
page 439). 
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by the usual optical methods. The lines of principal 
stress for the former of these beams, Fig. 3, indicate 
the general nature of the distribution, and it is, more. 
over, quite easy to pick out in the polariscope the 
place on the contour where the stress is greatest. This 
is found to occur just beyond the join of the upper 
straight contour with the quadrantal arc. 

Measurements made along both upper and lower 
contours confirming this are shown in Fig. 4, where 
for convenience of comparison the stresses found are 
plotted on the contour of the beam with the larger 
quadrantal arc. This distorts somewhat the polar 
diagram of stress distribution for the beam with the 
smaller arc, but does not appreciably affect the com. 
parison as regards maximum stresses. It has the advan. 
tage of showing that the maximum stress occurs at 
approximately the same angular distance from the 
horizontal in both cases. In the beam with R = ,7, in, 
we find that the maximum stress is 2,700 lb. per square 
inch, and when R = ¥% in., it rises to 3,230 Ib. per 
square inch, while the standard of comparison adopted 
gives 1,920 lb. per square inch for depth a. The local 
increase of stress is therefore 41 per cent. in one case 
and 69 per cent. in the other. As in the tension 
member quoted above there is no limit to the increase 
of stress with decrease of radius if the material is able 
to bear it. 

As regards the stress distribution along the other 
contours, there is but little of interest, except possibly 
that the measurements of stress distribution at the 
lower contour show a gradual change from one intensity 
to another intensity, both of which when complete 
are found to agree approximately with the stress found 
by the usual Bernouilli-Euler formula mentioned 
above, and there is no abnormal rise anywhere. The 
measured values are somewhat less than the calculated 
ones, owing to slight frictional effects in the stressing 
gear, so that it is necessary to regard the results plotted 
in Fig. 4 as merely first approximations. They are 
probably sufficient to afford some guidance as to the 
rise of stress likely to be found in similar cases, and to 
demonstrate the necessity of strengthening the hull of 
a ship at such discontinuities, since in any case if this 
part of the contour is at the highest part of the hull 
it must be subjected to the maximum stress which can 
occur. 

Having shown that a high stress is to be expected 
at those places in a ship’s hull, if not especially 
strengthened, it is not difficult to give a possible expla- 
nation why a stranded vessel is likely to break there, 
since with one end partially fixed and the other sub- 
jected to oscillation by winds, waves, and tide, we have 
a condition of alternating stress which may easily rise 
beyond the yield-point of the material, and if repeated 
sufficiently often will ultimately cause fracture. How 
a hull should be strengthened to eliminate this weak- 
ness is a matter which the author does not feel com- 
petent to offer an opinion. In conclusion he wishes to 
express his thanks to Mr. R. C. Mildner, a post-graduate 
student of University College, for assistance in the 
stress observations. 








DUST-SEPARATING INDUCED- 
DRAUGHT FAN. 


PARADOXICAL as it may appear, one of the penalties 
of smokelessness in boiler firing is often the emission 
of dust. Anything like a high rate of evaporation 
postulates a high rate of combustion, with its accom- 
panying increase in volume, and generally therefore in 
velocity, of the primary air supply. An outstanding 
case is that of the locomotive which in a dry summer often 
fires the grass at the track side. In stationary practice 
conditions arising from the matter ejected from a chim- 
ney are not so dangerous as from locomotive cinders, 
but still, in industrial areas, whether the necessary 
draught to ensure combustion perfect enough to give 
a clear chimney top, is obtained either by making that 
chimney very high, or by forced or induced draught. 
the dust emitted is often enough to constitute a nuls- 
ance. Apart from the public aspect of such a discharge, 
there are many industries in which it may adversely 
affect the product of the factory, for example, where 
confectionery and food is concerned. Another example 
is that of the manufacture of insulating materials: 
and recently at the works of Messrs. The Micanite 
and Insulators, Limited, Walthamstow, we had the 
opportunity of inspecting the apparatus for intercepting 
dust from the boiler flues, which we now describe with 
the aid of Figs. 1 to 5. en : 

The production of micanite and similar materials 
requires a high degree of cleanliness, as the presence 
of foreign material, easily entrapped in the sticky 
bond during manufacture, is apt to lead to electrical 
breakdowns. The various shops themselves of the 
above-mentioned firm are in excellent order, snd 
would seem to necessitate no further safeguard, yet 
possible contamination by chimney dust has now 
been guarded against by the installation of a “~— 
separating induced-draught fan at the base of the 
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DUST-SEPARATING INDUCED DRAUGHT FAN. 


CONSTRUCTED BY 


MESSRS. JAMES¢ KEITH AND BLACKMAN 





(599 B) 











chimney. This was supplied by Messrs. James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
E.C.4, ani an external view of it is given in Fig. 1. 
From this, it will be seen that the appearance and 
space occupied are much the same as for an ordinary 
induced-draught fan, indeed, the only marked difference 
in appearance lies in the hopper-shaped dust-collecting 
box underneath the staging. As regards space, how- 
ever, the fan casing is somewhat wider than the normal, 
the reason for this being clear from Figs. 2 and 3, which 
show the general construction of the normal type of 
dust separator, details of the fan impeller itself being 
shown in Figs. 4 and 5. 

Referring to the two latter figures, it may be said 
that the impeller is that of the standard Keith induced- 
draught fan with a few short and narrow blades riveted, 
in an approximately radial position, at the outer portion 
of the back of it. The impeller is shown in position in 
Fig. 3. The inlet is on the right-hand side of the figure 
and, as will be seen, has an internal cone a tapering 
to the eye of the impeller, and an external one b 
partly shrouding the vanes. A truncated cone ¢, 
facing the opposite way to the cone b is attached to 
the fan casing. The outer edge of the conical part does 
not, however, touch the casing, and there is a narrow 
annular space between the two. Similarly, the inner 
edge of its disc-shaped part does not quite touch the 
small projection on the casing surrounding the impeller 
shaft. The shape of the outer casing is best seen in 
Fig. 2. The space between it and the truncated cone 
¢forms the dust chamber. The discharge part of the 
casing is formed into an annular helical portion which 
terminates in an outlet branch connected with the 
chimney or the atmosphere, as the case may be. 

The action of the fan is as follows. The entering 
dust-laden gases are given a whirling motion by the 
rotating vanes, travel out radially, and are deflected 
by the cone 6 on to the cone c. The centrifugal 
force thus imparted to the dust causes it to continue to 
travel outwards on the surface of the cone c until 
it reaches the edge over which it enters the dust chamber 
assisted by a slight air current operating on a closed air 
circuit. This current is set up by the small vanes 
on the back of the impeller which draw the air through 
the narrow annular opening in the centre of the trun- 
cated part of the cone c, and so cause a circulation 
over both surfaces of it. The dust on reaching the 
dust chamber falls into the hopper space below, and 
; 18 removed from this periodically through a sliding 
me The main stream of gases, now practically 
Teed from dust, still retains its rotational energy 
ag Js passed into the annular helical diffuser round 
he inlet where this velocity energy is converted into 
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Fig. 3. 





























wow peep enw ooe-cee e-em —--- 


























aa aaa aia 


Se 











\ 


oO 
w 


\ 





useful pressure, and 
discharge takes place 

into the chimney or 

directly into atmo- 

sphere. 

Experiments have 
shown that 98 per 
cent. of dust may be 
separated from gases 
by this arrange- oon 
ment, but naturally I 
a good deal depends ' 
on the nature of the (599.C) 
dust, size, specific 
gravity and so forth, 
these, in turn, depending largely on the kind of fuel 
used, the method of firing adopted, and the rate of 
combustion. In the particular installation under discus- 
sion, a careful examination made of the roofs of the 
buildings concerned, paying particular attention to the 
glass skylights upon which any deposited dust would be 
easily seen, failed to show signs of any. On the other 
hand, the separation as indicated by the discharge 
from the hopper seemed very complete. This con- 
sisted of particles of ash, and cinder, with minute 
flakes of mica from the broken boxes in which the raw 
material had been packed and which are burnt in the 
furnaces. As mica dust remains long in suspension 
in the air under ordinary circumstances, the presence 
of these flakes in the separated dust testifies to the 
efficiency of the apparatus. 

The fan, of which a photograph is reproduced in 
Fig. 1, is 35 in. in diameter, and is driven by a directly 
coupled 14-h.p. motor operating on 460-volt, direct 
current, and designed for speeds between 510 to 675 
r.p.m. There are two Galloway boilers, each 8 ft. 
in diameter by 30 ft. long, having a working pressure 
of 120 lb. per square inch. They are kept continuously 
in service during the week, from 4 a.m. on Monday till 
7 p.m. on Saturday, and the coal consumption varies 
with the load between the limits of 68 tons to 97 tons 
per week. The coal used is Welsh and Midland steam 
coal. The chimney is 70 ft. high by 3 ft. square inside. 
When burning coal at the rate of 1,650 lb. per hour, the 
gases in the main flue have a temperature of 650 deg. F., 
and the fan, running at 640 r.p.m., on a horse-power 
of 11-5, maintains a draught of 1} in. of water. The 
amount of dust collected is, as may be expected from 
the variation in coal consumption, itself variable, 
444 lb. per week, and 1,127 lb. per week having been 
recorded as minimum and maximum respectively. 
The latter amount was collected from 82 tons of coal, 
and a representative figure may be taken as 1,015 lb. 





from 86 tons of coal. 
apart from its use as a purifying appliance, be used for 
the recovery of valuable dust such as may be found 
in the gases from certain metallurgical processes. 
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INDEX TO British STANDARD SPECIFICATIONS.—The 
1928 edition of the ‘“‘ Index to British Standard Specifi- 
cations and Reports”? was published recently by the 
British Engineering Standards Association. It is a 
complete subject index, which, in view of the fact that 
over 300 British standard specifications are now avuilable, 
should prove of much assistance to those purchasing 
engincering and allied materials, apparatus, and machin- 
ery. A numerical list of the specifications is also 
included. Copies of the pamphlet are obtainable from 
the B.E.S.A. Publication Department, 28, Victoria-street, 
London, 8.W.1, price 1s. 2d., post free. 

THE MANCHESTER SHIP CANAL.—The net income of 
the Manchester Ship Canal Company, during the year 
ended December 31, 1927, amounted to 947,0571., as 
compared with 962,841/, during 1926. There was a de- 
crease of 15,9€2/. in receipts from tolls, dues, and miscel- 
laneous receipts, and a decline of 434.144 tons in the net 
weight of sea-borne traffic, as compared with 1926. 
The latter year, however. was the highest on record, 
both for the tons of merchandise carried and for receipts, 
and was abnormally affected by large imports of coal. 
amounting to 1,221,655 tons, arising out of the coal stop- 
page. During the year under review, on the other hand, 
there was an increase of 357,579 tons in exports of coal. 
Compared with the year 1925, the undertaking shows an 
increase of 477,23] tons in sea-borne traffic, and 82,6931. 
in receipts. Among other new works under construction, 
the reinforced concrete wharf, coal-handling plant, and 
ancillary works at Ellesmere Port docks are approaching 
completion, and additional grain-handling plant is being 
installed at the grain warehouse. The deepening of the 
Ship Canal to 30 ft. between Eastham, Ellesmere Port, 
and Stanlow oil dock has been completed. Extended 
facilities for coastwise traffic have been provided at the 
Stanlow oil dock, 
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THE PRESENT POSITION OF THE | 
QUESTION OF FUEL FOR SHIPS.* | 
By Sir Joan H. Buires, K.C.I.E., LL.D., D.Sc. | 
(Concluded from page 379.) | 
To state the present economic position, taking ac- | 
count of actualities and possibilities, Table II, page 378 | 
ante, was prepared, based on costs supplied by firms 
willing to build at the prices named, and fuel con- | 
sumptions actual in some cases, and in others deemed | 
to be possible. The boiler arrangements for the high- | 
pressure proposals are for 3,600 shaft horse-power | 
turbines on continuous sea service, and are for three | 
boilers abreast. It is quite practicable to produce | 
the power with two boilers, and Figs. 2 to 9 show | 
the arrangements with two and three boilers. The | 
first cost of using two instead of three will be about | 
2,0001. less in the case of the boilers with mechanical | 
stokers and 2,500/. in the case of the boilers fitted | 
with pulverizers, and the final savings will be increased 
by 4001. to 500/. per year above the three-boiler 
arrangement. 
In Appendix B is given a comparison of the space | 
occupied by the machinery and bunkers of a vessel 
recently built, with another of the same dimensions 


TasBie III. 


Triple | Oil | Oil | Oil | Oil 














Type .. i **! Steam. | ae Engine. | Engine.| Engine. 
| 
£ £ a ee £ 
(1) Cost of machinery 75,000 | 84,500 | 87,000 


(2) Cargo earnings in 
excess of triples 
due to difference 





32,000 | 61,200 
| 
| 








| | 
in weights of fuel 
and machinery | — 7,040 | 6,240 | 6,390 | 5,440 
(3) Charges in excess | 
oftriple ..  ..| -- | 5,402] 7,955] 9,712 | 10,175 
(4) Net savings per | | 
year (difference be- | | 
tween (3) and (4) — 1,688 | 1,715 | $3,822] 4,735 
| more | less | less | less 





| 





Oil is taken at 80s. per ton. 


showing what can be done with the boilers in Figs. 2 


to 13, associated with turbine machinery. In con- } 
nection with these illustrations, Figs. 2 to 9 relate 
to 3,600 shaft horse-power equipments, with two and 





* a aed read before the Institution of Naval Architects, 
on W 


nesday, March 28, 1928. Abridged. 
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SECTION ABOUT FR. 81 LOOKING 
(874. €) 


three Babcock and Wilcox boilers. 
illustrate arrangements of Yarrow boilers, superheaters, 
and air-heaters, the installation of Figs. 10 and 11 
being designed for pulverised fuel, and in the other | turbine than with ordinary triples and a 
case for mechanical stoking. 
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| pressure is 525 Ib. per sq. in., and the steam tem- 
perature 750 deg. F. In the same space 20 per cent. 


| more power can be installed with high pressure 
gain of 
over 300 tons of space; or with the same space 
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filed with coal, a gain of 40 per cent. of radius of 
action. The figures in Table II do not deal with 


costs of wages, food, fresh water, or machinery re- | 


pairs. They only deal with the cost of machinery and 
fuel, and the cost charges due to interest, deprecia- 
tion and insurance. Also with the differences in 
weight carrying due to machinery and fuel. The 
subject of repairs is probably the one in which different 
types of machinery differ most. There is very little 
published information as to the upkeep costs of oil 
engines. The only case which has come under my 


notice is for two oil-engined ships, which averaged | 


40,000 miles per year and cost about 10,000/. per year 
for maintenance and 2,000. per year for lubricating 
oil. Other ships of the same size and power propelled 
by steam, which steamed 60,000 miles each year, had 


corresponding figures of 1,350]. for maintenance and | 


300/. lubricating oil. These figures are actual, but may 
not be usual. 

Unfortunately for the exact determination of the 
relative commercial efficiency of different systems of 
power production, the first costs of machinery are not 
fixed, nor easily determinable. For instance, one 


builder’s price for a triple-expansion set of ordinary 


machinery is about 32,000/., and for an oil engine set 
of the same power 84,5001. The corresponding figures 
from another builder are 40,000/. and 75,000/., and 
irom a foreign builder as low a price as 61,2001. for 





| instead of 36,0001. as in Table II, the savings of H.P.T. 


Fig.13. 
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an oil engine. While the figures given in Table II | savings of the oil engines in Table III over the triples 
are fair average figures upon which the number of | being: + 1,638/., — 1,7151., — 3,322/., — 4,7351., the 
ships of the types suggested are likely to be built, | differences between the H.P.T. and the oil engines will 
it is thought that it may be interesting to give the | range from 2,702/. to 9,438/. per annum in favour of 


result of calculations based on the other figures men- | the steam, according as the price of the oil engine 


tioned. Table III shows these results. Confining our | ranges from 61,2001. to 87,000/. It is suggested that 
attention to the differences in savings between high-| the foregoing give some of the figures relevant to the 
pressure turbines and the oil engine, we have the| present position -of the fuel question, and it is hoped 

| that they will afford scope for discussion not only 
| in this Institution, but wherever shipowners’ and naval 
|architects have the desire to produce the most 
|economical ships. I have to thank my colleague, 
Engineer Rear-Admiral W. Scott Hill, for his assistance 


in preparing this paper. 


results given in Table IV :— 
TaBLe 1V.—Annual Savings of H.P.T. Steam over Oil. 





H.P. Turbines. 




















“= Mechanical] Pul- a 
hepa Stokers. | verisers. is 
om. APPENDIX A. 
| oe ‘ 2 PULVERISED FUEL-BURNERS OF THE SHORT- 
Savings of H.P.T. over triple..} 5,090 | 5,413 | 5,080 | FLAME TYPE. 
Excess over triple in ofl engine 1,515 | 1,515 ; 1515 | The burners which have come before the public to 
a aah Ea | 6,928 | 6,595 | date are the Brand, Buell, Clarke Chapman, Lopulco 
Difference in other expenses 350 | 350 | 350 |type RK, and Peabody, in alphabetical order. Of 
Gain of steam H.P.T. over oil pe | es7s | e26e these, the first is a simple arrangement of cones, 
engine per year se re} GOR ee | "9 | and attained the shortened flame partly by the shape 


of the furnace. It has not been put on the market 


If we take the triples at 32,0001., as per Table I[I,| as a special burner. All these burners depend on 
| the production of turbulence, which facilitates rapid 


| combustion within the shortest distance from the burner 





over triples will be: 4,350/., 4,703/., 4,3401.; and, the 
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mouth, thereby producing the (from Fan 
shortest flame. All the makers \ 
claim that complete combustion SESS os 


will take place within 10 ft. if coal ~ 


of the proper fineness is supplied. 
Leaving out the question of adapta- Coal & Small 
tion of the Scotch boiler for pul- Amount of 


verised fuel—which will come as Aw 
experience is gained—water-tube 
boilers can be designed for marine (or6.n) 


service with combustion chambers 

sufficiently large to contain such 

flames. In the four burners—Buell, Clarke Chapman, 
Lopulco, and Peabody—above named turbulence is 
produced and adjustment made as follows: Fuel is 
carried to the burner by what is known as the 
“primary ”’ air, and on arrival receives the additional 
“secondary ”’ air necessary for complete combustion. 

In the Buell burner,* Fig. 17, a conical ring in 
way of the stream of primary air and pulverised coal 
disperses it to meet a stream of secondary air con- 
verging from an outer conical casing, thus producing 
turbulence. Adjustment is made by movement of a 
conical ring over the fuel outlet, by movement of the 
hollow cone in centre of the burner, and by varying 
the amount of secondary air. 

The Clarke Chapman burner, shown in Fig. 18, has 
been successfully used in boilers of the Scotch type on 
shore. It depends on a cone to disperse the primary 
air as it nears the furnace, and rotary motion and 
turbulence are given by spirally-arranged ribs. The 
secondary air mixes with the primary just before the 
orifice of the burner, and is controlled by a perforated 
register. 

The Lopulco type R,t Fig. 14, has a conical casing 
with ribs spirally arranged on the inner side. The 
primary air, on reaching this cone, receives a rotary 
motion converging towards the furnace. Arrived at 


the furnace, the secondary air, which has been given a | Ra 


rotary motion by vanes in the register, impinges on it 
in the opposite direction, completing the turbulence. 
Adjustment is made by variation of the secondary 
air. 

The Peabody burner, illustrated in Figs. 15 and 16, 
has a circular.chamber round which the primary air 
and powdered coal circula*e, finding an outlet to the 


furnace through a circumferential slot, thus forming a | 
hollow cone of pulverised fuel, which points towards | 


the furnace. The secondary air is given a rotary 


motion by vanes in the register, and breaks into the | 


centre of this cone, completing the turbulence. Adjust- 
ment is made by regulation of the amount of secondary 
air. In marine boilers the front plate is carried on 
hinges (not shown) and swings out, carrying with it 
the air register and also the oil burner if present, 
leaving an open throat. 





* See ENGINEERING, vol. cxxii, page 813. 
t+ See ENGINEERING, vol. cxxv., page 182. 
t See ENGINEERING, vol. cxxiv, pages 788 and 791. 
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APPENDIX B. 
Space for Machinery and Bunkers. 





hs J} « | aw | « 





Horse-power . 3,000 i.h.p.'3,600 s.b.p.'3,600 s.h.p. 
11-5* 12-5t 12-5+ 


Speed in knots ne § ' 

Engines ae .| Ord. triple} Turbine Turbine 
exp. 

Boilers - -| 3-cvlinder | 2 W.T. 3 W.T. 

Length of engine room 28 ft. 23 ft. 4 in. | 23 ft. 4 in. 

Length of bo.ler room os] O86. 35 ft. 35 ft. 


Total length of machinery 


space oi oe os 56 ft. 58 ft. 4in. | 58 ft. 4 in. 
Coal consumption per day, 

in tons As “< ate 51-4 36-5 36-5 
Capacity of permanent coal 

bunkers, tons = ee 261 200 186 
Number of days, coal in 

bunkers, tons 4 5-07* 5-5t 5-1t 


Distance travelled on per- 
manent coal bunkers, 
miles sia os --| 1,899* 1,650f 1,530t 

Capacity of bridge bunker 








space, in tons ; AA 985 948 930 
Capacity of permanent and 

bridge bunker space, tons 1,246 1,148 1,116 
Number of days, coal «| 24-24 31-45 30-56 
Distance travelled on per- 

manent and bridge space 

bunkers, miles... --| 6,690* 9,435f 9,168t 

tio <a oe ° 1 1-41 1-37 








A, 3-cylinder boiler arrangement. 
B, 2 Babcock and Wilcox water-tube boilers. 
C, 3 Babcock and Wilcox water-tube builers. 
































Gain of 
Coal Diffe- — Space in 
Voyage.| Days. Con- S Bridge, 
sumption} Tence- pace 40 cub. 
‘ Required f+ <i ton 
| | 
} 
Miles. Tons. Tons. Tons. Tons. 
A 6,690" | 24-24 | 1,246 0 985 0 
B 6.690¢ | 22-3t 813 433 613 335 
Cc 6,690+ | 22-3t 813 433 627 303 
* Trial trip speed. t Sea speed. 








CaLENDAR.—We have recently received a monthly 
tear-off calendar for April, 1928, to March, 1929, from 
Messrs. Metropo'itin - Vickers Electrical Company, 
| Limited, Trafford Park, Manchester. 
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AMERICAN TRADE WITH THE 
SOVIET IN 1927. 


Durine the year 1927, the value of the sea-borne 
trade in both directions, between the Soviet Union 
and the United States of America, amounted to approxi- 
mately one hundred million dollars, which figure con- 
stitutes an increase of thirty million dollars oyer the 
previous year’s trade, and fifty-two millions over that 
of 1913. 

The principal feature in the increase of orders placed 
in the United States was that for industrial and electrical 
equipment, the value of which reached the record 
figure of nearly 114 million dollars. The value of the 
total shipments ordered by the Soviet Union, during 
the year under review, amounted to a little over thirty 
one million dollars, or approximately three-and-a-half 
times that of the preceding year, when the general 
trade experienced a slump. Over 6} million dollars’ 
worth of metals, and nearly 1} million dollars’ worth of 
crude rubber were purchased by the Soviet, and, accord- 
ing to the Bank for Russian Trade Review, it seems 
probable that industrial equipment and raw materials 
will continue to be the two principal commodities in 
the total trade. The shipments of agricultural 
machinery, binder twine and live stock more than 
doubled in value, when compared with the previous 
twelve months, and amounted to a fraction over 
74 million dollars. Other important purchases of the 
Amtorg Trading Corporation of New York, which 
represents most of the large syndicates, and from 
whose report our information has been drawn, were 
equipment for the oil industry, the value of which 
exceeded 4} million dollars, and mining equipment, 
valued at very nearly 1} million dollars. Other items 
in the genera] trade, which may be mentioned, were 
chemicals, equipment for motor transport, and office 
supplies, including typewriters and adding machines ; 
and it should be remembered that the total figures 
given in this report do not include shipments of cotton 
to Russia by the All-Union Textile Syndicate, as this 
organisation buys separately. The number of Russian 
trade and technica! delegations, which visited the 
United States during the past year, amounted to about 
one hundred, which figure clearly indicates a consider- 
able improvement in the trade relations between the 
two countries, the number of such delegations in 1926 





having amounted to approximately thirty. 
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THE LIFE OF STEEL BUILDINGS 
By Ropins FLEMING. 


Tur question has often been asked, “ How long 
will the steel frame-work of the modern skyscraper | 
last 2°’ The periodical, Science and Industry, in its | 
issue of August, 1900, inquired: ‘‘ What is the | 
estimated life of a steel-frame building and is there | 
any probability, after 300 or 400 years, or even 
longer, that a building of this kind may suddenly 
collapse due to the weakening of the steel frame 
caused by oxidation ?” The answer given to this 
was: “There is little data from which the probable 
life of the steel frame as employed in buildings of 
the office type can be even approximated, but it 
has been determined from buildings of this character 
erected 20 years, that the corrosion of the steel is 
extremely slight. It would not be a rash statement 
to sav that the life of such buildings, so far as the 
steel framework is concerned, would extend consi- 
derably over the period of 100 years. It has been 
found, and especially is it true in this country, 
that any building other than an ecclesiastical 
edifice outlives its usefulness in a century, and it is 
hardly probable that even the magnificent modern 
office buildings will fulfil the requirements of the 
locality in which they are placed 100 years from now. 
That they will be required 300 or 400 years from 
now is highly improbable.” 

During December, 1927, statements attributed 
to Sir Edwin Lutyens were circulating in the Press 
to the effect that if present-day New York buildings 
are allowed to stand for more than forty years they 
will certainly tumble down, “ because their supports 
will have become so weak.” He is credited with 
doubts whether, even at the present moment, many 
of them could withstand a mild tornado. ‘‘ Ameri- 
cans are not good builders. They build for the hour, 
with no eye for the future.” “‘ The way the Ameri- 
cans treat their ironwork is that they just give it a 
coat of paint, or one of mud and water. That’s where 
the danger chiefly lies.” The flurry caused by the 
publication of these statements induced the Ameri- 
can Institute of Steel Construction to send a cable- 
gram to Sir Edwin asking for the basis of the 
statements attributed to him. The reply received 
was, “Statements not authorised by me. Please 
accept my sincere regret.” 

In 1883, the Chicago architect, W. L. B. Jenney 
prepared plans for a ten-storey office building for 
the Home Insurance Company. This building was 
the beginning of what is now known as steel skeleton 
construction. It was soon followed by the Rookery 
(12 stories) and the Tacoma (14 stories). These 
three buildings, all in Chicago, are still standing and 
apparently in as good condition as ever. 

It is true that many high office buildings have been 
taken down after a score or more years of use and 
have given place to others on the same site. But 
they were taken down for economic reasons. Such 
was the case with the ten-storey Tower Building— 
the first building of steel skeleton construction in 
New York City. Erected in 1888-9, it was demo- 
lished in 1914, to give place to the 35-storey building 
known as 50 Broadway. A more notable instance 
is the Gillender Building, also of New York City, 
erected in 1896 and taken down in 1910. The 
original building was 16 stories above ground and a 
basement. The Bankers’ Trust Building, which took 
Its place, is 39 stories above the street level and 
four storeys below. 

The Bulletin of the Building Managers’ Association 
of Chicago for November, 1920, listed seven once 
Prominent office buildings that were removed 
(with two exceptions) after lives of less than 30 years 
to make way for more “modern” buildings. 
Members of the Association were asked their 
opinions for use in a case pending before the income 
tax authorities at Washington, as to the longevity of 
fireproof office buildings. Six directors prepared 
individual opinions, the consensus of which was that 

it is not safe from an investment standpoint to 
assume that the profitable life of even the best fire- 
Proof office building in Chicago will exceed from 
30 to 40 years from the date of its construction.” 
It Is noted that it was not because of physical 
deterioration that any of the foregoing buildings 
were demolished. 

During the demolition of the Tower Building, 
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in New York City, an engineer of the Bureau of 
Buildings followed the work in order to note all 
matters of interest. Several photographs showing 
the condition of the structure are given in a report 
published in 1914, where it is stated that “ after a 
most careful and thorough examination of the iron 
work in this building, it is safe to say that there 
was practically no case of corrosion sufficiently 
advanced to impair the strength of the building.” 
Mr. Goodhue Livingston, of the architectural firm 
of Messrs. Trowbridge and Livingston, said, in 
connection with the demolition of the Gillender 
Building, ‘‘ we found that with the exception of 
one column the building was in perfect condition.” 
He goes on, “‘I should say that the life of a steel 
building is seventy-five years. We do not build for 
to-day but for to-morrow as well. I think the 
Equitable Trust Building will be perfectly good for 
one hundred years from now.” 

A careful study of obsolescence was made during 
the demolition of the 12-storey office building in 
Chicago, known as the Woman’s Temple. The 
building was erected in 1890-1, and taken down in 
1926 to give place to a larger and more modern 
structure. The report made public by the Chicago 
Association of Commerce says: “‘ Outside of the roof 
construction, the steel frame suffered practically no 
damage. The majority of the steel columns and all 
beams and girders were in perfect condition. In 
no instance did the beams show signs of either 
oxidation or corrosion, in spite of the fact that the 
top flanges came within the cinder-fill of the floor.” 
The conclusion of this report on the subject of 
obsolescence is quite significant. ‘A review,” it 
states, ‘‘of the various major items of construc- 
tion in connection with the Temple building reveals 
the fact that obsolescence was very much in evidence 
in connection with all of them. From roof to 
foundation the structure represented obsolete 
design. Should the same given amount of space 
have to be provided to-day, the modern building 
would differ in every respect from the Temple, built 
35 years ago. The interior steel framing, the 
masonry walls and the tile arch floors all would be 
different. Thus, it is evident that even some of the 
basic principles of construction have changed in the 
relatively short period between the year 1892 and 
the present time. We have no assurance or reason 
to feel that these principles will not improve again 
in the coming 35 years of office building 
construction.” 

Probably the most exhaustive investigations of 
the permanence of structural steel are those made by 
Frank W. Skinner, a frequent contributor to these 
columns. A paper “‘ The Life of Iron and Steel 
Structures” was presented by him in 1915 to the 
International Engineering Congress at San Francisco, 
while his report of last year has already been noticed 
in our columns (see ENGINEERING, vol. cxxiv, page 
770). In a further “‘ Report of Investigations to 
Determine the Permanence of Structural Steel in 
Buildings,”’ published in the American Architect of 
May 20, 1927, Mr. Skinner arrived at conclusions 
which may be summarised as follows: “It is 
found that under favourable conditions, structural 
steel may exist for an indefinite period uninjured 
by corrosion. When exposed to injurious condi- 
tions it may, if unprotected, be subject to rapid 
and serious deterioration by corrosion. It is possible 
in all cases, where steel is a suitable matexial for use, 
to protect it so as to prevent corrosion entirely. 
The material will not corrode except under the con- 
tinued presence of moisture and oxygen, and in dry 
warm air corrosion is negligible, except when ex- 
posed to acid fumes or gases. The greatest factors 
for corrosion in buildings are moisture, acid fumes 
and corrosive liquids. Moisture and injurious 
chemical reagents are dangerously maintained 
against the surface of steel by the accumulation 
and retention of dirt and debris that cannot be 
removed. The best protection against corrosion is 
afforded by keeping the steel well cleaned and 
covered with a protective coating of satisfactory 
paint or by enclosing it in a waterproof covering 
of concrete. When exposed to certain kinds of 
fumes and acid, steel should remain exposed to 
view. In most cases the corrosion of steel in 
buildings would become obvious before it endangered 
the safety of the structure. The steel in the interior 





of dry, warm and clean buildings never corrodes, 
and scarcely needs paint as a protection. The 
principal possible causes of corrosion in office 
buildings and the like are hasty construction, the 
laziness, incompetence and carelessness of work- 
men, and the indifference, parsimony and sometimes 
ignorance of designers, superintendents and owners. 
In general, it is entirely practicable, at reason- 
able cost, to eliminate all danger of deterioration 
from corrosion by intelligent and proper attention 
to the design, fabrication, erection, protection, 
inspection and maintenance of steel structures.” 

Regarding the comments on the old Madison 
Square Garden attributed to Sir Edwin Lutyens, it 
may be said that Mr. Skinner made a careful inspec- 
tion of this during its demolition. In a report on the 
building (American Architect, December 20, 1925), he 
said, “all the structural iron and steel, except a rela- 
tively smal! proportion under special and unusual 
conditions in the main tower, was found in a 
perfect state of preservation of unimpaired strength 
and excellent appearance after more than thirty-five 
years of service, with little or no apparent care 
for its maintenance.” At a later date (N.Y. Herald- 
Tribune, December 21, 1927) Mr. Skinner stated that 
besides making very careful inspection of all parts 
of the Madison Square Garden framework, he had 
standard chemical and mechanical tests made which 
showed the metal to be of excellent quality and un- 
impaired strength after its long service. 

The extent of the literature on corrosion may be 
judged from the bibliographies on the subject. 
That of Van Paten, Bibliography of the Corrosion 
of Metals and iis Prevention, 1923, includes 2,025 
references to books and periodicals. Corrosion, 
Causes and Prevention, an Engineering Problem, 
1926, by Frank N. Speller, D.Sc., bids fair to 
be the classic on the subject. About 400 refer- 
ences are given in the text, beside others in a 
bibliography selected from an unpublished list of 
7,000 classified articles compiled by V. V. Kendall, 
of the National Tube Company. It is noted that 
the first of fourteen “‘ important established facts 
regarding corrosion” is that “it is well known 
that iron will not corrode at normal temperatures 
in the entire absence of moisture.” While other 
theories are discussed, preference is given to the 
generally-accepted electrochemical theory of corro- 
sion. Chapter VIII, pp. 275-325, “‘ Prevention of 
Corrosion in the Atmosphere,” dealing with various 
preventive measures applicable to atmospheric 
corrosion is of especial interest to the structural 
engineer. 

The real causes tending to obsolescence cited by 
the Research Committee of the National Association 
of Building Owners and Managers are: (1) Normal 
growth in the business district; (2) shifting in 
location of the business district; (3) erection of 
buildings of a different type and style; (4) greater 
efficiency in the layout and operation of the newer 
types of buildings ; (5) more modern and complete 
seryice given to clients in newer types of buildings ; 
and (6) damage caused by new buildings adjacent 
to an older building, so cutting off the light and 
air of the older buildings as to diminish the value 
of its space and consequently its earning power. 








THE TRENTON CHANNEL STATION 
OF THE DETROIT EDISON COMPANY. 
(Continued from page 370.) 
PULVERISED FUEL PREPARATION PLANT. 

From the unloading building the coal is con- 
veyed, as described in our last article, to the 
coal preparation house, a building about 165 ft. 
long. It is considerably wider at the south end, 
than for the rest of its length. This is due to 
the fact that in the latest section added, ele- 
vators have been somewhat differently arranged. 
The general features of the building are shown 
in Figs. 18 to 24, on Plate XLIII and pages 434 and 
435. It is a building of five floors, with a base- 
ment at the south end. The overall width at this 
end is 91 ft. 2 in., but this width is maintained for 
the whole height for only 45 ft. lengthwise. For 
the next 47 ft., the main width of the building, 
up to the roof, is 62 ft. 4 in., but a one-storey 
annexe with basement about 39 ft. wide and 119 ft. 
long, is situated on the unloading house side. For 
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These consist of stacks of hollow-section cast-iron 
grids. The castings consist of a rectangular frame 
with one central bar parallel with the long sides and 
4 number of short crossbars. These are of hollow 
triangular section, and are heated by steam passed 
through the interior. The crossbars are staggered 
in neighbouring grids, and the triangular section, 
apex upwards, results in the coal being subjected 
to a good deal of movement in finding its way down 
through thedryer. Fig. 26 shows one of the stacks of 
grids constituting a dryer, and its steam connections. 
The steam supply is bled from house generating sets 
in the turbine room, and in fact, as will be explained 
later, is part of the general steam-heating supply, at 
about 12-Ib. pressure. One side of each dryer is 
exposed, as will be seen in Figs. 23 and 26, the 
opposite end being encased by a trunk connected 
with an exhauster fan. By this means, air heated 
by the grids is drawn through the coal and carries 
off with it a large proportion of the moisture. While, 
during the summer and autumn the coal is received | 
in the cars with as little as 4 per cent. moisture, in 
winter and spring the moisture present is too great 
for the coal to be used as received, as the operation 
of the mills and pumps would be liable to serious 
interference, 

The movement imparted by the crossbars to the 
coal in its passage down the dryer, tends to prevent 
any tendency to bridging, and the coal is found to 
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work down very evenly. In normal operation, 
steam is turned on to the dryers about half an hour 
before coal is passed through them to the mills, 
and shut off about the same length of time before 
the mills are stopped, in order to avoid leaving hot 
coal stored in them. The dryers are emptied for 
inspection at regularintervals. The connection with 
the exhaust trunk is provided with louvres which, 
when closed, isolate the dryer in question. The 
trunks are cleaned out three times a week to prevent 
any undesirable accumulation of fine dust drawn 
off from the coal by the air. The air from the 
dryer trunks is, for most of the installation, passed 
through a washer to remove the coal dust, and is 
discharged up a duct ending above the building roof. 
The dust and water are led off toasump. The air 
washer (Fig. 27) dealing with the dryer duct air is of 
the spray type, supplied by an electrically-driven 
centrifugal pump. The general arrangement of fan, 
pump and washer is shown in Fig. 20. This equip- 
ment is situated on a landing, 45 ft. above ground 
level. For the latest batch of mills and dryers, the 
duct air is treatedin cyclonesin tandem. As an alter- 


native, when only a little moisture has to be dealt 
with, hot air from the boiler room drawn through 


a footbridge connecting this with the coal prepara- 


part plans at various upper floor levels of the com- 

plete preparation house, shows the latest addition 

at the left, or south, end of the building. The four 

units installed here differ in arrangement from those 

in the older part of the building shown on the right. 

The dryers, formerly, it will be noticed, were arranged 

across the building with the exhauster duct on one 

side of them. In the latest arrangement, the dryers 

are placed lengthwise, and the duct is between them. 

We have already referred to the different disposition 

of the bucket elevators. 

From the dryers, the coal passes into hoppers 

connected in pairs by tubular chutes forming a Y, 

with a single delivery to each mill. There are in all 

18 mills arranged on the ground floor, 14 in the main 

group, with four additional units at the south end 

of the building as noted above. The mill floor is 

illustrated in Figs..18, 19, 24 and 29. Seventeen 

of the pulverising mills are of the Raymond, six- 

roller type; one is of the ball type. The latter 

was installed in order to obtain experience of this 
type, but working has not shown that any outstand- 
ing advantages would be secured by departing 
from the roller type. Each mill, driven by a 
100-h.p. motor, can handle six tons of coal per 
hour. The supply is very carefully regulated by 
belt-driven star feeders at the mills, in order 
to obtain uniform results. The coal is reduced 
to a fineness at which 75 per cent. will pass a 200- 
mesh sieve, 90 per cent. a 100-mesh sieve, and 99 per 
cent. a 50-mesh sieve. Plough points in the roller 
mills are replaced after grinding about 8,000 tons, 
and grinding rings and rolls after about 36,000 tons. 
Each millis furnished with an exhausting fan, placed 
on a mezzanine floor, 19 ft. above the mill floor. A 
view of a mill with its exhauster is given in Fig. 28, 
on page 437. The exhausters have a capacity of 
6,000 cub. ft. per minute, and are driven by 60-h.p. 
motors at a speed of 1,200 r.p.m. The exhauster 
impellers are subjected to very heavy wear. A 
view of typical blades, after service, is given in 
Fig. 30.’ They need replacing after about 72,000 
tons of coal have passed through a mill. Various 
types of material have been tried for these fan 
blades, but so far, boiler plate has proved to be the 
most economical. The treatment of boiler plate 
blades by spot-welding has been tried, but has not 
resulted in prolonging their life materially. Chro- 
mium-plated blades are now being tried. The cost 
of milling the coal, based on figures compiled in 
1925-26, works out at about 24 cents per ton. The 
total kw.-hrs. per ton milled amounts to abovt 22, 
made up of approximately 18°8 kw.-hr. taken by 
the mills and exhauster fans, 1°5 for the air com- 
pressor, 0°75 kw.-hr. for the coal pumps, 0°5 for the 
dryer fan and 0°4 for the screw conveyor. The 
Wood dryers, roller mills, &c., were supplied by 
the Combustion Engineering Corporation. 

Each exhauster delivers into a cyclone separator, 
in which the dust separates out, while the air 
returns by a duct to the underside of the mill. The 
mill-exhauster air circuit is thus closed, and leakage 
of dust is avoided. From the cyclones, of which 
the last four to be installed are of the low head type 
and are shown in Fig. 18, the dust is carried by 
16-in. screw conveyors towards a central part of the 
building, where it is fed into hoppers supplying 
four Fuller-Kinyon coal pumps nominally of 50 tons 
capacity each per hour. These conveyors are 
driven by 20-h.p. motors. We may, in passing, 
here note another change made in the later screw 
conveyors. There are eight screw conveyors, the 
installation being in each case duplicated to avoid 
risk of interruption of service. Each cyclone of the 
two lines thus feeds into two screw conveyors, but 
as each cyclone has only one chute, this has to 
be branched at the lower end. The manner in 
which this was done in the first part of the plant 
is shown in Fig. 20, on the second floor, a flap 
valve being fitted at the fork. Difficulty was 
experienced in keeping the flap valve at this 
point tight with this arrangement, and it was 
modified to the form shown in Fig. 18, which 
embodies two hinged valves, each of which can be 
closed and tightened down by screw. It may be 
stated that the spare conveyors are run each shift 
for a few minutes to keep them in working order. 





tion house, can be passed through the dryers. In a ; 
operation, great stress is laid upon not exceeding} This completes the preparation process, the 10-in. 
Fig. 23, giving! coal pumps supplying direct to the boiler-house 


3 per cent. of moisture in the fuel. 
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| Totally enclosed motors, with ducts supplying air 
|from outside the building, are used in the latest 
| part of the mill building, and the older plant is being 
| changed to this type. 
| Leaving the description of the boiler house fuel 
| arrangements to a future article, we may complete 
| this section of the subject with some reference to 
| the control of the pulverising plant. In the boiler 
house, two 75-ton pulverised-coal bins are provided 
|for each boiler. These bins are each equipped with 
| a low-level and a high-level signal. These consist of 
| paddles against which the incoming stream of coal 
| strikes. When the paddle is deflected under this 
|action, the movement operates a mercury switch, 
/and a signal is communicated to the signal board 
at the coal pumps. In the case of the low-level 
| signal, this notifies the operator, who arranges for the 
replenishment of supplies, by push button control 
‘from his station, actuating an electro-pneumatic 
valve in the coal supply pipe line. When the 
|high-level signal works, notification is likewise 
| given at the pump board, but at the same time the 
| valve to the bunker in question automatically closes 
/and the next in the line is automatically opened. 
All the bins may thus be replenished in rotation 
| without action on the part of the pump operator, 
until the last bin has been filled, when a bell is rung 
to indicate that this stage has been reached. The 
high-level signal works when the fuel has reached to 
Engineering within 18 in. of the top. The low-level signal works 
: when the level has dropped to half-way down the 
Fic. 27. Atk WasHER ror Dryer Ducts, puRING INSTALLATION. i was found that the high-level signal did not 
: : always work satisfactorily when pumping into a bin 
bunkers through 8-in. pipe lines. The Fuller-| pumps. The exhauster and ducts for this work | already nearly full, and, if possible, for this reason, 
Kinyon pumps, furnished by the Fuller-Lehigh | are shownin course of installation in Fig. 34, on | pumping under such conditions is avoided. As an 
Company, run at 1,200 r.p.m. and take about | page 448. The 10-ft. cyclone for the breaker dust is | extra safeguard, a third indicator has been installed, 
350 cub. ft. of air per minute at 70-Ib. pressure. The | shown to the left in Fig. 18, 31 ft. above the dryer consisting of an aluminium sphere suspended by 
pumps, originally eq.iipped with 50-h.p. motors, | floor. The dust collected in this way amounts to | chain. and counterbalanced. Ordinarily the sphere 
are now driven by 100-h.p. machines, the change | about 4 tons per hour at work, for each breaker. is suspended at the top of the bin, but can be lowered 
having had the effect of increasing the pump capacity In order to avoid risk of commutator sparking, all| by the attendant, when the surface level is indi- 
by about 50 per cent. Two Bury two-stage air | plant in the coal preparation house is driven by A.C. | cated by a pointer. 
compressors on the mezzanine floor, of 825 cub. ft. | motors. The capacities of many of these have already| The controls for most of the coal-handling plant 
per minute capacity, supply the air required for | been given. The apron conveyor, coal breaker, mill, | are centralised in a control room located as indi- 











transporting the pulverised fuel to the boiler-house | and screw conveyor motors are of the slip ring type. | cated in Fig. 24, on the ground level. The bucket a 
bunkers. : The bucket elevators are driven by 40-h.p. motors | elevators and belt conveyor controls are located on 0 
Returning for a moment to the Bradford coal | of the squirrel cage type, and the mill exhausters by | the top floor of the building. Interlocking relays . 

a 


breakers, these it will be remembered were stated | similar motors of 60-h.p. capacity. The coal pump | are provided so that no part can be started up unless 
to be encased. The dust produced in breaking the | motors are of similar type and size, while the Bury | the gear ahead of it is already in operation. Before P 
coal is exhausted from inside the casing by a fan | air compressors are driven by synchronous motors | starting the bucket elevators a signal is sounded 
and carried into a cyclone separator, whence the | of 185 h.p. The voltage is 2,400 in all cases, the | below. Emergency controls are placed at numerous 
dust is fed by gravity to the Fuller-Kinyon coal | supply being as already stated, 60-cycle 3-phase. | points to shut down the whole plant. Trip swit hes 





he 


he 





ENGINEERING. 


437. 





APRIL 13, 1928.] 





THE TRENTON CHANNEL 








x as ‘ee 
Bag e: 
& di me 


STATION, DETROIT, 





A 











Fie. 28. RoiiterR Mitt AND EXHAUSTER. 











Fie. 29. Mitt Firoor 1x Coat PREPARATION BUILDING. 


are fitted to the bucket elevators to throw them 
out if the buckets do not hang correctly, and are 
also fitted to the apron conveyor drives to shut down 
all other machinery ahead in case of failure at that 
point. 

In starting, the dryers are first heated up, and 
the exhauster fan, the screw conveyors and air 





compressors are started by means of local switches. 
The mill exhausters are started by switches on the 
mezzanine floor, and the mills themselves from 
the ground floor, but the fans can be stopped by 
controls at the mills on the ground floor. The screw 
conveyors are provided with signal lamps, and 
the coal pump bins with sound signals. The mill 














Fic. 30. Exnuauster BLrapes AFTER USE. 


operator in charge of all the above plant works in 
close touch with the pump operator, whose concern 
is the supply of the bins in the boiler house. 


(To be continued.) 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 


(Concluded from page 410.) 


DEVELOPMENTS IN Ricip-AIRSHIP CONSTRUCTION. 


THE chair at the morning meeting held on 
Friday, March 30, was taken by the President, Lord 
Wester Wemyss, and the first business was the 
election of new members, associate members, asso- 
ciates and students and the appointment of scru- 
tineers for the next annual meeting. This business 
disposed of, the Chairman called on Lieutenant- 
Colonel V. C. Richmond to read his paper entitled 
“Some Modern Developments in Rigid Airship 
Construction,” which we reprint, in a slightly 
abridged form, on page 457 of this issue. In intro- 
ducing his paper, Colonel Richmond made a brief 
reference to the late Mr. C. I. R. Campbell, to whom, 
he said, we owed a great deal of our present know- 
ledge. He had said, he continued, that the British 
rigid airships were close copies of German designs, 
and for this reason had been accused of slighting 
the memory of Mr. Campbell. He greatly resented 
this accusation. It was well known that at the time 
of his death, Mr. Campbell was engaged on the 
design of a large airship which was a fundamental 
departure from the Zeppelins, and we were trying 
to follow up the lead he had given us. Colonel 
Richmond then gave an abbreviated account of 
the contents of his paper, illustrating his remarks 
by a number of excellent lantern slides showing 
interesting details of the construction of the airship 
R.101, which is being built by the Air Ministry at 
Cardington. 

The discussion on the paper was opened by 
Group Captain P. F. M. Fellowes, who remarked 
that it was realised that before the airship could 
become a commercial proposition, it would have to 
be proved that the hull could be made sufficiently 
robust to withstand the stresses to which it was 
subjected in flight and at the mooring tower. To 
do this, much research and many experiments and 
tests had been carried out. He wished to lay parti- 
cular stress on the fact that the intention was to 
prove that a rigid hull could be built strong enough 
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for the purpose. The Air Ministry had held con- 
stantly before the designers the need for safety, and 
they had not been urged to hurry. He thought it 
would be generally agreed that that was the right 
policy. It was possible that later airships would 
be built lighter, but that could not be decided until 
the present ship had been in the air, and the stresses 
had been accurately determined in flight by means 
of strain meters. 

The next speaker, Mr. H. G. Williams, said he 

thought the paper amply justified the policy pursued 
in continuing airship contruction. The criticisms 
levelled against airships were that they were large 
structures, difficult to handle on the ground, 
relatively frail, subject to meteorological conditions 
of which we had but imperfect knowledge, and, of 
course, the fact that there had been a good many 
accidents. Airships, even now, were experimental 
and tentative, but not to the extent that had 
formerly been the case. The new airships repre- 
sented an enormous improvement, in detail and in 
general design, on the R.33, which was copied from 
the German L.Z.33. Copying this design saved 
much time and trouble, but while we thus obtained 
the results of the German experience, we were not 
fully aware of how those results had been arrived 
at. The improvements in subsequent designs were 
chiefly due to the late Mr. Campbell, and he was glad 
to hear the terms in which that gentleman’s work 
had been referred to by the author. He con- 
gratulated the author on the design of the joints 
illustrated by the lantern slides, remarking that 
these were a great improvement on the Zeppelin 
joints. In airship design, he concluded, the stresses 
could be calculated much more nearly than was the 
case with ships, and it was sound engineering to 
accept much lower factors of safety in airships than 
in structures in which the stresses were less well 
known. 

The next contribution to the discussion was 
made by Mr. E. F. Spanner, who read a long 
communication in which he strongly criticised the 
design of the new airships. In the course of this, 
Mr. Spanner suggested that one of the reasons for 
the choice of a low fineness ratio was that the 
dimensions of the sheds available rendered this 
course expedient. He discussed at length the 
advantages and disadvantages of this decision, 
stating, among the latter, that the Bodensee was too 
easily deflected from her course, and prophesying 
that this trouble would be greatly exaggerated in 
R.100 and R.101. He also stated that an airship 
had almost invariably to be flown pitched either up 
or down, in order to rectify unavoidable discrepan- 
cies between weight and buoyancy. This point he 
regarded as of particular importance in relation to 
passenger carrying, expressing the view that, in the 
case of the new airships, it was probable that varia- 
tions in the angle of pitch of well over 12 degrees 
would be unavoidable. At this point, the Chairman 
intimated to Mr. Spanner that, as the time available 
for the discussion was limited and several other 
members were desirous of speaking, he should 
communicate the remainder of his remarks in 
writing. 

The discussion was continued by Colonel the 
Master of Sempill, who, after expressing his appre- 
ciation of the fact that the author had been able 
to give some information on what had been done 
at Cardington, asked him to mention the fact that 
the statement by Dr. Eckener quoted in the paper 
had been taken from a paper read before the Royal 
Aeronautical Society in 1925. It was fortunate, he 
continued, that we now had something like a definite 
airship policy. He was very much in favour of 
the development of aiiships, but thought it most 
desirable that this should have been done with a 
fuller collaboration between the workers at Howden 
and Cardington. He hoped that the author would 
be able to assure them that any previously-existing 
barriers had been broken down. He also enquired 
whether Col. Richmond had been able to make 
full use of the information collected by the Zeppelin 
Company during their 30 years of experience. 
Airships, he concluded, would break down the 
barriers between nations more rapidly than the 
aeroplane, and there was everything to gain by 
collaboration between all interested countries. 
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to have the honour of flying the R.101 when she 
was ready, and, having watched the care taken in 
her design and construction, felt confident that he 
would be flying an absolutely strong, sound air- 
ship. He was perfectly satisfied that she would 
be safe. His experience was that shorter airships 
were easier to control than longer vessels. Mr. 
Spanner was entirely wrong in assuming that 
airships normally flew at a large angle of pitch ; 
actually the angle was only about 2 deg. 
The next speaker, Mr. R. V. Southwell, said, in 
the course of his remarks, that the problems of 
airship design were similar to those confronting 
the naval architect, who could be trusted to 
examine sympathetically the efforts made by the 
designer to fulfil his part. He went on to criticise 
the statements made in Mr. Spanner’s book on 
airships in the light of the information now rendered 
available for publication in the paper. In this 
book, he continued, the author, although unaware 
of the details of the design, had endeavoured to 
show that Col. Richmond and his collaborators 
had made numerous blunders, which Mr. Southwell 
referred to by quotations from the work. In this 
way he covered the questions of gas-bag supports, 
the use of intermediate longitudinals, the shape of 
the hull, stability and control, &c. He asked, in 
conclusion, if, when as a result of the disaster to 
R.38, the responsibility for airship design was, of 
necessity, transferred to men who had to begin 
the work without the benefit of wide experience, 
these men were not right in endeavouring to get 
down to principles, both in theory and experiment, 
and if, when their experiments suggested that 
advantages were offered by the shorter form, by 
steel construction, by stiff transverse rings, and 
by parachute suspension for gas bags, they should 
have neglected these results and slavishly copied 
old designs, whether the principles underlying 
those designs were understood or not. It was 
surely not unreasonable to ask that their work 
should be judged by results. 
Wing Commander T. R. Cave-Browne-Cave, the 
last speaker in the discussion on this paper, said 
that the author, in referring to the main members, 
had not stated that strain meters would be used 
in the actual trial flight. He realised very acutely 
the difficulties in connection with the construction 
and trials of R.38, and greatly admired what Mr. 
Campbell had done under extraordinary difficulties. 
In that vessel, there had been no means for deter- 
mining the stresses in the ship during the trials, and 
when certain members failed it was doubtful why 
they did so. In the trials of R.101, on the other hand, 
it would be possible to measure the actual strains 
produced in the main members of the ship in pro- 
gressive weather conditions, and it would be recog- 
nised how valuable that would be. 
The Chairman then intimated that no further 
time remained for discussion, and called upon the 
author toreply. Lieut.-Colonel Richmond said that 
very little need be said in reply, except to Mr. 
Spanner, but he doubted whether he would be able 
to give him satisfaction in the time available. He 
did not in the least mind criticism; in fact, he 
welcomed it. He, however, hoped to convince Mr. 
Spanner of the utility of airships in the future, as 
Count Zeppelin had eventually convinced Dr. 
Eckener. To Mr. Spanner’s suggestion that the 
fineness ratio adopted had been dictated by con- 
siderations of shed accommodation, he said that 
this was not the case, as the sheds were both 
lengthened and increased in height. He could not 
understand why rigid airships should be less stable 
than those of the non-rigid type, and with regard 
to the suggestion that the Bodensee was easily 
spun by a gust, he pointed out that a long 
body would be more easily deflected from her 
course than a sphere would be. He would deal 
fully with the question of stability and control 
in a written reply, but anyone who had ever 
travelled in an airship knew that the pitch would 
in no way interfere with comfort. In reply to 
Colonel the Master of Sempill, he said he would 
add the desired reference in the paper, and with 
regard to the matter of collaboration, his whole 


principle had been to obtain the assistance of|ship were applied uncorrected to the 
anyone whom he thought could give useful help. | implied some extraordinary values of the 


the Zeppelin Company, both on the design and 
operating sides. Both he and Major Scott had 
spent a considerable time at Friedrichshafen, and 
the spirit shown on both sides was all to the good 
for international relationships. 


EXPERIMENTS ON A SINGLE-ScrEw Suir Mopzr, 


After a vote of thanks to Lieut.-Colonel Rich. 
mond for his paper had been proposed and carried, 
the Chairman called upon Mr. J. L. Kent to read 
a paper entitled “ Experiments on the Propulsion 
of a Single-Screw Ship Model,” of which Mr. Kent 
was the joint author with Mr. G. S. Baker. The 
paper is reproduced on page 461 of this issue. 

The discussion was opened by Dr. E. V. Telfer, 
who stated that the subject of the paper. while 
not new, was of great commercial importance to 
shipowners. Froude fifty years ago had referred 
to the importance of the form of the stern post 
in reducing thrust. The speaker had fitted a fin 
to actual vessels, the results obtained confirming 
those given in the paper. So far as he knew, the 
paper represented the first publication of results 
on self-propelled models obtained from the National 
Tank, and he was very pleased to see this. Referring 
to Table I, he considered the results at 8 knots 
were very surprising. It was noticeable that 
the falling off in propulsive efficiency was very 
rapid as 13 knots was approached. It would appear 
that the model form was a poor one, in spite of the 
statement in the paper to the contrary. 

Mr. J. Tutin, who followed, said that those in- 
terested in special types of rudder should be greatly 
indebted to the authors, as the paper brought out 
the very considerable gains that were possible. 
About 40 per cent. of the power developed was 
wasted in screw propulsion, and this received much 
less attention than the machinery losses. The fin 
suggested by the authors consisted of a thin and 
almost flat plate, and it was possible that one of 
stream line form would tffect a further improve- 
ment. As regards aerofoil propellers, there was 
reason to believe that under certain conditions these- 
would be inferior, but evidence on this point was 
wanting. 

Mr. S. G. Visker mentioned that full-scale experi- 
ments had actually been carried out. Seven years 
ago, he fitted a contra-propeller on a 4,000-h.p. 
single-screw passenger steamer. As a result, a 
saving of 3:9 per cent. was effected. The two side 
blades were removed, and the saving rose to 4 per 
cent. The experience was repeated, and the vessel 
is still running with the vertical blades only. 

Mr. H. G. Williams stated that the improvement 
in propulsive efficiency obtained by filling up the 
aperture abaft the propeller was somewhat sur- 
prising. While tending to confirm the claims for 
the saving in power obtained by guide blades in 
this position, it also served to deprive this saving 
in power of its most plausible explanation, that is, 
that the guide blades gave a forward thrust when 
acted on by the rotating screw race. It would 
appear that the closeness of approach of the fin 
was as important as the shaping of the fin to get 
a forward thrust. The experiments showed a 
reduction in power of 7 to 11 per cent. on the 
model when the aperture was closed. Presumably 
the fin was then as close as possible while leaving 
the necessary clearance to measure the thrust. In 
another part of the paper, it was stated that a 
clearance of 6 in. showed improvements of about 
two-thirds of those given. Presumably this referred 
to the actual vessel, and represented about } in. in 
the model, so that it appeared that the eftect was 
very sensitive to the clearance. Thus the gain of § 
of 7 to 11 per cent. was about half the 10 to 15 per 
cent. claimed for guide blades. The latter claim 
must therefore be overstated, or else there was 4 
gain in forward thrust due to the shaping of the 
guide blades as well as a gain from fin effect. The 
paper would have been even more interesting if 
the actual results of the trials had been given, and 
if it had been made perfectly clear as to whether 
the propulsive coefficients given referred to the 
model or the actual ship. If the quasi propulsive 


coefficients given in the tables under speeds of 
ship, they 
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Major G. H. Scott, who followed, said he hoped 





The closest co-operation had been maintained with | coefficient. 
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the propulsive coefficient of 0-835 at 8 knots 
implied an Admiralty coefficient of about 406, 
which was much higher than anything that ap- 
peared to have been obtained in practice. 

Mr. M. P. Payne said that the paper raised the 
question of the source of gain in propulsive efficiency 
with contra-propellers. Such a device abaft the 
propeller might well be associated with some gain 
due to fining the sternpost, but this could only be 
regarded as incidental. The action of a contra- 
propeller must depend either on a partial prevention 
of race rotation, or the interaction of blades and 
race water resulting in some restitution of thrust 
for any remaining rotation in the race. It was 
clear, however, that neither cause need necessarily 
Jead to gain in propulsive efficiency. In the first 
case, the propeller was working under altered condi- 
tions, which might, or might not, be beneficial to 
efficiency, and in the second, improper shaping of 
the blades might actually lead to an element of 
resistance rather than of thrust. A fin fitted 
abaft the propeller resembled a contra-propeller in 
action, as preventing race rotation, but could not 
make any thrust restitution. In the case quoted, 
the fitting of the fin resulted in a substantial increase 
in propulsive efficiency. Where such saving of 
power could be obtained, it would.justify additional 
constructional complications in the stern post, as 
well as difficulties associated with the reduced 
propeller aperture when it was necessary to remove 
the screw. The reduced eddy motion in the race 
might lead to a diminution of vibration of the 
ship near the propeller. With a fin fitted before 
the propeller, it would be anticipated that the 
fining of the frame would itself be beneficial. The 
experiments described suggest the desirability of 
as free a flow as possible to the propeller, but that 
it might be advantageous to restrict the flow from 
the propeller. 

In replying to the discussion, Mr. Kent said that 
he would prefer to leave a number of the points 
raised to be dealt with by Mr. Baker. He was 
particularly interested to hear of the results of 
an actual trial referred to by Mr. Visker. Much of 
the discussion had turned on the accuracy of the 
results, and he would like to say that the measure- 
ments of the resistance and speed were accurate to 
within about 1 per cent., while the revolutions were 
measured with much greater accuracy. The torque- 
measuring apparatus was new, and tests were 
applied three times a day to detect any change in 
friction. The greatest change noted was about 
4 per cent., and he thought that the torque measure- 
ments could be regarded as accurate within 3 per 
cent. As regarded the aerofoil propeller, the 
results of the experiments were regarded with 
extreme caution, and there was no doubt that there 
was much more to be learned. 


MARINE SCREW PROBLEMS. 


The afternoon session was set apart for the reading 
and discussion of three papers. As two of these 
were closely allied in subject, the Chairman, Lord 
Wester Wemyss, suggested they should be read 
consecutively and then discussed together. <A brief 
abstract of both papers is here given. 

In his paper entitled ‘‘The Vortex Theory of 
Propellers and Its Application to the Wake Con- 
ditions Existing Behind a Ship,’ Mr. W. G. A. 
Perring maintained that existing theories of pro- 
peller design were not practical and that results of 
model experiments were therefore generally relied 
on. In aeronautics an airscrew theory had been deve- 
loped, which could be applied fairly readily and 
which led to results agreeing closely with experiment. 
The first part of the paper outlined the vortex theory, 
and stated that it had been developed in this country 
by Glauert. It really combined the momentum 
theory enunciated by R. E. Froude, with a modified 
form of tlie blade element theory originally suggested 
by W. Froude. In the second part the theory was 
used to calculate the “‘ open water” results for a 
Series of propellers of varying pitch and disc area. 

In the comparison of calculated values with 
experimental results, calculations to estimate the 
Performance of a four-bladed propeller of pitch 
ratio 1-(} and dise area ratio 0-45 had been made, 
using the published data of Froude, Schaffran, and 
Taylor. The method presented no difficulties, but 
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certain experimental work was necessary to establish 
the lift and drag characteristics of conventional 
propeller sections over a sufficiently wide range of 
blade thickness. The third part showed the appli- 
cation of the method to calculate the thrust, torque, 
and efficiency of a propeller working under the wake 
conditions existing behind a ship, the mixed wake 
suggested by Mr. G. S. Baker in his paper on screw- 
propeller efficiency* having been taken as typical of 
the wake existing behind an ordinary single-screw 
cargo vessel. , 

A paper entitled “‘ Cavitation,” was next presented 
by Mr. John Tutin. This paper commenced with a 
reference to one by Mr. J. L. Kent on the propulsive 
performances of the Oroya and Oropesa.ft In this 
it was stated that the propeller efficiency of the 
Oroya was considerably lower than that predicted 
by Froude’s model propeller experiments. Erosion 
was observed on the Oroya propellers, but not on 
those of the Oropesa, although the mean thrust 
on the blade surface did not exceed 6 lb. per square 
inch under the worst conditions. Mr. Tutin’s paper 
had for its object the development of a method of 
investigating the conditions under which a given 
propeller would develop cavitation. As an example, 
this was directed to show that in the case of the 
Oroya the propeller was run under such conditions 
that in certain regions of the screw disc the water was 
liable to impinge on the back of the blade instead of 
on the face with consequent face cavitation. It was 
also shown that, in other positions, cavitation would 
occur on the back of the blade, the rapid formation 
and collapse of the cavities producing erosion by the 
well-known “ water-hammer ” effect. Finally, it was 
shown that in the case of the Oropesa the propellers 
were immune from both these effects. In cases 
where faster running propellers than those selected 
as examples, were adopted, the area over which the 
cavitation, if any, would occur, could be estimated 
by a simple extension of the method. 

The discussion was opened by the reading of a 
written communication from Mr. G. S. Baker on 
Mr. Tutin’s paper. It was a little difficult, he wrote, 
to do otherwise than assume that the dropping of 
a large part of the theory given by the author in 
his former paper meant that he recognised the 
errors in it. In this paper the author had compared 
a steam trial of the Oroya with a No. 1 voyage 
result of the Oropesa, instead of with a steam trial 
of the latter, with misleading results. Mr. Baker 
thought it could be stated that the direct cause of 
the cavitation on the Oroya was known, though it 
was not given in the paper. The general principles 
used in the paper were fairly well understood and 
broadly speaking, had been accepted for some time. 
They were to be found in some articles of Mr. 
Baker’s written in April and May, 1913. Short 
and relatively blunt blades at all small angles had 
a slight negative pressure right at their leading edge 
on their driving face, and it was not necessary for 
these to drive at zero angle of incidence for this 
effect, as stated by the author. 

For cavitation at large slip angles, the author 
had assumed that the variation of distribution of 
suction on the back of the blades could be ignored. 
This really varied from 1-5 PV? to 0-35 PV?, 
confining attention only to large angles, for an 
aerofoil at 8 deg. incidence. It was also assumed 
that the suction was such as always to maintain an 
inflow ratio of 0-75, and that there was no variation 
of rate of rotation of the propeller-shaft. Ample 
data were available to show that these, and certain 
other assumptions, were unwarranted. As these 
assumptions resulted in serious discrepancies, the 
method adopted by the author was too liable to 
error to be of any utility if followed throughout. 
He recommended, however, that anyone engaged on 
propeller design should at least study the pressure 
curves on various blades, from which there was 
much to be learned and which would indicate some 
errors to avoid. 

The next speaker was Dr. E. V. Telfer, who 
confined himself to comments on Mr. Perring’s 
paper, which he thought was somewhat belated in 
view of the earlier and more complete work of 





* Trans, I.N.A., vol. lxix, page 275, ENGINEERING, 
vol. cxxiv, pages 113 and 119. 

+ Trans. I.N.A. vol. lxix, page 144, ENGINEERING, 
vol. exxiii, page 477. 








Féttinger, Kucharski, Horn, and Helmbold in 
Germany, and to a certain extent of Slocum in 
America. All the work of these investigators was 
essentially devoted to the marine propeller, and 
all used what was now accepted as the vortex 
theory. Mr. Perring had stated that the vortex 
theory had been developed in this country by 
Glauert. To this statement exception must be 
taken. The first enunciation of the principles of 
the true vortex action of the propeller was due 
unquestionably to Dr. F. W. Lanchester, the neglect 
of whose lead in this country had been appalling. 
It was only after the war, when the German appre- 
ciation of Lanchester’s work had trickled into this 
country, that he was honoured in any befitting 
manner. It was astounding to think that Lan- 
chester’s first work on the vortex theory was 
contained in a paper submitted to and rejected by 
the Physical Society of London as long ago as 
1897. 

Dr. Telfer then commented at some length on 
the precise views held by Glauert, in order to show 
that, by following him so closely, Mr. Perring 
had not gone as far in the application of the vortex 
theory as other workers in the marine field had 
already gone. Mr. Perring’s comparison of the 
theory with actual model propeller performance 
was thus incomplete, and the discrepancies shown 
were of the order to be expected. Apart from 
differences in theory, there was the difference in 
Reynolds number of propeller and basis aerofoil 
data. He thought the most interesting and novel 
feature of Mr. Perring’s work was the application 
of the Glauert treatment to a propeller working in 
a mixed wake. Some similar but less complete 
work had been recently published by Professor Brix. 
By neglecting inflow altogether, Brix was led to 
advance the idea that a propeller in a mixed wake 
worked at slips widely positive or negative through- 
out one revolution. That this was not so when 
inflow was duly allowed for was clearly shown by 
Mr. Perring, but, whilst his work was valid for an 
open-water mixed wake, and hence was an interest- 
ing extension of the Froude concept of the phantom 
ship, it must be pointed out that the work of 
Fresenius and Thoma, as recently described in a 
work by Hembold, had demolished this concept. 

According to this new theory the behind propeller 
was not drawing from a feed whose pressure was 
the same as that of the infinite medium but from 
one which, because of the stream line flow due to 
the presence of the ship, had a greater pressure. 
This increase in pressure brought about a positive 
form wake which, in association with the induced 
axial flow, was the principal factor governing the 
value of thrust deduction. In other words, the 
propeller and hull became one whole, and the problem 
of design was reduced immediately to the obtaining 
of the maximum propulsive efficiency on each 
radial annulus. The separate consideration of 
propeller and hull efficiency was thus not only 
dispensed with but shown to be invalid in principle. 
Propellers designed by this theory showed remark- 
ably close agreement between experiment and 
calculation. In the design routine only the mean 
annulus value of form and frictional wakes were 
used as bases for calculation. It remained to be 
seen whether the mean annulus value produced 
results which were in close agreement with the more 
detailed method adopted by Mr. Perring, who, 
Dr. Telfer hoped, would be encouraged to proceed 
with his work. 

Mr. C. J. Calderwood thought Mr. Tutin’s 
reference to a mean thrust on the blade surface of 
6 lb. per square inch seemed misleading. The 
blade pressure varied enormously both back and 
front. This seemed an important point to which 
little attention had been paid. In designing 
a propeller some time should be spent in the choice 
of blade shape with a view to getting the best 
distribution possible, particularly where the pressure 
exceeded 31b. to 41b. per square inch. Sometimes an 
aerofoil shape was better ; indeed, in extreme cases, 
use might be made of such a form as the Handley- 
Page section. Another point too often neglected 
was that the propeller was not rotating at a uniform 
rate. There was always some propeller vibration 
which might have a serious effect on cavitation and 
efficiency. In some cases, the propeller became 
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stationary during a revolution and then proceeded 


at twice its normal speed. The effect of this on 
both faces must be very great. Care should be 
taken in the choice of the engine. It had been calcu- 
lated that of a loss of efficiency of about 10 per cent., 
quite 30 per cent. of it was due to torsional vibration. 
The critical speed was important; he had come 





large for wide-tipped marine screws. It was doubtful 


if the theoretical results of propeller performance | 
| in a mixed wake were very accurate under the con- | 


| ditions assumed in the paper, one of which was that, 


|in a wake varying across the screw disc the wake | 


| speed could be simply superposed on the apparent 
| speed of advance in considering the action of a blade 


across a case of identical ships one of which had | element. The action must be much more complex in 


required 900 indicated horse-power to attain a speed 
of 10 knots, while the other needed 1,200 indicated 
horse-power. 

Mr. 8. G. Visker said he had been concerned in 
a series of tests involving critical speeds in steam 
engines. 
was set off in revolutions per minute while the 
ordinates represented horse power, it would be 
found that the even curve obtained was distorted 
by a prominence, between the ordinates representing 
the critical speed, of a magnitude of about 8 per cent. 
This was almost invariable. In only one case was 
the curve different, and then there was a depression 
in it at this place. The ship had lost speed and pro- 
bably the water was not getting to the propeller at 
that particular rate of revolutions of the shaft. 

Mr. M. P. Payne thought it was quite possible 


that Mr. Perring’s theory might be of value in indi- | 


cating possible lines of improvement in detail, 
such as blade form and blade sections. The theory 
as applied to air screws had led to results in close 
agreement with experiments, but appeared to give 
least satisfactory agreement near the blade tips and 
boss. It would seem, therefore, that in ship screws 
having necessarily smaller aspect ratios, the agree- 
ment with experiment was likely to be less favour- 
able. In applying the theory to a propeller in 
open water, a propeller had been taken with a 
constant ratio of maximum thickness to chord 
throughout the blade, and comparison had been 
made, in effect, with experimental results of pro- 
pellers whose blade thicknesses increased uniformly 
from tip to root. While the calculated propeller 
was thus thicker than the experimental propellers 
over the outer portion of the blade, it was thinner 
than the Schaffran screw over about 70 per cent. 
of the blade area and very appreciably so near the 
boss. It was doubtful, therefore, whether the 
high effective pitch of the calculated propeller 
compared with the Schaffran screw could be attri- 
buted to a blade thickness effect as stated. 
Referring to Mr. Tutin’s paper, Mr. Payne re- 
marked that in the development of the theory in 
it, an inflow factor of 0°75 had been provisionally 
assumed. Where data for infinite aspect ratios 
were used, the Froude and vortex theories indicated 
that the ratios should be 0°5. If data applicable 
to aerofoils of finite aspect ratio were taken, an 
average value of less than the “ ideal’? one was 
indicated by experiments. The value assumed ior 
the inflow entirely determined the value of the 
comparison given in the paper, since the angle of 
incidence of a blade section was acutely sensitive 
to it. Reduction in this factor would lead to an 
increase in the angle of incidence with a corres- 
ponding reduction in the local wake required for 
incipient face cavitation. The criterion for back 
cavitation was not so sensitive to the value taken 
for the inflow. The method required the use of 
a number of semi-empirical factors, which, collec- 


tively, might lead to considerable error in any | 


application of such a theory, even if suitably cor- 
rected, and its ability to discriminate between 
cavitating and non-cavitating conditions would 


require to be demonstrated in a large number of | 


cases before it could be applied with confidence. 


Mr. E. B. Harries pointed out that Mr. Perring | 


in his paper had nct mentioned the limitations of 
the vortex theory of propellers when applied to 
marine screws, an important one of which was that 
generally, the blades of the latter were too wide 
to be regarded as a series of aerofoil elements moving 


If a curve were drawn, of which the base | 


| practice. The results obtained, however, were at 
| least qualitatively true. The actual relative rotative 
| efficiency was appreciably less than unity, and the 


reason lay in the curvature of the efficiency graph | 


of a blade element on a slip base, which made the 
mean value of the efficiency during one revolution 
of the screw through the variable wake always less 


|than the value for the mean wake. The Froude} 


| relative rotative efficiency and the actual should 
| approach one another at high slips, where the effi- 
ciency curve flattened out. 
| Referring to Mr. Tutin’s paper, Mr. Harries said 
| that if an error in an equation in the paper were 
| corrected the Oropesa would be just as bad from the 
| point of view of cavitation as the Oroya. The blade 
|sections to which Mr. Tutin’s theory had been 
| applied were only at positions of 3 per cent. and 
5 per cent. of the propeller radius in from the tip, 
| where blade element theories did not give correct 
|results. Thus, in the Aeronautical Research 
|Committee’s Report No. 940, Fage had found 
that at 5 per cent. of the radius in from the tip 
| the thrust on the blade element, calculated from | 
| the vortex theory, was 100 per cent. in excess of 
that found experimentally in an airscrew working | 
at ordinary slip. He had checked his own calcu- | 
‘lations as to the cavitation on both the Oroya | 
‘and Oropesa, continued Mr. Harries, by further | 
‘calculations for a battleship screw in which the | 
| progressive speed trial results gave no indication 
of cavitation. The result was that at even the 
deepest immersion of the blade element considered 
the actual lift coefficient appeared as three times 
the lift coefficient deduced for incipient cavitation 
|to occur. It was thus evident that if the theory 
were applied to the wide blades of, say, a destroyer, 
where there is evidence that cavitation did occur, 
it would give results still more misleading. 
Professor C. M. Carter observed that if Mr. Perring 
had not done justice to Lanchester he had done 
|so to W. Froude, who was not widely known as 
|the originator of the blade element theory. With 
|regard to the paper itself it was interesting to 
| note that in the author’s curves of propeller charac- 
| teristics, when the thrust coefficient and efficiency 
|curves were prolonged to cut the base it was 
| possible to deduce the analysis pitch before the face 
| pitch was given. There did not appear to be much 
| difference in the curves for the three different disc 
| area ratios. 
| Mr. Perring and Mr. Tutin made brief replies, 
| but were unable to touch upon all the points 
|raised owing to the lateness of the hour. 








Log ABSTRACTS OF CARGO VESSELS. 


The Chairman then called upon Mr. J. Lockwood 
Taylor to read the final paper of the session, which 
was entitled “Statistical Analysis of Voyage 
Abstracts.” This paper gave the method adopted 
in making an analysis of the voyage log abstracts 
of a number of cargo vessels and the conclusions 
|reached with regard to these particular vessels. 
The primary object was the determination of the 
loss of speed in service as compared with smooth- 
water trial-trip conditions. The figures obtained | 
|referred to a particular route, and to a particular | 
| reason, on routes where there was marked seasonal | 

variation of weather, or else to an average of | 
|seasons. A curve was plotted showing the number | 
‘of days on which the speed had been between | 
certain limits on either side of a mean value given 
| by the base or abscissa, and methods of using | 











on straight paths. A blade element at half-radius | this were suggested. The effect of season, fouling, 
of a four-bladed screw of 0°45 disc area ratio and| draught, form and speed, and form of section | 
unit pitch ratio, when the screw was working at | were discussed, and the appropriate figures were 
20 per cent. slip, moved in such a manner that the | tabulated and plotted in curves. The curves | 
directions of motion of two ends of the element were | drawn for the effect of form and speed represented | 
inclined at an angle of 38 degrees. The vortex theory | the average figures for coal-burning vessels with 
broke down near the tips of a propeller, and while | triple-expansion engines, one or two points being 
the discrepancy between theory and experiment on plotted for other types of machinery, which indicated 
this account was small for airscrews, it must become | the improved time-keeping of vessels with oil-fired 





boilers. Comparative results were obtained from 
one motor vessel, which were also plotted. 
Professor P. A. Hillhouse, on opening the dis. 
cussion, said that he considered Mr. Taylor's paper 
both useful and valuable. The real problem which 
faced the naval architect in dealing with merchant 
vessels was to design a ship which would maintain 
the desired speed on service and not only on her 
trial trip. The trial trip data were generally all 
that there was to go upon, and it was necessary 
to add a margin for weather conditions and 
for keeping up steam. It was not possible to 
load the vessel to her water line on a trial trip 
and so, for that reason alone, the results on a 
trip were not comparable with those at sea, 
Information was then sought from engineers’ logs, 
but in too many cases the main thing stressed was 
the indicated horse-power, so as to keep down the 


|amount of coal burnt per pound of steam. This 


paper was important as it enabled naval architects 
to follow the ship from the builder’s yard to sea. 

Dr. E. V. Telfer, in the course of some remarks 
on the methods employed by Mr. Taylor, showed 
how he himself arrived at the effect of fouling, 
and said that he could confirm almost precisely 
Mr. Taylor’s figure of a mean loss of speed of 
3°8 per cent. from this cause for a docking interval 
of about six months. 

Mr. Taylor made a brief reply, and the session 
then terminated with a vote of thanks to the 
Chairman, proposed by Professor Hillhouse, which 
was accorded in a vigorous manner. No reference 
was made to the date of the next meeting. 








WORLD SUPPLIES OF CHROMIUM. 


THE introduction, and subsequent manufacture 
on an ever-widening scale, of corrosion-resisting 
steels have been responsible for a considerable 
increase in the world consumption of chromium. 
The metal was, of course, in common usage in 
industry before the advent of the high-chromium 
stainless steels; it was utilised, for instance, in 
the manufacture of the so-called chrome and 
nickel-chrome steels, the demand for which has 
always been considerable. Again, chromium in 
the form of dichromate has been used for many 
years in the tanning industry, and bricks made 
of chromite, for the lining of open-hearth furnaces 
have long been common practice. 

The fact that the estimated world production of 
chromium during 1926 is more than double that of 
1913, and exceeds the 1918 output, the year of 
maximum war demand, by 30 per cent., appears to 
indicate that the value of the metal as a corrosion- 
resisting alloying element has of late been fully 
recognised. According to statistics given in a 
recent issue of Commerce Monthly, a journal published 
by the National Bank of Commerce in New York, 
the world production of the ore of chromium, 
chromite (Cr,0;FeO) in 1913, 1918 and 1925 
totalled, respectively, 177,530 tons, 283,150 tons, 
and 319,000 tons. Returns for 1926 are not 
complete. The bulk of the ore is extracted in 
British and French territory. During the five years 
from 1921 to 1925 Rhodesia and India together 
supplied about 65 per cent. of the total world 
output of chromite, and New Caledonia, the French 
island colony in the Pacific Ocean, about 12 per 
cent. The output from Rhodesian mines has 
increased from 56,000 tons in 1913 to 181,194 tons 
in 1926, and whereas in 1913 India produced 5,680 
tons, her output in 1925 was 37,450 tons. Pro- 
duction figures for New Caledonia have fluctuated 
considerably, and during recent years have been as 
high as 90,000 tons and as low as 19,000 tons. The 
output for 1925 was, however, 34,180 tons. Other 
chromium-ore producing countries are (reece, 
Turkey and Cuba. Probably the most recent 
application of chromium in the sphere of metallurgy 


\is its use in the electro-plating industry. The 
deposition of the metal has been the subject of 
much research work; the process is now well 
beyond the experimental stage, and is Deing 
developed commercially. <A chromium - plated 

corrosion 


surface, as might be expected, resists ° 
very satisfactorily, but an added advantage . 
that the deposit, even when thin, 1s hard an 
wear-resisting. 
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Fig. 1. 











Main Battery or CO, CYLINDERS, SHOWING DISTRIBUTING PIPES AND 


VaLVE-ConTROL GEAR. 


FIRE-EXTINGUISHING INSTALLA- . 
TION AT BARKING POWER STATION. 


Tue sudden and severe fires which may occur 

owing to a breakdown in oil-cooled transformers or oil 
switches, are among the most difficult to deal with. 
Water is not suitable where burning oil or live elec- 
trical gear is involved, and although certain types of 
chemical hand-extinguishers are useful in the initial 
stage of the fire, their success depends almost entirely 
upon the personal element and the promptitude and 
decision with which the outbreak is dealt with. 
_ Asthe result of tests of some magnitude in extinguish- 
ing typical oil-switch fires, a Lux fire-extinguishing 
system has been lately installed at the Barking Station 
of the County of London Electric Supply Company, 
Limited. We described a Lux installation for marine 
use on page 353 of vol. cxxiv of ENGINEERING, and it 
will be recalled that it differs from the usual hand- 
extinguisher methods of dealing with fires in that it 
allows any desired space to be rapidly filled with in- 
ert carbon-dioxide gas. In the case of the installation 
at Barking, any one of thirteen switchrooms and trans- 
former chambers can be filled in less than one minute 
after the operation of the control switches, which are 
located in safe positions well away from the spaces 
protected. The system will eventually be extended to 
deal with the new switchrooms and transformer 
ie now being erected, and will then protect 
« spaces. 

The carbon dioxide is stored as a liquid, at a pres- 
sure of about 700 Ib. per square inch, in a battery of 
steel cylinders located in a central position. The 
cylinders are fitted with valve gear which permits 





the discharge of the contents of either part or. the 
whole of the battery of cylinders into a pipe line, from 
which it is led through distribution valves and suitable 
piping to any one of the spaces protected. Special 
Monel-metal nozzles are arranged around each space 
for the correct distribution of the carbon dioxide. 
The system allows of the discharge of the carbon 
dioxide as a liquid through the pipe lines, and it does 
not become a gas until it emerges through the special 
nozzles in the space protected. The object of this 
arrangement is to prevent expansion and consequent 
cooling and freezing up in the cylinders or pipe system. 
Practically all expansion takes place after the liquid 
leaves the nozzles, and the consequent cooling effect 
is available to assist in extinguishing the fire and 
cooling down the heated apparatus. Carbon dioxide 
has, of course, no harmful or corrosive effect on any 
of the apparatus, and is perfectly safe to discharge 
on to live electrical gear. 

One of the most interesting features of the installa- 
tion is the fact that the discharge into the correct 
switchroom or transformer chamber is controlled from 
safe positions outside the spaces protected. The dis- 
charge is operated electrically, and all that is necessary 
is to break a glass and close a switch. The only ex- 
ception to this is in the case of a fire in one of the trans- 
former chambers, when, in addition to the above opera- 
tion, the lever of a quick-opening valve must be thrown 
over. The main battery of carbon-dioxide cylinders, 
shown in Figs. 1 and 3, on this page and on page 442, 
consists of 140 bottles, each charged with 50 lb. of 
carbon dioxide. These cylinders are arranged in 
groups, as shown in Fig. 6. It is possible to discharge 
simultaneously any one of these three groups or 











Fig. 2. Controt Box AND VALVE 
FOR TRANSFORMER Room. 


the ;whole battery, depending upon which chamber 
is to be filled. Each cylinder is sealed off with a 
thin copper disc, and is fitted with a special tubular 
cutter, mounted on a quick thread and fitted with a 
lever. A movement of the lever of about 90 deg. is 
sufficient to advance the cutter through the dise and 
thus liberate the carbon dioxide under its own pressure 
into the main pipe-line. The cutter levers of all 
cylinders in each section of the battery are connected 
together by a flexible-bronze cable for simultaneous 
operation. Discharge of either one section of the 
battery or the complete battery is effected in about 
one minute after operating the cutter valves. 

The flexible cables mentioned above are connected 
to pistons working in long cylinders, visible in Fig. 3, 
and are operated by gas pressure obtained from three 
pairs of small carbon-dioxide cylinders. The latter 
are sealed off with a similar copper disc to those sealing 
the main cylinders, and are fitted with similar cutter 
valves. In this case, however, the actuating levers 
are pulled over by means of weights which are norm- 
ally hooked up to three electrically-operated releases, 
each release controlling a pair of cylinders. As it is 
important that there should always be an ample supply 
of carbon dioxide in these six master cylinders, they 
are mounted as a unit on a scale balance, as shown 
in Fig. 4. Should the weight of the six cylinders 
drop by more than one pound, owing to leakage or 
other cause, a contact is made which sets an electric 
bell ringing. 

Quick-opening valves, for distribution to the pipe 
lines leading to the various spaces, are installed in a 
framework at one end of the main battery of cylinders, 
as shown in Fig. 1. These valves open fully on rotating 
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Fie. 5. Controt Switch CaBInet. 

function, allowing the weight to drop and the valve 
to open. There is then a free passage for the carbon 
the valve spindle 270) deg., and the necessary movement | dioxide from the cylinders to the main switchrooms 
is obtained by the dropping of a weight connected to | or basements. The arrangement is shown diagramma- 
each valve by means of a flexible bronze cable passing | tically in Fig. 6. 

over a grooved sector. Normally, these weights are} For the transformer rooms, the discharge switches 
hooked up to electric releases in such a way that all| are housed in separate switch boxes, one for each room, 
valves are in the closed position. The control switches | located just outside the doors. The action is similar 
for filling the switchrooms and basements are situated | to that described above, but in addition to the main 
in a glass-fronted cabinet, shown in Fig. 5. This | distribution valve, which is electrically released, it is 
cabinet is located close to the main control room, and | necessary to open a local distributing valve into the 
can be quickly opened by breaking a small glass pane | transformer chamber by hand. This valve is, in each 
at the side and releasing a catch. The discharge | case, placed alongside the electric control box, as shown 
switches in the cabinet are of the push type, and each | in Fig. 2. At every control position, a green light indi- 
one is labelled with the name of the space which it | cates that the station supply is in order. Should the 
fills. On pushing the correct switch into contact, | station supply fail, it is possible to operate the correct 
the electric release is energised and the required | releases manually. 

master cylinders discharged, thus transmitting the| The size of the largest switchrooms protected by 
pressure from these cylinders to the pistons connected | the Lux system is 140 ft. long, 28 ft. wide, and 33 ft. 
to the operating cables of the correct number of cylin-| high. The present Lux installation provides an 
ders in the main battery. The pistons are driven | initial discharge for all spaces, and a full reserve 
down, the flexible cables pulled, and the cutter valve | discharge for all except the two large switchrooms. It 
levers actuated, allowing the carbon dioxide to flow out | is proposed to instal a full reserve of cylinders for these 
of the cylinders as a liquid into the main pipe line.| when the new switchrooms are completed. The 
Meanwhile, the action of pushing the operating switch | installation will then be capable of discharging rather 
in the control box has also caused the electric release | more than three tons of carbon dioxide into any 
holding up the correct distribution valve weight to|switchroom in less than one minute, leaving a full 
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reserve of the same weight of gas for use if necessary. 
As a first-aid outfit for dealing with fires in their 
initial stages, a Lux hand-operated hose reel unit is 
installed in each switchroom. The carbon dioxide for 
these hose reels is obtained from a battery of four 
50-Ilb. Lux cylinders, which are entirely independent 
of the main supply system. These cylinders are 
arranged to be discharged two at a time, two being 
usually more than sufficient for fires such as the hose 
reel outfit will deal with. The discharge of these 
cylinders is effected by breaking a glass and operating 
a discharge switch in a switch box adjacent to each 
hose reel, two switches being installed in each box, 
one for the first discharge of two cylinders and the 
other for the two reserve cylinders. The carbon 
dioxide leaves the horn of the extinguisher as a cloud 
of finely divided snow, the temperature of which is 
minus 110 deg. F. This blast of inert gas penetrates 
easily into inaccessible positions and very quickly 
overcomes a fire which might otherwise be difficult 
to get at. With the Lux hose-reel unit in use, the 
concentration of carbon dioxide in the switch room 18 
not sufficient to have any unpleasant effect upon 
the operator. ! a 
The installation has been supplied and installed by 
Messrs. Walter Kidde and Company, Incorporated, of 
Abbey House, 2, Victoria-street, London, 8.W.1. 
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LABOUR NOTES. 

Jupeine from the “ official literature”? which is 
in authorised circulation, interest in the A.E.U. 
elections that are in progress is at a high level. By 
“ official literature’ is meant the printed addresses 
of candidates for office as executive councillors, 
national organisers, district delegates and full-time 
district secretaries. Every other kind is, of course, 
barred by rule, and candidates who infringe, or are 
affected by infringements brought about by the ac- 
tion of friends, are liable to disqualification. Although 
the interest in the elections is greater, the contro- 
versies run on familiar lines. The plight of the union 
js agreed to be bad in respect of both membership 
and money, but while one side finds the cause in 
the industrial slump, the other blames the present 
leadership for it. “Change the leadership” is the 
slogan of most of the extremists who, for the first 
time, openly describe themselves either as “‘ Members 
of the National Minority Movement ” or as ““ Commu- 
nists.” 


A note by the Executive Council in the forefront 
of each batch of addresses is to the effect that the 
“addresses contain the matter as received from the 
candidates.” From the address of one aspirant to 
a seat on the Executive Council we reproduce the 
following: ‘‘ The Minority Movement and the Com- 
munist Party will rally the workers for the fight, 
for this reason I ask you to give your vote for one 
of their number who is putting in seven days a week 
for the working class movement, believing there can 
be no security as long as capitalism lasts, that we 
must fight for immediate advantages, learning the 
while how to meet the ultimate encounter which 
cannot be longer delayed, the enemy, frantic at the 
great display of solidarity in May 1926, have passed 
the Trade Union Act shattering at least one paper. 
The hard-won rights of a century’s struggle, be not 
dismayed we are many, they are few, by asserting 
our manhood, our right to the full fruits of production, 
by kicking away the props of the present system 
by action, not by retreat, by sticking to the Unions, 
not running away, by throwing men up who will lead, 
can the way to Socialism be won.” The reproduction, 
it may be added, is exact. 





A candidate who seeks to represent another division 
has a less pleasant recollection of ‘‘ the great display 
of solidarity in May 1926.” ‘In my opinion,” he 
says, “‘one of the greatest mistakes ever made by 
Trade Union leaders was on the occasion of the 
so-called General Strike. After the splendid example 
of solidarity shown by the rank and file, it was a 
tragedy to bring about such chaos as that which 
was so much in evidence when the instructions to 
resume work were given. Scores of good members 
lost their jobs, many walked the streets for months ; 
but the worst feature of all is that those mostly 
affected, namely those engaged in the workshop, 
have had their faith in the generalship of our leaders 
shaken to such an extent that it will take years to 
restore the confidence necessary to put up a fight 
again when called upon.” 





_Another candidate strikes a shrewder blow at the 
Executive's administration of purely domestic affairs. 
In Clause J of the Overtime and Nightshift Agreement, 
he says, “‘ were sown the seeds of the 1922 lock-out. 
From its inception Clause J was so vague as to forbode 
the inevitable fight. And yet we find our E.C. in 
1921 with such a surplus of funds at their disposal 
that they institute increased sickness and donation 
benefits, For six months we have members drawing 
278. 6d. per week in some cases, in return for a contri- 
bution which, over half a century’s experience had 
shown to us, would not warrant a benefit of more than 
10s. per week. The result is that in May, 1921, we 
pay 27s. 6d. where we ought to pay 10s., and in May, 
1922, we pay nothing where we ought to pay 20s. 
It certainly does not seem sound finance to me, and 
the money squandered in 1921 might have been more 
usefully spent in 1922.” 





The Executive Council of the Amalgamated Engi- 
heering Union does not, of course, formulate the 
policies which it carries out. That is done, as another 
candidate points out, “ by the National Committee, 
4democratically-elected body, in touch with, responsible 
and responsive to” the membership in the workshop. 

The Executive Council are there,” this aspirant 
to office states, ‘to do their best to administer and 
interpret that policy within the four corners of the 
tule book, and to deal with the day-to-day business 
and problems as they arise.” In some addresses both 
t powers that be and the extremists are adversely 
criticised. “‘ It is,” says one candidate, “the firebrand 
element that allows its misguided enthusiasm and 
*xcitement to warp its better judgment, and thus 
Ting discredit to the movement, and alienate that 


sympathy which many thousands of right-thinking 
people have toward our movement to-day, but cannot 
trust on that account.” 





Only one or two of the candidates, curiously enough, 
touch on practical questions arising in the workshops. 
If, one declares, the members are to get some measure 
of control on the machine question, and some say as to 
who shall man machines and as to the wages paid to 
the operators, ‘‘ we shall require to be ever vigilant 
of the constant introduction of the more modern and 
up-to-date machine which tends to increase and 
cheapen production at the expense of the worker.” 
“The enforcement,’ writes another—an avowed 
Minority Movement man—*“ upon a large section of 
the members of bonus piecework and payment by 
results methods has been the cause of great dissatis- 
faction. It was hoped that in time,” he goes on to 
say, ‘the system would be abolished altogether. 
Unfortunately, this hope has not been realised, and it 
is now evident that greater attention must be paid to 
the ‘ prices and time given on the job’ in firms where 
meantime members are compelled to accept employ- 
ment under this system. It is a well-established fact,” 
the candidate claims, ‘that employers are using 
this system to speed up and intensify the pace without 
any appreciable advance in wages.” 





In the course of an article published in Der Arbeit- 
geber, and summarised in the weekly organ of the 
International Labour Office, on the new regulations 
governing conditions of work in the German steel 
industry, Dr. J. W. Reichert examines the influence 
of arbitration on wages. He strongly objects to the 
growing tendency of the arbitration courts to adjust 
wages to fluctuations in the cost of living. A reason- 
able wage policy must, he holds, take into considera- 
tion the question of productivity and profitability. 
From this standpoint, rises in wages are justified only 
if an increase in output can be expected. In this 
connection, the author discusses the Government’s 
power to make arbitration awards in industrial dis- 
putes generally binding. He denies that the freedom 
of German industry from prolonged strikes during the 
last few years is the result of compulsory arbitration, 
and argues that the recent experience of the steel 
industry shows that this system does not prevent 
the issue of ministerial decrees, and the pressing of 
trade union demands which undermine the finances 
of the whole of a great industry. 





That there have not been serious labour disputes 
in German industry for many years is, Dr. Reichert 
thinks, primarily due to the fact that undertakings 
have hitherto agreed to continual wage increases, to 
the complete abandonment of shareholders’ interests 
during several years. In the long run, of course, such 
action becomes impossible, because it injures credit, 
which, in turn, reacts unfavourably upon the workers 
as well. Both the trade unions and the Federal 
Ministry of Labour ought to learn to understand this 
iron economic law. Otherwise, he concludes, it may 
be impossible to avoid serious disputes and risks to 
the economic life of the country in the future. 


At the annual conference of the Central Council 
of Australian Employers’ Federations, the President 
expressed the opinion that the present compulsory 
arbitration systems of Australia were cumbersome, 
expensive and unsatisfactory. He suggested the 
following remedies :—(1) Transference to the Federal 
Government of full industrial control, to secure uni- 
formity in the fixation of wages and working conditions; 
(2) substitution of conciliation for arbitration, the 
courts to have power to fix a minimum wage and work- 
ing hours, and other matters to be subject to agree- 
ment between employers and workers; (3) abolition 
of all penalties laid down by existing arbitration laws, 
except as regards the payment of the standard or 
minimum wage fixed by the court; (4) complete 
organisation of employers in all sections of industry 
in order that they might be able to negotiate with 
organisations of workers on an equal footing; (5) 
reduction of taxation directly affecting primary and 
secondary industries by Federal and State Parlia- 
ments. 





The following resolution on the subject of arbitra- 
tion has been passed by the Associated Chambers of 
Commerce of India and Ceylon :—‘‘ In view of the 
growing tendency of the representatives of Indian 
labour to advocate increased State control of the 
relationships between capital and labour, this associa- 
tion desires explicitly to affirm that compulsory 
arbitration in industrial disputes is entirely wrong in 
principle, and an unwarranted encroachment on the 
legally established status of employers. The ques- 
tion of compulsory settlement of strikes in public 
utility services is not included in the above resolu- 





tion.” 


At Monday’s sitting of the Independent Labour 
Party’s conference, a resolution was proposed and 
seconded drawing attention to the continued inability 
of the Government to deal with the depression in the 
coal industry, reaffirming a demand for nationalisa- 
tion, and declaring that in order to meet the needs of 
the mine workers in respect of unemployment and low 
wages now and during the process of nationalisation, 
provision should be made in the Bill for the National- 
isation of the Coal Industry to be submitted to Parlia- 
ment by the next Labour Government, for the repeal 
of the 8 hours’ day as the first step in the application 
of the 6 hours’ day, and also for the payment of rates 
on the basis of the 1924 agreement. An amendment 
proposed by the Scottish Divisional Council proposed 
to bring into the resolution the establishment of a 6 
hours’ maximum working day and a guaranteed weekly 
living wage for all mine workers. The amendment 
was carried by a considerable majority, and the reso- 
lution, as amended, was also carried. 





Addressing the annual conference of the Independent 
Labour Party which took place at Norwich last week- 
end, Mr. James Maxton, M.P., the president, said that 
“the living wage theory”? was urgently necessary to 
combat the view that was propagated by Conservative, 
Liberal, and Labour statesmen with varying emphasis 
and in varying manner, but remained essentially the 
same, that escape for the working classes from poverty 
had to be postponed until new conditions were estab- 
lished in industry and trade. The I.L.P. said that the 
output of wealth, admitting all the wastage of compe- 
tition, the existence of large masses of unused labour 
power, and all the follies of capitalism, was even now 
sufficient to provide a living income for all the workers, 
if the present national income were equitably divided. 
The I.L.P. demanded, Mr. Maxton declared, that the 
Labour Party should work out now the method by 
which, on the day that Labour assumed power, it 
could proceed to make every member of the working 
class in this country the recipient of an income that 
would bring a sense of security and comfort to the 
home and represent the effective beginning of progress 
to Socialism. 





The New York correspondent of the Daily Telegraph 
states that in contrast to the report of the National 
Association of Manufacturers, which denies that there 
is an unemployment crisis in the United States, labour 
agencies announce that unemployment throughout the 
country has increased since January from 4,000,000 to 
almost 6,000,000. It is declared that the Secretary 
for Labour, Mr. Davis, in his estimate recently of less 
than 2,000,000 unemployed was inaccurate, because he 
based his return upon a percentage of only 25,000,000 
employees, whereas there are over 40,000,000 workers 
in American industries. The American Federation of 
Labour finds that 18 per cent. of union members are 
unemployed. At that rate, it is represented, the total 
unemployment, based upon 40,000,000 workers, would 
be 7,200,000 





The Railway Review, the organ of the National 
Union of Railwaymen, commenting upon the recent 
decision of the Irish National Wages Board on the 
claims submitted by the Associated Irish Railway 
Companies, says :—‘‘ We desire the prosperity of the 
Trish no less than that of the British railways. In such 
prosperity lies our best hope of obtaining and retaining 
decent conditions for our members. We know that 
the Irish railwaymen have been, and are doing, their 
utmost to make the concerns in which they are engaged 
remunerative concerns, and we believe that continued 
efforts in this direction, coupled with an active and 
intelligent interest in the work of their union, will 
enable the National Union of Railwaymen to repeat 
their recent success.” 





Tank-Suir TRAFFIC THROUGH THE PANAMA CANAL,— 
According to a recent issue of The Panama Canal Record 
1,336 tank ships, carrying a total of 7,083,480 tons of 
mineral-oil products, passed through the Canal during 
the calendar year 1927. The oil cargo carried during 
the previous twelve months totalled 7,117,408 tons. 





THE InstrruTION or ELzorricaL ENGINEERS.—The 
Faraday Medal will be presented to Professor J. A. Fleming, 
F.R.S., at a meeting of the Institution of Electrical Engi- 
neers, to be held on Thursday, April 19, at 6pm. The 
presentation will precede the nineteenth Kelvin Lecture, 
to be delivered by*Sir Oliver Lodge, F.R.S., on “‘ The 
Revolution in Physics.” 





ELECTRICAL ENGINEERING SCHOLARSHIPS.—We have 
been informed that the Governors of Faraday House 
Electrical Engineering College have awarded the Faraday 
Scholarship to Mr. I. C. Campbell, and the Maxwell 
Scholarship to Mr. W. E. Walls. Exhibitions have been 
gained by Messrs. E. H. Wolff, N. H. Codling, H. M. Gale, 
G. C. Maynard, and N. H. Bentley. Some particulars 
regarding the above scholarships will be found on page 





174 of our issue of February 10 last. 
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HYDRO-MECHANICAL REDUCTION GEAR. 


CONSTRUCTED BY MR. HERMANN RIESELER, ENGINEER, HAMBURG. 
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One of the striking features of modern German 
engineering practice, to which we called attention in 
our account of the recent Spring Fair at Leipzig, is 
the attempts that are being made to modify the design | 
of the conventional reduction gearing which it is neces- | 
sary to use between a high-speed prime-mover and the | 
machine to which it is coupled, with a view to achiev- | 
ing greater flexibility without loss of efficiency. As an 
illustration of these developments, we may mention | 
the combined hydraulic and mechanical change-speed | 
gear, which has been invented by Mr. Hermann 





Rieseler, of 52, Dorotheen Strasse, Hamburg, Ger- 
many. Though this, like the other gears we have 
mentioned, is primarily intended for use on motor 
vehicles of all kinds, it also has potentialities for 
more general application. 

A longitudinal section of this gear, which is bolted 
directly to the engine, is given in Fig. 1, and some of the 
parts are shown dismant!ed in Fig. 3. A cross-section 
of the brake system, which, as will be seen later, plays 
an important part in the operation of the gear, is given 
in Fig. 2. In general terms, the gear may be described 
as a combination of a two-stage transmission designed 
on the Fottinger principle (A, B, C, D, Fig. 1), in which 
oil is used as the working fluid, and a two-speed epicyclic 
gear (J, K, M, N, and O, Fig. 1). The hydraulic portion 
consists of a centrifugal pump A, Fig. 1, a single-stage 
turbine with a guide-blade rim B, which is stationary 
when the hydraulic portion of the gear is in use, and a 
two-stage secondary turbine C and D. G and H are 
scavenging and compensating spaces, respectively. The 
speed transmission ratio obtained hydraulically is 2 : 1. 

The arrangement of the wheels in the epicyclic 
gearing can best be followed from Fig. 4, from which 
it will be seen that it is of conventional design. The 
gear wheel attached to the pump casing has 22 teeth, 
and engages with planet wheels having 18 teeth. 
The central gear wheel on the end of the driving 
shaft has 18 teeth, and engages with planet wheels 
having 22 teeth, while the third gear wheel, on the 
propeller shaft, has 24 teeth, and engages with planet 
wheels having 16 teeth. The planet wheels are, of 
course, keyed to their respective shafts. When the 
casing of the epicyclic gearing is braked to prevent it 
revolving, the gear ratio is (22 x 24) + (18 x 16) = 
1-83: 1, and the total gear ratio obtainable by using 
both the hydraulic and mechanical gearing is, there- 
fore, 3°66: 1. This, it may be mentioned, is the most 
economical figure, but higher values, up to infinity, 
can be obtained if the turbine is allowed to slip. 

The primary shaft can be rigidly connected to the 
turbine through the dise clutch F, Fig. 1, which is incor- 
porated in the engine flywheel, while a similar clutch 
Q, which is actuated by the piston S, couples the 
housing of the epicyclic gearing to the propeller shaft, 
and throws the former out of action. To obtain re- 


verse speed, the pinion N is held stationary by the 
brake band P. 





























Fie. 3. ComMPponeNT Parts of HyprAvuLic GEAR. 


The method by which the gear /operates can best 
be followed by reference to the diagram, Fig. 4. It 
largely depends on the employment of three control 
brakes, a section of one of which is given in Fig. 2. 
These brakes and the clutches, to which reference 
has already been made, are operated by oil under 
pressure, which is supplied by a pump driven from 
the engine camshaft. At starting, when the engine is 
running freely at low speed, the speed of the pump is 
not sufficient to cause any pressure to be generated. 
The position of the various devices is then as 
follows: The dise clutch F on the engine shaft is dis- 
engaged, brake E, onthe turbine is on, brake L, 
which controls the forward gearing is off, brake P, 
which controls the reverse gearing is, on, and clutch 
Q is disengaged. As the engine is accelerated and 
the pump pressure increases, the vehicle starts quite 
smoothly, both hydraulic and mechanical gears being 
in action and the gear ratio being a maximum. 

The gear can then be changed by moving the control 
cock on the steering column to its first operating 
position, and thus opening the control valve T. This 
releases brake E, clutch F remaining in engagement. 
The turbine and engine shafts are, therefore, coupled 
together, and the pump, turbine, guide blades and 
turbine housing are caused to revolve with the primary 
shaft. The mechanical gear is now solely in action, 
and the second forward speed is obtained in this way. 
The transition from one speed to the other is effected 
without shock, as clutch E engages gradually. 

A further movement of the control cock releases 
brake P, and brings clutch Q into engagement. This 
cuts out the mechanical gearing, the housing containing 
it being run at full speed and driving the propeller 
shaft directly through clutch Q. This change-over is 
also affected gradually. 

When the vehicle is standing on the level, and it is 


therefore possible for the direct drive to}be brought 
into action sooner, the operations described above can 
be still further simplified. To do this, the control cock 
is moved to the third working position, which causes 
clutch F to be disengaged, brake E to be on, brake L 
to be off, brake P to be off, and clutch Q to be engaged. 
At starting, therefore, the turbine portion of the gear 
alone comes into action, without the intervention of 
the mechanical gearing. Change over to direct drive 
is then effected by engaging clutch F and releasing 
brake E. Finally, to obtain the reverse speed, clutch 
F is disengaged, brakes E and L are on, while brake P 
is off and clutch Q is disengaged. In this case, the 
gearing used is wholly mechanical, the system being 
similar to that employed by Maybach and Ford. 

The gearing which we have just described, was sub- 
mitted to an exhaustive series of tests by Professor 
Dr. Ing. Weisshaar and Dipl.-Ing Kelling, of Hamburg. 
The power supplied to the gearing was measured by a 
torsion dynamometer, the power delivered being 
absorbed bya brake. Readings were first taken after 
the system had been in operation for about 25 min., at 
the end of which time the oil recommended by the 
inventor had reached a constant temperature of 73 deg. 
C. The results of these tests are given in the accom- 
panying diagrams, Figs. 5 to 10. Fig. 5 gives the secon- 
dary torque obtained when using the hydraulic gear 
alone, the primary torque being maintained constant 
and the primary revolutions being altered as shown. 
The gear to which these curves apply was designed oa 
an average gear ratio of 1:2, the secondary aig 
being 1-7 times the primary. When the vehicle hs 
starting from rest, the secondary speed is zero and t . 
secondary torque is 2.6 times the primary, s0 a“ 
the acceleration is high. This acceleration can %% 
still further increased by the use of the mechanical gear. 


Professor Weisshaar’s tests show that the efficiency of 
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this portion of the gearing is about 85 per cent., and | 
it remains nearly constant over a wide range of speed, | 
as shown in Fig. 6. Fig. 7 indicates that the power | 
transmitted has also very little effect upon the 
efficiency. Fig. 8 gives the torque diagrams which 
were obtained when the test car, fitted with the Rieseler 
gear, a 10-40-h.p. Mercedes, was driven at various 
speeds, the values of the torque obtained on the pro- 
peller shaft under various gearing conditions being 
shown as ordinates. As will already have been 
gathered, there is no material relative motion when the 
car is being operated on top speed. Both the hydraulic 
and mechanical portions are out of action and the losses 
are therefore negligible, especially as there is no inter- 
mediate shaft and the churning losses caused by gearing 
running idle in a case filled with oil or grease are 
also eliminated. 

Fig. 10 shows the power received by the oil pump 
used for operating the gear at different outputs and 
engine speeds. As will be seen, so long as the engine 
speed is low, the pump does not begin to operate, and 
the vehicle will remain stationary, even after the hand 
brake has been released. As the engine speed is 
increased, the pump input also increases, as does the 
output of the turbine, the change taking effect as the 
cube of the engine speed. The vehicle therefore 
starts smoothly with a very high torque, and rapidly 
attains a speed at which the direct drive can be used. 

The fact that it is possible to start without cutting 
off the power from the engine, and even without 
throttling down, is, it is claimed, of great importance 
from the point of view both of manipulation and 
acceleration. The latter is, of course, high, owing to 
the fact that the starting torque of the Rieseler gear is 
some 40) per cent. greater than that of ordinary mech- 
anical gearing. This is shown in Fig. 9, in which 
comparative curves of motor cars fitted with ordinary 
gearing and with the Rieseler gear, respectively, are 
given. The time saved in not having to change 
gear has not been taken into account in making these 
comparisons. 

A further advantage claimed for this gear is that 
there is no thrust between the clutch and the engine 
and other parts, as in a vehicle fitted with the ordinary 
gear, while the higher efficiency and the reduction in 
the time of starting result in a saving in fuel consump- 
tion. In comparison with other hydraulic gears, it is 
stated that no difficulties occur from loose joints as 
the pressure differences between the stationary and 
moving parts are practically zero, and no stuffing 
boxes are used. There is no axial thrust from the 
clutches under any condition, and the brakes impose 
no pressure on the bearings. 
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DEEP-WATER JETTY AT BEVAN’S 
CEMENT WORKS, NORTHFLEET.* 


By Oscar Faser, O.B.E., D.Sc., and C. P. Taytor, 
MM. Inst.C.E. 


Tus jetty is situated in the Thames, opposite 
Tilbury Docks, and is designed for ships up to 12,000 
tons displacement. It has a depth of 26 ft. of water 
along the whole front at low tide, and 46 ft. of water 
at high tide. The jetty is an island crane-platform, 
providing berths for lighters and barges on the inside, 
and it is practically disconnected from the shore 
except for a light gangway and conveyor bridge. To 
provide sufficient depth of water on the front, approxi- 
mately 45,000 cub. yards of material, mostly chalk, 
was dredged out before the work of construction was 
commenced. 

The jetty is 609 ft. long, or 659 ft., including the 
mooring-dolphins at each end. It was designed to 
carry electrically-driven cranes operating with loads 
up to 4 tons at a radius of 60 ft. The special points 
of interest in the jetty include the following :—The 
reinforced-concrete piles, as driven, were 18 in. square, 
and up to 67 ft. long, weighing about 10 tons each. 
Two-thirds of them have a rake of 1:3. The blow 
required to drive these piles was 20 ft.-tons (a 4-ton 
monkey dropping 5 ft.), the set ranging from 0-1 in. 





* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, April 17, 1928. 
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to 0:05 in. per blow. The piles were driven largely 
through solid chalk, the penetration being never less 
than 12 ft., and in some cases amounting to about 45 ft. 
This is probably the first work of this character 
for which rapid-hardening cement has been used. 
The specification required the concrete to attain a 
cube-crushing strength of not less than 3,000 lb. per 
square inch at the age of 7 days. The actual results 
obtained ranged from 3,000 to 4,500 lb. per square inch, 
with an average of 3,750. At 28 days, the figure ranged 
from 3,500 to 5,500, with an average of about 4,500 Ib. 
per square inch. It was specified that no objection 
would be raised to the piles being handled and driven 
at the age of 7 days, or to the removal of centring 
under beams and slabs after the same period. The 
absence of any rigid connection ashore necessitated 
great lateral strength and stiffness in the concrete 
structure to resist the blows of ships. Under the 
circumstances, this had to be provided entirely in the 
structure of the jetty itself. The fenders are designed 
to secure resilience, instead of being firmly fixed to the 
structure. 

Cylinders have been preferred by many engineers 
for structures of this character, but it is extremely 
difficult to get any adequate bracing below low water. 
Bracing between deck-level and low water is only 
partly effective in securing a rigid structure. It was 
chiefly on these grounds that the system involving piles 
with a heavy rake was advised, although the authors 
believe that more rapid construction was also obtained. 

The piles were arranged in trestles at 20-ft. centres 
longitudinally, and each trestle consists of six piles, 
the two outer ones being vertical and designed to carry 
the deck and its loads, of which the chief are the crane 
loads, which come directly on to these outer piles 
through the crane beams. Each trestle also contains 
four raking piles forming two A frames, the tops of 
the piles nearly touching at midspan of the cross girders 
and raking down at a slope of approximately 12 ft. 9:in. 
in 40 ft. 

The lateral forces for which jetties of this type 
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need to be designed are discussed, and it is shown that 
the design adopted gives a safe resistance to lateral 
blows of approximately 91 tons per trestle, and that 
the deck is strong enough to allow the resistance of 
five trestles to receive the blow of a ship on a single 
fender before fracture of the deck-slab would occur, 
so providing resistance to a possible blow of 457 tons 
before the reinforced concrete of the jetty would be 
seriously damaged. This figure is of the same order 
as that produced by a vessel of 12,000 tons displace- 
ment approaching at a speed of 1 mile per hour. 

Comparing this with other sections of jetty, in- 
cluding a type with vertical piles braced down to 
near low-water level and a design embodying cylinders, 
it is found that the design adopted with raking 
piles is much more efficient than either of the others, 
as regards both lateral stiffness and speed of construc- 
tion. 











THE LATE MR. H. T. S. WARD. 


THE death of Mr. Henry Thomas Simpson Ward 
at his home, Colombo, Firgrove Hill, Farnham, Surrey, 
on April 8 last, removes from our midst a civil engineer 
who was for 30 years in the service of the Ceylon Public 
Works Department, and who, for some years prior 
to his retirement in 1908, was Director of Irrigation. 
Mr. Ward was born on September 25, 1849, and received 
his technical education in the Applied Science Depart- 
ment of King’s College, London. In July, 1868, he 
was articled to the late Mr. C. P. B. Shelley, M.Inst.C.E. 
Upon completing his pupilage he served for some time 
as an improver under the late Mr. James Deas, of the 
Clyde Navigation. He afterwards became assistant 
manager to Mr. Thomas Jackson, Coats Iron Works, 
Coatbridge, Lanarkshire, and subsequently proceeded 
to Portugal to take up the appointment of resident 
engineer at the Mina Dos Monges, Alemtejo. Mr. 
Ward’s long association with Ceylon commenced on 
May 21, 1876, when he was appointed an assistant to 
the Director of Public Works. After serving as a 
superintending officer in various districts, he was, in 
May, 1881, lent to Messrs. Nowell and Company, and 
was placed in charge of pioneers working on the Nanu 
Oya Railway. 2 

In May, 1883, at the request of the Government of 
the Perak Native State, Mr. Ward was sent to the 
Straits Settlements in order to superintend the carrying 
out of various public works. He returned to Ceylon 
in 1886, and was appointed district engineer at Ham- 
bantota, a position he continued to occupy for some 
three years. After acting as district engineer at Kandy 
for some time, he was promoted to the rank of pro- 
vincial engineer of the Northern Province in November, 
1894. Some six months later, he became financial 
and office assistant, and in November, 1897, was ap- 
pointed provincial engineer of the Western Province. 
Promotion then followed rapidly; Mr. Ward became 
Assistant Director of Public Works in January, 1898, 
Acting Director in May, 1899, and finally Director of 
Irrigation on May 15, 1900. He continued to occupy 
this position until his retirement at the age of 59, on 
May 24, 1908, after upwards of 30 years’ service. 
The Irrigation Department, at the time of Mr. Ward’s 
tenure of office, was largely concerned with the restora- 
tion of the old “tanks.” Tank irrigation, it is interest- 
ing to recall, has existed in Ceylon from 504 B.c., at 
least. It largely went out of use, however, after the 
Tamil invasion, when the tanks and subsidiary works 
were allowed to fall into disrepair. 

Mr. Ward became an associate member of the Institu- 
tion of Civil Engineers on May 2, 1876, and was elected 
to full membership on March 28, 1899. He was made 
a Fellow of the Royal Colonial Institute in 1919. 








THE LATE PROFESSOR ANTONIO 
ABETTI. 


On February 20, after a short illness, Professor 
Antonio Abetti, the doyen of Italian astronomers, passed 
away at Arcetri, Florence, aged 82 years. Born at 
Gorizia, in Frioul, in 1846, he took his degree in mathe- 
matics at the University of Padua in 1867, and at once 
entered the Astronomical Observatory of that city, 


rendered famous, like Pisa and Florence, by Galileo | of Overseas Trade, 35, Old Queen-street, London, S.W.1, 


Galilei. As assistant to Professor Santini he was 
one of the Italian astronomical delegation of 1874 for 
observing the transit of Venus in India. After San- 
tini’s death he collaborated with Professor Lorenzoni 
at Padua, and came to Florence in 1893 as Director of the 
Arcetri Observatory, the reorganisation of which, begun 
by Donati, he completed, raising it, as the Institute of 
Astrophysics, to one of the most important in Italy. 
He remounted Amici’s famous equatorial, and did 
important. work in the study of the smaller planets and 
asteroids, on which he published numerous papers. 
On reaching the age limit in 1921, he retired, and 
was succeeded by his son, Professor Giorgio Abetti, 
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Hale at the Mount Wilson Observatory, California, 


Italian replica of the Mount Wilson Tower. The 
Arcetri Astrophysical Tower and Institute were de- 
scribed in ENGINEERING, vol. cxxi, page 550. Profes- 
sor Antonio Abetti kept up his interest in the Institute 
till a few days before his death. In 1901 he delivered, 
at the opening of the Royal University of Florence, 
an important inaugural address on ‘‘ Galileo in Arcetri.” 
His son and successor, Professor Giorgio Abetti, 
F.R.A.S., was a member of the astrophysical section of 
the De Filippi Expedition, 1913-14, to Transhimalaya, 
the Karakoram, and Chinese Turkestan. 








BOOKS RECEIVED. 
United States Bureau of Standards. Circular No. 333. 


Two-Section Knife-Edge Railroad Track Scales. 
[Price 10 cents.] No. 341. Use and Care of Auto- 
mobile Tyres. [Price 15 cents.] Scientific Papers 
No. 560. Density and Electrical Properties of the 
System Rubber Sulphur. By H. L. Carter and others. 
[Price 15 cents.] No. 562. Density of Hot Rolled 
and Heat Treated Carbon Steels. By H. C. Cross 
and E, E. Hitt. [Price 10 cents.] Technologic 
Papers. No. 352. Use and Testing of Sphygmom- 
anometers. By J. L. Witson and others. [Price 20 
cents.] No. 355. Electrolysis Testing. By B. Mo- 
Cattum and K. H. Logan. [Price 30 cents.] Wash- 
ington : Government Printing Office. 
Locomotive Management from Cleaning to Driving. 
By Jas. T. Hopeson and the late Jonn Wriiutams, 
Sixth edition, revised. London: ‘he Railway 
Engineer. [Price 5s. net.] 
Medical Research Council. Industrial Fatigue Research 
Board. Report No. 46. A Physiological Investigation 
of the Radiant Heating in Various Buildings. By 
H. M. Vernon, M.D. and M.D. Vernon. London: 
His Majesty’s Stationery Office. [Price 2s. net. ] 
Aeronautical Research Committee. Reports and Memo- 
randa. No. 1108. The Rotating Wing in Aircraft. 
By H. E. Wrimreris. [Price 6d. net.] No. 1109. 
The High-Duty Compression-Ignition Engine. By 
D. R. Pye. [Price 9d. net.] No. 1110. Note on 
Some Fatigue and Density Tests Made on Aluminium 
Aggregate. By H. J. Govan. [Price 4d. net.] No. 
1116. Wind Tunnel and Dropping Tests of Auto- 
gyro Models. By L. E. Gayot and A. E. W. Nott. 
— 6d net.] London: His Majesty’s Stationery 
ffice. 
Sell’s Directory of Registered Telegraphic Addresses with 
Telephone Numbers and Classified Trades, 1928. 
Founded by Henry Sell. London: Business Dic- 
tionaries, Limited. [Price 45s.] 
British Engineering Wages. By Rosert §S. Spicer. 
London : Edward Arnold and Company. [Price 10s. 6d. 
net. ] 
Kynshu Imperial University. College of Engineering. 
Memoirs. Vol. IV. No. 6. Elastic Distortion of 
Rigidly Connected Frames. By K. Miské. No. 7. 
On the Inclination of the Ridge of Buckets on a Pelton 
. Wheel. By K. SH6GENs1. Berechnung rechteckiger 
Platten unter Wirkung konzentrierter Belastung an 
beliebigen Stelle und Biegungsversuch mit quadratischer 
Platte. By T. INapa. Fuknoka, Japan: Kynshu 
Imperial University. 





Mineral Resources of 
the United States. I: 11. Manganese and Manganiferous 
Ores in 1926. By J. W. Furness. [Price 10 cents.] 
I:13. Lead eed ine Pigments and Salts in 1926. 
By A. Stott. [Price 5 cents.] II: 12. Magnesium 
and its Compounds in 1926. By J. M. Hix. [Price 
5 cents.] IL:19. Asbestos in 1926. By B. H. 
Stopparp. [Price 5 cents.] II: 20. Tale and Soap- 
stone in 1926. By B. H. Stopparp. [Price 5 cents.] 
Bulletin No. 283. Coal-Mining Facilities in the United 
States, 1926. [Price 15 cents.] Washington: Govern- 
ment Printing Office. 

Untersuchungen am Laufkran. Ein Beitrag zur Kenntnis 
der Fahrwiderstinde. By. Dr. Inc. Cart STOCKMANN 
Wittenberg (bez Halle): A.Ziemsen. [Price 2 marks. } 
Uber Kraft und Arbeitsverteilung an Greifern, besonders an 
Motorgreifern. By Dr. Inc. ALFRED NINNELT. 
Wittenberg (bez Halle): A. Ziemsen. [Price 2 marks, } 
London : 
McGraw-Hill Publishing Company, Limited. [Price 
15s. net.] 

Principles of Design and 
Performance. By E. A. Lozw. London: McGraw- 
Hill Publishing Company, Limited. [Price 20s. net.] 








TENDERS.—We have received from the Department 


articulars of tenders invited by The South African 
silways and Harbours Board, Johannesburg. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in 
each case :—Two separate calls for tenders have been 
received from this source. They are as follows :— 
(1) For the supply and delivery only of structural steel- 
work, &c., for double-storey cargo shed, Table Bay 
Harbour. Tenders to reach Johannesburg by June 1 
(Ref. No. A.X. 6144). (2) For the supply and delivery 
only of structural bridgework for Smith-street bridge, 
Durban, Potgieter-street bridge, Pretoria, and additional 
sets of stairs, Witbank footbridge. Tenders to reach 


Johannesburg by May 10 (Ref. No. A.X. 6145). Local 





who, trained at Arcetri and under Professor George 


representation is essential in both cases. 


installed at Arcetri the ‘‘ Galileo Sun Tower” as i | NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday, 


The Cleveland Iron Trade.—Production of Cleveland 
pig iron remains on an insufficient scale to cope with 
current needs, but, while continued withdrawals from 
stocks are necessary to meet delivery demands of 
customers, new business is distinctly quieter. Scottish 
and home consumers are absorbing most of the iron 
available for distribution, shipments to foreign destina. 
tions being few and small. Quotations for Continental 
pig iron are reported much too high to create any feeling 
of fear that they will again be used extensively here or in 
Scotland in the near future, and, consequently, continued 
steady home business and further sales to customers 
beyond the Tweed are looked for. Ironmasters adhere 
firmly to their fixed quotations. No. 1 Cleveland jg 
68s. 6d.; No. 3 g.m.b., 66s.; No. 4 foundry, 65s.; and 


Specifications for the Manufacture and Installation of | No. 4 forge, 64s. 6d. 


Hematite-—Supply of East Coast hematite continues 
plentiful, and stocks are still steadily accumulating, 
while quotations remain well below cost of output. At 
the same time, however, the situation in this branch js 
rather better than it has been. Some expansion of home 
and Continental inquiries tends to stiffen values, and, 
for certain named brands, a little above recognised market 
rates, which are based on 70s. for mixed numbers, has 
been realised. 


Blast-Furnacemen’s Wages Reduced.—The average 
net selling price of No. 3 Cleveland pig-iron for the past 
three months has been certified at. 63s. 0-23d. per ton, 
as compared with 64s. 7-04d., for the previous three 
months. Under sliding-scale arrangements North- 
East Coast blast-furnacemen’s wages were reduced by 
1-5 per cent. for the current quarter. This reduces 
wages from 10} per cent. above the standard to 9 per 
cent. above the standard. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
in only moderate request for local use, and is rather easy 
in price. Good average qualities are on sale at 18s, 
delivered here. 


Foreign Ore.—Foreign ore quotations are firm in view 
of possible shortage. Best rubio is 22s. 6d. c.i.f. Tees. 


Manufactured Iron and Steel.—Sales of finished iron 
and steel are on a much less extensive scale than could be 
desired, but values are upheld. Common iron bars are 
101. 58. ; best bars, 107. 10s. ; double best bars, 101. 15s. ; 
treble best bars, 11/.; iron rivets, 11l. 5s.; packing 
(parallel), 77. 10s.; packing (tapered), 101. ; steel billets 
(soft), 61, 15s. ; steel billets (medium), 7]. 2s. 6d. ; steel 
billets (hard), 77. 12s. 6d.; steel rivets, 111. ; steel ship 
plates, 8/. 7s. 6d. ; steel angles, 7/. 17s. 6d. ; steel joists, 
7l. 178, 6d.; heavy sections of steel rails, 8/. 10s. ; 
black sheets (No. 24 gauge), 91. 15s.; and galvanised 
corrugated sheets (No. 24 gauge), 131. 5s. 








NOTES FROM THE SOUTH-WEST. 


CarpIFF, Wednesday. 


The Coal Trade.—Very quiet conditions ruled during 
the past week. which was to be expected in view of 
the intervention of the Easter holidays and suspension 
of work at the docks and the collieries. At the docks 
the coal trimmers and tippers, besides being idle all 
day on Good Friday and Easter Monday, finished at 
mid-day on the Thursday and Tuesday, while the 
Coal and Shipping Exchange was also closed on the 
Thursday, Tuesday and this afternoon, and the collieries 
were stopped on Monday and Tuesday. In the circum- 
stances little business was possible, and transactions 
were confined to parcels to finish off boats already in 
dock and likely to sail over the holidays. For these 
oddments prices showed no alteration, best Admiralty 
large ruling from 19s. 3d. to 19s. 6d., seconds from 
18s, to 19s., and ordinaries from 17s. 3d. to 18s., while 
Monmouthshire large was maintained at 16s, 3d. to 
17s. 6d. In the small coal section the best bunker 
classes were steady at 12s. 6d. to 13s. with other classes 
from 10s, 6d. up. No further developments have yet 
occurred in connection with the stabilisation scheme, 
but another meeting of the executive committee 1s 
being held to-morrow. Shipments of coal foreign as 
cargo in the past week were naturally reduced, the 
total of 327,050 tons comparing with 404,820 tons in 
the preceding six days and 541,480 tons in the corre- 
sponding period of last year. Exports were reduced 
at each of the ports, clearances at Cardiff falling from 
246,170 tons to 231,890 tons, at Newport from 73,120 
tons to 51,130 tons, at Swansea from 52,810 tons to 
16,680 tons, at Port Talbot from 23,800 tons to 21,500 
tons, and at Llanelly from 8,920 tons to 5,850 tons. 
Exports to Argentina were, however, raised from 
59,050 tons to 30,500 tons, to Egypt from 33,100 — 
to 34,750 tons, and to Spain from 15,100 tons to 24,26( 
tons, but to France fell from 101,070 tons to 53,860 tons, 
to Brazil from 44,700 tons to 19,100 tons, to Italy 
from 51,520 tons to 40,700 tons and to Portugal from 
13,150 tons to 12,600 tons. 


Coal Company’s Loss.—The report of the — 
Steam Coal Company, Limited, for the year ende 
December 81 last shows that after debiting accounts 
with all charges a loss of 7,949/. was sustained, bringing 
the debit balance up to 58,988/, During the ind 
Lord Buckland found it necessary to retire from — 
Board owing to pressure of other engagements, 0s 
the vacancy was filled by the appointment of Mr. W™- 
Smith, the company’s secretary. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—No change can be noted in 
connection with the state of the Scottish steel trade during 
the past week, In one or two cases there are still quite a 
goodly number of orders on hand, but the majority of 
the makers are not too well placed. The shipyards 
continue to take in fair quantities of material, but 
producers complain that specifications generally are far 
from satisfactory. Inquiries are not coming up to 
anticipations, and unless there is a decided improvement 
before long, there will be keen disappointment. In the 
black sheet trade there has been a slightly better tone, 
and, in some lines, business has been rather better. The 
heavier gauges are still in poor request but light sheets 
and galvanised sorts have been moving a little more 
freely. In the steel trade generally there is quite a 
hopeful feeling that an improvement is within measurable 
distance. The following are the current prices :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 7s. 6d. per ton ; 
sections, 7/, 12s, 6d. per ton ; sheets, }in., 8/7. 12s. 6d. per 
ton; and sheets, galvanised corrugated, 24 b.g., 13/7. 7s. 6d. 
per ton, all delivered Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there has been no improvement 
since last report, and business is very dull. Orders are 
coming in so poorly that there is difficulty in keeping plant 
running the full week. In re-rolled steel bars the outlet 
is also far from satisfactory. Continental competition 
is very keen at the moment. “Crown” bars are 
quoted at 10/. 5s. per ton for home delivery, and 9. 15s. 
per ton for export, while re-rolled steel bars are 7/. 15s. 
per ton for home delivery, and 7/. per ton for export. 


Scottish Pig-Iron Trade.—The outlook in the Scottish 
pig-iron trade is, if anything, a shade brighter, but 
business has not yet expanded to any appreciable extent. 
The number of furnaces in blast is still the same, and the 
output is fully equal to current demands, but owing to 
smaller imports of iron from the Continent recently, 
there is a probability of an increased call being made on 
the home product. Prices are firmer on account of 
dearer raw material, and are as follow :—Hematite, 
74s, per ton, delivered at the steel works ; foundry iron, 
No. 1, 75s. to 76s. per ton, and No. 3, 70s. to 71s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, April 7, was only 204 tons. Of that 
total 17] tons went overseas and 33 tons coastwise. For 
the corresponding week of last year the figures were 400 
tons overseas and 66 tons coastwise, making a total 
shipment of 466 tons. 


Shipbuilding Contracts——The Clan Line Steamers, 
Limited, have placed an order with the Greenock Dock- 
yard Company, Limited, for a steamer of 10,700 tons d.w. 
The vessel will be 450 ft. in length, and will be similar to 
the two motor ships which are at present under con- 
struction by the firm for the same owners, but the 
propelling machinery will consist of triple-expansion 
engines fitted with a Bauer-Wach exhaust turbine. 
There will be a combined output of about 6,000 i.h.p., 
giving a speed of about 14 knots. The machinery will 
be supplied by Messrs. Rankin and Blackmore, Limited, 
Greenock, and the exhaust turbine by Messrs. William 
Beardmore and Company, Limited, Dalmuir.—Messrs. 
John Brown and Company, Limited, Clydebank, have 
secured an order from the London and North-Eastern 
Railway Company, for a twin-screw geared turbine 
passenger steamer of the shelter deck type for the service 
between Harwich and the Hook of Holland. The con- 
struction of the vessel is to be commenced at once, and the 
owners state that she will be the largest steamer on service 
on Continental routes. Sleeping accommodation will be 
provided on four decks for over 500 passengers. The 
cabins will be fitted with electric reading lamps and hot 
and cold water, and there will be bathrooms in the first- 
class accommodation. 








Factuirtes at South Wates Ports.—We have 
received from the Chief Docks Manager, Great Western 
Railway Company, Cardiff, a brochure containing 
particulars of special concessions and facilities granted 
to vessels using the Company’s South Wales ports of 
Cardiff, Swansea, Newport, Barry, Port Talbot and 
Penarth. These concessions have been granted with 
the object of encouraging the development of the 
coal, iron and steel, and general cargo trades, and the 
ship-repairing industry. The booklet gives particulars 
of the tonnage rates on vessels when changing docks, 
when dry-docking only, when bunkering only, and 
when taking part cargoes. Details of special facilities 
for liners, when taki bunkers, and when loading 
part cargoes of coal, are also included. 





PeRsonaL.—Owing to pressure of business Messrs. 
John Bennie, Limited, 149-155, Moncur-street, Calton, 
tilasgow, have opened branch offices in the charge of 
Mr. T. Mayne, City Chambers, 143, Royal-avenue, 
Belfast ; of Mr. J. A. Fagan, 151, The Albany, Old Hall- 
Street, Liverpool ; of Mr. J. McH. Pape, 25, Crown-street, 
Aberdeen ; of Mr. G. L. Badger, Murton Chambers, 
Grainger-street ,Newcastle; and of Mr. E. E. Ingram, 
55, Chamber of Commerce Buildings, New-street, 
Birmingham.—Measrs. Alfred Herbert, Limited, Coventry 
have appointed Messrs. H. W. Petrie, Limited, Toronto, 
: their agents in Canada.—Mr. Thomas Britten, a 
savetoe of Messrs. Crompton, Parkinson, Limited, and 
_ general manager of Messrs. Crompton and Company, 

as been appointed a director of the Buell Combustion 


NOTICES OF MEETINGS. 





JUNIOR INSTITUTION OF ENGINEERS.—To-night, 
7.30 p.m., 39 Victoria-street, S.W.1. ‘“‘ Calculating 
Apparatus and Diagrams for Engineers,’’ by Mr. A. P. 
Morris. Wednesday, April 18, 3.30 p.m. Visit. Keystone 
Knitting Mills, Limited, Elstree, Herts. Friday, 
April 20, 7.30 p.m., 39, Victoria-street, S.W.1. Discus- 
sion on “ An Outline of the Distribution of Petroleum,”’ 
by Mr. W. M. Hurrell. 


INSTITUTION OF ENGINEERING INSPECTION.—To-night, 
7.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘“‘Low Temperature Carbonisation,” by Mr. 
C. H. Parker and Mr. R. P. Wilson. 


INstTITUTE oF British FounDRYMEN.—Lancashire 
Branch: Saturday, April 14, 3 p.m., College of Tech- 
nology, Sackville-street, Manchester. Annual General 
Meeting. ‘‘A Foundry Problem,” by Mr. J. Hogg. 
‘* Refractories,” by Mr. W. Holland. At 7 p.m., Lan- 
cashire Branch, Junior Section : Annual General Meeting. 
““Some Observations on Metallurgical Practice in the 
U.S.A.,” by Mr. C. F. Brereton. West Riding of York- 
shire Branch: Saturday, April 14, 6 p.m. Technical 
College, Bradford. ‘‘ What has Science done for the 
Foundry ?” by Mr. W. H. Poole. 


Hutt ASsociaTION OF ENGINEERS.—Saturday, April 14, 
7.15 p.m., Technical College, Park-street, Hull. ‘‘ Rubber 
as a Shock Absorber,” by Mr. L. Rowland. 


Rattway Cuius.—Monday, April 16, 7.30 p.m., 
25, Tothill-street, S.W.1. ‘‘ South American Railways,” 
by Mr. B. M. Bazley. 


Royat Socrery or Arts.—Monday, April 16, 8 p.m., 
John-street, Adelphi, W.C.2. Dr. Mann Lecture. 
‘** Applied Architectural Acoustics’? (Lecture I), by 
Mr. A. G. Huntley. Wednesday, April 18, 8 p.m., 
** American Architecture,” by Mr. A. C. Bossom, 





INSTITUTE OF TRANSPORT.—Tuesday, April 17, 5.45 
p-m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Graduates’ and Students’ Lecture. 
‘* Rolling-Stock Problems,’”’ by Mr. T. E. Batty. 


INSTITUTION OF CrvIL ENGINEERS.—Tuesday, April 17, 
6 p.m., Great George-street, S.W.1. “‘ Deep-Water Jetty 
at Bevan’s Cement Works, Northfleet,” by Mr. C. P. 
Taylor and Dr. O. Faber. Manchester and District Asso- 
ciation : Wednesday, April 18, 6.45 p.m., Manchester 
Literary and Philosophical Society, 36, George-street, 
Manchester. Annual General Meeting. ‘‘ Damping in 
Relation to Vibrating Structures and Members,” by Mr. 
J. B. M. Hay. 


Socrety or Guass TECHNOLOGY.—Tuesday, April 17, 
7.30 p.m., The University, Sheffield. Lecture. ‘‘ Stained 
Glass of the Renaissance Period,” by Mr. W. Butter- 
worth. Wednesday, April 18, 9 a.m. Furnace and 
Refractories Committees Meetings. At 2.30 p.m., Annual 
General Meeting. ‘‘Some New Facts arising from a 
Study of the Casing of Colourless by Coloured Glass,”’ 
by Dr. S. English, Professor W. E. 8. Turner, and Mr. F. 
Winks. ‘‘ The Control and Distribution of Temperature 
in Lehrs,”’ by Mr. A. Cousen, Mr. H. W. Howes and Mr. 
F. Winks. 


INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, April 17, 8.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2, ‘‘ Tube Still Distillation,” by 
Mr. C. H. 8S. Edmonds. 


Royat MereorotoeicaL Socrety. — Wednesday, 
April 18, 5 p.m., 49, Cromwell-road, South Kensing’., 
S.W.7. ‘‘Some Alpine Cloud Forms,’’ by Mr. C. K. M. 
Douglas. ‘‘A Strong Wind of Small Gustiness,” by 
Mr. N. K. Johnson. “A Statistical Analysis of the 
Daily Observations of the Maximum and Minimum 
Thermometers at Rothamsted,” by Mr. T. N. Hoblyn. 


OVERHEAD LINES Association. — Wednesday, 
April 18, 5.30 p.m., Institution of Electrical Engineers, 
Victoria-embankment, W.C.2. Discussion on ‘“‘ How 
far Wayleave Notice and/or Agreement Form can be 
Standardised for Great Britain, with Advantage to all 
Parties Concerned,’”’ by Mr. W. C. Bexon. 


INSTITUTE OF FuUEL.—Wednesday, April 18, 6 p.m., 
Chemical Society’s Rooms, Burlington House, Picca- 
dilly, W.1. ‘‘ The History and Development of Anti- 
Detonating Agents for Motor Fuel,” by Mr. H. §&. 
Tegner. 

Soorety or TECHNICAL ENGINEERS.—London Branch : 
Wednesday, April 18, 7.30 p.m., Engineers’ Club, 
Coventry-street, W.1. ‘* The Sy yee of Aerial 
Ropeways in Industry,” by Mr. H. F. Shields. 


INSTITUTION OF MECHANICAL ENGINEERS.— Yorkshire 
Branch : Thursday, April 19, 2.30 p.m. Visit. Works 
of J. Parkinson and Son, Shipley. At 7 p.m. Town 
Hall, Bradford, ‘‘ Toothed Gearing,’”’ by Professor G. F. 
Charnock. London: Friday, April 20, 6 p.m., Storey’s- 
gate, S.W.1. ‘The Causes of Failure of Wrought- 
Tron Chain and Cable,” by Dr. H. J. Gough and Mr. A. 
J. Murphy. The Third Report of the Wire Ropes Re- 
search Committee. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, 
April 19, 6 p.m., Victoria Embankment, W.C.2. Nine- 
teenth Kelvin Lecture. ‘ The Revolution in Physics,” 
by Sir Oliver Lodge. 

Brertish INsTITUTE oF Rap1oLocy.—Thursday, 
April 19, 8.30 p.m., 32, Welbeck-street, W.1. ‘‘ The 
Coolidge Cathode-Ray Tube and its Applications,” by 
Mr. C. Wainwright. ‘Lantern Slide Projections of 





Company, Limited. 
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Nortu-East Coast INstiruTIoN oF ENGINEERS AND 
SHIPBUILDERS.—Friday, April 20, 6 p.m., Mining 
Institute, Newcastle-on-Tyne. ‘‘W/T Direction Find- 
ing for Marine Purposes,”’ by Dr. 8. H. Long. 


CuemicaL INDUSTRY: CHEMICAL 
ENGINEERING GRovup.—Friday, April 20, 7.30 p.m., 
Engineers’ Club, Waterloo-street, Birmingham. Joint 
meeting with the Birmingham Section, ‘‘ The Heat 
Treatment of Ferrous Metals,” by Dr. C. M. Walter. 


Royaut Institution.—Friday, April 20, 9 p.m., 
Albemarle-street, W.1. ‘‘Heirlooms of Industry in 
the Science Museum,”’ by Sir H. Lyons. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The holiday set down has been of 
normal duration, and the majority of works resumed 
activity to-day. This is a further indication of a better 
state of trade. Producers of bulk steel are doing more 
business with home users. The constructional trades 
are taking big supplies, while the call from overseas tends 
to reach a higher level. Now that British quotations are 
more favourable, compared with foreign prices, inquiries 
arriving in South Yorkshire are more numerous. The 
engineering branches are better placed than for some 
time past. Orders in hand are considerable, and fresh 
bookings are arriving at regular intervals. There is a 
stronger call for railway rolling-stock, and orders from 
South American Republics have supplemented others 
from South Africa and India. Wagon construction is 
calling for a big tonnage of steel. There is a large 
demand, too, for rails, both on home and export account. 
Headway is being made in the production of special steels. 
Automobile and electrical requirements are extensive. 
The Midlands are big buyers, while the amount going 
overseas shows expansion, despite tariff barriers. Elec- 
trical machinery continues to make progress. The 
Colonies are good customers, and electrification schemes 
in other parts of the world are also calling for supplies. 
Mining plant is not so prominent. The depressed condi- 
tion of the coal trade has had much to do with this, but 
a revival is anticipated in the near future. The tool 
trades are variable. The demand for mining and milling 
tools is below normal. Joiners’, farm, garden, road- 
making, quarrying and engineers’ tools are all good lines, 
but saws, plantation tools, files, and shears are not so 
active. 


The South Yorkshire Coal Trade.—The Coal Marketing 
Scheme, which came into operation on April 1, has so far 
had no effect on the position. The holiday has inter- 
fered with both production and demand. Taken all 
round, however, a slight improvement can be recorded. 
The amount of industrial fuel going into consumption is 
about the same, but it is expected to increase when the 
iron and steel works resume normal operations. The 
house-coal market is erratic, the demand from country 
districts has been strengthened, but the tonnage going 
to London and other centres is not so large. The export 
trade gives hope of improvement in the near future. 
The demand for various classes of coke remains stationary. 
Blast furnace sorts are moving slowly, both on home and 
export account, but a bigger tonnage of foundry and 
furnace varieties is going into consumption. Gas coke 
remains firm. Quotations :—Best branch, handpicked, 
27s. 6d. to 29s. 6d.; Derbyshire best brights, 20s. to 
21s. 6d.; best house coal, 19s. 6d. to 20s. 6d. ; screened 
house coal, 16s. to 17s. 6d. ; screened house nuts, 15s. to 
16s.; Yorkshire hards, 14s. 6d. to 15s. 6d. ; Derbyshire 
hards, 14s. to 15s.; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 5s. 7d. to 6s. ; smalls, 2s. 6d. to 4s. 6d. 








AssocraTION OF PuBLIC LIGHTING ENGINEERS.— 
We have been informed that the annual conference 
of the Association of Public Lighting Engineers will 
this year be held at Sheffield from July 9 to 12 next. 
The incoming president, Mr. J. F. Colquhoun, will 
deliver his presidential address, and the following 

apers will be presented at the Conference :—‘ Non- 
ieee Control of Public Gas and Electric Lighting,”’ 
by Messrs. E. H. Horstmann and E. E. Sharp; “ What 
the Public Want from a Street Lighting Department 
as Pedestrians, as Motorists, as Ratepayers,” by 
Mr. F. Thraves; and “ Visibility,” by Mr. J. M. 
It is also hoped to have several practical 
demonstrations of street lighting, embodying the 
requirements of recently-issued British Standard Specifi- 
cations for street lighting. Full particulars regarding 
the Conference may be obtained from the Secretary 
of the Association, 68, Victoria-street, London, 8.W.1. 





Recent LAUNCHES FROM THE YARDS OF MESSRS. 
PautMERs’ SHIPBUILDING AND IRon Company, LIMITED.— 
Three interesting vessels have lately been launched by 
Messrs. Palmers’ Shipbuilding and Iron Company, 
Limited, two of which are sister ships and have been 
named British Honour and British Justice. They are 
being built to the order of the British Tanker Company, 
Limited, the former at the company’s Jarrow yard, and 
the latter at Hebburn. The deadweight capacity of both 
vessels will be about 10,000 tons, but while the British 
Justice is being fitted with single-screw Doxford Diesel 
engines, the propelling machinery of the British Honour 
will consist of a Sulzer engine. The third vessel, which 
was launched on March 20 from the firm’s yard at 
Hebburn, is a twin-screw oil-tank steamer, named 
Catatumbo. She is one of a number of similar vessels 
built recently by Messrs. Palmers’ Shipbuilding and Iron 
Company Limited, for the Venezuela Gulf Oil Company, 





Stereoscopic Radiograms,”” by Mr. W. E. Schall. 


and is to be fitted with triple expansion engines. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


\ ‘““ ENGINEERING,” WESTRAND, 
LONDON 








TELEGRAPHIC 
ADDRESS . 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 





SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 





For the United Kingdom ........................ £3 5 0 
For Canada— 
Thin paper COpiOs .........:..:.:.0.0000 £2 18 6 
Thick paper copies......................+ £3 3 0 
For all other places abroad— 
Thin: Paper COPIOS ............:.-.000.00+6 £3 3 0 
Thick paper copies....................... £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. __ 











The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. ‘Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained, 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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INDUSTRIAL AND COMMERCIAL 
EFFICIENCY. 


For the last four years the Committee on Industry 
and Trade has been taking evidence on the condi- 
tions and prospects of British industry and com- 
merce, with special reference to the export trade. 
The scope of their inquiries is wide. The present 
position and prospects of British trade in inter- 
national markets, the sufficiency of British produc- 
tive capacity and organisation to compete in them, 
and the extent to which those engaged in production 
are making the most of their opportunities, indicate 
the main lines of the investigations the Committee 
are undertaking, but do not exhaust their scope. 
The Committee’s task will be completed when they 
have reported on the recommendations to which 
the evidence they are collecting may lead them, 
and in the meantime they are publishing this 
evidence piecemeal, so as to give those concerned 
an opportunity of digesting it before considering 
the final report. If any criticism could be made 
of the wisdom of the Committee’s policy in this 
respect, it would be that even the subdivision they 
have adopted has resulted in very large blocks of 
information, which may be found difficult to 
assimilate at one time. This, however, is a fault 
on the right side, arising as it does from the fullness 
of information which has been gathered together. 
The fourth volume, which has just been published 
(H.M. Stationery Office; 3s. 6d. net), continues a 
survey of individual industries, which was begun 
in the previous volume, and will be completed in 
two further volumes to be published later. The 
purpose of these surveys is to define the facts, 
which until now appear to have been agreed unani- 
mously by a widely representative committee. The 
field over which this agreement has been established 
is, indeed, so wide that the same unanimity of 
opinion may not be so easy when the time comes 
for drawing conclusions from the great. wealth 
of material collected. Yet the very extent of agree- 
ment on facts should help to narrow any unavoid- 





able divergence of the conclusions to which they 
lead. 

The subjects treated in the present volume 
will all be found material to whatever ultimate 


3 | conclusions may have to be drawn, and to the 


engineering trades in particular some of the results 
are of peculiar importance. They exhibit, for 
example, the increasing importance of these trades 
in the industry of the country, the extent of which 
is, perhaps, not always recognised. In the trades 
dealt with in the 25 preliminary reports of the 1924 
Census of Production, with the addition of the woollen 
and worsted industry, the numbers employed on the 


.| production of metals, machines, implements, and 


conveyances formed a third of the entire total, 
and those engaged in mining and quarrying more 
than a fifth. Together, therefore, they constituted 
more than half the industrial population of these 
trades. Compared, moreover, with the numbers 
employed in 1907, the average percentage of 
increase in the total numbers employed was 
17 per cent., as against 20 per cent. for the metals 
class and 40 per cent. for mining and quarrying. 
It will be seen, accordingly, to what extent engi- 
neering and mining have had their difficulties of 
employment increased beyond those of other 
industries by the much larger numbers for whom 
they have had to provide. Equally suggestive 
facts appear from the examination of the extent 
to which manual power has been assisted mechani- 
cally. In the industries covered by the preliminary 
reports of the Census, the fifteen years since 1907 
have shown an average increase in total horse-power 
of 83 per cent., with a somewhat smaller increase 
(75 per cent.) for the mining and quarrying indus- 
tries, and a considerably greater one (119 per cent.) 
for the metal industries. The picture is somewhat 
different when account is taken of the numbers 
employed, as well as of power. The average 
increase of horse-power per person employed is, for 
the whole of the industries covered by these reports, 
56 per cent., and for those engaged in mining and 
quarrying 25 per cent., but for the metal classes it is 
83 per cent., and in others, such as woodworking, 
clothing, and skins and leather, it varies from 
162 per cent. to 217 per cent. In the engineering 
and some other industries, the period in question 
has, in fact, been one during which great energy 
and resources have been spent throughout industry, 
in increasing the extent to which human labour has 
been relieved and supplemented by mechanical 
assistance. When, however, the increase of horse- 
power is compared with the output per person 
employed, it is seen that the industries are very 
far from having obtained the advantage that might 
have been expected from this increase of power, 
and presumably is still possible of attainment. As 
against the 83 per cent. increase of the horse-power 
in the metals class, the net value of the output per 
person employed has increased by only 88; per 
cent. When account is taken of the rise in money 
values, it appears, therefore, that the increase of 
horse-power has led to little or no gain in production, 
and that, whether through shortened hours or other 
circumstances, all or most of the advantage has 
been offset. The failure is the more significant 
because, in the United States, the 64 per cent. 
increase of horse-power between 1904 and 1915 on the 
already great amount used, was accompanied by an 
almost identical percentage increase of net industrial 
production. As Mr. Herbert G. Williams, M.P., 
pointed out in a recent address to the British 
Engineers’ Association, the present volume of 
British exports is some 20 per cent. less than it 
was in 1913, and of imports 20 per cent. more, 
while annual national savings are from 150,000,000/. 
to 200,000,000/. below the pre-war level. What- 
ever may be the cause which has prevented the 
productive measures of the engineering trades 
from having had their due effect, it is more than 
high time that it should be located and remedied. 
In some respects the Committee have already 
formed a unanimous opinion, which will be welcomed 
by the majority of those who are interested in the 
matter. <A large part of the labour involved in 
collating the information contained in this report 
has been due to the fact that at present such infor- 
mation is not collected regularly. The expense of 
regular collection would doubtless be considerable, 





of many improvised researches, and at probably 
no great increase of cost would give regular and 
comparable data, which ultimately might be of 
considerable practical value. To some extent, 
indeed, the use that could be made of such returns 
is masked by the unfortunate delay which often 
occurs in publishing them. As the report under 
notice remarks, the comparatively small saving to 
be effected by postponing the date of publication 
usually results in a serious diminution in the useful- 
ness of the information for practical purposes, and in 
the opinion of the Committee the essential import- 
ance of speedy publication is perhaps not even yet 
fully realised by the responsible authorities. The ad- 
vantage of prompt publication applies eminently to 
the index number of industrial production, which 
it has been suggested that the Board of Trade should 
publish monthly or quarterly for important indus- 
tries. Such returns are in the nature of contribu- 
tions to economic meteorology, and, both on national 
and international grounds, the Committee expresses 
itself warmly in favour of their production. The 
collation of such particulars may involve delicate 
questions within the industries concerned, but there 
is no reason why such difficulties should not be over- 
come. Such publication will undoubtedly tend to 


international as well as inter-industrial co-operation’ 


in world-wide movements, which cannot be studied 
efficiently in watertight compartments. 

The economic situation is so grave that no one 
will grudge whatever time is thought necessary 
to make the Committee’s consideration of it thorough 
and complete. If it is possible, it is to be hoped 
that no fringes will be left to be dealt with by some 
future body at the cost of still further delay. The 
Engineering and Allied Employers’ National Federa- 
tion has published recently a powerful memorandum 
on the burden of local taxation, in which it arrives 
at what appears to be the conservative conclusion 
that, first and last, some 9 to 10 per cent. of the 
selling price of engineering products are now 
absorbed in rates and social charges, and it urges 
that the whole subject should be referred to a Royal 
Commission. The question is so allied to those 
which the Committee of Industry and Trade is 
considering that it would be extremely regrettable 
if such reference were found to be necessary. Of one 
thing, at least, there can be very little doubt. No 
branch of industry can afford the expense of internal 
friction, such as from time to time has handicapped 
British engineering industries for many years past. 
In his recent speech to his own shareholders, Sir 
Robert Hadfield illustrated very cogently the effect 
of the great coal strike, by pointing out that, in 
1926, the railway companies carried over a hundred 
million tons of goods and mineral traffic less than 
in 1927, which, in fact, was more than one-third 
of the entire traffic. There will possibly be 
differences of opinion as to the ultimate recom- 
mendations to be made by the Committee, but it 
must be recognised generally that, in the words 
of the report, the only fundamental cleavage is 
between those who are genuinely anxious to im- 
prove the present economic organisation, and the 
very small but extremely vociferous minority 
who believe that it must first be made unworkable 
in order to pave the way for some other economic 
structure. 

Between these two classes doubtless there can 
be no compromise. Those, on the other hand, 
who are not seeking a deliberate catastrophe, 
will find their best chance of avoiding it in impartial 
study of the facts. The most comprehensive 
example of such studies is to be found in the Com- 
mittee’s investigations, and it may be hoped that 
when they are completed they will leave less room 
for differences in conclusions than has been inevit- 
able in partisan negotiations. 





ELECTRICITY SUPPLY AND FUEL 
CONSUMPTION. 


THovGEH the dislocation to trade, caused by the 
general strike of 1926 and the prolonged stoppage 
in the coal industry which followed, was sufficiently 
evident at the time, it is only now beginning to be 
possible to calculate accurately the full effect of 
these unfortunate events. In the coal industry 
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reduction in the personnel engaged seems to be a 
necessary preliminary to real recovery. In other 
trades business is stagnant, or is only just beginning 
to show signs of life. Even in the electrical industry, 
which, in spite of jeremiads, has suffered less 
than most, there is ample evidence that the progress, 
which has been so striking a feature of post-war 
years, has, at least temporarily, been retarded. 

This check in development can be illustrated in 
two ways. In the first place, trade stagnation caused 
the rate, at which the output from public supply 
stations was increasing, to be reduced, and tended, 
if it did not actually do so, to raise the price per 
kilowatt-hour sold. That such increases in price 
were not general is a tribute to the far-sightedness 
of those engaged in the management of these con- 
cerns. In the second place, economies, in the boiler 
house especially, such as had been progressively 
obtained during the past few years, were checked, 
not only because the rate of increase in output 
was slowed down, but because it was necessary to 
burn foreign coal and have recourse to other expe- 
dients, in order to maintain even the reduced 
supply. 

The truth of these statements can be amply proved 
by a study of the latest issue by the Electricity Com- 
missioners of their Return of Fuel Consumption 
and Units Generated, which is made under Section 
27 of the Electricity (Supply) Act of 1919. This 
return applies to the year ended March 31, 1927, 
and is published by H.M. Stationery Office at 
ls. 6d. net. It shows that the total electricity 
generated in the 570 stations dealt with was 
8,365,857,198 kw.-hour, compared with 8,122,961,823 
kw.-hour in 1925-26, an increase of less 3 per cent. 
The percentage increase of the 1925-26 consumption 
over 1924-25 was 9-5 per cent., and in previous 
years the rate had been even higher. On the other 
hand, the total coal, coke and fuel oil consumed 
was 8,856,938 tons, compared with 8,445,566 tons 
in 1925-26, an increase of 4-8 per cent., though this 
rate, it is satisfactory to note, is slightly less than 
that (5 per cent.) of the previous year. The de- 
pendence of this country on coal for the genera- 
tion of electricity is indicated by the fact that 
97-16 per cent. of the total amount was generated 
in steam stations, while the electricity produced by 
other methods in no case exceeded 1 per cent. of 
the whole. The amount generated by oil showed 
an increase over the previous year’s figures, though 
the position is complicated by the fact that the 
electricity generated by waste heat fell from 
178,169,230 kw.-hour to 78,332,571 kw.-hour, or ex- 
pressed as a percentage, from 2-19 to 0-94 per cent. 
The reason for this is obvious. 

Turning to the results obtained by individual 
stations, which, as usual, are divided into 13 groups 
according to output, there were seven stations 
generating more than 200,000,000 kw.-hours per 
annum, with an average fuel consumption of 
2-06 lb. per kw.-hour generated. The lowest fuel 
consumption was obtained at the Barton station of 
the Manchester Corporation, where it was 1-33 lb., 
while other stations in the group with a consumption 
of less than 2 lb. were Dalmarnock, with 1-82 lb. 
and Carville, with 1-93 lb. The station with the 
highest consumption in the group was the Princes 
station of the Birmingham Corporation, though this 
is doubtless to some extent explained by the condi- 
tions under which that station is operated. Among 
the smaller stations, the Valley Road station of the 
Bradford Corporation, which generated 97,309,200 
kw.-hours, had a fuel consumption of 1-77 Ib. per 
kw.-hour, while other stations consuming less than 
2 lb. per kw.-hour were the Bow station of the 
Charing Cross Electricity Supply Company, the 
Clydes Mill station of the Clyde Valley Electrical 
Power Company, the Barking station of the County 
of London Electric Supply Company, the Rad- 
cliffe station of the Lancashire Electric Power 
Company, the Grove Road station of the London 
Power Company, the station of the Maidstone 
Corporation, which generated only 23,937,030 kw. 
hours, the Percival Lane station of the Mersey 
Power Company, the North Tees station of the 
Newcastle-upon-Tyne Electric Supply Company, 
the Prince Rock station of the Plymouth Corpora- 





tion, the Agecroft station of the Salford Corporation, 


the Upper Boat station of the South Wales Electrica] 
Power Distribution Company, and the Wimbledon 
station of the Southern Railway Company. This 
list, though short, provides evidence of the efforts 
that are being made towards economy, and it is 
satisfactory to note that the success of these efforts 
is increasing every year. On the other hand, even 
in some of the larger stations, the consumption js 
still disquietingly high, and reaches an average of 
more than 14 lb. per kw.-hour in plants generating 
less than 100,000 kw.-hour per annum. 

As regards thermal efficiency, the Barton station 
reached 21-83 per cent., and was the only steam 
station to exceed 20 percent. Actually, the highest 
figure under this heading was obtained by the oil- 
engine station of the Alderley and Wilmslow Electric 
Supply Limited, which reached 27-91 per cent. 
with the small output of 671,094 kw.-hours, and a 
fuel consumption of 0-62 lb. per kw.-hour. Of the 
other large stations, Dalmarnock and Carville were 
almost equal, with 17-46 and 17-6 per cent. respec- 
tively, while Dunston was 15-69, Lister Drive 
(Liverpool) 14-56, Birmingham (Princes), 14-1], 
and Lots Road was as low as 12-99 per cent., in spite 
of its siting and its high load factor of 44 per cent. 
On the other hand, in some, even of the larger, 
stations the figure was lower than it should be. 
Leaving out what is evidently a special case (the 
Hinckley station of the Leicestershire and Warwick- 
shire Electric Power Company, where only 6-91 per 
cent. was obtained), there were a number of stations 
with moderately high outputs in which the thermal 
efficiency did not exceed 10 per cent., but there is 
certainly no indication that, as a general rule, the 
small station is as efficient as the large one, if this 
factor is taken as a basis of comparison. 

A satisfactory increase in the load factors obtained 
may be noted. In some cases, as at Maidstone, 
already referred to, the high figure of 41-9 per cent. 
was reached ; this may be explained by commer- 
cial enterprise, while in others it is probably due 
to the policy, either voluntary or enforced, of using 
the station for supplying the base load and buying 
the remainder of the requirements of an area in bulk. 
This tendency, it is interesting to note, also operates 
the other way. The station of the Carnarvon 
Corporation had the almost comic load factor 
of 1 per cent., while that of the Tottenham 
District Light, Heat and Power Company only 
reached 4-1 per cent. Actually the highest load 
factor (64-5 per cent.) was obtained by the station 
of the Rhondda Urban District Council with an 
output of 5,995,500 kw.-hours and a maximum 
load of 1,060 kw. This was followed by Barton 
and the Norwich (Tramways) stations, each with 
load factors of 53-2 per cent., and the Hayle station 
of the Cornwall Electric Power Company with 
52-2 per cent. The thermal efficiencies of the 
Norwich and Hayle stations were 8-83 per cent. 
and 11-48 per cent. and their coal consump- 
tions 3-36 Ib. and 2-52 Ib. respectively. Other 
stations with high load factors, of which mention 
may be made, were the Bournemouth Tramways 
(41-2 per cent.), Chester hydro-electric station 
(46-7 per cent.), the Spondon station of the Derby- 
shire and Nottingham Electric Power Company 
(43-6 per cent.), the Dunfermline station of the 
Fife Electric Power Company (46-3 per cent.), 
the station of the Hexham and District Electric 
Supply Company (42-7 per cent.), the Leeds Tram- 
ways station (50-4 per cent.), the London County 
Council Tramways station (44-4 per cent.), the 
Lots Road station of the London Electric Railway 
Company (44 per cent.), Maidstone (41:9 per 
cent.), the Percival Lane station of the Mersey 
Power Company (45-2 per cent.), the Carville 
station of the Newcastle-upon-Tyne Electric Power 
Company (45-9 per cent.), St. Helens (46-2 per 
cent.), the station of the Sheerness and District 
Electric Supply Company (47:6 per cent.), the 
Upper Boat station of the South Wales Power 
Distribution Company (41-3 per cent.), and the 
Lydney station of the West Gloucestershire Power 
Company (44-5 per cent.). 

In spite of the fact that the Electricity Supply 
Act of 1926 had no effect on the operation of the 
stations with which this return deals it is interesting 
to note that the results of only 570 stations are 








reviewed, compared with 584 the year before, the 
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difference being due to the fact that 26 stations were 
shut down as against 12 new stations put on load. 
In this year’s return, again, 18 stations are listed as 
being permanently closed down during the year, a 
number of these being small stations belonging to 
railway companies. It may be remarked also that 
the Stepney station is shown as “ not in operation for 
full year,” apparently because it was closed down 
for a short time during the general strike. 

As regards the arrangement of the return, the 
various undertakings are still placed alphabeti- 
cally, thus making comparison between stations in 
the same group troublesome, while the admixture of 
steam with oil and gas engine-driven stations is an 
added complication. We hope it may be found 
possible to alter this in future years. 





THE NEW LANDLORD AND TENANT 
ACT. 


THis measure, which came into force on Lady 
Day, raises many questions of serious importance, 
not only to those who are minded to take or grant 
leases of property in this country, but to a large 
number of existing landlords and tenants. The 
questions we refer to are, of course, legal and difficult 
to grasp, but the monetary interests which may 
be involved in relation to factories and workshops 
are so vast that it seems desirable to make some 
attempt to expound the Act. 

It should be stated, at the outset, that the diffi- 
culties which occur are largely due to this—that 
the new measure is intended to and does, in fact, 
seriously interfere with freedom of contract. 
Undeterred by the history of the Rent Restriction 
Acts, which also interfere with the relationship of 
landlord and tenant and have given rise to more 
litigation than any other group of statutes, the legis- 
lature has passed an Act which is designed to interfere 
in the same way but on a very much larger scale. 

It is worth while to study the terms of the Act 
for another reason. Omne ignotum pré magnifico / 
Rumour has it that the Act is going to press hardly 
upon landlords ; but, in reality, a close examina- 
tion discovers the fact that the good landlord has 
not very much to fear from it. The new rights 
conferred upon tenants are so hedged about with 
notices, references to tribunals, and provisoes, that 
the landlord, duly advised in time by a lawyer 
who understands the Act, ought to be well able to 
protect himself. 

Broadly speaking, the main object of the Act is 
to provide for the payment of compensation for 
improvements and goodwill to tenants of premises 
used for business purposes or, instead, the grant 
of a new lease. The provisions of the Act, which 
are designed to carry out these objects, are to 
apply to every contract made after February 8, 
1927, notwithstanding any agreement to the con- 
trary. This appears to mean that it is impossible 
to “contract out” of the Act. But it is all im- 
portant to note that if there is adequate considera- 
tion paid to a tenant for foregoing his rights under 
the Act, effect must be given thereto when the 
rights of the parties are being adjusted. 

The Act only applies to premises let under a 
lease and used wholly, or partly, for carrying on 
thereat any trade or business. It does not apply 
to premises used for professional purposes, save in 
80 far as it relates to compensation for improve- 
ments. As regards the length of the term which is 
affected by the Act, it is reasonably plain that so 
far a8 compensation for improvements is concerned, 
it cannot apply to any premises let on lease for 
three years or less, unless such a tenancy can be 
determined by at least one month’s notice. As 
regards claims for goodwill, no claim can be pre- 
ferred save in respect of goodwill acquired in conse- 
quence of a trade being carried on by the tenant 
or his predecessors for five years or more. This 
clearly contemplates that a claim for goodwill 
shall only be made in respect of premises held 
on a long lease, but there is nothing in the Act to 
Prevent 2 man who has taken over premises with 
4 goodwill for, say, the last two years of a lease, 
claiming compensation for goodwill. 

g with compensation for improvements, 
the first section provides that a tenant may, in 
the case of a tenancy terminated by notice within 


one month after the notice, or in any other case 
not more than three years or less than a year before 
the termination of the tenancy, claim compensa- 
tion for improvements. An “improvement” in- 
cludes the erection of any building, and it may 
have been effected by the tenant’s predecessor in 
title. It does not, however, include a trade or 
other fixture which the tenant may by law remove, 
nor anything done in pursuance of a statutory 
obligation, or in pursuance of a contract for valu- 
able consideration. Nor does it include any im- 
provement made less than three years before 
termination of the tenancy, or before March 25, 
1928. 

From this it would appear that if the tenant 
of a factory whose lease has, say, seven years to 
run on March 25, 1928, were to build a new wing 
before the end of this year, he would be entitled 
at any time after March 25, 1932, but before 
March 25, 1934, to give notice of a claim for com- 
pensation. The matter, however, does not rest 
there, for by section 3 (5) of the Act a claim for 
an improvement cannot be made unless the tenant 
has given notice to the landlord of his intention to 
make the same, and, if the landlord has given 
notice of an objection thereto, the “tribunal” 
has certified that the improvement is a proper one. 
A certificate may be refused if the landlord proves 
that he has agreed to execute the improvement 
himself in consideration of a reasonable increase of 
rent. 

But there is another method by which the land- 
lord may escape having to pay directly for an im- 
provement. After receiving a claim for compensa- 
tion, he may offer to renew the lease upon such terms 
as, failing agreement, the tribunal ‘‘ may consider 
reasonable.” If the tenant refuses to take an 
extended lease, it seems that he waives his right 
to compensation. 

The “tribunal” for determining the amount of 
compensation is the County Court of the district 
in which the premises are situated, unless the 
parties agree to refer the matter to the High Court, 
or, the case is transferred by order to the High 
Court, as it may be if it involves a considerable 
sum of money. In this connection, it will be 
remembered that, as originally presented to Parlia- 
ment, the Bill contained provisions by which all 
disputes were to be referred to one of a panel of 
referees. Now, however, the dispute is to be re- 
ferred primarily to the Court, with power, however, 
to the judge to refer it for enquiry and report to a 
member of the panel of referees. The qualifications 
of those referees are not specified in the Act. The 
panel is to be chosen by a committee consisting 
of various legal dignitaries and the president of the 
Surveyors’ Institution. 

It remains to consider the provisions of the Act 
with regard to compensation for ‘‘ goodwill.” These 
are to be found in ss. 4 and 5 which, we may say at 
once, are about as complicated a pair of sections as 
we have ever seen in any Act of Parliament. They 
are difficult enough for a lawyer to understand ; 
what a surveyor appointed as “the tribunal ”’ will 
make of them is almost impossible to imagine. 

Broadly speaking, a tenant may claim com- 
pensation for goodwill in respect of a trade or busi- 
ness carried on by himself or his predecessors in 
title for not less than five years if, by reason of such 
goodwill, the premises could be let at a higher rent. 
With commendable prudence the legislature has 
refrained from defining the word “‘ goodwill.”” The 
principles upon which compensation is to be assessed 
are sought to be laid down in s. 4. Thus, no 
compensation is to be paid if the tenant refuses to 
take a further lease at a rent found by the tribunal 
to be reasonable. Conditions may be imposed upon 
an out-going tenant who has been paid for goodwill, 
preventing his setting up a similar trade in the 
neighbourhood. Again, where the landlord shows 
that the goodwill has been largely created by the 
fact that he has restricted the use of other premises 
of his in the neighbourhood, whose occupants might 
have entered into competition with the tenant, this 
fact is to be taken into account. Finally, no com- 
pensation for goodwill is to be paid if the tenant 
has given notice to quit, or if he has failed to exer- 
cise a reasonable option to extend the lease—the 








question of “‘ reasonableness” being determined by 
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the tribunal. And here we see a method by which 
the prudent landlord may drive the mythical ‘‘ coach 
and four” through the Act. Let him grant a lease 
doubling or trebling the rent for the last three years 
giving the tenant, however, an option to determine 
the tenancy by notice. Rather than pay the in- 
creased rent he will probably exercise his option, 
and so forfeit his right to compensation for goodwill. 
Another section (5) of the Act makes elaborate pro- 
vision for the right of a tenant to demand a new 
lease rather than take compensation for goodwill. 

It is important to notice that the obligation to 
pay compensation for improvements or for Joss of 
goodwill may be passed on from an intermediate 
landlord to the head or ground landlord, and that 
where compensation is awarded and rent or other 
charges are due to the landlord there may be a settle- 
ment on account. 

It should be mentioned that the term “ tenant ” 
as used in the Act means any person entitled in 
possession to the holding under any contract of 
tenancy, whether the interest of such tenant was 
acquired by original contract assignment operation 
of laws or otherwise. 

We have said enough to show that although the 
full effects of the Act are not likely to be appreciated 
for some time, every tenant holding under a lease 
for years must give due notice of any improvements 
he is minded to effect in order that he may avail 
himself of the provisions of the Act. As regards 
those who are about to grant or take a lease 
of any factory or business premises, they should 
be careful to see that the lawyer who is draft- 
ing the lease pays due attention to the fact that 
so far as compensation for improvements and good- 
will are concerned it may be possible to contract 
out of the Act. 





NOTES. 
THE CROMPTON JUBILEE. 


In 1878 the firm of R. E. Crompton and Company 
was founded at Chelmsford by Colonel R. E. 
Crompton, and it was fitting that the fifty years’ 
activity of the firm should have been celebrated 
by a complimentary banquet to the founder on 
March 30 last. Although by no means standing 
alone, the names Crompton and Ferranti to a 
very large extent epitomise the development of 
practical electrical engineering in this country, 
and it must have been with unusual pleasure that 
the organisers of this function found themselves 
able to arrange for Colonel Crompton and Dr. 
Ferranti to sit on either hand of the chairman, 
Mr. A. A. Campbell Swinton. It was interesting 
to hear from Dr. Ferranti that it was the pioneer 
work of Colonel Crompton which first attracted 
him to electrical work, and although in his advocacy 
and practice of alternating-current generation and 
distribution he followed a very different line of 
development from that of his original mentor, it 
must have been with keen pleasure that Colonel 
Crompton heard that he had in a way been re- 
sponsible for the remarkable developments which 
are associated with Dr. Ferranti’s name. The old 
controversies about the respective merits of alter- 
nating- and direct-current were recalled by many 
of the speakers at the banquet, and although these 
have now died down it has not been due to the over- 
riding victory of either side. The pioneer work of 
Colonel Crompton in direct-current operation is 
still an active force in practical electrical engineer- 
ing, and it is certain that his influence will 
always have considerable weight in the important 
industry among the founders of which his name 
stands with the first few. His old firm having 
joined its long experience and influence with the 
energy of a younger generation, one may expect 
that under its new name, Messrs. Crompton 
Parkinson will carry on the Crompton tradition 
in a continuously expanding field. 


Tue Om Wetts at HARDSTOFT. 


In the latter part of the war period the Govern- 
ment entered upon a search for petroleum in this 
country. After prolonged geological investiga- 
tions, eleven wells were sunk to depths ranging from 
1,800 ft. to upwards of 4,000 ft. The search was 
successful only in two cases, at Hardstoft, in 
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Fic. 1. Iso~ateD Section oF Marin Dam. 


Derbyshire and in the Davey well, near Edin- | was sure that it was, at present, not commercially 
burgh, and only the first of these finds looked like | feasible to look for them. 

a commercial proposition. Oil was struck in No. 1 | 
well, Hardstoft, on May 27, 1919, at a depth of | 
3,070 ft. in a sandy limestone near the top of the 
main carboniferous limestone series. The oil was | position of Germany we had occasion to remark 
good; the production of the year totalled 1,660 | that there are few German industries which have 
barrels or possibly 2,568 barrels, according to other | not reason to be grateful to those who organised the 
estimates, but it decreased, probably owing to | coal strike of 1926 in this country. Some figures 
waxing of the sand. Clearing of the well raised the | have recently come to notice which show that in 
oil yield again to its maximum in the sixth year of the | the coal trade, at least, the harvest reaped by 
life of this well, which was an unusual occurrence ; | competing countries during that year seems to 
but decline soon followed. Meanwhile the Duke have had an aftermath in the form of their perma- 


THe AFTERMATH OF THE CoAL STRIKE. 
In commenting recently on the present economic 
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of Devonshire had taken over the well, which is | nent entry into markets in which previously British | 


situated on his grounds, and a second and third wells | coal had been predominant. In 1927 the principal 
were sunk, 600 ft. from the first, with entirely dis- | European countries, excluding pre-war Russian 
appointing results. Giving the history of these territory, were consuming a larger tonnage of coal 
wells since 1924, about which little has been pub- | than in 1913, but their imports of British coal were 
lished, in a paper presented to the Institution of | little more than two-thirds of the 1913 figure, 
Petroleum Technologists on April 3, Dr. Arthur | and for the whole world British coal exports were 
Wade stated that the drilling of the second well |less than two-thirds of what they were in 1913. 
furnished unexpected information, although the | Conspicuous examples of the displacement of British 
geology of this mining district was supposed to be | coal were Italy, whose consumption had increased 
well known. Water, coal, gas, salt water and| by one-third, while her imports of British coal had 
caving shales were met in unexpected places ; oil | decreased by the same fraction, and Germany, 
was not found in this well, nor in the third bore | who in spite of a 10 per cent. increase in consump- 
hole which the Anglo-American Oil Company | tion was taking 60 per cent. less of her supplies 
drilled in 1925 to a depth of 3,825 ft. Seepages, | from this country. Among the supplying countries, 
drippings, and even small flows of petroleum were |on the other hand, the experience of Poland is 
frequent on the coalfields around the southern end | particularly suggestive. Out of her total coal 
of the Pennines. All the oil found was similar to | exports in 1925 about two-thirds went to Germany 
the Hardstoft oil; its origin was not in the coal-|and Austria, and none to this country, leaving her 
fields, however, but probably much lower down, | total exports to other markets at something over 
the oil reaching porous strata at higher strata by | 3,000,000tons. In 1926 they reached 8,200,000 tons, 
migrating along faulty planes. It would be absurd | and in 1927 were still over 8,000,000 tons, while at 
to expect the first bore to strike the only large the beginning of this year they seemed to be 
oil vs that existed in England and Dr. Wade advancing still higher. Polish exports of coal to 
ugreed with Dr. Veatch, Mr. Ickes and other | Scandinavia and Finland in 1927 were nearly seven 
American and English experts that accumulation times what they were in 1925, and to Italy over 
of oil remained to be discovered in England, but he| 12 times. The example is instructive as showing 
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Fie. 2. UNDERCUTTING EFFECT ON STANDING PoRTION. 


what awaits industries which cannot keep the 
peace among themselves, and do less than their 
best in competition with other countries. Workers 
in the ship-repairing industry may well bear it in 
mind when they are considering whether at last 
they will consent to remove the burdens of demar- 
cation and similar practices, which enhance the 
cost of their products, and reduce the earnings 
of their industry and all who are engaged in it. 








THE FAILURE OF THE ST. FRANCIS 
DAM, LOS ANGELES. 


In our issue of last week we gave an article 
(page 419 ante), dealing with the failure of the St. 
Francis dam, near Los Angeles, California. Our 
|contemporary, the Engineering News Record, of 
| New York, published in its issue of March 22, an 
/account also describing the failure at considerable 
‘length, accompanying this by a number of interest- 
‘ing photographs. By the courtesy of the Editor 
|of that journal, who has kindly supplied us with 
| copies of the photographs in question, we are now 
|able to supplement our article of last week by the 
illustrations given on this and the opposite pages, 
| which serve to bring out points not evident in the 
| views we have previously reproduced. 
| Fig. 1 shows very strikingly the isolated remams 
lof the main dam. This view was taken looking 
| west, and shows even more clearly than did our 
| illustration last week, the shearing of the concrete 
| of the structure and the spalling off of part of the 
| down stream face. In addition the view shows 
| very well the west wing wall, the dam extremity 
lof which was left partly undercut by the rush of 
| water. Fig. 2 shows the base of the standing portion 
‘of the structure and illustrates how this has been 
| undercut by the escaping water. Fig. 3 is a view 
|showing the undercut part in greater detail. It 
| will be remembered that the rock on which this 
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Fie. 3. Errecot or Frow on Rock FounpDATION. 


part of the dam was built was supposed to be a | later engaged as an assistant engineer for Messrs. 
schist of reasonably good quality, but clearly it | Wilson, Sons and Company on & thirty-mile section 
has not been able to — a of _ . the esaae msi railway es 5 py a6 
water. On the other hand the bond between the | he was for a short time employed in the preparation 
concrete of the dam and this rock seems to have been | of Parliamentary plans for extensions to the Aber- 
good. So much was this the case in fact that de- | deen Waterworks under Mr. Boulton, then city 
tached blocks of debris were found with rock | surveyor, while in 1885 he was appointed assistant 
adhering to them, the bond being thus stronger than| to Mr. John Wilson, chief engineer of the Great 
the shearing strength of the rock. | Eastern Railway, and was engaged on work con- 
About half-a-mile below the dam was a power | nected with the extension of Liverpool Street station, 
house, the remains of which are to be seen in Fig. 4.| and the widenings thence to Bethnal Green and 
The power house structure was completely de-| between Fenchurch Street and Stepney. From 
molished, but the generators remained standing, | 1887 to 1890 he acted as engineer to the contractors 
and one, as related in our article of last week,| who were constructing a 35-mile section of the 
continued to work for some time after the disaster. | Manila Railway, and afterwards became resident 
| and maintenance engineer for the railway company. 
In 1893 he assisted Mr. McCurrick, chief engineer 
— eines one birt a - the — mer . the — — i 
A LINK between the past and present in railway | the new docks and railways at Avonmouth, whic 
construction and operation has been severed by the | were laid before Parliament in that year. He then 
death of Mr. William Willox, which occurred at| became assistant to Mr. (afterwards Sir John) 
Chorley Wood, Hertfordshire, on Saturday, April 7, | Firbank, and was responsible under him for carrying 
Mr. Willox occupied the position of chief engineer | out a number of large railway contracts, including 
of the Metropolitan Railway, London, from 1906 to|the widening of the line between Victoria and 
1921, during which period the conversion of a con- | Croydon on the London, Brighton and South Coast 
siderable portion of the line from steam to electric | Railway, the construction of the railway between 
working was completed, and the number of pas-| Aylesbury and Verney Junction, the building of 
sengers carried both on the Inner Circle and on the | a new station at Moorgate Street, and widenings 
Harrow extension increased by leaps and bounds. | and deviations between New Street station, Bir- 
Though electrification enabled this great volume | mingham, and Saitley, on the London and North 
of traffic to be satisfactorily dealt with and was| Western and Midland Railways. In 1896 he was 
probably to some extent responsible for its growth, | appointed resident engineer of the London and 
it brought in its train a number of novel problems | Brighton and South Coast Railway, and carried out 
and certain routine difficulties. The first of these|the construction of the new line between Earls- 
included a great increase in the rail wear, owing | wood and Coulsden for Mr. (now Sir Charles) Morgan. 
to the replacement of the steam engine by the electric | He was appointed chief engineer of the Metropolitan 
motor and the difficulty of supporting the latter | Railway in 1906, a position he held until his retire- 
on springs. It also necessitated the installation of | ment in 1921. During his tenure of that post he 
automatic electric signalling, in order to render pos-| was responsible for the reconstruction of Baker 
sible operation with a closer headway between trains. | Street station, for the widening of the line between 
For the same reason it became essential to undertake | Finchley Road and Wembley Park and for the 
extensive schemes of widening and fly-over and | design and carrying out of an extensive system of 
fly-under junctions at various parts of the system, | fly-over and fly-under junctions at Harrow. It was 
so that both non-stop and stopping traffic could be | during this period that a considerable mileage of the 
Successfully dealt with. Mr. Willox tackled all | line was electrified. In the large amount of difficult 
these problems, and many others, with ingenuity and | work which this conversion involved he played a 
Persistence, and the Metropolitan Railway, as it is | leading part, and we may refer more particularly to 
to-day, is proof of the success of his labours. | two aspects of this, for which he deservedly obtained 
Before he joined the Metropolitan Railway, | considerable credit. 
Mr. Willox had, however, had considerable experi-| As we have already pointed out, though electri- 
nee in railway construction, both at home and | fication brought with it certain advantages, it soon 
abroad. ‘To follow the usual methods of biography, | became obvious that it made the problem of per- 
_ was born in Aberdeenshire in 1857, and received | manent way maintenance both more difficult and 
is early education at the Grammar School and | more costly in actual expenditure, compared with the 
lage y of Aberdeen, where he obtained the| steam railway, though considered on the basis of 
“egree of Master of Arts. He served his pupilage | outlay per pound of traffic receipts the position was 
With Messrs. Bell and Miller, of Glasgow, and was| reversed. For instance, in 1909 the cost of main- 
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Fig. 4. REMAINS OF THE PowER HOUSE. 


tenance per annum of a single mile of road was 
384-62. on the Metropolitan Railway, compared 
with 142-6/. on the Great Western Railway and 
2027. on the Great Central. On the other hand, 
the expenditure per pound of traffic receipts was 
8-1ld. on the Metropolitan and 12-4d. and 15-5d. 
respectively on the other two railways. Moreover the 
ratio of ““wages” to “‘ material’? was 2 to 1 on the 
Metropolitan and about 1-15 to 1 on the steam 
railways. These differences were partly attribut- 
able to the fact that a great deal of the work had 
to be done at night, but more to the increased 
ton-mileage and higher average speeds obtainable 
with electric traction, the ultimate result being 
that while on steam lines the life of a rail was from 
12 to 15 years in the open and 5 to 7 years in 
tunnels, it was not more on the average than 8 
and 3 years respectively when electric traction was 
employed. 

The state of affairs thus indicated was a very 
serious matter, for which Mr. Willox set about 
systematically to find a remedy. The results of his 
researches were published in a paper on “ Rail 
Steels for Electric Railways,” which he read before 
the Institution of Civil Engineers on February 24, 
1914.* In this communication, for which he was 
awarded a Telford Premium, he pointed out that 
the side wear which was early experienced under 
the new system of working was prevented by 
the use of hard, steel check rails, but that 
a second and much worse trouble was the grind- 
ing of the running rail into hollows. This 
occurred chiefly on curves, but was less notice- 
able where the rail had some spring. It was mainly 
caused by the battering of the un-sprung load of 
the motors, by the skidding along the rail arising 
from the direct axle drive and by skidding across 
the rail, arising from the re-bound of the rail when 
it had reached its limit of the side spring, caused 
by the pushing of the bogie wheels in their passage 
round the curves. To overcome these difficulties a 
number of tests on various kinds of steel rails were 
made on the curve between Farringdon-street and 
Aldersgate, where the traffic was very heavy, and 
the conclusion reached was that rails of open- 
hearth basic Bessemer steel, manufactured by the 
Sandberg process, were the most economical. Ex- 
perience showed that the number of broken rails 
made of this material was very small and the wear 
in one case was as low as } lb. per yard 
in five years. The paper gave rise to a long dis- 
cussion, which was continued over three evenings, 
in addition to that on which the communication 
itself was presented. It is not too much to say 





* Proceedings of the Institution of Oivil Engineers, 
vol. excvii, page 79; ENGINEERING, vol. xciii, page 288 
(1914). 
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that it has had a very considerable effect on, 
subsequent practice. 

A second novel problem connected with electri- 
fication, in which Mr. Willox took a great deal of 
interest, was the provision of automatic signalling 
to enable the increasing volume of traffic to be 
dealt with by running trains on a closer and closer 
headway. After very careful investigation the) 
all-electric system was chosen for the Metropolitan | 
Railway, this being the first of this type of | 
equipment to be instailed in this country. 
results were completely successful and amply 
justified the experiment. The signals used were | 


of the upper quadrant type, and considerable use | 





The agricultural districts in the eastern, south-western, 
and western parts of the area are practically without 
any supply of electricity at the present time, and it is 
hoped that the scheme will go a long way towards 
altering this condition of things. 

In 1926-27, the electricity sold in the area was 
762,000,000 kw.-hours, or 146 kw.-hour per head of 
population. It is estimated that by 1934-35 the former 
figure will have increased to 1,890,000,000 kw.-hours, 
without taking into account any railway traction 
requirements. At the present time, there are 46 public 


The | generating stations in the area, of which the following 


19 have been selected: Hams Hall, Nechells and 


| Nechells (Princes) (Birmingham Corporation), Iron- 


bridge, Ocker Hill, Walsall and Wolverhampton (West 


Midlands Joint Electricity Authority), North Wilford 


was made of three position light signals, both (Nottingham Corporation), Stourport and Smethwick 


again being novelties in Great Britain. As a result | 
of this change-over, the delays to trains compared 
favourably with those usual with automatic signal- | 
ling and the maintenance costs were also low. The 
equipment employed was described in a paper 
which Mr. Willox read before the Institution of 
Civil Engineers in 1922,* and for this he was 
awarded the Watt gold medal. 

Mr. Willox was elected a member of the Institu- | 
tion of Civil Engineers in 1896, and was president | 
of the Permanent Way Institution. 








THE CENTRAL ENGLAND 
ELECTRICITY SCHEME. 


In accordance with Section 4 of the Electricity 
(Supply) Act of 1926, the Central Electricity Board, on 
March 21, published a schemet for Central England, | 
which they had received from the Electricity Commis- | 
sioners. As usual, this scheme was accompanied by a | 
pamphlet of ‘‘ Supplementary Particulars.”’ This gives | 
details of the financial and technical data upon which | 
the scheme itself is based. The area is interesting, not 
only on account of its varied character, but because it | 
contains a large amount of non-standard 25-cycle | 
plant. It is proposed to deal with the problem of | 
standardising this by forbidding the installation of | 
further 25-cycle generating equipment, by limiting the | 
development of 25-cycle supplies to the safe output of 
the plant in the Nechells, Summer Lane and Smethwick | 
stations, by gradually changing over the plant at the | 
Hams Hall and Stourport stations to 50 cycles, and by | 
arranging that the conversion of the consumers’ equip- | 


ment shall be effected as circumstances render this 
desirable. The cost of the conversion is estimated to | 
be 2,061,400/., giving rise to an annual capital charge 
of 129,0001. on the basis of interest at 5 per cent, and 
a forty years’ sinking fund at 34 per cent. 

The scheme itself specifies the stations, which are 
“selected,” and the main and secondary transmission 
lines, which are to be erected by the Central Elec- 
tricity Board. It imposes on. the owners of certain 
other stations the obligation to work in accordance with 
the instructions of the Board as a temporary measure, 
and authorises the Board to make arrangements for 
additional transmission lines when these are necessary 
for carrying out the scheme. It further provides for the | 
standardisation of frequency, to which reference has | 
already been made. The scheme is accompanied by five | 
appendices. The first of these describes the area, the 
extent of which, as well as the positions of the selected | 
and temporary stations and transforming stations and 
the routes of the principal and secondary main trans- | 
mission lines, is shown on the accompanying map. | 
The second, details the existing and authorised selected 
stations and the extensions and alterations proposed 
to them between now and 1940-41, and schedules the 
erection of a new station at Ironbridge. The third 
gives the proposed routes of the principal and secondary 
main transmission lines and the positions of the sub- 
stations. The fourth deals with frequency standardisa- 
tion, and the fifth gives a list of the stations with the 
owners of which temporary arrangements are to be | 
entered into. 

According to the Supplementary Particulars, the | 
extent of the area is 7,311 square miles, and had a 
population, at the last census, of 5,218,146. It embraces 
the West Midlands, South-West Midlands, East Mid- 
lands, and North-West Midlands Electricity Districts, 
and comprises the whole or major portion of the areas 
of supply of 49 authorised undertakers. The greater 
part of the area is within the statutory limits of one 
joint authority and three power companies, and it is 
these rather than the systems of individual undertakers 
that the primary transmission system will interconnect. 











* Proceedings of the Institution of Civil Engineers, 
vol. cexiv, page 55; ENGINEERING, vol. cxiii, page 360 
(1922). 
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| former of these stations. 





estimated cost of these extensions is 1,975,001, 
The transmission system, which it is contemplated to 
erect, is clearly indicated on the accompanying map 
and need not be further described, except to say that it 
is proposed that the carrying capacity of each primary 
line shall be not less than 50,000 kw. and that ring 
mains are to be an essential feature. The system 
comprises about 424 circuit miles of line and its erection 
will result in the release for revenue-earning purposes 
of about 60,000 kw. of plant, representing about 
1,020,0007. of capital. There are to be nineteen 
132,000-volt transforming stations varying in capacity 
from 225,000 kv.-a. at Ironbridge to 10,000 kv.-a. 
at Stafford and Loughborough, and containing in all 
1,235,000 kv.-a. of plant. In addition, there will be 
six lower voltage transforming stations, with a total 
capacity of 38,000 kv.-a. The cost of the trans. 
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(684) 
(Shropshire, Worcestershire and Staffordshire Electric 
Power Company), Longford (Coventry Corporation), 
Spondon (Derbyshire and Nottinghamshire Electric 
Power Company), Freeman’s Meadow (Leicester Cor- 
poration), Hardingstone (Northampton Electric Light 
and Power Company), Avon and Hinckley (Leicester- 
shire and Warwickshire Electric Power Company), 
Burton (Burton-on-Trent Corporation), and Stoke 
(Stoke-on-Trent Corporation). In addition, the follow- 
ing six stations are to be temporarily retained : Hylton 
Road (Worcester Corporation), Kettering (Kettering 
Urban District Council), Loughborough (Loughborough 
Corporation), Sandy Lane (Coventry Corporation), 
Stafford (Stafford Corporation), and Summer Lane 
(Birmingham Corporation). It is proposed to concen- 
trate the base loads, as far as possible, at Hams Hall, 
Ironbridge, North Wilford, and Stourport. 

The plant at present installed in the twenty-four 
existing selected and temporarily selected stations is 
882,045 kw., and no extensions to them are contem- 
plated before 1933-34, when 30,000 kw. will be added 
to Hams Hall. In 1934-35, an addition of 20,000 kw. 
will be made to Stourport and in 1935-36 North Wilford 
and Stourport will both be extended by 50,000 kw. 
In 1936-37 Hams Hall will receive an additional 
50,000 kw., and in 1937-38 a set of similar size will be 
added to Spondon. In 1938-39, Hams Hall and 
Stourport will be each extended by 50,000 kw., and in 
1940-41 a further 50,000 kw. will be installed in the 
In 1930-31, the new station 
at Ironbridge will be started up with 50,000 kw. and 
plant of the same output will be added to it in 1934-35, 
1936-37 and 1939-40, making a total capacity on this 
site of 200,000 kw. Between now and 1940-41, it is 
proposed that 181,475 kw. of existing plant shall be 
withdrawn, so that the total capacity in the area at 
the end of that period will be 1,363,070 kw. The 











mission system and substations, up to 1940-41, is 
estimated at 3,640,698/. 

Dealing with the financial aspects of the scheme, 
it is estimated that, by the end of 1934-35, the total 
capital expenditure will have been 7,634,079I., of 
which 2,061,040/. is for frequency standardisation 
and 1,975,000l. for generating plant extensions. If 
individual development were allowed to continue, it is 
assumed that an expenditure of 4,780,150. would be 
necessary by 1934-35 on plant extensions, while 
spare plant worth 1,200,000/. would fail to be released. 
For comparative purposes, the amount to be expend 
under the scheme on plant extensions, 1,975,000/., must 
be deducted from the sum of the last two items, giving & 
saving of 3,597,6791. on capital expenditure, together 
with greatly improved facilities owing to the inaugu- 
ration of the scheme. The expenses of the Central 
Board are estimated at 0-425d. per kw.-hour and are 
to be capitalised until the end of 1933-34. After that 
a sum, varying from 321,982. to 325,621. annually, is 
set down for capital charges. The expenditure increases 
from 1,316,5701. in 1929-30 to 3,031,181/. in 1935-36, 
during which time, it is estimated, the electricity sold 
will increase from 351-4 to 2,315 million kw.-hours. 

Another series of tables show the estimated expen- 
diture and revenue of the Board and indicate a progres- 
sive reduction in the annual costs of generation from 
0:4291d. in 1930-31 to 0-3638d. in 1934-35, while 
there is a similar reduction in the charge per kilowatt- 
hour sold to authorised undertakers from 0-4592d. in 
1930-31 to 0-4264d. in 1934-35. 

As regards the effect of the scheme on the consumer, 
Sir John Snell stated that while in 1925-26 the average 
charge per kw.-hour for all classes of use in the district 
was 1-477d., it was hoped that when fully developed 
the charge would be under 1d. per kw.-hour, and that, 
for lighting, it would be only 4d., or possibly 3d. 
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TAKORADI HARBOUR. 


In the year 1905, the total trade of the Gold Coast 
Colony was valued at a little over three millions sterling, 
but in 1913 it had grown to a value of 10,379,600/., 
and in 1926, the corresponding figure was 22,390,676I. 
This phenomenal growth shows no signs of slackening, 
and is, perhaps, already sufficient to justify a new and 
up-to-date edition of a work published in 1665, en- 
titled The Golden Coast; or, a Description of Guinney, 
Together with a Relation of Such Persons as got Wonderful 
Estates by their Trade Thither. To-day, however, the 
principal export is not gold, but cocoa, which, in 1926, 
was exported to the value of 9,181,3331., whilst the 
second principal item was 345,000 tons of man- 
ganese valued at 684,852/. Other important products 
are mahogany, sisal, palm kernels and rubber. No 
natural harbours exist along this coast, and though 
there are great rivers, their mouths are blocked by 
sand bars. In fact, until the completion of the new 
harbour at Takoradi, which was officially opened by 
the Rt. Hon. J. H. Thomas, on April 3, all ocean- 
going steamers had to lie two miles off a beach, on 
which a heavy surf beat constantly, and through which 
both cargo and passengers had to be transferred by 
surf boats with a maximum load capacity of 1} tons. 

It may further be added that access to the interior 
was also very difficult, and the question of improving 
this by the construction of a railway was considered 
in 1879, but although the intrinsic and potential 





at December 31, 1930, but the harbour has actually 
been substantially finished some 33 months ahead of 
time. The selection of Takoradi as the site for the 
new harbour was due to the existence there of a 
sandstone reef, which would facilitate the construction 
of the southern breakwater, which is that exposed to 
the full fetch of the Atlantic. 

A plan of the harbour is reproduced on this page. 
As will be seen, the coast line here runs almost due 
north and south, and the harbour has been formed by 
constructing two moles, of which that on the southern 
side is exposed to the heavier seas. The total area 
enclosed is 220 acres. Both moles consist of banks of 
granite rubble obtained from a quarry situated 6} 
miles from the harbour works. In the case of the 
main breakwater, this bank is 30 ft. wide at the top. 
On the seaward side, the slope is 2 to 1, and this slope 
is protected by random blocks of granite, weighing 
from 5 to 12 tons each, piled up to parapet level. The 
depth of water along the eastern end of this bank 
beyond the curve averages 42 ft., and at its heaviest 
section the breakwater is 60 ft. high with a base 
width of 250 ft. The parapet is a concrete wall 6 ft. 
wide by 4 ft. 6 in. high. 

Between this parapet and the top of the inner slope 
of the mound is a pavement which extends from 
end to end of the breakwater and provides a motor 
road 22 ft. wide. This breakwater has a total length 
of 1-44 miles and terminates in a round head which 
carries a harbour light. As shown in the plan, the 
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wealth of the area was very evident, the matter fell 
into abeyance, a lapse for which the extremely un- 
healthy character. ot the country was probably in part 
responsible. It was not, indeed, till 1897 that Ronald 
Ross showed that mosquitoes were the active agents 
in the dissemination of malaria. 

When, at last, the construction of a railway was 
definitely decided on, the surveys showed very clearly 
that the one suitable place for a harbour, adapted to 
the requirements of ocean-going steamers, was Takoradi. 
The cost, however, would have been far more than 
could have been justified by the trade of the Colony at 
that time, or on what were considered reasonable anti- 
cipations as to its future increase. It was accordingly 
decided to start the railway at Sekondi, and to con- 
struct there a lighterage harbour. This was done, but 
trade increased so rapidly that further works had to 

commenced in 1911, and long before the completion 
of these in 1914, it was evident that trade was still 
being seriously hampered by the lack of accommoda- 
tion for ocean-going craft. Moreover, the position of 
the new town which had been built at Sekondi, made it 
impossible to provide at reasonable cost the additional 

way sidings and accessories which were urgently 
required, 

After the war, conditions were considerably aggra- 
vated, and it was accordingly decided to commission 

€ssrs. Stewart and McDonnell to construct a deep- 
Water harbour at Takoradi. Preparatory work on 
this harbour was commenced in 1921, and a definite 
start on the breakwaters was made in 1923. It soon 
appeared, however, that the estimated costs would 

greatly exceeded, and the matter was accordingly 
ne to Mr. J. H. Thomas, M.P., then Colonial 
tetary. He commissioned Mr. F. Palmer to report 
. the matter and to formulate new construction plans. 

. Palmer reported that an expenditure of 3,000,000/. 
—_ be justified, and that the undertaking should 

carried out by contract. The work was accordingly 
. > over by Messrs. Sir Robert McAlpine and Sons 
: ptember, 1924. Subsequently, additional works 

tre ordered, and the date for completion was fixed 





main breakwater overlaps its fellow on the north, and 
a clear bottom width of 600 ft. is provided at the 
harbour entrance. 

The lee breakwater is of lighter construction, being 
15 ft. wide at the top, but has also been constructed 
as a rubble bank surmounted by a parapet, which in 
this case is of granite rubble. The main wharf has 
been constructed on the harbour side of the northern 
breakwater as shown in the plan. It has a width 
of 42 ft. and is 1,500 ft. long, the decking being 
carried by reinforced-concrete beams supported on 
columns built up of hollow concrete cylinders 6 ft. 
in diameter. These were pre-cast in lengths of 5 ft. 
After being put in place, these cylinders were filled 
with concrete in which were also embedded four 60-Ib. 
rails. The cylinders were founded on prepared beds, 
at depths below sea bottom of from 18 in. on the 
land side of the wharf, to 8 ft. at the water side. 
It will thus be possible, should the need arise, to 
deepen the harbour without interference with the 
existing wharfs. All the cylinders were founded on 
rock, and much of the work of preparing the beds had 
to be executed by divers. 

The depth at present available off the wharf at 
L.W.O.S.T. is from 25 ft. to 33 ft., the deeper water 
being at the seaward end. Three ocean-going steamers 
can berth at the same time, and additional wharfage 
can be provided when required by extending the wharf 
further along the breakwater. Moreover, should traffic 
requirements demand still further provision, this may 
be easily obtained by constructing a new wharf down 
the centre of the harbour. A slipway, capable of 
handling craft up to 500 tons deadweight, has been 
provided at the south-west corner of the harbour, 
and there are three repair berths. 

About two million tons of granite were employed in 
the construction of the breakwaters. Some 6,000 
tons of cement were also used, as well as 2,000 tons 
of structural steelwork in connection with the rail- 
ways and transit sheds. On the average, only 63 
Europeans were employed on the works, and these 
controlled some 4,000 native labourers. Very special 





provision was made for securing the health and safety 
both of the European and African personnel. At the 
outset, 18 months had been adopted as the tour of 
work for the European staff, but this was very soon 
reduced to nine and, in fact, the average continuous 
stay of Europeans on the works was 8} months. The 
staff was housed in mosquito-proofed and properly- 
drained dwellings, whilst, to avoid catering difficulties, 
a communal mess was instituted, which gave the 
employés the advantage of the firm’s cold-storage 
plant and a supply of foodstuffs regularly imported 
from England. A club house was also provided, as 
well as two hospitals, one for Europeans and the other 
for natives. In all, some 164 Europeans arrived on 
the works, the average number present at any one time 
being, as stated, 63. Amongst these were two deaths 
by accident, and three from disease, whilst there were 
only seven cases of malaria, and, on the average, one 
day in 135 working days was lost by illness. 

The African employés were also well looked after. 
The average number employed was 4,000, and the 
total man-days spent in hospital per annum was 2,400, 
but there were in all 30,000 minor injuries. Particu- 
larly good results were obtained in the granite quarry, 
in which there were no fatal accidents due to blast- 
ing, although some 160 tons of explosives were used 
during the progress of the works. 








THE ROYAL METEOROLOGICAL 
SOCIETY. 


THE usual monthly meeting of the Royal Meteoro- 
logical Society was held on Wednesday evening, 
March 21, at the Society’s house, 49, Cromwell-road, 
South Kensington, Sir Richard Gregory, LL.D., 
President, being in the chair. As is customary in 
March, the meeting took the form of the Symons 
Memorial Lecture, which was delivered by Mr. H. W. 
Newton, of the Royal Observatory, Greenwich. The 
author’s subject was “‘ The Sun’s Cycle of Activity.” 
He said that the cycle of activity through which the 
sun passed in a period of about eleven years was shown 
by various solar phenomena. There was the well- 
known variation in the number of sunspots and in 
the concomitant phenomena of bright calcium and 
hydrogen flocculi at higher levels. Above these was 
the region of prominences and dark hydrogen markings, 
which showed only a partial relation to the spot-zones. 
The extended and outermost envelope of the sun, viz., 
the corona, also underwent a cyclical change. The 
cause of this eleven-year period, though seemingly 
within the sun, was not known, and the phase and 
amplitude of a cycle ahead could not be predicted with 
accuracy. Sun-spots were probably vortical in origin 
and were the centres of strong magnetic fields whose 
polarities, when similar spots were compared, had been 
found to be opposite in successive eleven-year cycles. 
A theory dealing with the sun’s general circulation, 
and that of spots in particular, had been advanced by 
V. Bjerknes. Measures of the solar-constant and of 
the sun’s ultra-violet radiation indicated a change with 
the solar cycle. A similar variation in the reception 
of wireless signals was also suspected. The occurrence 
of terrestrial magnetic storms and the corresponding 
state of the sun was briefly considered. With increasing 
international co-operation, solar outbursts could be 
followed more thoroughly in the hope of furthering our 
knowledge of these solar-terrestrial relationships. 








Lavuncu oF THE §.S8. ‘‘ Scorrish HEATHER.”—Messrs. 
Sir W. G. Armstrong, Whitworth and Company, Limited, 
successfully launched from their yard, at Walker-on- 
Tyne, on March 5 last, the second of two steel-screw 
oil-tank steamers, which they have on hand for Messrs. 
Tankers, Limited, London. The vessel, which has been 
named Scottish Heather, is of the two-deck type, with 
poop, bridge and forecastle, and is built, on the longi- 
tudinal system, to Lloyd’s highest class, being designed to 
carry a total deadweight of 10,000 tons on a summer 
draught of 26 ft. 3in. Sheissimilarin every respect to her 
sistership the Scottish Chief, which was recently launched 
from the same yard, her main dimensions being :— 
Length, 440 ft.; breadth, 56 ft. 8in.; and depth, moulded 
to the upper deck, 33 ft. 11 in. We understand that this 
vessel is the first new ship to be fitted with the Oertz 
type of rudder, and it will be of interest to compare her 
performance with that of her sister ship, the Scottish 
Chief, which is fitted with an ordinary type of rudder. 
The oil cargo is carried in nine double compartments, the 
loading and discharging being carried out by two pumps, 
each capable of handling 300 tons of oil per hour, which 
are mounted in a pump room amidships, extending 
from side to side of the vessel. Messrs. Sir W. G. 
Armstrong, Whitworth have also constructed the 
propelling machinery, which consists of a set of direct- 
acting, surface-condensing, quadruple-expansion marine 
type engines, having cylinders 24} in., 344 in., 50 in, and 
74 in. in diameter and api ton stroke of 54in. Steamis 
supplied by four boilers of the water-tube type, arranged 
to burn oil fuel under forced draught. Amongst the 
steam auxiliaries fitted are winches and a windlass 
supplied by Messrs. Clarke, Chapman and Company, 
Limited, Gateshead-on-Tyne. 
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NOTES ON NEW BOOKS. 

Tue telephone installation used by the ordinary 
subscriber is, and always has been, an extremely simple 
piece of apparatus, and even the complication of the 
equipment used at manual exchanges to enable any one 
subscriber to be put into connection with any other is 
more apparent than real. With the, coming of automatic 
operation this has changed to some extent, but even 
so the principles on which the equipment functions are 
not difficult to understand. It is far otherwise when we 
begin to study the factors which enable speech to be 
transformed into varying electric currents, and these 
currents in turn to be re-transformed into intelligible 
speech. This subject of telephone transmission, as 
it is called, is thus becoming of increasing import- 
ance in view of the progress that is being made in 
international telephony, but it has the disadvantage 
that to study it requires considerable mathematical 
attainments of a special kind. In The Elements 
of Telephone Transmission, Mr. H. H. Harrison makes 
the path of the learner as easy as he can. Little 
preliminary mathematical knowledge is assumed, and 
in an introductory chapter clear explanations are given 
of the relevant advanced algebra and vector theory. 
This is followed by chapters on the simple theory of 
alternating currents and wave transmission, the latter 
including a careful analysis of electromagnetic distur- 
bances on wires. The effects of loading are described, 
and the treatment of the general properties of a long 
line are clear and up to date. The concluding chapter, 
dealing with practical transmission conditions, is also 
to be commended. We notice, however, that no 
reference is made to the hybrid coil. This would 
appear to be necessary in dealing with terminal impe- 
dance. The author’s information on the vexed question 
of the transmission unit is also not up to date. Pub- 
lishers of books of this kind would do well to pay more 
attention to clarity in the diagrams. The book is pub- 
lished by Messrs. Longmans, Green and Company, 
Limited, at 15s. net. 


A difficulty with students applying themselves to 
the acquisition of knowledge in any branch of engi- 
neering study is to induce them to work out examples in 
order to acquire facility and confidence. Problems in 
Structural Design, by Professor Bishop, of Yale Univer- 
sity, published by J. Wiley and Sons, Incorporated, 
price 10s. net, being at hand, there should be no 
difficulty for lack of suitable examples. The author 
favours the arrangement of his problems in such wise 
that the same class of problem is dealt with in any 
one set, rather than following through the design of a 
complete structure item by item, covering, it may 
be, many different types of calculation. The method 
has its advantages. There is no great amount of 
explanatory matter, the user of this book being supposed 
to be acquainted with methods in use, but the problems 
set are chosen so as to bring out the various little difficul- 
ties which may arise in design in a manner distinctly 
of value. The book will be instructive to the student, 
even though he does not himself work out the questions, 
as indicating the nature of the difficulties he may be 
required to solve in the conduct of actual design. Too 
often in examples set these are framed in such manner 
as to smooth out unwelcome difficulties, so that later 
the student finds himself up against a class of problem 
of which he has no earlier cognisance. On this account 
alone, this book should prove useful, though it is to be 
remarked that answers to the various problems, 
for reasons not very apparent, are commonly not 
given, so that the industrious worker has no oppor- 
tunity to check his own results. The answers should 
be published, though perhaps as a separate issue, as 
it is not desirable that the student should be “ aiming 
at’ a known result. The illustrations are clear, and 
the work, in general, well displayed. 





The Geology of the Rossendale Anticline, by W. B. 
Wright, R. L. Sherlock, D. A. Wray, W. Lloyd and 
L. H. Tonks, is a new memoir published by the Geo- 
logical Survey (Adastral House, Kingsway, price 
4s. 6d. net) dealing with the area covered by 
the Rochdale Sheet (76) of the New Series One-Inch 
Map. The district embraces the high ground between 
the towns of Blackburn, Burnley, Todmorden, Roch- 
dale, Bury and Bolton, much of it being now described 
by the Geological Survey for the first time. During 
the period since the re-survey on the 6-in. scale was 
begun in 1921, remarkable progress has been made in 
the study of the goniatite faunae associated with the 
culm phase of the carboniferous, due to the researches 
of Mr. W. S. Bisat and several of his fellow workers in 
Yorkshire, whose paleontological treatment of the 
goniatites, combined with energetic field work, first 
raised these fossils to the status of reliable zonal 
indices. The subdivision of the Upper Carboniferous 
strata into Middle and Lower Coal Measures and Mill- 
stone Grit Series is retained, but the memoir adopts 
their traditional limits with one important exception, 
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Series to include beds beneath the Kinderscout Grit, 
hitherto classed on weak evidence as Yoredales. 
When, as a direct result of Mr. Bisat’s work on the 
Carboniferous Goniatites, it was recognised that the 
Wilpshire or Pendle Grits were not, as hitherto supposed, 
the equivalent of the Kinderscout Grits of Todmorden 
and the type area of Derbyshire, the question arose of 
defining a new base for the Millstone Grit. The Sabden 
Shales, ranging from 1,500 ft. to 2,000 ft. in thickness, 
which separate the Kinderscout and Wilpshire Grits, 
had formerly’ been regarded as the representatives of 
the very much thinner series separating the Kinder- 
scout from the Main Third or Middle Grit above, were 
thus, as it were, an entirely unrecognised new series. 
To simplify classification, it became necessary to 
attach them to the formations above or below, and 
since in the past stratigraphical character had proved 
so unreliable, it was decided to adopt an entirely palzon- 
telogical basis of subdivision. There would be a 
greater chance that this could be followed into other 
areas; it is, however, accessary to go well below the 
Sabden Shales before anything approaching a palzon- 
tological break is met with. In the chapter on paleon- 
tology, correlation is made not only with adjoining 
regions, but is also attempted with Belgium and 
Germany. It would appear from this that the German 
“‘ Magerkohle ” are the equivalent of the coals of the 
Lower Coal Measures and Upper and Middle Millstone 
Grits of Lancashire down to the top of the Hazel 
Greave Grit. A chapter on the mineral products of 
the Rossendale area deals with coal mining, fireclay, 
ganister rock, brick-making, flags, road and building 
stone, sand, &c. The volume is well illustrated with 
photographs and diagrams. 





Until recently, the National Electrical Safety Code 

issued by the United States Bureau of Standards was 
published in one volume, but owing to the demand 
for separate sections, publication in parts has now 
been adopted. One of the latest of these smaller 
handbooks, entitled Safety Rules for the Installation and 
Maintenance of Electrical Supply and Communication 
Lines (Washington : Government Printing Office, price 
60 cents), deals with a subject which is receiving 
increasing attention in Great Britain, and since its 
contents represent agreement among the various 
interests concerned in a country where overhead lines 
of all types have for long been in use, it provides the 
basis for informative study. The lines used for sup- 
plying power in the United States are divided into 
three grades, depending on whether they are to be 
employed in urban or rural districts and on the 
pressure employed, the last factor determining the 
degree of hazard permitted. Each grade must meet 
definite strength requirements, and, in addition, 
special rules are laid down to meet unusual conditions, 
such as those which occur at railway crossings. The 
rules provide evidence of the fact that it is realised 
that what is required is a standard rather than a law. 
While complying with them, it should therefore be 
possible to carry out good work without undue economic 
strain. 
Anyone conversant with the more remote tracts of 
the Middle East will probably read with some pleasure 
Mr. J. W. Williamson’s little review of the Anglo- 
Persian Oil Company’s activities. In a Persian Oil 
Field, published by Messrs. Ernest Benn, Limited, at 
7s. 6d. net, does not pretend to be much more than a 
sketch of the subject of which it treats. It is sufficient 
to give the non-technical reader some idea of the 
practical application of science in the oil-field, but 
admittedly insufficient to carry the technical man any 
distance in his work. Anything of this kind the author 
actually dissociates himself from, and honestly offers 
his work to the general reader. As secretary of the 
British Scientific Instrument Research Association, 
he would naturally have some kindred interest in the 
applications of science of which he set himself in this 
volume to give an account, but he confines this to a 
friendly feeling for the subject, and does not trust 
himself to details. The book, as a whole, is more 
interesting as an account of the manner in which British 
traditions are being maintained in the particular area 
concerned by the Anglo-Persian Company. The 
well-worn gibe of the unpatriotic that we only im- 
poverish the backward races we pretend to civilise 
is, of course, a fancy of diseased minds. The present 
book puts on record something of the work which 
is being done in Persia on lines quite in keeping with 
what is certainly one of the Empire’s réles among 
the nations, standing as we do foremost among those 
who have bettered the conditions of the less favoured 
peoples. 





One of the most difficult problems presented to 
engineers since the development of modern life led 
to the building up of large, but congested, communi- 
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viz., the extension downwards of the Millstone Grit ties, was the provision of adequate means of disposing 


of waste products to ensure the health and well-bej 
of the people. Out in the open simple natural methods 
suffice without causing dangerous conditions, but ag 
the people concentrate along the bayks of the rivers, 
which are the natural means of carrying away the 
waste products of city and town life, care must be taken 
to ensure absolute safety from preventible disease, 
which may become epidemic, and, in many cases, to 
permit the continuance of fish life. Not without 
resources, however, were the men who tackled the 
problems involved, for much had been done in labora. 
tories to give them a lead, but the application to 
practical use of the discoveries of scientists, made jn 
quests conducted on a small scale, must be regarded ag 
one of the most difficult pursuits of man, and one 
success in which, because of its value to the community, 
should be recognised by very great reward. Fortunately, 
as in other technical subjects, the experiences of those 
dealing with peculiar or particularly troublesome 
conditions have been made available to all, and 
consequently the progress made has been all the more 
rapid. Because of its many densely-populated dis. 
tricts, Great Britain has had to take a leading part in 
the application of scientific methods to sewage disposal, 
and it says much for the resource of our people, in this 
and some other respects, that the average longevity of 
the population is continuously increasing, and that the 
death rates in our large cities are not all amongst the 
highest in the land. With the growth of knowledge 
and experience, the literature of the subject has grown 
extensively. A recent addition, The Disposal of 
Sewage, by Mr. T. H. P. Veal, of the University of 
Birmingham, published by Messrs. Chapman and 
Hall, Limited, of 11, Henrietta-street, Covent Garden, 
London, at 10s. 6d. net, is to be welcomed, however, 
because of the manner in which the subject matter is 
treated. This book was written with the purpose of 
presenting the matter in a way suitable for students, 
and for those desirous of acquiring a knowledge of the 
main principles of the subject without any elaborate 
details. In this respect it merits appreciation, and 
will prove an admirable introduction to the study of 
the methods of sewage treatment and disposal for 
those who are concerned with the establishment of 
industries, and the consequent building up of new com- 
munities in regions remote from general schemes. In 
the first part of the book an historical account is 
given of the subject and of the development ot the 
theory of sewage disposal. Later chapters afford 
information on the quantity of sewage and storm-water 
to be dealt with, the analyses of sewage, and the action 
of bacteria. Then comes a description of the various 
processes, preliminary settlement, bacteriological, bio- 
aeration, and distribution on land, with many 
descriptions and illustrations of the types of plants 
employed and their modes of operation. Information 
on the lay-out and costs of disposal works is provided, 
and the important subject of sewage disposal in rural 
districts, where financial restrictions are great, receives 
attention. 


In these times of economic difficulties, it is refreshing 
to learn of efforts successfully made to achieve desired 
results in any field of industry. Shortage of houses 
following the Great War led to the study of means by 
which this shortage might be overcome. Lord Aber- 
conway having ideas on the subject, with the assistance 
of the Rt. Hon. Sir J. Tudor Walters, P.C., and sup- 
ported by a considerable body of mine owners, inau- 
gurated the Industrial Housing Association, Limited, 
for the purpose of constructing a large number of houses 
by co-operation one with the other. The activities of 
this body are described in a handsome volume, 
Building of Twelve Thousand Houses, published by 
Messrs. Ernest Benn, Limited, at 21s. net, having one 
hundred full-page plates. An introductory essay by 
Lord Aberconway states concisely the general principles 
of the scheme, and the nature of the provisions made to 
meet requirements of the occupiers. The basic 
principles of the undertaking are, perhaps, of chief 
interest to those engaged in general industries. The 
chapters dealing with building-trade organisation, 
subsidies, and finance, for instance, will be foun! 
to give a level-headed and convincing statement of 
fundamentals governing the effort made. No profit, 
as such, was possible under the constitution of the 
Association, members of this body benefiting only 
an indirect manner by better housing of their ef 
ployees. Apart from this, sound finance was aimed : 
throughout, the futility of any attempt to over-r ; 
economic law being fully recognised. The outcome o 
the scheme shows not only the possibility of come 
action in getting work done on a large scale, but the 
possibility of getting it done in an entirely satisfactory 
manner. Is it too much to hope that an extension 
of the principle is possible, by which all those engag 
in an industry having common interests sho 
pull together for the common good ? 
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DEVELOPMENTS IN RIGID-AIRSHIP 
CONSTRUCTION.* 
By Lieut-Colonel V. C. RicHMonp. 

Iv is now well known that the rigid airships at present 
under construction in this country are considerably 
larger than any which have been built hitherto. The 
reasons for this must be looked for in the policy of air- 
ship development which is being followed, and they 
are not primarily the concern of the designer. Except 
for the earliest rigid airships constructed in England, the 
design of all these craft which have been built in any 
country has followed very closely the pattern evolved 
in Germany by the Zeppelin Company, after many 
years of painstaking effort and experience. All those 
sufficiently intimate with the subject will probably 
agree that the results which have been produced repre- 
sent a triumph of engineering efficiency, and it follows 
that interest must necessarily be very critical in the 
departures from this pattern which have been made 
in the design of the airship R.101, which is being con- 
structed by the Air Ministry at Cardington. 

During the war, the pressure put upon the designers 
in this country was very great. They were asked to 
produce results comparable, if not superior, to those 
produced in Germany after many years of experience. 
There was little or no time for research and the develop- 
ment of original ideas. It was inevitable that the 
British rigid airships followed the German ones very 


Fig.1. 





closely in pattern. Certain original ideas were success- 
fully worked out by the late Mr. C. I. R. Campbell, 
such as the “‘ keel-less ” airship and the improvements 
in R.38, which were subsequently copied by the 
Zeppelin Company in the ZR.3, which is now flying in 


America. At the time of his death, Mr. Campbell was | 


working on the design of a 4,000,000 cub. ft. airship, 


which would undoubtedly have represented a con- | 


siderable advance on previous construction had he 


been spared to complete it. The loss of the R.38 and | 
her designer was a serious blow to the cause of airship | 


development in this country. That was nearly seven 
years ago. 


regard to research, it may unhesitatingly be said that 
this country is now at least as far advanced or even 
ahead of its now friendly rivals in Germany. The 
experience gained in building so many ships in that 


country is embodied in the very successful ships | 
produced, especially since the war, and these have | 


been open for the world to inspect and—it must be 
ungrudgingly added—to admire. 

Fig. 1 serves to illustrate the shape and size in 
profile of R.101. 


and housing considerations. 
given volume is of-course one in which the drag is a 
minimiim so as to obtain the highest possible speed 


with a given horse-power, and also the lateral forces | 


are a minimum in order to give the lowest possible 
aerodynamic loads in the structure. With regard to 


the latter point it will be obvious that a reduction in 


aerodynamic bending moments will follow a reduction 
in the length of the ship. The extensive wind-tunnel 
experiments which have been carried out in this country 
and in America, indicate very definitely the advantage 
to be gained from the low fineness ratio and the omission 
of the parallel body. Thus whilst the bare hull resist- 
ance cocflicient of R.33 in the wind tunnel is 0-010, that 


of the shape shown above for R.101 is only 0-007, | 


which represents little more than 2 per cent. of the 
Tesistance of a circular plate of the same diameter 
4s the maximum diameter of the form. The airship 
must have sufficient stability and controllability. This 
18 merely a question of sufficient fin and rudder areas, 
bs Paper read before the Institution of Naval Archi- 
tects, on Friday, March 30, 1928. Abridged. 





and the wind tunnel experiments do not indicate that 
with the new forms these need be excessive, in fact, 
owing to the smooth flow of air over the tail, the reverse 
is shown to be the case. Now what are the chances of 
realising these obvious advantages in the full-sized 
airships ? 

It is found that these low resistance forms are 
more seriously affected as regards drag (not stability) 
by excrescences and irregularities, than are the cruder 
forms. Particular care has had to be taken therefore 
over the design of the power cars, to avoid external 
bracing to the fins, and to avoid transverse ridges 
in the outer cover. The estimated overall resistance 
coefficient of R.101 is 0-0123, as compared with 0-0198 
similarly estimated for R.33. The actual full-scale 
determination of the resistance coefficient of R.33 
gave 0-0173, and it is by no means an uncommon 
occurrence for the full-scale coefficient to be below the 
estimated one. Doubt has been expressed in certain 
quarters over the stability of these forms of low fineness 
ratio. As mentioned above, this is purely a question 
of sufficient fin and rudder area, and non-rigid airships 
having a fineness ratio less than 5 have flown quite 
successfully and have proved themselves stable. 

Figs. 1 and 2 show typical longitudinal and trans- 
verse views of the airship, and attention is drawn to 
the following special points of interest :— 

There are 15 main longitudinal girders, each an 





The long interval has had its advantages. | 
There has been time to carry extensive theoretical | 
and practical research into such problems as aero- | 
dynamics, structural detail, and mast mooring. With | 


; The most important feature which | 
will be evident is the comparatively small fineness | 
tatio (5-5) of the former as compared with 8-15 for | 
R.33. The reasons which govern a particular choice of | 
shape are primarily aerodynamic ones, but limitations | 
may be put upon the ideal choice by constructional | 
The ideal shape for a/| 


equilateral triangle in section of 30 in. side. These 





are located entirely on the outside of the transverse 
frames. There are 15 intermediate longitudinals 
whose function is merely to co-operate with the main 
girders in supporting the outer cover. The cross- 
section of the hull is thus a polygon of 30 sides, the 
length of each side at the maximum diameter being 
approximately 133 ft., the corresponding figure for 
R.33 being about 10 ft. Thus, the increase in the un- 
| supported span of the outer cover is not very great. 
It will be appreciated that the cover can never bulge 
sufficiently to touch any transverse members, and 
| hence no transverse ridges are presented to the air 
flow in the surface of the ship. Such ridges were a 
| well-known feature in past airships and accounted 
'for a noticeable loss in speed. The intermediate 
| girders are adjustably connected to the main hull, so 
| that the cover can be re-tautened when slackness 
| develops by forcing the girders outwards, and the 
| expense and weight of re-doping is thus avoided. 

| The airship has no keel, all the weights being stowed 
| transversely in the main frames. The principal func- 


| tion of the keel in past airships has been to distribute 
|the various loads to the transverse frames. As a 
| strength member to resist the main bending and shear- 
| ing in the hull structure, the keel performs no purpose 
| which could not be just as economically performed by 
| distributing its weight amongst all the longitudinals. 


With the large increase in capacity over previous 
airships, much greater stowage room is required for 
fuel, ballast, passengers, &c., whereas the length of 
the ship has not increased greatly over previous air- 
ships. Considerable difficulty would be found there- 
fore in providing adequate stowage in a keel unless 
it was built very broad. It will be appreciated that 
by putting the stowage in the transverse frames, con- 
siderable latitude is possible in spreading the weights 
transversely across the bottom of the frames, and by 
this means obtaining a better balance between the 
weights and the lifting forces of the gasbags and shear 
wires. This of course tends to minimise transverse 
distortion. 

One further point regarding the longitudinals: A 
system of nets has been devised for containing the gas- 
bags which entirely prevents them laterally loading 
these girders. At the same time it will be appre- 
ciated that with such a large airship, designed for a 
maximum speed of 80 miles an hour, the aerodynamic 
forces acting on the outer cover are considerable. It 
is estimated that a dynamic lift of at least 15 tons 
may be experienced by the airship at an angle of pitch 
of not more than 12 deg. This lift can, of course, only 
be transmitted to the hull by means of radial and tan- 
gential forces on the longitudinal girders. The design 
and testing of these members has had to take these 
forces into account. 

In addition to this there will be still further loads 
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put upon these girders if the internal pressure of the 
hull is not maintained equal to the surrounding static 
atmospheric pressure. The loss of the airship Shen- 
andoah emphasised—if any emphasis was necessary— 
| the danger of the vertical currents which occur in 
thunderstorms. A rapid change of altitude will affect 
the internal pressure both in the gasbags and in the 
air space between them and the outer cover. Thus 
the control of the pressure in this air space when the 
airship is rapidly changing height is a very important 
matter. It is not possible to keep the pressure in this 
space exactly equal to the surrounding atmospheric 
pressure under all circumstances. A system of pres- 
sure controi has been devised which keeps the depar- 
ture from this ideal to the lowest possible limits, but 
the loading caused on the longitudinal girders by such 
differences of pressure due to this cause as cannot be 
avoided, has been taken into account in the design 
| of these members, on the basis of maximum vertical 
| rate of rise of 4,000 ft. a minute. 

| One of the most revolutionary features in the 
| structural arrangement of R.101 is the design of the 
| transverse frames (see Fig. 2). The conventional 
design for these frames in the past has consisted of a 
flat polygonal figure braced with radial and chordal 
wires. The principal loads which these frames have to 
sustain are :— 

(a) Lift and gravity loads. 

(b) Aerodynamic forces transmitted by the longi- 
tudinals. 

(c) Gas pressure on the transverse wiring. 

With regard to (a), in past airships the weights have 
been principally carried in a keel attached to the 
bottom of the frame, whereas the lifting forces from 
gasbags and shear wires were concentrated largely 
at the sides of the frames, so that there is a tendency 
to distort the frame into a vertical oval- or pear-shaped 
figure. The forces under heading (b) are inevitable 
with any type of transverse frame. By far the most 
predominating forces, however, are found under the 
heading (c), especially when one gasbag is deflated. 
The result of this is that either a good deal of super- 
fluous weight has to be carried in the structure of the 
transverse frame under normal flying conditions, in 
order to cover the somewhat exceptional condition of 
a deflated gasbag, or alternatively that a very low 
factor of safety must be adopted for the deflated gas- 
bag condition. The best published account of the 








strength of various rigid airships is probably that 
given by the American designers, Hunsaker, Burgess, 
and Truscott, in their paper, “ The Strength of Rigid 
Airships,” contained in the Journal of the Royal 


| It introduces, moreover, uncertainties in the stressing | Aeronautical Society for June, 1924. The following 


| calculations. 


| extract from this paper on the subject of the strength 
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of transverse frames is of interest: “‘ The factor of 
safety in the transverse frame in the deflated gasbag 
condition without any concentration of loads in the 
keel near the deflated gasbag is 1-21.” It is shown 
in this paper that the transverse strength of the 
Shenandoah, to which the above applies, is no less 
comparatively than that of previous Zeppelin airships. 
This could hardly be accepted as a satisfactory state 
of affairs for a large airship designed for passenger 
carrying under severe weather conditions. Thus, con- 
siderably more transverse strength appears to be 
desirable, and, linked up with the problem of providing 
this, is the fact that the transverse frames of R.101 are 
very much larger in diameter than those of all previous 
airships. 

A further objection to the conventional Zeppelin 
type of frame is that it cannot be stressed accurately. 
The methods employed in the past have been based 





vertical if a centre-line power car is hung there, or can 
be moved out to the sides of the frame to balance a 
pair of power cars slung outboard. 

Although this type of bulkhead allows an axial dis- 
placement of the centre of buoyancy when the partially 
inflated ship is inclined at a large angle of pitch, yet 
this displacement varies progressively with the pitch 
from zero in such a way that there is always a positive 
righting moment. It avoids, therefore, the unpleasant 
phenomenon known as “ surging” which would occur 
in the case of an ordinary slack bulkhead. Such a 
bulkhead is definitely unstable at the mean position 
and for a slight pitch of the ship moves over suddenly 
to its extreme position. This will produce a disturbing 
moment until the pitch of the ship is such that the 
centre of buoyancy is again vertically over the centre 
of gravity. 





One effect in reduction in fineness ratio is to increase 


of greater span than those used hitherto. The booms of 
the Zeppelin girders employed in the past were of the 
well-known open channel section. These girders were 
remarkably efficient for the small loads they had to 
carry. It must be remembered that a considerable 
proportion of the weight of a girder is that involved in 
the cross bracing and its attachment to the booms. It 
has been appreciated for some considerable time that 
a boom composed of a closed section such as a tube, is 
more efficient than an open section of the channel 
type, but that special difficulties are involved in the 
attachment of the webs to tubular booms. This 
problem has been eased to a certain extent by the 
larger loads which are now called for. Another bar 
to the development of the tubular girder has been the 
difficulty of manufacturing tubes having sufiiciently 
high mechanical properties. The Air Ministry has 
had the valuable co-operation of Messrs. Boulton and 
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on the consideration of the frame with radial wires 
only, the effect of the chord wires being dealt with by | 
some doubtful approximations. The calculations have | 
also been based on the assumption that the various | 
members are freely jointed to one another, and it is | 


not difficult to show that under the distortion which 
must inevitably occur, high local stresses may be 


caused in the case of fixed joints between girders of the | 


depth which would be necessary in such a large frame. 
In R.101, an attempt has been made to develop a 
type of transverse frame and gasbag wiring for the 
main body of the ship which will overcome the objec- 
tions mentioned above. This is illustrated in Fig. 2. 


The single members of the conventional frame are’ 
replaced by deep triangular braced structures having | 


the equivalent of a stiff-jointed polygon. This structure 
is made strong enough to resist all transverse forces 
without any transverse bracing whatsoever. 


It lends | 


itself to more accurate stressing calculations than the | 


conventional Zeppelin frame. The arrangement of 
wiring employed in conjunction with the R.101 frames 
is illustrated in Fig. 3. By means of this system all 


end pressures arising from any of the causes mentioned | 
under (c) above, are transmitted into the longitudinals | 


only and do not stress the transverse frames. It may 
be likened to a pair of parachutes placed back to back 
and sharing a common crown which becomes coplanar 


with the ring when there is no pressure difference. | 


The edges of the parachutes consist of catenary chains 


to which the wires running over the surface of the bag | 


are anchored. 
anchored by bridles to the main joints. If the bags 
were inflated with air. no attachment between the bulk- 
head and its own ring would be required. Owing to 
the lift of the gas, attachments are necessary from the 
bulkhead to the lower half of the ring. The vertical 
resultant of the forces in these attachments transmits 
the lift of the gas within the parachute like ends of the 
bags. 


The ends of these chains are in turn | 


The lift thus applied to the lower portions of the | 


rings is a considerable proportion of the total, t.e., about | 


50 per cent. The remainder of the lift is transmitted 


to the frames through circumferential wires, whose | 


tensions are tapped off by means of bridles attached 
to the joints in each main panel. When one bag is 
deflated the lift transmitted to the frame through the 


| connected with the support of the longitudinal girders 


bulkhead is almost the same as when both bags are | 


fully inflated. The 50 per cent. of the lift which is 
transmitted to the bottom of the ring can be very 
nicely balanced against the gravity loads which are 
suspended there. Considerable adjustment is possible 


in the tensions of these lower wires ; thus, for example, 
the main tension can be concentrated on the central 


| girders sufficiently strong without any intermediate 
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the curvature of the longitudinal girders, and if these 
were made from straight members, severe discontinui- 
ties in the outline would occur at each transverse 
frame. It is found that these girders can be made to 
conform to arcs of circles without departing from the 
theoretical contour by more than a few millimetres. 
Even with equally spaced gasbags it would not be 
possible to make all the longitudinals to a common 
geometrical standard. Another effect of the decreased 
fineness ratio is that if all the transverse frames were 
equally spaced, the volume of each gasbag in the 
centre of the ship would represent an undue proportion 
of the total. It will be seen, therefore, from the 
longitudinal view given in Fig. 1 that except for the | 
special spacing at the ends of the ship the gasbags are 
made progressively longer as they pass from the centre 
of the ship towards the ends. 

The ship has no intermediate transverse frames. 
The function of these frames in past airships was 


and with the particular form of shear wiring adopted. 
It is found more economical in R.101 to adopt a simple 
form of shear wiring and to make the longitudinal 





support. 
The outstanding problem in the detailed design of | 
the structure is that of providing much stronger girders | 
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Paul, Limited, of Norwich, who were developing 
such tubing for aeroplane work, and who have been 
responsible for the design and manufacture of a large 
portion of the girder work used in the hull of R.101. 
Tubes manufactured from steel and from Duralumin 
strip have been developed having cross-sections 4s 
illustrated in Fig. 4. It is perhaps desirable to emphasize 
here that steel has only been employed in the place of 
duralumin where weight will obviously be saved. The 
weight of steel in the complete structure amounts to 
roughly one-quarter of the total. The steel used in 
R.101 is of the rustless variety, having a composition 
approximately as follows :— 

Carbon, between 0-12 and 0-16 per cent. 

Silicon, not more than 0-50 per cent. 

Nickel, not more than 1 per cent. 

Chromium, not less than 12 per cent. 

In addition, the outer surface of the tubes is protected 
with a pigmented cellulose lacquer. The Duralumin 
is protected by the anodic oxidation process, and exten- 
sive tests carried out under conditions of alternate 
sea-water spray and fresh air have shown that this 
gives the metal remarkably effective protection against 
corrosion. 

Where steel booms are used in the girders, the webs are 
always made of Duralumin. The question has been 
raised of the danger to be anticipated from the 
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differential expansion between steel and Duralumin. It 
can easily be shown that in a composite member of 
steel and Duralumin the stress per degree rise in tempera- 
ture is given by :-— 

—Ep.Ke.(Co—Cs) _ _ — 01375 
Ke. Ki +1 ~ 2-778 K, +1 
tons per sq. in. per degree C. 
Es. Ky, . (Cp — Cs) 





For steel = 


0-1375 K, 





For duralumin = 


Kz. Ky, +1 ~~ $et7g K,+1 
tons per sq. in. per degree C. 
Ep = modulus of elasticity for duralumin. 


<; = modulus of elasticity for steel. 

Es. 
Ke = rg 

4D. 
Cp = coefficient of expansion of Duralumin. 
Cs = coefficient of expansion of steel. 
K, = ratio of cross-sectional area of the steel to 
that of the Duralumin. 

Limiting values of K, computed from the girders | 

used in the ship are :— 
0-304 0-428 1-0 1-16 

The maximum difference of temperature likely to be 
experienced even in the tropics from the temperature 
conditions under which the girders were manufactured, 


These can be calculated by a system of successive 
approximations, and the test results agree remarkably 
well with the calculations. The ends of all tubular 
booms are finished with sockets carrying forks whereby 
they may be bolted to the adjacent girder, or to the 
Duralumin die stampings which form the joint elements. 
These die stampings form a very compact joint, and 
are a convenient manner of ensuring that the neutral 
axes of all the girders meeting at a given joint shall 
pass through a common point, and that any loads 
suspended from the joints shall also pass through the 
same point, so that there is no offset loading at the 
joints whatsoever. The joints employed in all past 
airships have consisted of a collection of gusset plates 
which have been very complicated to manufacture 
and which have given a very indefinite partition of 
load at the joint. The type of joint described for 
R101 facilitates very rapid erection or replacement. 
All bracings are provided with screwed terminals 
so that the adjustment of their tension can be easily 
carried out, as can also the subsequent trueing-up of 
the hull structure should distortion develop with 
wear. 

Very extensive tests on the new types of girders 
have been carried out, a special machine having been 
built at the R.A.E. to accommodate the large longi- 


is of the order of 30 deg. C. The stresses induced 


will therefore be :— tudinal girders. Approximately fifty examples of the 


composite steel and Duralumin ridge struts for the 


Tons per a 
prsati inch, | transverse frames have been tested in families to 
For the steel .- 2°28 1-88 1:09 0-98 trace the effect of variation in gauge and also of varia- 





For the Duralumin 0-68 0-81 1-09 1-14 tion in manufacturing accuracy. Similarly, about 


ly 
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twenty-five all-Duralumin members used in the radial 
struts have been tested. Some of the results have 
| been summarised in Fig. 6. A large number of tests 
have been made on the longitudinal girders under 
are called upon to act merely as struts, and for these | combined end loading and lateral loading, and the 
members the lipped tubes shown in Fig. 4 are used, | results obtained have agreed very well with the calcu- 
steel being employed in the ridge members and Duralu- | lations, which can be made both on the failing strength 
min in the radial members. The webs are always of | of these girders and on their ultimate deflections close 
Duralumin. This form of strut is illustrated in Fig. 5. | to failure. 
The webs are continuous and are punched from strip, Before the construction of the main hull framework 
the process of riveting them between the lips of the | was commenced, a complete replica was built of a 
booms being a very simple one. | centre bay of the ship, consisting of two transverse 
The results of tests on this type of strut in comparison | frames and the connecting longitudinals and shear 
with the standard type of Zeppelin lattice girder are | wires. Special electrically recording strain gauges 
summarised in Fig. 6. This figure gives some idea of | were developed with the co-operation of the Cambridge 
the relative efficiency of the different types of girders | Instrument Company, which enabled the strains in 
at various values for the slenderness ratio. The vertical | the various members to be watched during the progress 
ordinates represent failing load divided by weight per/| of the tests, all the girders having been previously 
unit length. The specific effective compressive strength | calibrated for strain during the girder tests referred 
of a suitable steel is roughly 50 per cent. greater than | to above. One of the transverse frames was subjected 
that of Duralumin, the specific elasticities being about | toa large variety of loading tests before being assembled 
the same. Hence the weight saving possible by the use | into the bay, both in a horizontal and a vertical position. 
of steel is enhanced at the lower values of slenderness| The complete bay was attached to the door of the 
Tatio. This point will be apparent from Fig. 6, in| shed by means of a flexible end plate on each longi- 
which it will be seen that with the general choice of | tudinal girder. The bay was allowed to project from 
ratio which has been made, the efficiency of the new| the door as a cantilever without any other support 
girders is considerably above that of the Zeppelin type | than its fixing tothe door. Tests were carried out with 
girders, | the bay empty of gas with loads slung from the bottom 
a booms of the main longitudinal girders consist | of the ring remote from the door, thus shearing this 
of Seamed tubes as illustrated in Fig. 4. The girders | ring downwards with respect to the door. A gasbag 
are cross-braced with struts and wires, the bracing | was then inflated in the bay and all weights removed 
struts being located on the booms by means of die- | so that the full upward shear caused by the lift of the 
cast sock: ts, the socket being secured by a bolt which! gas came on the bay. No strains were anywhere 
carries stirrups into which the bracing wires are| recorded in the transverse frames higher than the 


It will be seen, therefore, that these temperature 
stresses represent an almost negligible proportion of 
the failing stresses of the materials. 

The principal members of the transverse frames 














ro This construction lends itself very readily | calculated values. The limiting conditions of loading 

Gind e assembly of girders of different curvatures. | on the largest frames are, roughly, as follows :— 

a = of this type are capable of internal stressing} The maximum lift on a frame is approximately 
Cwations which enable the loads in their various| 15 tons, balanced by 8 tons to 9 tons of concentrated 


re yaa to be calculated for different conditions | weights, plus the remainder of weights practically 
we “en lateral loading. The girders are cambered, | equally distributed round the periphery. It has been 
i a explained above, and the ultimate strength | explained above that with the system of netting 

Pends on the ultimate deflections which occur. | adopted, approximately 74 tons of lift is concentrated 


at the bottom half of the frame and the other 7} tons 
at the sides of the frame, when two adjacent gasbags 
are fully inflated or when one is fully inflated and its 
neighbour is empty. When one or both of the two 
adjacent gasbags are not fully inflated the deficiency 
in lift has to be made up by the shear wires, which 
apply their lifting components principally at the sides 
of the frame. It is estimated that with the ship 
full of passengers but practically empty of fuel, at 
the end of a voyage, the state of inflation of the gasbags 
will be such as to give a concentrated lift at the bottom 
of the frames of from 3 tonsto4tons. The total weight 
which will not be locally balanced in this region may 
therefore amount to approximately 5 tons. The empty 
bay was tested with the total weight of 6 tons divided 
equally on the two bottommost joints, and represented, 
therefore, both in magnitude and disposition a more 
serious condition of loading than is likely to be expe- 
rienced in practice. No abnormal strains were recorded 
in the ring girders. The deflections are of interest. 

The topmost point of the frame dropped 1-2 in. and 
the bottonmost point 5-3 in.; the extension of the 
vertical diameter was thus 4:1 in. Remembering 
that the diameter of the frame is 130 ft., it will be 
appreciated that the ring structure is very stiff. For 
instance, let it be imagined that a 6-ton weight is 
suspended on a wire 130 ft. long whose failing strength 
is 24 tons. It will be found that the extension of the 
wire under this load is approximately 4 in. 

A test was also carried out with the 6 tons divided 
into two units of 3 tons each, and hung on the third 
joint up from the bottom to represent a case of power 
carloading. Underthese circumstances the lengthening 
of the vertical diameter was only 0-2 in. 

Another limiting case of ring loading is that in which 
the whole of the concentrated weight in the form of 
8 tons of fuel may become completely used up, whereas 
there is the full lift of 7} tons from the gasbags concen- 
trated on the bottom of the frame. This was repre- 
sented by the test described above, in which all weights 
were removed when the gasbag in the test bay was 
fully inflated. The deflections recorded under this 
test were an upward deflection at the top of 0-28 in. 
and at the bottom of 2-62 in., thus giving a diminution 
of the vertical diameter of 2-35 in. The strains 
recorded in the shear wires of the bay revealed two 
points of particular interest. The first was that, 
owing to their stiffness and continuity, the main 
longitudinals were found to resist about 25 per cent. to 
30 per cent. of the shear, thus relieving the shear wires 
of this load. Secondly, it was found that the distribu- 
tion of loads in the various shear wires did not follow 
strictly in accordance with the common stressing 
assumption of “plane sections,” in spite of the rela- 
tively small distortions of the transverse frame recorded 
above. The effect was doubtless exaggerated by the 
fact that there was no second bay adjacent to the 
frame which was being loaded, but it was found that 
there was a tendency for the load in the shear wires 
to be above the calculated value in the region of the 
concentrated loads. In general terms the effect of a 
concentrated load may be described as producing a 
blister in the shell of the hull in its neighbourhood. 
The tests described provided the data on which it 
was possible to take account of these two secondary 
effects in the final design of the hull framework. 

The writer is indebted to Mr. J. D. North, chief 
engineer of Messrs. Boulton and Paul, Mr. H. Roxbee 
Cox, and Miss H. M. Lyon for assistance in preparing 
some of the matter in this paper. 








THE PRODUCTION OF PETROLEUM IN 1927.—According 
to statistics issued recently by the Bureau of Mines of the 
United States, that country was responsible for 72-18 per 
cent. of the petroleum production of the world during 
1927. Russia, with 5-78 per cent., moved into second 
place again for the first time since 1917. Venezuela was 
third, with 5-14 per cent. ; Mexico fourth, with 5-13 per 
cent.; Persia fifth, with 2-94 per cent. ; and Roumania 
sixth, with 2-08 per cent. The world production of 
petroleum during 1927 is estimated to have been 1,252 
million barrels. 


LAUNCH OF THE M.S. “ Exsa.’’—The launch took place 
on March 14 last, of the single-screw motor oil-tank vessel 
Elsa, which is being built for Messrs. Harry Borthen and 
Company, Norway, by Messrs. Barclay, Curle and Com- 
pany, Limited, at their West yard, Scotstoun. She is 
designed for the carriage of oil in bulk, the deadweight 
being about 8,000 tons on a draught of 25 ft. The main 
dimensions of the vessel, which has been constructed to 
comply with Lloyd’s highest class on the longitudinal 
system of framing, are: Length, 400 ft.; breadth, 52 ft. 
6 in.; and depth, 30 ft. 6in. Sixteen main tanks and 
eight summer tanks are arranged for the cargo, which is 
handled by two horizontal duplex steam-driven pumps ; 
while sufficient oil fuel is provided in deep tanks forward, 
and in the double bottom under the engines, to give 
a range of 60 days’ sailing at full speed. A Barclay 
Curle-Doxford, opposed-piston, airless-injection, Diesel 
engine of 2,000 b.h.p., built at the firm’s North British 
Engine Works, is being fitted as the propelling machinery. 
The auxiliaries are steam-driven, steam being supplied 





by two boilers both fitted to burn oil fuel. 
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AUTOMATIC REGULATOR FOR YULCANISERS. 


CONSTRUCTED BY MESSRS. THE DRAYTON REGULATOR AND INSTRUMENT COMPANY, LIMITED, ENGINEERS, WEST DRAYTON. 
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AUTOMATIC REGULATOR FOR 
VULCANISERS. 

IN many industrial processes, the temperature must 
be varied gradually according to a predetermined cycle. 
A typical instance occurs in vulcanising, where a period 
of evenly-rising temperature, say, from 212 deg. F. 
to 285 deg. F., must be followed by a further period 


at which the higher temperature is maintained constant, | 


the length of both periods being controlled according 
to the nature of the work. An output of uniform 
quality can only be obtained if the required conditions 


are maintained within fairly close limits, and it will be | 


evident that this will be a matter of considerable 
difficulty if the control is dependent on the vigilance 
of the operator. 
The Drayten Regulator and Instrument Company, 
Limited, West Drayton, Middlesex, have devised an 
arrangement incorporating their standard time- 
temperature regulator to render the control entirely 
automatic. 

The complete arrangement is shown in Fig. 1, above 


and a photograph of the regulator is reproduced in | 


Fig. 2. Two separate thermostatic systems are 
incorporated, both being controlled by a common 
eam driven by clockwork. One thermostatic system 
regulates the steam supply to the vulcaniser, while 
the other ensures the removal of condensate. By 
adjustment of the cam, the relative temperature at 
which the two systems operate is not affected, so that 
whatever the actual vulcanising temperature is, the 


correct relationship of these temperatures to ensure the | 
prompt removal of the condensate is maintained. | 


When the vulcaniser is first started up, both the steam 
inlet and the condensate valve remain open until all 
air is expelled. At the end of the period for which the 
regulator is set, a blow-off valve is operated, allowing 
all steam to escape from the vulcaniser, and an electric- 
bell contact is made to notify the operator that the 
vulcanisation is complete. 






Stedm to Vulcdniser 






With these points in view, Messrs. | 

















“ENGINEERING” 





Fig.3. 




















“ENGINEERING” 





orifice controlled by a pad on the arm of a bell-crank 
lever A. The horizontal arm of this lever is held up 
| by an adjustable pin bearing on a lever B, one end of 


| which rests on a diaphragm box F, while the other is | 


| pivoted on the end of a lever C, the latter being itself 


Fia. 2. 


| the opposite end of the lever C and opening the by-pass 
| valve. The whole of the flexible strip having passed 
| under the pin on the extension E, the pin rests on the 
| surface of the cam until such times as it is thrown off 
| by a rider G, which can be adjusted to give any desired 
period at constant temperature. When the pin is 
| thrown off the surface of the cam, a weight on the lever C 
| causes the left-hand end to fall and the right-hand end 
|rises. The by-pass valve is thus closed and the full 
| air pressure is thus transmitted to the steam-control 
valve, cutting off the steam supply to the vulcaniser. 
Turning next to the means for ensuring uniformity 
| of temperature, it will be seen from Fig. 1 that there is 
|a steam-control bulb inside the vulcaniser. The bulb 
|is filled with a volatile liquid, and is connected by a 
flexible capillary tube to the diaphragm box F in 
Fig. 3. Any increase in vapour pressure with rising 
temperature causes the diaphragm to deflect, and it 
| will be evident that this has the effect of moving the 
| pad on the lever A nearer to the by-pass jet, thus 
| tending to shut off steam and lower the temperature. 
| When a certain temperature is reached, a balance will 
be set up between the air escaping through the by-pass 
| valve and that passing the needle valve. The tem- 
| perature at which the by-pass valve is closed is deter- 
|mined by the distance of the extension E from the 
|cam centre, and as this distance is increased during 
| the rising period, the temperature is gradually raised. 
| At the end of the rising period, the distance remains 
| constant, and the exact temperature required is thus 
maintained during the holding period. se 
The arrangement of the condensate valve is similar 
to that described, and can be followed without difficulty 
from the figures. In this case, the diaphragm box Is 
| connected to a control bulb in a condensate chamber, 
| as shown in Fig. 1. The temperature in this chamber 
| will fall as the condensate accumulates, and, at 4 
| certain point, the condensate valve will be opened and 
the accumulated water allowed to run off to waste. 
| The diagram reproduced in Fig. 3 does not show 





In dealing with the method of operation, it will be | pivoted on a fixed point. The left-hand arm of the} the arrangements for operating the blow-off valve 
sufficient to describe the control for the steam valve, | lever C carries an extension E mounted on a vertical | and completing the electrical circuit for sounding 4 


as that for the condensate valve is practically similar. 
Compressed air is admitted to the horizontal pipe, visible 
in Figs. 1 and 2 above the base-board. Branches from 
this pipe are taken to the steam-control, condensate, and 
blow-off valves, the branch for the steam-control valve 
being shown in Fig. 3. It will be seen that the air, after 
passing through an adjustable needle valve, can either 
escape to the atmosphere through a by-pass valve or | 
pass on to the steam-control valve. The latter is of | 
the spring-loaded diaphragm type, and the pressure | 
on the diaphragm, regulating the degree of open- 

ing, will depend on the proportion of the air supply 

escaping through the by-pass valve. The opening of 

the latter is varied by three different mechanisms. It 

will be seen from Fig. 3 that the valve is simply a small | 





| pivot, and provided with a pin bearing on the timing 
jcam. Finally, the diaphragm box F is carried in a 
fork formed on the horizontal arm of the bell-crank 
lever D, the vertical arm bearing against a cam. This 
cam is mounted on a shaft which can be adjusted by 
| hand to regulate the actual temperature at which the 
| control operates, the setting being indicated on a dial. 

Dealing first with the automatic time control, it will 
be seen that the main cam is formed with a rising 
portion made from flexible strip, so that the rate of 
increase can be regulated by locking the loose end of 
the strip nearer to, or farther from, the cam centre. 
The cam is driven at a constant speed by clockwork, 
and it will be clear that, as the rising portion passes 
beneath the pin, the latter is gradually lifted, depressing 


|the pressure above the diaphragm in the 
| valve, and the latter is opened. The electrical cont 


| warning when the vulcanising operation is completed. 
| These arrangements can, however, be followed from 
| Figs. 1 and 2, from which it will be seen that the 
| blow-off by-pass valve is closed by a pad on the arm 
| ofa lever mounted above the leverC. The arm carrying 
| the pad in reality forms part of the lever A show n in 
| Fig. 3, so that when the left-hand arm of the lever C 
| falls, due to the action of the trip on the main cam, 
the blow-off by-pass valve is opened. This : i 
ylow- 

act 
for the warning bell is made by a lever associated W ith 


'the condensate valve control, and the method of 
| operation can be followed without difficulty 
| Figs. 1 and 2. 
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EXPERIMENTS ON THE PROPULSION 
OF A SINGLE-SCREW SHIP MODEL.* 
By G. S. Baker and J. L. Kent. 

Wuen the details of the stern frame and rudder are 
under consideration during the design of a single-screw 
steamer, the naval architect occasionally feels the need 
for guidance in deciding the shape of the screw aper- 
ture and the amount of clearance to be allowed between 
propeller blades and stern frame. The propulsive 
efficiency of an otherwise well-designed ship may be 
adversely affected by too much weight being given to 
the practical difficulties of construction and cost of 
stern frame and rudder-post at the expense of good 
design. A number of experiments on the efficiency of 
a self-propelled model of an ordinary type of single- 
screw cargo vessel have been made at the William 
Froude National Tank, with the object of investigating 
the effect on the efficiency of propulsion of a ship when 
the propeller aperture is partially or wholly closed. In 


Fig. 7, METHOD OF PROPELLING MODEL AND 
MEASURING TORQUE ANDO THRUST ON 
PROPELLER. 
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Fig.2. ELEVATION OF STERN FRAME, 
SHOWING FINS AND RUDDER, 
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addition, propulsion experiments were made with and 
without an ordinary plate rudder fixed in position on 
the rudder-post. 

Description of Apparatus Used.—A diagrammatic 
sketch is given in Fig. 1 of the method employed to 
self-propel the model and to record its speed, together 
with the torque on the propeller shaft and the thrust 
and revolutions of the screw. A half horse-power 
electric motor (M) rotated the transmission dynamo- 
meter (D), through gear wheels (G). The driven shaft 
of the dynamometer was connected through a special 
form of roller clutch (C) to the thrust meter (T), which 
Was in turn connected to the propeller (P) by the tail 
end shaft. When torque was applied to the rotating 
shaft the movement of the free mitre wheels of the dyna- 
mometer (D) was communicated through levers to the 
Compression spring (S,), whose movement was magnified 
and recorded by a small pen on a moving paper strip. 
Initial compression of any desired amount could be 
- to the spring (S,) by the micrometer head (N,). 

° measure the propeller thrust, the shaft was permitted 
be slight longitudinal movement, its maximum travel 

ing limited to + fin. By means of a double thrust 

Ting, this movement was communicated to the com- 








t 3 Paper read before the Institution of Naval Archi- 
ects, on Friday, March 30, 1928, 





pression spring (S,), and its compression was magnified 
in the same manner, and recorded on the same paper 
strip as the torque. Initial compression could also be 
given to spring (S,) by the micrometer head (N,). 

In order to obtain a high degree of constancy in 
friction, the usual type of stuffing-box fitted to stern 
tubes was replaced by an oil seal (O). Plain journal 
bearings (BB) carried the propeller shaft and fitted the 


: ee: 
stern tube with an accuracy of ,, in. A “ make- 


and-break ”’ revolution counter operating a pen elec- 
trically, together with pens recording half-second time 
intervals and 20 ft. distances, all marking on the same 
paper strip, completed the apparatus. 

Model Dimensions and Method of Experiment.— 


The ship model used in these experiments represented | 


on a scale of 1/24-4 a cargo steamer of good average 
form, with the following principal dimensions :— 
Length, B.P., 400 ft.; breadth, 57 ft.; draught, 
27 ft.; load displacement, 13,350 tons; block coeffi- 
cient, 0-76; trim, level. The model had an ordinary 
mercantile stern of elliptic pattern, and was fitted with 
a metal stern frame and rudder-post to which could be 
attached an ordinary plate rudder. The shape of the 
screw aperture are shown in Fig. 2. 


| described above are shown:in Table I, which gives the 
| propulsive efficiencies obtained by the tests. The pro- 
| pulsive efficiency is the ratio of the effective horse- 
| power of the naked model to the delivered horse-power. 
| That is, the ratio of the power required to tow the 
/naked model to the power delivered on the shaft at 
| the propeller in order to propel the model at the same 
}speed. Table II gives the equivalent ship propeller 
| revolutions obtained from the model screw experiment 
| values at the point of self-propulsion of the model 
| without correction of any kind. 

Discussion of Results.—Tables I and II illustrate 
the following facts :—The revolutions of the screw 
were diminished by about 3 per cent. at all the speeds 
tried when the aperture aft of the screw was closed ; 
the addition of a plate rudder under these circumstances 
had no effect upon the revolutions. When the fore side 
only of the aperture was closed, the revolutions were 
practically the same as with a fully open aperture, but 
the addition of a rudder in these circumstances dimin- 
ished the revolutions about 14 per cent. at the higher 
speeds, and left them unaltered at low speeds. With 
the aperture completely closed the revolutions were 
diminished at all speeds, although not to the same 








TABLE I.—PROPULSIVE EFFICIENCIES REQUIRED FOR SELF-PROPULSION OF MODEL. 
































Speed in knots 8 9 10 11. 12 | 13 
| Aperture. Aperture. | | 
| Forward After 
| Side. Side. 
f Open Closed 0-835 0-79 0-760 0-72 0-715 | 0-690 
With 4 | With Closed Closed 0:77 0-740 0-720 0-700 0-€90 | 0-670 
rudder \ | stern Closed Open 0-695 0-670 0-66 0-650 0-645 | 0-635 
frame 
and Open Closed 0-835 0-79 0-765 0-735 0-715 | 0-680 
rudder- Closed Closed 0°755 0-725 0-705 0-690 0-670 | 0-640 
post Closed Open 0-690 0-665 0-655 0-640 0-610 | 0-57 
Without 
rudder Without 
stern frame | 
| and rudder- | | 
| post Open Open 0-780 0-725 0-690 | 0-670 0-650 0-605 
E.H.P. 
Propulsive efficiency DHP. 


E.H.P. _ 


Tow-rope horse-power of naked model 





D.H.P. Horse-power delivered to 


TABLE II.—ReEvoOLtvuTIONS PER MINUTE 0 


screw to self-propel the model 


F Sure PROPELLER AT DIFFERENT SPEEDS. 














Speed in knots 8. | &) fF 16.) . oh 12. 13. 
Aperture. | Aperture. 
Forward After | | 
Side. Side. | | 
f Open Closed 44-0 49-7 | 55-4 | 61-1 66:8 | 73-1 
With ; With Closed Closed 44-4 50-1 55:9 | 61-7 67-5 | 73-3 
rudder stern Closed Open 45°6 51°4 56-9 | 62°5 68-0 | 74-4 
trame | 
and Open Closed 44-0 49-7 55-4 | 61-1 66-8 | 73-1 
rudder- Closed Closed 44-8 50-6 | 56-4 | 62-2 68-0 | 73-9 
post Closed Open 45°6 51-4 | 57-2 | 63-0 68-8 75°6 
Without | | 
rudder Without | 
stern | 
frame or 
\| rudder-post Open Open 45-1 51-3 | 57-3 | 63°3 69-3 75-7 
| 

















Ship propeller revolutions = 


The model was propelled by a single four-bladed 
screw of the following corresponding dimensions :— 
Diameter, 19 ft. 5 in.; pitch, 19 ft. 6 in.; blade area 
132 sq. ft.; number of blades, 4; outline of blades, 
elliptical ; shape of back of blade section, circular arc ; 
rake aft at tips, 2 ft. 1 in. 

Two flat metal plates were fitted to the stern frame 
in such a manner that the space left in the screw 
aperture, when the propeller was in place, was almost 
completely closed. These plates (which were detach- 
able) were of the same thickness as the body-post and 
rudder-post, and formed a continuation or extension 
on the middle line plane. They were chamfered to a 
fine edge towards the screw and are shown in Fig. 2. 
The model was fitted with a stern frame and rudder- 
post of usual type, and experiments were made with 
the model propelling itself at speeds covering a range 
of 8 to 13 knots for the ship. During each experiment 
the torque on the shaft, the thrust and revolutions 
of the screw, and the speed of the model were auto- 
matically recorded. By means of the plates described 
above, the aperture was (a) closed forward of the screw 
and left open aft the screw ; (6) closed forward of the 
screw and closed aft of the screw ; (c) left open forward 
of the screw and closed aft of the screw. The model 
was tested in each of these conditions. It was then 
fitted with a plate rudder of ordinary type and experi- 
ments under conditions (a), (b), and (c) were repeated, 
with the rudder in a fixed fore and aft position. One 
other set of experiments was made with rudder, stern 
frame, and rudder-post removed, so that the model was 
then in the condition under which model propeller 
tests are usually made. 

Results.—The differences in power required to drive 


Recorded model Tevolutions 


= ship 
a/ scale aaa 
extent as when the aperture was closed aft of the 
screw only. 

‘Vhe propulsive efficiency of the model was greatest 
at all speeds tried when the aperture was closed aft 
of the propeller and open forward. It was least at all 
but the highest speed when the aperture was closed 
forward and open aft of the screw, and with the aperture 
completely closed the propulsive efficiency lay between 
these two extremes. The addition of the rudder im- 
proved the efficiency slightly at the low speeds, and to 
a greater extent at the higher speeds. The extent 
of the gain in propulsive efficiency obtained by closing 
the aperture aft of the screw over that when the aper- 
ture was wholly open can be illustrated by the fact 
that from 7 to 11 per cent. less power was required 
to drive the model in the former case than in the 
latter. 

Conclusions.—These results indicate that (1) a fin 
fitted to the stern frame forward of the screw is dis- 
advantageous, although a slightly better result than 
that given in the paper might have been obtained if 
the extra length of after-body given by the fin plate 
had been used to ease the after-water lines near the 
top of the aperture—provided this were done with a 
really good tapered finish, and not with the usual 
post-ending having a blunt half-siding of 4 or 5 in. 
(2) Fitting a fin plate on the fore side of the rudder- 
post was a distinct advantage. To obtain the full 
benefit from it this fin must be fitted close up to the 
after edges of the propeller blades. The rudder itself 
has the same action as this fin plate, but is too far 
from the screw for it to be very effective. Other 
tests made with the fin having a clearance of about 
6 in. from the propeller blades have shown improve- 





the model under the different conditions of experiment 


ments of about two-thirds that given in the paper. 
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It would appear to be advisable to extend the rudder- 
post as shown in Fig. 2, but if this is done by the addi- 
tion of vertical plates they should be fitted flush with 
the rudder-post and be tapered or rounded at their 
forward edges. In addition, the finished fin should 
be rigid and of solid construction, firmly attached to 
the rudder-post and hull in order to avoid all possi- 
bility of vibration. 

Although no steering experiments were made on 
this model, other experiments, made on similar models 
and described elsewhere, indicate that the turning 
moment on the ship is increased by the addition of a 
fin to the rudder-post and the torque on the rudder 
stock unaltered. In the same way a small but definite 
gain in steering efficiency is obtained by closing up all 
the gaps between the rudder-post and rudder stock, 
and the best propulsive and steering conditions would 
be obtained if this were done in conjunction with a 
closed aperture aft of the screw. 

The experiments themselves do not demonstrate the 
reason for the improved or lower efficiency with the 
aperture blocked. Observations of the appearance of 
the ‘race’? can be very misleading; but it was 
noticed that when the aperture was closed the race was 
central, and immediately after the removal of the 
after-aperture plate it moved to one side a little. One 
other certainty can be stated, viz., that the surface of 
the fin being fore and aft cannot accept any thrust ; 
in other words, there is no thrust return obtained from 
the action of the ‘‘ whirling ” race on these fins. 

A number of minor facts have appeared in the course 
of our work on propeller theory and tests, and the 
authors venture to put forward the following opinion 
as one which at least explains these facts, and does 
not contradict any others known. There is whirling 
in the propeller race, and this is most emphatic on the 
centre line. The whirl must tend to develop within 
the screw, but the after fin does not allow it to develop 
to the same extent as before, and compels the water 
to move fore and aft. There is, consequently, better 
conservation of fore and aft momentum, and less loss 
in whirling or spiral motion. Above the propeller 
race, there are eddies with horizontal and vertical 
cores, and considerable cross-flow from one side of the 
ship to the other. This cannot take place to the same 
extent with the fin in the aperture, and the flow in 
this region becomes more stable, and consequently 
less wasteful. This opinion being accepted, it follows 
that the fin may take any form as long as it performs 
the function of a fin without involving any extra 
resistance. 


PROPELLER BLADE SECTIONS WITH AEROFOIL SHAPES, 
WORKING AT HiGH Sips. 

In the paper read in February, 1927, before the 

North-East Coast Institution of Engineers and Ship- 

builders,* it was stated that propellers having the 


TABLE III.—Comparison of Results with Model Propellers 
V and AK. 











Quasi-propulsive Efficiency.) Revolutions per Minute. 
Speed 
in - | 
Knots. | screw V. | Screw AK. | Screw V. | Screw AK. 
8 0-780 0-83 45-1 43-7 
9 0-725 0-76 51:3 49-6 
10 0-690 0-725 57-3 55°3 
il 0-670 0-72 63-3 61-1 
12 0-650 0-70 68-3 67-0 
13 0-600 0-65 75°7 74-4 














backs of the blades of aerofoil sections, gave better 
results than those with plain circular back sections 
under certain slip and thrust conditions. Results 
obtained with blades in an air channel suggest that at 
high slips an aerofoil shape would have no advantage, 
and might be disadvantageous. Although the nominal 
slip on this hull is quite low, the actual one, taking 
the wake into account, is fairly high. In order to 
decide the relative merits of the two forms of pro- 
pellers, a new screw (AK) was made of precisely the 
same dimensions and similar blade outline to that used 
in the experiments described in this paper (V), with the 
exception that the blade sections were of approved 
aerofoil shape instead of circular arcs. A series of 
experiments have been made with this propeller 
(AK) fitted to the same ship model described above, 
with an Open aperture, and a comparison of the results 
obtained with these screws is given in Table III. 

These results show a fairly steady gain for screw 
AK, accompanied by slightly lower revolutions. Both 
screws show the same falling off of efficiency at high 
speeds when the turbulence is greater. The tests at 
different speeds represent nearly the same nominal 
slip conditions, and other results obtained suggest that 
at higher slips the aerofoi! screw would lose its advantage. 
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The gain in efficiency is somewhat greater than was 
expected from previous experience; but the model 
was a good tank form, and presumably the conditions 
were such that the aerofoil propeller could show to 
fullest advantage. Further experiment data with) 
these two screws under very different conditions are | 
given in Mr. Sprague’s paper. | 








EXPERIMENTAL DIESEL ENGINES.* | 


By Engineer-Captain A. Turner, R.N. 
(Concluded from page 427.) | 


BeFoRE leaving the question of mechanical efficiency 
it may be advisable to remark on the power required 
to drive the blast-air compressor. Calibrations of 
small air compressors show that it is not sufficient to 
assume in the design calculations that a certain 
quantity of air at atmospheric pressure requires a 
given horse-power to compress it to a given pressure 
as the efficiency of a compressor may vary consider- 
ably as the speed of revolution increases. To pump 
100 cub. ft. of free air per minute to a pressure of 1,000 
lb. per square inch in a particular compressor required | 
44 brake horse-power at 250 r.p.m., 50 at 320 r.p.m., 
63 at 360 r.p.m., and 65 at 400 r.p.m. These powers, 
moreover, must be increased in the event of the com- 
pressor not delivering such quantities as a result of 
leakage through glands. It follows, therefore, in the 
absence of precise information with regard to the air 
compressor proposed for use on an engine that it is 
possible to be 50 per cent. wrong in the estimate of 
power required if a low-speed air compressor be used 
for high-speed work. Such an error would entail 
encroachment on the available margin of power allowed 
in the cylinders in order to compensate for the com- 
pressor losses. | 

There is another aspect, however, to the question | 
of speeding up such engines, or increasing their | 
size, or both, and that is the natural falling off 
in efficiency (apart from mechanical efficiency pure 
and simple) due to the general effect of size and 
speed. The general characteristics of the efficiency 
curve of these reciprocating engines would appear to be 
of the nature of that depicted in Fig. 5, as the power | 
required to drive the blowers must increase at an | 
appreciably greater rate than that developed in the 
main cylinder as the sizes and speeds of revolution 
increase. It may be unwise, therefore, to assume that 
because certain high overall efficiencies can be obtained 
in small engines that they can necessarily be obtained 
in large sizes, and any comparison between large 
engines of slow speed, or high speed and small engines 
with high or slow speed, should be made with the 
greatest care in this respect. Experiments appear to 
bear this out, and Fig. 6 shows the general character of 
the performance of the Datic engine, which is under- 
going extensive alteration. Although it is expected 
that the results will be improved upon materially, it is 
nevertheless probable that the general character of 
the efficiency curves will remain unaltered. 

The question naturally arises, therefore, as to whether 
it is better to have a small number of large cylinders 
for a given power, or a large number of small cylinders. 
The engine-builders of the Mercantile Navy as a general 
rule favour the former practice, and the aircraft 
engineers the latter. As regard durability, the Digit 
engine was stripped to the bedplate, and the wear of 
the main working parts was found to be practically nil. 
The large heavy engines must, of necessity, have heavy | 
bearers underneath them, the light, fast-running 
engines would not require this additional weight. One 
objection to large engines is that even at an establish- 
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only be described as most excessive may be encountered, 
Figs. 7, 8 and 9 show the magnitude of the gas pressures 
that may obtain behind the piston rings, thereby 
causing heavy pressure between the rings and the 


liner. Sundry attempts to cure this have been tried, 
as illustrated, and the investigation is still being 
pursued. In naval practice, the number of piston 
| rings ranges from about five to six as a rule, and 


|an experiment based on the above-mentioned tests 


showed that it may not be wise to reduce the number 
provided unduly. Whilst it would appear that three 
or even two rings are ample for gas tightness, an undue 
reduction of piston-ring surface tends to prevent the 
escape of heat from the piston to the water-jackets, 
and piston seizures may be expected. 

Extensive wear on cylinder liners has been caused jn 
the Datic engine, due to the piston lying sideways over 
the exhaust ports, due partly to the pressure of the 
scavenge air, 6 lb. to 8 lb. per square inch in some of 
the tests, exerting an unbalanced side-pressure on th 
piston, together with another unbalanced side-pressure 
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Fig. 6. EX.15. DATIC ENGINE. 
CURVES OF MECHANICAL 
EFFICIENCY PLOTTED AGAINST MIP 
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The full lines show results from G trial repeated after 


ment like the Laboratory, where there is plenty of engine was fitted with new liner, pistons and scavenge 


floor-space, it becomes difficult at times to find room | pipes. 


The dotted lines show the results of the original 


for all the large pistons, rods, liners, cylinder heads, | G trial. 


valve gears, &c., whenever it becomes necessary to 
dismantle the engine—this aspect would require 


caused by heavy gas release pressures if the working 


special consideration if such large cylinders were con- | Conditions are not good. An examination of a large 


sidered for use in the relatively confined spaces of a 
warship. 

It will be seen from the tables that high compressions 
have been employed at times—rising from 430 lb. per 
square inch to 600 lb. per square inch in the case of 
the Digit engine—and rather higher in the Datic engine 
when it was doing its best, compressions of 700 Ib. 
per square inch having been encountered in some of 
the preliminary tests. 

The effect on the cylinder liner wear has not been at 
all marked—the wear of the four-stroke cylinder liners 
being of the order of one-thousandth of an inch on the 
diameter per 1,000 hours running—remembering that 
a considerable proportion of the running is under 
severe and even unsatisfactory conditions at times. 
It cannot, however, be emphasised too strongly that, 
if the combustion conditions are not reasonably good, 
the Laboratory experiences show that wear which can 





* Vol. xlii, Part 4, page 153, January-February, 1927. 
By G. 8. Baker. ' Panweg 








* Paper read before the Institution of Naval Architects, 
on Thursday, March 29, 1928, 
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number of indicator cards shows that the release 
pressure at the instant the exhaust port opens is 5 1b. 
to 10 lb. per square inch in excess of half the mean 
indicated pressure. This wear, to which some of the 
piston difficulties have been attributed, has been 
minimised, but in order to remove the probable cause 
of it a new cylinder is under construction, which will 
provide a symmetrical arrangement of ports, piston, 
&ec., and it is anticipated that a considerable improve- 
ment in the performance will be effected both in this 
regard and in respect to scavenging also. = 
Experiments show that in such engines it is imperative 
that the scavenge and supercharge air in the air duct 
be concentrated in a large volume in close proximity 
to the air ports, in order to avoid the air having to trav el 
unnecessary distances in the brief period available for 
the scavenging process. Fig. 11 and Fig. 12 show the 
general effect these receivers and adjustments to valve 
ports had on the general performance of the eng 
The distortion of the parts of the engine subjected to 
heat has interfered seriously with the progress 
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several experiments, and although efficient water | cylinder—causing after-burning during the expansion | to come upon the engine with some suddenness—the 


i cooling may have been provided, the need for all|stroke. Secondly, this after-burning of the fuel during | collapse of the engine’s performance being rather abrupt 
a parts subjected to heat to be as symmetrical in form as | the expansion stroke which, in addition to being bad | —the wear of the cylinder liner may be excessive. ; 
te possible is a pressing one always. In one instance a|from a thermodynamic aspect, causes the release| The subject of scavenging cannot be left without 


liner distorted eccentrically, causing the cylinder to be | pressure when the exhaust valve is opened, or port | inviting attention to the shape of the toes of the indi- 
uncovered, as the case may be, to| cator diagrams of the Digit engine. In all cases the toe 
be higher than intended, whilst at|is undercut, there being loss due to the work done by 
the same time the exhaust tempera- | the piston in expelling the exhaust gases through the 
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and Fig. 7a. ture is also higher than it need be. | single exhaust valve. This loss may be as much as 
= Y, Thirdly, the higher pressure and tem- | 30 h.p., the pressure falling from the order of 70 lb. 
on Yj perature at release causes more delay | per square inch at the commencement of the scavenging 
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distorted also, necessitating its re-boring and the pro- 
vision of a liner of greater diameter than that of the 
one it replaced. 

As regards the injection of fuel, no material advance 
has been made on the methods described in the previous 
Papers, the bulk of the work having tended towards the 
attainment of better scavenging of the cylinders at 
a Speeds. The general effects of bad scavenging are 
ourfold. Firstly, the retention of a proportion of foul 
“rin the fresh air charge under compression is to 
retard the rate of ignition of the fuel as it enters the 





in the rate at which the gases escape from the cylinder, 
so that by the time the air valve opens, or the ports 
are uncovered, the internal cylinder pressure may not 
have expanded down to a pressure sufficiently low in 
order to avoid interference with the ingress of fresh air 
from the scavenge pump. Fourthly, this delay of the 
ingress of fresh air interferes with the scavenging process 
by raising the pressure necessary to force it into the 
cylinder, with the result that the compression charge 
is not only a mixture of fresh air and foul, but is unduly 
heated as well. Under these conditions, which appear 





operation, averaging 8 lb. or so over the whole stroke, 
the piston having advanced about one-quarter of the 
stroke before the exhaust gases release to a pressure 
approaching that of the atmosphere. In the two-stroke 
engines, the area for the release of the gases can be 
enlarged considerably, and the rate at which the gas 
pressures fall to atmospheric pressure is much more 
rapid, but the fraction of the piston stroke occupied 
by this scavenging operation is relatively quite small. 
In the case of the four-stroke engines, the scavenging 
processes are positive at all speeds, and the processes 
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of combustion are not interfered with in any respect 
that is vital, although the loss in power involves a loss 
in overall efficiency. With two-stroke engines any 
defect in the scavenging process causes interference 
which is vital to the combustion processes, leading 
eventually to this collapse in performance from which 
the other type is relatively immune. 

It is not wished in this paper to draw any compari- 
son between the different types, except in so far as they 
are represented by the experimental engines at the 
Laboratory, but it may be observed how much more 
readily the combustion processes are carried out in the 
four-stroke engines than in the two-stroke engines— 
even the Doxford engine, which give the higher mean 
pressure of the latter, having an inherent tendency to 
detonate which may point to the degree of scavenging 
being inferior to that of the four-stroke engines. It 
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between the water shield and cover are such that not 
only are they watertight, but that they are likely to 
remain so for prolonged periods. Piston rods of 
double-acting engines of nickel steel have so far behaved 
satisfactorily. The piston-rod packing, which is water- 
cooled, consists of cast-iron rings so fitted to the 
rod that they may slide freely along it under the 
pressure of two fingers only, the result being a looking- 
glass polish on the steel. Lack of freedom for side 
movement has led to the firing-up and bending of one 
of the early rods, but with the rod trued up—it subse- 
quently bent again—the packing behaved quite satis- 
factorily, although running trials with the rod bent. 
The burning of a piston-rod, caused some concern 
at one time, but on investigation it was clearly trace- 
able to a crack in one of the pistons allowing the pistop 
cooling oil to impinge on the surface of the rod, where 
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may not be so, however, as two fuel valves are fitted 


and the shape of the combustion chambers is radically | 


different. On the other hand, when the air supply is 
supplemented by supercharging, the compression 
necessarily rises as the supercharge air pressure is 


raised, the result being a combustion of unusual | 


smoothness. As further experiments are in train with 
a view to improving the scavenging processes, it may 


be necessary to modify these views as additional | 


experience is gained. 

The thermo-mechanical difficulties have been serious | 
at times, the overheating of the pistons in the two- | 
stroke engines of several types tried being the most | 
troublesome. Whereas in the four-stroke engines | 
pistons of aluminium alloy have been in use for many | 
years now, doing all that has been asked of them, | 
piston heads of aluminium alloy have not been satis- | 
factory in either of the two-stroke engines on account | 
of burning away or cracking. Cast iron also has failed 
for similar reasons, and the only piston heads which 
have shown signs of promise in the two-stroke engine 
are those with thin crowns of forged steel of an expen- 
sive character, in which every care has been taken to 
ensure that all portions of the crowns are equally well | 
cooled as tar as possible. Cylinder liners with ports 
cut in them appear to be liable to cracking adjacent to 
the ports, which, whilst not at present of a serious | 
nature, cause doubts as to the length of their working 
life when compared with that of the simple four- | 
stroke liners. Exhaust valves of alloy steels have 
been tried with a view to dispensing with the internal 
water-cooling arrangements in the valve heads and | 
stems, and various degrees of success have been obtained 
—two curious features showing up on test. There is | 
little room for doubt that these valves distort under | 
heat—seating properly on their seats under working | 
conditions, but having a tendency to warp when cold, | 
and it is possible that this warping may be due to some | 
local chilling effect of the cold air on stopping the | 
engine, but this is mere conjecture at present. Another | 
peculiarity—unavoidable perhaps—is the effect of the | 
expansion of the long valve spindle, which may be 3 ft. | 
long or so, on the roller clearances on the exhaust 
cams. Naturally thes: have to be increased over and | 
beyond the clearances found to be desirable with the | 
water-cooled valves, and the result is a tendency to | 
noise at low powers. Large valves of this type appear 
to require some little time, five minutes or so, to reach | 
their working temperature, since occasionally they are | 
erratic on starting the engine. 

Cracking of cylinder heads has ceased to be the bogey | 
it was in the early days of the Diesel engine, and success | 
has been obtained mainly by meticulous care in the | 
design of the castings, and the strictest attention to | 
ensure that all parts are well cooled. Perhaps one of | 
the most fruitful causes of breakages in fast-running | 
engines is the presence of cooling water in the cylinder, | 
and care must be taken to ensure that all joints | 





Fig.12. EX.15. DATIC ENGINE. 
Improvement in Performance due to modifved 
Scavenge and Supercharge Trunks. 
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its combustion under uncontrollable conditions led 
to a violent attack on the structure of the nickel steel— 
which attack was attributed by the metallurgist, who 
reconstructed the crime experimentally, to the virulent 
reducing effects of hot carbon monoxide on steel whilst 
under the combined conditions of high temperature 
and pressure. At high piston speeds and high speeds 
of revolution, the column of piston-cooling oil in the 
rod is apt to break under the inertia forces and cause 
a sharp knock in the piston-cooling oil system, and 
experiments with a view to the prevention of this 
objectionable feature have met with some success. 
The ordinary mechanical defects are limited in the 
main to the breakage of valves in air compressors and 
scavenge pumps, all working parts being supplied with 
forced lubrication. Some of the early air-compressor 
valves had nicks and sharp corners in them, and after 
ordinary care is taken not only to round off all corners, 
but to smooth them off as well, the breakage of a steel 
valve is almost unknown. Such care taken with brass 


ee 


pumps failed to check the breakage, and they were 
replaced by valves of special steel which have worked 
satisfactorily. 

A considerable amount of work has been done at the 
Laboratory in connection with the torsional vibration 
of the shafting system encountered with high-speed 
multi-cylinder engines when it may become serious 
and critical, difficulties having been experienced in the 
multi-cylinder engines on service which do not become 
of sufficient magnitude as a rule in single-cylinder 
engines to be noticeable, but space does not permit 
at present of much discussion on this subject, on which 
a good deal of experience has been gained. The most 
striking effects on the engine of torsional oscillations 
are, perhaps, the plainly visible shivering of the 
crank-shaft at one end—that remote from the tlywheel 
in the event of the node of the vibration being adjacent 
thereto—and the audible shuddering of the valve gear 
generally as the engine passes through the range of 
critical speed or speeds. It forms a subject for a 
paper by itself—but as in all other matters concerning 
Diesel engines—as truly as necessity is the mother of 
invention, so does experimental research throw a strong 
light on efforts made without experience, thereby com- 
pelling the closest of studies on subjects which other- 
wise would probably remain outside our ken. 








CATALOGUES. 


Electric Supplies—Messrs. British Insulated Cables, 
Limited, Prescot, Lancs., have sent us a copy of a new 
list of jointing materials and accessories, including com- 
pounds and mechanical parts. 


Bolts and Nuts.—A very useful catalogue of bolts, 
nuts, coach screws, washers, &c., with dimensions, 
illustrations of form, and prices per gross or per cwt., 
is to hand from Messrs. James Wiley and Sons, Limited, 
Darlaston. 


Time Recorders,—A catalogue of time-recording instru- 
ments of various types, for timing workmen, staff, tram- 
ways, watchmen, &c., with provision for large and small 
numbers, is to hand from Messrs. Gledhill-Brook Time 
Recorders, Limited, Huddersfield. 


Steam Accumulators.—Two technical papers, one on the 
Ruths steam accumulator by Mr. R. A. Langworthy, 
and the other on the new power plant of the Canada Sugar 
Refining Works, at Montreal, by Mr. A. L. Cole, are to hand 
from Messrs. Ruths Steam Accumulators, Limited, Africa 
House, Kingsway, London, W.C.2. 

Turbo-Generators.—The latest bulletin issued by Messrs. 
Oerlikon, Limited, 28, Essex-street, Strand, London, 
W.C.2, deals with the increase of efficiency to be obtained 
from steam turbines by extracting steam to pre-heat the 
feed water and employing the flue gases to pre-heat the 
furnace air. It also deals with the losses from the ends 
of the coils of turbo-generators. 


Induction Motors and Induction Regulators.—The 
English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C.2, have issued two new cata- 
logues dealing, respectively, with Kosfi leading-power- 
{actor induction motors, in 10 h.p. to 200 h.p. sizes, and 
the Wilkinson change-circuit system with English Electric 
induction regulators. Both catalogues contain illustra- 
tions and explanatory matter. 





Boilers, d&:c.—A catalogue received from the Farrar 
Boilerworks, Limited, Newark-on-Trent, illustrates a 
large range of products, including boilers of vertical, 
Cornish, locomotive, marine and other types; alr 
receivers; tanks; chemical and mechanical plant; 
gas-holders ; and contractors’ plant, such as tip buckets, 
mixing drums, &c. A variety of other flanged, riveted 
and welded work is dealt with, and some tables of technical 
data are included. 


Steel Castings—We have received an_ interesting 
pamphlet from Messrs. Samuel Osborne and Company, 
Limited, Sheffield, illustrating castings and forgings for 
dredging machinery, either entirely in manganese steel or 
in toughened cast steel with the wearing parts in manga- 
nese steel. These parts include pins, bushes, lips. plates 
buckets, and the large drums and wheels for the dredger 
chain. Jaws for ore and stone crushers, and impellers 
for centrifugal pumps, are also shown. 


Oiland Petrol Fire Extinguishing Plant.—Messrs. Merry- 
weather and Sons, Limited, 63, Long Acre, Lae, 
W.C.2, have issued a special catalogue of material an 
appliances for dealing with oil and petrol fires on ~—_ 
and in large stores. The material, “ fire-suds,” is forme 
by two solutions which are fed into a closed tank, the 
mixture forming suds and generating enough pressure 
to force out a jet. The suds form a layer on the = 
excluding oxygen. The apparatus dealt with inclu es 
various fixed and automobile tanks, and a suit of fire- 
proof clothing. 


Rolled-Steel Beams.—Messrs. R. A. 
Company, Steel and Engineering, Limited, ? 
Station Chambers, London, E.C.2, have issued a new 
edition of their handbook dealing with broad-flange 
beams rolled by the Grey process. This book venga 
mass of information in compact tabular form, W! ‘ 
dimensioned drawings of sections, illustrations ot ¢ “eel 
nected beams and of buildings, bridges anc = 
constructional work in which the beams are embodied: 
Special tables of safe loads, calculated as ppc 
by the London County Council regulations for Le = Ys 
buildings, are given as a separate chapter. The boo 
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ACCURACY OF LARGE HOB-CUT | small diameter is used, the variation in the hob| Pitch diameterof hob... 5-75 in. ue 
THE ACC HELICAL GEARS. helix angle at different radii will give rise to a| troales ohindeea: iis , 7“ oe 


|certain amount of flank interference, and if we| 
By G. A. ToMLINson. imagine the hob to be placed in mesh with the| The following table gives the calculated values of 

Tae following article gives the results of an/ ideal plane rack, the amount of flank interference | % — «’ for this case, the radius chosen being that of 
investigation made at the National Physical/can be determined, and this will give the amount the root of the hob tooth, for which a = 2-555 in. :— 





Laboratory into the errors likely to occur in the|of distortion from the true involute that will be | — $$$ 7 




















rocess of hobbing large helical gears. There is| present in the hob-cut gear teeth. | a. a’. 2 — 2’. | a ys 
little doubt that, in all cases of harsh running! In Fig. 2 let CD be any helix of the hob worm svar backs 

gears, tooth errors are largely responsible for the | of radius a, the worm axis being parallel to OX.) jy, es (oe Deg. In. 
unsatisfactory performance. Examples are still not |The axial section of the worm coincides exactly! 0-001 0-0009 t 0-0001_ 0-36 0-016 
infrequent of gears which fail after a comparatively | with the rack, and, at the pitch radius, the worm | + oeanr?. | o.onens 106 0-048 
short life, and though opinion is divided as to the | helix is tangential to the face of the rack tooth,| 0-005 0-00476 | + 0-00024 1-8 0-080 
cause of failure, it will generally be conceded thatthe helix angle being %. To find the amount of| 9:007, | 000684 |+ 0-00016 | 2-52 | 0-112 
the more accurately-cut gear, other things being | interference of any helix of radius a, consider any | 0-01 0-01017 | — 0-00017 3-6 0-160 
equal, should have the greater endurance through | point P on the helix, defined by a rotation of 9} °°! eee Fo eee 7 sa 


the absence of unnecessary shocks. | 

The errors present in the gear fall under three | 
heads: (a) errors inherent in the hobbing process, | 
(b) errors produced in the gear by errors present 
in the hob, and (c) errors caused by certain errors | 
in the hobbing machine. 


Tur HopBInG PROCESS AND THE ERRORS 
INHERENT IN IT. 


It is generally assumed that, if the hob is| 
magined to be replaced by a continuous worm and | 


= H 
Fug. 1. r Feed of Hob 
i eas of Gear 





from OZ. Then if P has co-ordinates (x, y, 2) | 


and the axial pitch of the helix is p 
27x 
0 r : ; : : : » (1) 


9 
; o oF 
y = asin @=asin — , ° . « (€4) 
Pp 


z =a(l—cos@)=a 





(3) 


9 
292 
(2 — cos 


Let P’ be a point on the face of the rack tooth 


having co-ordinates (x’, y’, 2’) of which 
y’ = yand 


N 
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the worm is regarded as moulding the gear teeth in | 
a plastic material, correct involute teeth will be | 
generated, an assumption shown below to be not | 
quite correct. 

The gear is required to have involute teeth in 
planes at right angles to its axis, and, on account 
of the setting of the worm or hob, it is not a straight- 
forward calculation to determine the form of the 
tooth produced. The question can be examined, 
however, in a more indirect way as follows. 
Consider any laminar section of the gear at 
right angles to its axis. True involute teeth can| 
be generated on this by the forming action of a 
laminar rack in the same plane, by a uniform | 
rolling of the rack along the gear. At the same | 
ime, any other similar section of the gear can be 
generated by a similar laminar rack displaced in 
phase relative to the first by an amount depending 
on the distance between the sections and on the 
helix angle of the gear teeth. Hence, the whole 
gear could be moulded in one revolution by rolling | 
on it a wide plane rack in the direction EF in 
Fig. 1, the rack having straight teeth inclined at | 
an angle 8 to the direction of motion. 

The plane rack can clearly be moved at the 
same time, to any extent in the direction JK 
without affecting the moulding action. Hence, by 
compounding with the original motion along EF a 
Suitable motion along JK, the same forming action 
can be obtained by a resultant motion of the rack in | 
the direction AB, at right angles to the rack teeth. 
The latter motion of a plane rack is identical | 
with the virtual rack motion produced by the 
totation of a worm of infinite diameter about an | 
axis AB. Such a worm would, therefore, generate | 
‘Tue involute teeth. When a hob of comparatively | 








| These results are shown as a curve in Fig. 3, 
|in which 2 — 2” is plotted against y. Interference 
|occurs from O to A, the helix penetrating the face 
| of the rack by 0-00025 in. at the maximum position. 
| At A, the helix emerges and beyond this it clears 
|the rack at a rapidly increasing rate. The maxi- 

mum interference determines the error produced in 
| the gear tooth, the tooth being cut away too much 
| by this amount. 


| An equation can be obtained to give a close 
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Then, if « is the semi angle of the rack tooth, the 
co-ordinates of P’ are related by the equation 


y’ (~’ — 2’ tan asec B) cot B. . (4) 
Or, substituting the values of y’ and z’, 
atan asec B (1 — cos : “) 
(5) 
and a — 2’ gives the interference between the helix 





> 
.. 28 

a’ = atan Bsin — 
P 


| and the rack in a direction parallel to the worm axis. 


Throughout this article, the following practical 
example is used as an illustration whenever a 
numerical example appears to be desirable. 

Wheel. Pinion, 

Pitch diameter of gear 13 ft. 6 in. 13-62 in. 


Normal pitch ie ake 1 in, 1 in. 
Circular pitch 1-1547 in. 1-1547 in. 


Felix angle a 30-deg. 30 deg. 
Number of teeth ... aaa 440 37 
Pressure angle, normal 

section ree : 14} deg. 14} deg. 
Pressure angle, perpendi- 

cular to axis ... 16-36deg. 16-36 deg. 
Addendum 0-318 in. 0-318 in. 
Face width 2 ft. x 2 ft. x 


2 ft. 6 in, 2 ft. 6 in. 


|since the value of 6 in the above table is only 
about 1-8 deg. at the place-of maximum interference. 
Expanding 


232 


- 2Qrae2x : = 
sin ——— and cos * in (5) 





27a o (27a 
t—2'= ( ] — —— tan B) — 2 (—y tan asec ) 
p p 


=lx — ma" 


which has a maximum value 
PR 
aa 6 
4m (%) 


, 
(2 — %)max = 


for 


Let 8’ = angle of worm helix of radius a, 
then 








Pp , 
——— = tan 
27a B 
and. 
tan Bp’ — sec? 
l=1—- — B i se B) — B anit, 
tan B tan B ; 
and 
tan asec 8 
m =— nearly. 
2a tan® B ™ 
Hence, 
a (p’ = sec3 B Ci 
(x = x’)max = : > B) . - ) 
2 tana 


The maximum amount of interference at any 
radius a is thus proportional to the square of the 
difference between the helix angle and the nominal 
helix angle at the pitch radius; or it varies 
very nearly as the square of the distance from 
the pitch line. Since (% — 2’), a,. is also pro- 
portional to a, the error is slightly greater 
at the top of the hob tooth or at the root of the 
gear tooth. 

Tn the previous example, equation (7) gives a value 

(% — 2’)max. = 0-00024, 
which agrees with the maximum interference in the 
table, showing that the approximation is very close. 

The gear tooth produced by a correct hob is 
thus substantially correct for a considerable distance 


_ above and below the pitch line, but becomes cut. too 
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much towards the top and root 
amount of about 0-00025. 


It appears from this result that a hob with slightly 
convex flanks might produce a gear tooth more 
nearly of true involute form than a tooth with 


straight flanks. 


Distribution of the Cuts.—The successive cuts of the 
hob teeth occur at uniform time intervals, but not at 
uniform space intervals, along the tooth. A hob 
tooth, and a gear tooth that it is forming, are shown 


in'Fig. 4. OM is the line of action, normal to both 


teeth, and the point of intersection P of this line 


with the hob addendum line determines the radius 
CP to the effective root of the gear tooth. 

If the hob has m cutting lands, the teeth make 
cuts at uniform intervals along the hob pitch line 


x 
— 





Fig. 5. 
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pitch line, varying in distance apart from 0-0263 in. 
at the dedendum to 0-0287 in. at the addendum. 
The successive cuts are also distributed uniformly 
along the length of the tooth owing to the re ative 
movement of the hob and gear tooth along the 
helix of the tooth. Referring to Fig. 1, the point 
of contact of the hob worm with the gear tooth 
shifts along the tooth by an amount p sin 8 as the 
gear moves by one pitch past the hob. Hence, 
each cut of the hob is displaced along the length of 
the tooth by = 
psin 6 
Mm 
The actual distribution of the cuts of successive 
hob teeth, in the case of the pinion, is shown in 
Fig. 5 by AB. After one revolution of the gear, 


Feed per Rev. of Gear 
ree: 
B att tui 


= 0-048 in. (13) 
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SECTION ON L.M. 


——.. 


Hence 

rf? _ cos? p 
8a? ~ sin? 6’ 
The height of the cusps along the involute thys 
increases as the square of the feed and directly a; 
the radius of curvature. The irregularity is, 
therefore, smallest at the root of the tooth and 
greatest at the top. At the pitch line, which may be 
taken as representing the average curvature, — 





5 ag (16) 


Tr, = a tan ¢, 
and 
f? sin ¢ cos @ 
4a =~ Basin? d * (17) 
The irregularity of surface is thus inversely pro. 
portional to the diameter of the gear. In the 
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Fig.6. 
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and, therefore, with uniform angular movements | owing to the continuous operation of the vertical | direction of the length of the tooth 


5 6 of the gear, 
60 


Pp cos Pp 


ma 


(8) 
where 


linear tooth pitch, 


Pp 
~ 


C 


= pressure angle, and 
= base-circle radius. 
We can find the space distribution of the cuts 
along the involute face of the tooth between the 
radii CP and CQ as follows :— 
If A is any point on the involute, 
AM =a@, 
and for an increment 5 6 the increment in the length 
of the curve is 
és= AMO60=a0.560 


and the length of the involute to the point A is 


(AM? 
eo =. 


a 


(9) 


s= tae = (10) 

The distance between cuts is thus proportional to 
AM, which increases uniformly with the number of 
cuts. The spacing of the cuts forms an arithmetical 


progression having a common difference 
a0.50—a0—60.50 =a(5 0) (11) 
At the pitch line, the distance between the cuts is 
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Applying these equations to the gears in the previous 
example, we obtain the following results :— 








| psind | Adden-| Deden- 





50 a | (6 0)2. | “Gn | dum. | dum. 
| | 
saauia Sieiaiank (abcd ease a = — 
} In. In. | In. | In. | In. 
Pinion ..| 0:01417) 6-515) 0-0013 | 0-0275 | 0-318 0-234 
Wheel 5 5 } 0-318 


0-00119) 77-5 | 0-00011/ 0-0275 | 0-318 


From the equation for the sum of the distances 
below the pitch line of the pinion 
0-234 = 0-0275 5- 0-0262 + bast 
+ (0-0275 — n x 0-0013 
the value of n, to the nearest whole number is, 13. 
Thus, 13 cuts are taken below the pitch line and the 
distance between the cuts at the dedendum is 





0-0275 — 13 x 0-0013 = 0-0106 
Similarly, from the pitch line to the addendum, 
10 cuts are needed, and the spacing of the cuts at the 
addendum is 0-0393 in. 
In the case of the wheel, the spacing is nearly | 
uniform, and 12 cuts are taken above and below the 


| feed, the next series of cuts occurs along the dotted | 
The general distribution of the cuts is shown | 
It will be | 


' line. 
| over a portion of the tooth face by dots. 
| Seen that the cuts taken every successive revolution 
| of the gear form a curve CD. This curve is largely 


| determined by the feed, which has been chosen to | 
|have a value 1} times the distance between the | 


/cuts along the length of the tooth. The diagram 
| shows that, although the form of the curve AB is 


independent of the feed, the actual distribution of | 


these lines of cutting from X to Y along the 
involute depends on the feed, and is given by :— 


Sf 


je = Sex —, (14) 
where 8 s is the distance already found and shown 
on the diagram by the spacing of the horizontal 
lines. 

Rate of Feed.—The question of a suitable rate of 
feed of the hob through the gear is one of some | 
/importance. It is required to cut a tooth by a 
large number of gouging cuts which shall have 
|residual irregularities of surface small enough for | 
smooth running and good bearing, and at the same | 
time, for reasons of economy, it is desirable to employ 

| the largest rate of feed permissible. 

A section through the tooth along a horizontal 
line LM in Fig. 5, is formed of a series of circular 
ares spaced a distance f apart as shown in Fig. 6. 

The actual form of the cut is the surface of inter- | 
section of a cone with its axis parallel to XY, Fig. 5, | 
with the curved surface of the tooth. This can be 
treated, without appreciable error, as a cylindrical | 
cut having a radius of curvature 

r, = Reosa = 11-5 in, . (15) 
where 
R = pitch radius of hob, and 
a = hob tooth semi-angle. 

A section of the teeth along XY is thus a chain 
of short straight lines distributed with the spacing 
| of the lines AB in Fig. 5. 

The actual surface may take a more complicated | 
form owing to the overlapping of the cuts, but the | 
above description covers the worst case possible as 
regards surface irregularities and will, therefore, 
form a basis to consider the effect of the feed. 

In Fig. 6, let gq, and q, be the height of the cusps 
in the two sections, and let r, be the radius of curva- 





'ture of the involute. Then 
(ce (Ce). of* 
2" 8h, Sr, \ et 
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from equations 8 and 13. 


|regard the situation as satisfactory. 


Ps 
vey —y 8r, 
In the example, these quantities have values as 
| follows for a feed of 0-072 in. :— 
| 


(18) 


| 


Pinion Wheel 


qq at the pitch line - 0-00011 in. 0-00001 in. 
N ae ink - 0-00006 in. 0-00006 in. 
| The ratio 
| e224 (19) 
vA a sin? 6 


|and is unaffected by the value of the feed, but 
depends on the ratio of the hob diameter to the gear 
| diameter and is, therefore, practically fixed. 
| In the case of the pinion, the ratio is about 2 tol, 
| and it is clear that, if the feed is selected to give a 
| reasonable value of q, at the pinion pitch line, then 
/in other respects this feed will not be too great for 
|either gear. 
| The results indicate that a greater rate of feed 
| could be used in cutting the wheel without producing 
|errors exceeding those of the pinion. It is more 
'important, in the case of the wheel, to work with the 
maximum permissible feed. 


(To be continued.) 








THE INDUSTRIAL SITUATION OF 
THE UNITED STATES. 
Stans have appeared that British industry has 


' begun to emerge from the heavy depression under 


which it has been labouring. Such evidence of 
improvement is indeed welcome, but it is to be 
hoped that the legitimate satisfaction which it 
arouses will not divert attention from the fact that 
the improvement has to be reckoned on a low level 
of prosperity, and that much will have to be done 


| beyond what is at present in prospect before either 


workers in industry or those who employ them can 
It is indeed 
common ground that British industry must set its 
house in order if it is to regain the position it once 
held, and to procure for those who work in it the 
better living to which they look forward. At such a 
time it is not inopportune to consider the position of 
other industrial houses, and in particular that of the 
United States, which is by far the best furnished. 
Among the materials for such examination two 
important and authoritative documents were 
published towards the end of last year. One of 
these, by Sir Joyce Broderick and Captain A. J. 
Pack, respectively Commercial Counsellor and Com- 
mercial Secretary to H.M. Embassy at W ashing- 
ton, constituted the Annual Report to the Overseas 
Trade Department on Economic Conditions in the 
United States, and dealt with the situation of the 
country up to the middle of last year. The other, 
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a paper presented at the last meeting of the Iron and 
Steel Institute by Mr. Theodore W. Robinson, vice- 
president of the Illinois Steel Company of Chicago, 
dealt with the Economic and Social Development 
of the American Iron and Steel Industry. No two 
competent sources of information could well have 
discussed the subject from points of view more 
independent of each other, and it is significant that 
each of them seems to regard the present position 
of the United States as being due essentially to the 
same predominant causes. The productivity of 
each worker in the manufacturing industries has 
been raised much higher than it was in the United 
States in previous years or than it is in other 
countries at the present time, and workers are co- 
operating with employers to maintain and increase 
this productivity whenever the opportunity offers. 

Neither of these authorities ignores the fact that 
more than once in modern times the United States 
have had the advantage of singular good fortune. 
When the country had, so to speak, to make a fresh 
start at the close of the Civil War in 1865, the pro- 
cess of steel making invented and worked out in 
this country by Bessemer was at its disposal. As 
Mr. Robinson remarks, “no single industrial inven- 
tion ever had such a vital and far-reaching effect 
on the commercial and social destiny of any nation 
as this new steel-making process had upon the 
United States.” At one time and another various 
criteria ha've been suggested for the material well- 
being of a country. An old practice among English 
business men has been to look to the railway returns 
as the most convenient index. The consumption 
of soap, again, has been suggested by some as a 
more satisfactory measure, and that of sulphuric 
acid by others. Mr. Robinson, on better grounds 
than that he himself is a steel maker, prefers the 
consumption of steel. On this broad basis the pro- 
gress of the United States during the present 
century is marked by a consumption of steel per 
head of population over 2} times as great in 1926 
as it was in 1900, an expansion practically all due 
to increased domestic consumption. The prosperity 
of the industry, moreover, was accompanied, as it 
has been in our own country, by an enlightened 
control of prices. In 1927 the index of steel prices 
was Only 27 per cent. higher than in 1901, while the 
wholesale prices of commodities had increased 
99 per cent., and in real money the consumer is 
buying his steel actually cheaper than at the begin- 
ning of the century. 

Still more recent and more striking even than 
the timely appearance of the Bessemer process has 
been the effect of the War. As is shown in the 
Overseas Trade report, the vast expansion in 
American productive capacity during the last twelve 
years owed its early impetus and much of the means 
by which it was effected to the rise in output, prices 
and profits which the United States secured as the 
result of the War. Their exports of domestic merchan- 
dise during 1916-20 were more than treble those of 
1910-14, the excess amounting to over 4,000,000,0001. 
sterling. How this has continued to affect the 
country has been shown in one way by a comparison 
of the manufacturing wages for 1923, which were 
nearly treble those of 1914, yielding for the year an 
excess of 1,300,000,0001., available for increased 
purchases and savings, or 600,000,000/., even when 
corrected for the rise in retail prices. It may, 
perhaps be something more than a coincidence that 
this figure is slightly more than the present esti- 
mated balance outstanding on the price of goods 
sold by instalments, a method which has done much 
to stimulate the American market since the war. 
As the result of these and similar circumstances 
the United States are to-day in a position they never 
held before, and the effect is seen in the figures 
relating both to the State and to its citizens. Before 
the war the United States were a debtor nation, 
Owing to foreign countries about 1,000,000,0001., 
as against about half that amount in its foreign 
investments. The huge amounts now due to them 
from foreign governments are well known, but 
entirely apart from these, they hold foreign securities 
to the value of 2,400,000,000/. In addition to 
these investments their bank deposits are nearly 
10,000,000,000/., and their savings bank deposits are 
nearly half that amount. Their figures of income are 
no less striking. After correcting the income-tax 





return for the rise of prices since 1913, so as to get | 
the real value of the incomes in question, the total | 


of providing nearly 20 h.p. per workman has enabled 
rails and other finished steel products to be turned 


of private incomes assessable to income tax in 1925 | out at the rate of about four tons per man per week. 
was over 14,000,000,000/., or more than three times | The increased productivity of American industry 


what it was in 1914, and, in addition, corporations | 


during the present century, and especially since 


had earned over 1,100,000,0007. A scale may be | 1914, has been duly reflected in wages. In figures 
put to these figures by remembering that the, quoted by Mr. Robinson, Government enquiry has 
entire British budget was of the order of 200,000,000/. | shown that in twenty-three representative industries 
before the war, and is now some 800,000,000l.! wages in 1925 were 116 per cent. above the level of 
To the United States, in fact, the net outcome of| 1914, while the rise in cost of living was only 68 
their war experience has been to provide them with | per cent. In the iron and steel industry, investors 
a super-abundance of funds to finance their industry, | seem to be earning from six to seven per cent. on 


and with their large gold supplies they appear 
to have a water-tight insurance against the strin- 
gency which is said to have been at the root of most 
heavy business depressions in the past. 


their capital; no exorbitant figure for an industrial 
investment, but vastly better than is being earned in 
this country. 

The results of American trading are of interest to 


Economically speaking, the war is, therefore, | British manufacturers, primarily as showing what 


the occasion on which the United States have built 
up their present fortune. The needs, both of belli- 
gerents and of neutrals, placed at their disposal the 
business and prices which gave them the means of 
doing so, and for the time being suppressed alto- 
gether the competition of other nations. In no other 
conceivable way would it have been possible for them | 
to have made such an advance in any time com- 


parable with that which this revolution in their posi- | 
tion has taken, if, indeed, it had ever been possible, | 


while American manufacturers were exposed to the 
normal competition of the belligerent countries. 
But when all possible allowance is made for such 
facts, it is clear that the war could do no more for 
the United States than to provide them with an occa- 
sion. For the brilliant account to which they have 
turned that occasion they are indebted to themselves 
alone, and though without this occasion they could 
not by now, or possibly at any time, have attained 
their present relative position, the methods .they 
adopted were in active use before the war, and 
have continued without interruption up to the pre- 
sent time. 

The effect of these methods on American industry 
has been estimated in a number of ways. According 
to a study made for the United States Department 
of Commerce, the volume of production of all the 
manufacturing industries in 1923 was a little under 
2% times as much as in 1899. That of the iron and 
steel industry was just over 3% times as much, and 
that of non-ferrous metals and products just over 
four times. The relation of this increase to the out- 
put of the individual worker is illustrated by 
Mr. Robinson from official statistics, which show 
that between 1904 and 1925 the volume of pro- 
duction in all manufactures per workman employed 
had increased by not far short of one-half, in spite 
of the fact, as mentioned in the Overseas Trade 
Report, that working hours had been reduced by 
6 per cent. As Mr. Robinson points out, this result 
shows that the men who, at the 1904 rate of produc- 
tion,would have been employed on the 2,460,000,000/. 
worth of excess production, were available for other 
work, and the absence of increase in unemployment | 
showed that the other work had been found. | 


effect may be obtained when all classes in industry 
are able and anxious to increase its production, 
and discard all practices, such as demarcation of 
trades, which tend to impede it or otherwise to 
increase its costs. Though this ability and this 
disposition are not in themselves sufficient to 
secure the desired results, they are essential to it ; 
and until they are assured, the capital needed for 
putting British industry as a whole on a level 
with American in mechanical efficiency is not likely 
to be provided. A study of the Overseas Trade 
report discloses, however, a special interest for 
British manufacturers in the present state of 
American industry. Prosperous though it is, the 
expansion of the home market shows signs of lag- 
ging. Its building trades, which, in the last few 
years have been an important factor of the general 
prosperity, seem to have caught up with the housing 
demands, and though emergency and other public 
works are making increased calls on these trades, 
such work gives less support than housing to many 
manufacturing industries. The improved efficiency 
of the railway service has reduced the demand for 
locomotives by getting a higher performance out 
of existing stock. The automobile trade, which 
consumes 15 per cent. of the entire steel production 
of the country, is employed to only about two-thirds 
of its capacity. The registration of motor vehicles, 
the taxation on which is said to yield an income 
of 147,000,000/., is slackening, and repossessions 
through default in instalment payments, were 5 per 
cent. higher in 1926 than in 1925. Generally, the 
chief present object of manufacturers in most trades 
is to maintain and increase the volume of their sales ; 
and in most branches of industry, and particularly 
in the engineering trades, they are looking to their 
export business to make good the demand which 
cannot be secured at home. Their competition 
has been felt during the last few years, and is 
likely to become keener. How British manu- 
facturers and workmen will meet it must depend on 
whether they can put themselves in a position to 














produce on equal terms. 








The number of men so made available for producing | THE SYDNEY HARBOUR BRIDGE.—I. 


additional wealth amounted to nearly one-third of 
the entire manufacturing force of the country. The 
explanation of this remarkable performance is to be 
found largely in the greater mechanical assistance 
introduced into the works, and to the desire of the 
workmen to use and make the best of it. Between 
1899 and 1925, the country’s primary horse-power 
had been more than trebled, and on the average 
every manufacturing wage earner is said to have at 
present 4} h.p. at his service. In the iron and 
steel industry, this figure is largely exceeded. Over 
the whole manufacture of iron and steel the use of 
power has increased nearly fourfold during the last 
25 years, and now amounts to over 16 h.p. per 
workman. Mr. Robinson illustrates the effect of 
this and other improvements in practice by refer- 
ence to the experience of the South Chicago works of 
the Illinois Steel Company during the present 
century. At the beginning of the century they 
represented, as they do now, the best practice of the 
time, but since then the output per man-hour has 
increased to an extent varying from eightfold for 
the work of unloading ore, and nearly fourfold for 
the service of blast furnaces, to 1% times its earlier 
figure for all open-hearth ingots. At the Gary Works 
of the same company, electrification to the extent 





Fottowinea the acceptance of Messrs. Dorman, 
Long and Company’s tender of 4,217,7211. 11s. 10d. 
for the erection of the two-hinged arch bridge with 
abutment towers and pylons across Sydney Harbour, 
for which tenders were called by the Government of 
New South Wales in accordance with the Chief 
Engineer’s design, plans and specification, the Chief 
Engineer, Dr. J. J. C. Bradfield and staff came to 
London in 1924 finally to settle the plans and 
discuss with the contractors the construction and 
erection of the bridge. The contractors’ consulting 
engineers are Mr. Ralph Freeman, of Sir Douglas 
Fox and Partners and Mr. G. C. Imbault; the 
contractors’ consulting architects are Sir John Burnet 
and Partners; and Mr. L. Ennis, O.B.E., is the 
director of construction for the contractors, Messrs. 
Dorman, Long and Company, Limited. After 
many discussions between the contractors, their 
Director of Construction, their Consulting Engineers 
and Architects with the Chief Engineer, as to the 
method and details of the manufacture and erection 
of the bridge, the principal type contract working 
drawings were prepared in collaboration with the 
Chief Engineer and his staff in the light of those 
discussions, and these plans were approved of and 
signed by Dr. Bradfield. 





468 


ENGINEERING. 





[APRIL 20, 1928. 











The main bridge, a perspective drawing of which 
in its completed form is given in Fig. 1, on page 469, 

consists of a two-hinged arch with five steel approach 
spans at either end. On the Southern side, these 
spans are one of 238 ft. (across George-street), 
and four of 174 ft. 6 in. On the northern side the 
spans are on a radius of 1,423 ft., the spans of the 
five eastern trusses being 173 ft. 2 in., and of the 
five western trusses 161 ft. 6% in. 

The main span, which is well shown in the eleva- 
tion of the bridge, given in Fig. 3, on Plate XLIV, 
consists of two silicon steel arch trusses, spaced 
98 ft. 6 in. apart, centre to centre, set in vertical 
planes, with a span of 1,650 ft. and a rise of 350 ft. 
from centre of bearings to centre of lower chord at 
the crown. The depth of the truss at the crown is 
60 ft., and at the end posts 187 ft. 9# in. ; the top of 
the arch is 437 ft. 6 in. above standard datum, i.-., 
mean sea level. Each arch truss is divided into 
28 panels with a single system of bracing, the two 
trusses being braced together by systems of laterals 
in the planes of the upper and lower chords. The 
lower chord varies in depth from 48 in. at the crown 
to 99in. at the hinges, the width 11 ft. overall being 
uniform throughout ; the top chord is 40 in. deep 
and 11 ft. wide throughout, except each end panel, 
which tapers from 40 in. to 60 in. indepth. All main 
members are of silicon steel. At the request of the 
Chief Engineer, the contractors were willing to roll 
12 in. by 12 in. by 1} in. silicon steel angles, and these 
will be used as the main angles for the arch span. 
The thickest plate will be 2} in. and the largest 
rivet 1,°. in. in diameter. 

The approach spans are all of similar type, 
consisting each of two M-braced main girders with 
verticals, 35 ft. deep and centres 98 ft. 6 in. apart, the 
panel lengths being 29 ft. 9 in. or 29 ft. lin. The deck 
is carried by stringers resting on the tops of cross- 
girders, which in turn rest on the topchord. The cross- 
girders are double-webbed plate girders, 5 ft. deep, 
and are braced by means of the cross-frames so that 
the frames assist in taking vertical loads. Lateral 
bracing of double diagonals is provided along the 
top chord, with end cross-frames and intermediate 
cross-frames at each panel point. No lower lateral 
system is provided on account of the probable 
relative distortions of the trusses under unsym- 
metrical live load. To take longitudinal forces 
due to traction or braking, the approach spans being 
on a grade of 1 in 40, braking girder systems are 
provided in each span, transferring the loads to the 
main girders at definite points. The spans are 
illustrated in Figs. 10 and 11, on page 470. 

All material in the approach spans is structural 
carbon steel, angles up to 8 in. by 8 in. by 1 in., 
with web plates up to 40 in. by 2 in. being used, the 
heaviest section comprising 330 sq. in. The lower 


1 in 40, with a central parabolic ease 589-34 ft. long. 
The headway for shipping is 172 ft. 6 in. 
The bridge and approaches and the street widen- 
ings to be undertaken in connection therewith, will 
extend from Walker-street, North Sydney, to Druitt- 
street adjacent to the town hall on the City side, 
a wide avenue 2} miles long providing on the main 
bridge for six lines of moving vehicular traffic, and 
on the roadways in approach to the main bridge 
for at least eight lines of vehicular traffic, the space 
required for each line of vehicular traffic being 
taken as 9 ft. 6 in. : 
| Two-thirds of the cost of the bridge and approaches 
| will be debited to the general loan fund, and when 
the bridge is opened for traffic will be added to the 
railway capital debt; the remaining third of the 
cost is being defrayed by a land tax of 4d. in the £ 
on the unimproved capital value of land situated in 
the City of Sydney and the northern suburbs. 
For the year ending December 31, 1927, the un- 
improved capital value of the taxable areas is 
88,814,387/., the amount derived from the tax 
182,427/. 6s. 10d., and the number of individual 
contributors 104,105. The estimated cost of the 
main bridge and approaches including land resump- 
tions, is 5,750,000/., which sum the Act states must 
not be exceeded by more than 10 per cent. 

Construction on the main bridge began in January, 
1925, after the return of Mr. Ennis and Dr. Bradfield 
to Sydney. The ceremony of laying the foundation 
stone of the abutment tower and pylon was per- 
formed by the Hon. R. T. Ball, M.L.A., on March 26, 
1925, Sir Arthur and Lady Dorman and Sir Hugh 
Bell specially journeying to Australia for it. 

In this and subsequent articles, for the informa- 
tion in which we are indebted to Dr. Bradfield, 
we propose to give some account of the progress 
of this important work. In the first instance we 
may refer to the approaches which are being carried 
out by day labour under the Chief Engineer. Con- 
struction on the Northern approach was begun on 
July 30, 1923, some six months before tenders for 
the main bridge were to be submitted. In connection 
with the railway approaches to the bridge, reference 
may be made to the article on the “ Electrification of 
the Sydney Metropolitan Railway,” which appeared 
in our issue of March 11 of last year. The map given 
in Fig. 2, on page 469, which shows the railway 
connections to the bridge, is reproduced from our 
earlier article for convenience. 

At the north end, the four bridge railway tracks 
connect with the Milson’s Point Railway about 
200 ft. on the Milson’s Point side of Bay-road 
station. As shown in Fig. 2, crossing Euroka- 
street on a 50-ft. reinforced concrete arch span and 
passing under Bank-street, the road traffic of which 
is carried over the railway by a reinforced concrete 








end of each girder rests on a fixed cast steel bearing 
and the higher or expansion end is free to move on a 
cast steel bearing fitted with bronze slipper plates. 
The approach piers are constructed of granite 
concrete faced with granite masonry, 14 ft. by 
17 ft. at the top, and battered to 1 in 30 on all 
sides; each pair of piers are spaced 98-ft. 6-in. 
centres. Some of them are well shown in Fig. 7, 
on Plate XLIV. 

The abutment towers are hollow rectangular con- | 
crete chambers, with a face width of 223 ft. and 162 ft. 
long at ground level, stiffened by interior concrete 
walls. The two pylons above deck level measure 
84 ft. by 46 ft. and are also of hollow reinforced 
concrete construction ; each is pierced by an arch 
opening through which the outer railway track 
and a footway will pass. At the top, the pylons 











measure 62 ft. by 28 ft. The abutment towers and | 4 two-hinged silicon steel arch bridge of 220 ft. 


pylons give a touch of distinction to the bridge, | 
which would otherwise be an immense utilitarian | 


steel structure, and by their weight steepen the | spandrel arch span of 120 ft. 


resultant arch thrust and so minimise the size of | 
the skewbacks. The pylons will be utilised for the | 
erection of the arch. 


deck on the arch span is 159 ft. 11? in. At maximum 
capacity, it will be possible for 168 electric trains, 


6,000 vehicles and 4,000 pedestrians to cross the | Burton-street on a reinforced concrete arch bridge 
bridge in an hour. The grade on the main bridge is | of 60-ft. span, then on an embankment between 


| the roadway and a pair of tracks being carried on an 

The arch and approach spans provide for a road- |embankment enclosed between retaining walls, the 
way 57 ft. wide between kerbs, located between two | other pair being carried on a viaduct to Kirribilli 
pairs of railway tracks, with a footway on the outside | station, where there will be two island platforms 
of each pair of railway tracks. The width of the| with the roadway between them. Provision is 
made under the viaduct for shops. After passing 
Kirribilli station, the railways and roadway cross 


girder bridge, the four railway tracks enter two 
double line tunnels and, passing under the Church 
of England Grammar School Hill, emerge at North 
Sydney station as four single-line tunnels so con- 
structed that the rail tracks will serve the sides of 
two island platforms. The length of tunnel under 
the Grammar School Hill is 22 chains. 

From North Sydney station, the four railway 
tracks cross Arthur-street on a reinforced concrete 
arch bridge of 50 ft. span, and 100 ft wide, with 
elliptical intrados, and after traversing a length of 
overhead construction under which shops will be 
constructed, the tracks diverge in pairs to allow the 
roadway to begin at the existing street level at the 
intersection of Alfred-street with Junction-street, 
which latter street is to be widened to 100 ft. One 
pair of tracks will be carried over Alfred-street on 


span carrying a reinforced concrete deck slab. 
the other pair crossing on a reinforced concrete open 


From this point, the roadway, rising in a grade of 
1 in 39, is located between the two pairs of tracks, 


retaining walls, across Fitzroy-street on a reinforced 
concrete arch bridge of 66 ft. span and thence across 
the main bridge. Between Burton-street and 
Fitzroy-street will be situated the bridge stairs 
which will allow foot passengers from the bridge to 
reach the existing street levels. 

After leaving the main bridge contract at George- 
street North, on the City side, the roadway, the 
four railway tracks, and the footways continue on 
three reinforced concrete arches of 70 ft., 64 ft., 
and 58-ft. spans, then on a length of embankment 
between retaining walls, after which Argyle Cut is 
crossed by a reinforced concrete arch bridge of 66 ft. 
span. From the end of the three arch spans the 
roadway and railways are on different grades, the 
railways running below the City-avenue to the 
bridge immediately Argyle Cut is passed. The 
railways continue underground and reach the upper 
level of Wynyard-square station (now under con- 
struction), a distance of 2 miles 33 chains from the 
offtake with the Milson’s Point Railway on the 
northern side. The Bridge-avenue, on the City side, 
will consist of a main roadway 80 ft. wide, with two 
footways each 16 ft. wide. At Grosvenor-street, 
the Bridge-avenue connects with York-street and 
Kent-street by means of a crescent. York-street 
will be widened from 60 ft. to 81 ft. throughout its 
length to Druitt-street. The ruling roadway grade 
is 1 in 39; the ruling railway grade is 1 in 30 com- 
pensated for curvature, the sharpest curve being 
1,320 ft. radius. 

The construction of the main bridge was begun 
on January 19, 1925, when the excavation for the 
abutment tower at Dawes Point was commenced. 
The substructure comprises the four concrete abut- 
ment blocks which will be incorporated in the abut- 
ments for the reinforced concrete arch span at 
either end of the main bridge ; a concrete retaining 
wall along Hickson-road in which are incorporated 
the concrete foundations of piers 2 and 4; the 
approach piers, 16 in all, eight on each side of the 
Harbour and the two abutment towers with their 
pylons at either end of the main arch. 

The retaining wall, 43 ft. above ground at the 
highest section and 750 ft. long, follows the curve 
of Hickson-road, and the contour of Dawes Point 

Park, and is designed as a gravity wall. 

The positions of Hickson-road and Dawes Point 

can be seen in Fig. 2. Two views of the retaining 

wall are given in Figs. 4 and 5 on Plate XLIV, the 

former showing the state of the work in January, 

1926, and the latter in September, 1927. In Fig. 4, 

Pier 2, and the foundations of Pier 4, can be seen, 

incorporated with the retaining wall. Fig. 7, on 

the same plate, shows Piers 3 to 8 at Dawes Point. 

The low curved portion of the retaining wall along 

Hickson-road can be seen in this illustration. The 

workshops in which the bridge work is being pre- 

pared can be seen on the other side of the harbour. 

Expansion joints are provided at about 110-ft. inter- 

vals, in the retaining wall, the joint being made with 

corrugated and plain galvanised iron, the corruga- 

tions flattening when the first expansion takes place. 

A detail of the joint is given in Fig. 12, on page 470. 

These expansion joints have proved effective. The 

retaining wall enabled Dawes Point Park to he 

levelled up so that corresponding piers of each of 

the four pairs of piers are about equal in height 

above ground level, thus adding to the appearance. 

The approach spans are supported on two lines of 

independent piers, each pair of piers carrying the 

fixed end of one span and the expansion end of the 

adjacent span. All approach piers are of granite- 

faced concrete construction, measuring 14 ft. 

longitudinally by 17 ft. transversely at the cap. 

The top capping courses are 4 ft. 9 in. deep with 

vertical sides, the surface of the granite being of 

patent-hammered four cut finish; the necking 

courses below are 5 ft. deep, also four cut finish, 

measuring 12 ft. by 15 ft. The shafts of all piers 

measure 13 ft. 3 in. by 16 ft. 3 in. at the top, and 
batter downwards on all sides 1 in 30 to the plinth, 
the finish being the granite face, as quarried. The 
shafts of piers vary in length ; they rest upon @ bas 
having a four-cut surface 5 ft. deep surmounting 
the plinth, the top of which is 11 ft. 6 in. above os 
top of the concrete foundation below ground leve’. 
The depths of the courses vary from 3 ft. in the 





plinth to 1 ft. 6 in. in the shafts, decreasing in depth 








ATI VAT fave eG maecaeae Tar AT We 


Tr kw eS _™ ea TF TTC. SN Oe ow<x7y TT. wT TN tT 


™ Eres |S oOoOoesTS 


———————S 








| 


O 
Zz 
i 
m4 
oa 
fx) | 
Z| 
—_— 
O 
A 
tq 





APRIL 20, 1928.] 


wodj ‘apeuemoid & spunodins speaysnyeq Aavoy vB doy 
ay} 48 pue ‘peptaAoid st inoqzey oy} I9A0 4N0-H00| 
8 ‘OG-ZCZ [PAR] FV “SI[BAM YOUR yeUIOZUI 044 pue 
uojAd 943 Jo syjem [euse4xe ayy Aq pouri0; sooeds ayy 
opisut sdoys oyo10U00 Jo suvout Aq JeAo] Yoop ospiq 
24} ULOIZ SIIv}s 9804} 0} poptAoid st ssao0y “][OAL 
Avmiteys @ Aq paoroid ‘s100y jo suvour Aq s[eAsozUT 
ye paoviq o1e SsT[VBM 94} ‘IOOY sty, UO 4ST [OAD] 
yoop aaoqe suojAd ayy, “yuoutso s#eq ¥¢ 410 ‘q] LIF 
pure ‘pues *43 ‘qno / ‘47 ‘qno gf “4ysnp Surpnypoxo “ut F 
0} ‘UL [ WOIF Joysnio oy} Jo UNI 9y4 9401000 94} 
pUv ‘IoJOUIvIp UL ‘UI Z Ie Spor SuloIOFUIOI UTeUT OUT, 
‘doop ‘ul [1 3} p Sutvoq [eurpnqtsuoy pue ‘doop aj 6 
SUvAq OSIOASUBI} UIVUT UO Yoryy “4f Z QvIs o}oIOUOD 
peo1OJUlaL B YRIM ([aAO] JOOY ospluq oy} MOTEqG *3J 
0G: SI) OG- SGT [PAe] 9B IaAO pojoor ore suojAd oY J, 
‘Aanfur wor Aruoseur o4rueds | 
qno Inof 94} Suyoojoid soy ore ‘G “SIZ Ul UMOYs | 
sdeqpues of, “AIIX [qd UO 6 puL g ‘sdIy UT | 
U9ATS OIv I9M0} JUOUIYNGe JUIOg somECT 94} UO YIOAL 
jo ssoisoid oy} Surmoys sMolA OMT, “[LP osed wo | 
OT 9} ET ‘SS1y UT UDATS sI9M0} OY} JO 9UO Jo sUOTZD—S | 
-sso10 pue suvd [euoroos ‘uoTeATO 94} UT Uses 9q | 
ued sjusmesuRIe oseyy, ‘Auooeq Suroofoad v Aq 
PoeVUTUIIA} st 4t o1oyM ‘suojAd oY} Jo sovz [eUIOzXO | 
94} 0} AvMZOO} 044 WOIy spvo, Suruedo ossoAsuvd} | 
oy} ‘Avmyooy ouo pue yovl}, AvmMyIeI oUO soyey Sut | 
-uodo [eurpnyzisuoy oy} { opin “43 Cg sdutuedo poyore 
omy Aq poosatd st uojfd yore jaaoy, Joop osplaq 
243 $V «‘(JPAO] Vos UvOUT) WINyep prepuUrys dAOGL 
‘¥¥ G8Z JO JYSIoy & 0} Sutpusyxo siamo} Ie[Nsur | 
~J091 SUTULIOF ‘apis yore uo pozenyis ore suopAd oy, 
*SI9MO} 94} JOAO Sutssed oSpraq 944 Jo yoop [904s | 


oy} Aq [OART Yop ye pelaAood st pouwoy Os oovds | qUOIZ OY, ‘afOYA\ B Sv oINQONIYs OY4 07 AZIPISi optA 
[BUIOZUT OY, ‘S[[eA\ UrezINO [eUTpNgISuo] Aq payoouuOd | -o1d puv MOTEq SYoRqMOYS 94} 07 4YySIEM ppe siord 
ore ssotd yoeq pue yuory jo ated yoo opty ‘TTeAL | quoiy OM} 943 { YOIe UTeUT 944 03 quooe{pe uvds 
ureqino yoeq oy} Aq siord You oy} pur ‘Te ureyno | youordde oy} Jo spus oy} 4z0ddns saotd yorq omy 944 
quozy 0y3 Aq Ajasdoasues} poyoouuoo are saord | 





c_ | 


SNOISNBLXS O3S0d0NG 
——— SNHL NMOMS SANIT GaSiBONANY 
sNz0uW9 


fan ™ 
In woe, 
narnozes / 


Ss 


enosurn _9n/ 1890 — 
— = 
“ | 
Yj" 
Suave (4 
Sess 
{ Sb i 
\ oh qe > 
Coat ee 
Cot % 
Pe, 
Oat 


= 














‘sro1d 9}910U09 INOF JO S}SISUOD TOMO FUOIYNGV Youy | 





‘uvds Yore ulvul 944 jo syusTUpNGe ou wWido} orga 
SYOUGMOYS IY} JUNOWLINS pUL ‘UOTZONIYSUOD 9491DU09 
poovj-aytuvis Jo osje ore osoyy, ‘“uvds yore uTeu 
9Y} JO pUd TORE 4v OUO ‘sIOMO} JUSTIN’ OMY OY} BIB 
aSpluq oy} Jo samnqvoz peMqooytyore yedroutd oy, 

‘yout orenbs sod -q] OFZ‘g JO YQSUeI4s UOTsseIdIOO B 
SoAId ‘skep gz 9e oJoIOUOD sTyy, ‘“JUeTIID sopuRy 


qaed [ 0} ‘pues uvodey jo syred F_ “ur | 03 uMop 


“UI-§Z WoIZ oyvBoIB3e o4tuvis Jo syred g Jo S}sTsUOD 
‘sroid yovoidde oy} pue syoojq yuewynge ‘]]RM 
SUTUTeJII OYY JO ISVO OY} UT Yor ‘a3a10U0D 94} IOF 
oyeSoisse utezqo 03 Arrenb oy ye poysnso av sou04zs 
Sulovey SUTYVU IOF 9IQezIMsun oztueIs Jo syooq pur 
sjjeds oyy, “xIOM styy soz Aypetoods ‘soyeA, YINOG 
MON ‘PURIST YSTeAA 7B poponsysuoo ‘s1ozyStlorZ 99144 


| q AoupAg 03 4YSnoIiq ore o7e50I55" oyoIDUOD PUL 
| SoUO}S PossoIp OY,], 


-Auvduiog pure Suoy ‘uew10( 
*sISsoy[ ‘S10jOvIGUOD 9Yyy Aq podojsAep Useq sey puL 
‘IZ6I Ul po}IAUI oI0M srJopucZ USM yovIyUOD 04 
jo sasodind 043 J0j ofqejteae opeut sem Arrenb styy, 
‘AoupAg JO YQNOs soptur OLT JURISIP ‘soTeAA YINOG 
MON JO 48vO9 043 UO “eXnIOP 42 07e9g 243 Aq pouMO 
Aizenb ev woz poureyqo st Aruoseu 941UeIY) 
‘srotd yovoidde oy} Jo ysoysty Oy} 91" OSOTL J, 
“AT'IX 93%] q UO ‘g ‘St UT UMOYS oIe OSpLIq oY} jo 
pUd YOU 94} 4¥ JUIOg s,UOyITP_ 9e Suotd oy, “ATosIOA 


| -SURI} SdI}UD ‘UI g “IF QG 4 SI sdoTd Jo ated Youd 
lay 6F-Qz_ saotd 4yso]e3 04g pue ‘deo oytueis jo 
| doz 03 asvq o}o10U00 Jo doy WOIT “4F 9Z- TE Msvoul 
| saatd 4saq0ys omy oy} { YOop osplaq oy} Jo oped 
| 84} puw JeAoT puNos oy} sv Arva sroid Jo szysoy 


ey, ‘esinoo ay} Jo pling oy} soully fF st oyluRID O44 
JO SSoUYyoTy] OSevIOAV oY} £ FYDIOY IY} 0} Sutpsooov 





aoe a PE fiz 
Sere oh 4 WA GIENG 





Senne Seer = 





PL id AN) 








“SHWIVM 


‘UIANIONGL AATHO 3 “AO*LSNT' WN 


MOAN ‘AWHNGAS 


‘aTa1davud “‘O ‘fF ‘ef “Ud 


HLOOS 


‘ADdIud UANOGUVH ABNACAS 


A ALD 











ENGINEERING. 





[APRIL 20, 1928. 


THE SYDNEY HARBOUR BRIDGE, SYDNEY, NEW SOUTH WALES. 


DR. J. 


Fig.10. SIDE ELEVATION 
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Fig. 71. CROSS SECTION 


























which extensive views over the City and harbour 
can be*obtained. 
Mansard type, built in reinforced concrete. A 


cross-connection between the two bridge footways | 


is provided at each abutment tower below the deck, 
at level 155-50, by means of a steel truss span from 
one internal wall to the other. 

The concrete skewbacks, one for each main bearing, 
are 90 ft. long, 40 ft. wide, some 63 ft. deep, the 
foundation level being at about R.L. — 35-00, i.e., 
35 ft. below mean sea level, the concrete being set 
about 25 ft. deep into the solid sandstone. For the 
body of each skewback concrete of granite aggregate 
was used in the proportion of 4 parts of granite 


The roof of the pylon will be of | 


aggregate 2} in. to } in., 1} parts Nepean sand to | 
1 part Kandos cement. The strength of this concrete | 


was 3,400 lb. per square inch at 28 days; the maxi- 
mum foundation pressure is between 14 and 15 tons 
per square foot. 
beneath main bearings, No. 1 Special, about 5 ft. 
deep, was made of greater strength by grading the 
aggregate and by the addition of high-strength 
cement ; at 28 days the compressive strength of this 
concrete was 6,800 lb. per square inch ; at 3 months, 
8,050 lb. per square inch, and at 6 months, 8,450 Ib. 
per square inch. The proportions used were 1 part 
special Kandos cement. } parts Nepean sand, to 
2} parts granite aggregate, graded as predetermined 
from 2} in. down, the mix being :— 

8 cub. ft. 

6 cub, ft. 


Cement, 6 bags 
Sand ne re 
Broken granite— 


24 in. to l}in. ... 6-84 cub. ft. 


1} in, to lin. 3-42 cub. ft. 
lin, to } in. 5-04 cub, ft. 
3 in. to 7, in. 1-35 cub. ft. 


1-35 cub. ft. 


in. to dust J 
Each batch was mixed for at least three minutes. 


1 
lo 


The cement had a compression strength in 3 to 1 | per square inch, at 6 months 5,600 lb. per square 


The layer of concrete . directly | 





SECTION A.A. 
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special, of mixture 1 : 1}: 3, giving a 28-day strength 
of 4,300 lb. per square inch; at 3 months, 5,400 lb. 


mortar,at 28 days, combination air and water harden- | inch and at 13 months 6,060 lb. per square inch. 
ing, of over 7,000 1b. per square inch, and special | The top layer of special No. 1 concrete was reinforced ; shind 
care was taken to keep the water in the concrete by means of a network of 1}-in. diameter steel bars, | the intended impression of weight above and behin 

to a minimum consistent with a good working mix. | to distribute the pressure from the bearings, other- 
This concrete has to withstand a pressure from the | wise the skewbacks were not reinforced. These bars, 
main bearings of 800 lb. per square inch for primary | were in bunches of four at 3 in. centres, the space 


stresses, and a maximum of about 1,050 Ib. per | between the bunches being 1 ft. 2 in. ; 


square inch including all secondary stresses. 


the rein- 




















in pouring the concrete in the body of the skewbacks. 
The concrete was poured in units 40 ft. long, equal 
| to the full width of the skewback, and hexagonal 
in cross-section,7 days’ hardening being allowed 
before pouring two vertically adjacent units. The 
method of pouring the concrete for the skewbacks 
in hexagonal blocks is shown in Fig. 17 on page 471. 
This drawing, whichillustrates the Western skewback 
at Dawes’ Point, shows also the position of the 
special No. 1 and No. 2 concrete under the bearings. 
Up to level 27-50 (main pin level) the walls of 
the abutment tower were constructed course by 
course of granite, the concrete backing being poured 
as the granite was set. Above this level, the external 
walls are in general 5 ft. 6 in. thick, and the internal 
walls 4 ft. thick; the concrete shell of the abutment 
tower is being run up ahead of the granite, the 
exterior walls being poured 3 ft. 6 in. thick, and all 
walls reinforced against temperature and shrinkage 
by two sets of Z-in. diameter horizontal steel rods 
|at 18 in. vertical centres. The granite masonry 
| following after the concrete will be cramped to the 
‘concrete shell by means of 2 in. by }-in. mild steel 
| bars. The back wall terminates at level 117-50 and 
| the whole of the concrete shell on the south abut- 
| ment tower is now at this level. The pylons will 
| be carried to level 155-50, to enable the main span 
| creeper cranes for the erection of the arch to be 
| placed on the steel deck supported at this level. 
| The general treatment of the abutment towers 
| consists in plain battered faces rising from a sturdy 
| base with simple bold mouldings. The ornament, 
/severe and simple, is in keeping with the general 
| scheme of the bridge, consisting of a large panel at 
‘the base, surmounting a projecting basin for shrub- 
| bery, and projecting balconies at bridge floor level. 
The arched openings are treated with steppe: 1 rings 
and band at impost level. Narrow openings for the 
purpose of lighting the interior accentuate the 
scale of the structure. The abutment tower provides 





the skewbacks; it separates two forms of bridge 
construction which if meeting at a point, would 
by their confluence produce an unsatisfactory ctlect. 
The mass of the abutment tower is raked back ard 





Be- | forcing bars averaged about 6 in. centres in both| to stand away from the vertical end posts 0! the 


neath this special concrete is another layer, No. 2 | directions. Special care was taken against shrinkage | arch, and from whatever angle or distance vl" 
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it is quite evident that the thrust from the arch is 
on the main bearings, not on the towers. 

The skewbacks are 90 ft. long by 40 ft. wide 
founded about 25 ft. deep in solid rock, the foun- 
dations being stepped horizontally to follow the 
natural beds of the sandstone as shown in Fig. 18 on 
page 480. The excavation was taken out with this 
in view, and when near foundation level, diamond 
drill bores were sunk to ascertain if the Wiana- 
matt shale which was known to exist about founda- 
tion level on the Dawes Point side was in pockets 
only, or if it was bedded over the whole area of the 
skewbacks. In the western skewback at Dawes 
Point, the bed of shale, 3 ft. thick, extended over the 
Whole area of the skewback, and as a layer of soft 
tock over the greater portion of the area of the 
eastern skewback. The sea water under a head of 
37 ft. 6 in. at high water seeped along the bed of 
shale into the excavation, and it was excavated, 
48 On exposure to the air the shale crumbles and 
when moist becomes soft and plastic, though 
tough and compact in its bed. On the Milson’s 
Point side there was no shale; the foundations are 
stepped to follow the natural bedding of the sand- 
stone. After the excavation was completed, diamond 
drill bores were sunk over the area of the four 
skewbacks to a depth of 50 ft. below the lowest 
Point of the excavations; these bores revealed 
hard solid well bedded sandstone throughout. 
The excavation for the eastern skewback at 
Milsom’s Point is shown in Fig. 19 on page 480. 

As the excavation for each skewback was taken 
30 ft. to 35 ft. below mean sea level, it was necessary 
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to construct a clay puddle wall about 2 ft. thick 
and 4 ft. high to keep the water from seeping 
into the excavation along the bed in the sandstone 
at mean sea level. This puddle wall can be seen 
in Fig. 20 on page 480, which shows the site of 
the abutment tower at Dawes Point. The eastern 
skewback is on the right-hand side of the figure. 
The spoil was removed by a 5-ton locomotive 
crane and transferred by it into a barge. High- 
water level was approximately at the level on which 
the crane is shown working. Below mean sea level 
the rock was compact, and there was little, if any, 
seepage except at the shale bed. In all foundations 
there was practically no trouble on account of the 
excavations being below water level. The overall 
dimensions of the abutment tower at the base are 
162 ft. by 223 ft.; the pylons are at deck level 
82 ft. by 46 ft., and at the tops 62 ft. by 28 ft. 
The concrete and masonry is being placed in 
position by means of two 7-ton steam cranes 
with 110-ft. jibs, erected on the top of a braced 
timber trestle 110 ft. high, in such a position as 
to command the whole area of the base of the 
tower. At Dawes Point, aggregate is delivered 
from the freighters at water’s edge by means of 
a grab and a 25-ton electric crane into a hopper, 
feeding a belt conveyor, thence through a temporary 
opening on the front curtain wall of the abutment 
tower to the interior of the tower, sand and cement 
being delivered by motor lorry along the haulage 
ramp through the permanent opening in the back 
curtain wall. The mixer is situated in the centre 
of the tower at the bottom level 8-00, from 











whence the concrete is taken in skips designed by 
Mr. L. Ennis, Director of Construction for the 
contractors, by the 7-ton cranes to the required 
point. Granite masonry is unloaded by the 25-ton 
crane at water’s edge and handled into place by 
the 7-ton cranes above-mentioned. 

By this method, the concrete shell will be run 
up to about level 132-00, the masonry following 
on as stones are delivered. At level 132, the 7-ton 
cranes can no longer command the outer sidewalls 
of the pylons, but the internal walls will proceed 
to level 155-50. The 7-ton cranes and timber 
trestle 110 ft. high will then be dismantled, and 
the cranes re-erected on the top of the steelwork 
of the adjacent approach span, from whence the 
outer walls can be completed to level 155-50, 
and with the assistance of the 25-ton electric crane 
for erecting approach span steelwork, the reinforced 
decks at level 155-50 will be completed, the 25-ton 
cranes then proceeding to erect the steel bridge 
deck upon the abutment towers. On the northern 
side a system somewhat similar has been installed. 
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Strength of Materials, By F. V. Warnock, Ph.D., 
B.Se. London: Sir Isaac Pitman and Sons, Limited. 
[Price 12s. 6d. net.] 
Tis book is intended primarily for the use of 
students preparing for the degree of B.Sc. and for 
the examinations of the various professional engi- 
neering institutions, but should also prove useful 
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for practical engineers. The matter is well, grouped, 
the printing is clear and easily read, and the 
diagrams and sketches are excellent. A good 
feature is the examination of the limiting stress 
conditions under the various compound stress 
theories, and the author shows the application of 
these theories in some common practical cases such 
as thin cylinders and spheres, thick cylinders, and 
the torsion of shafts. Several points not usually 
found in textbooks are dealt with, including the 
shape of bars to give uniform strength when under 
tension due to their own weight, and the extension 
of taper rods in tension. The torsion of taper shafts 
is also discussed, and some excellent information 
is given on the whirling of shafts. 

In some ways the book would have been improved 
by the inclusion of further information. Particular 
attention is given to the method of obtaining the 
deflection of beams from the consideration of the 
moment of the bending moment diagram. This 
gives a quick and easy solution of simple cases, but, 
unfortunately, the general graphical treatment is 
absent. Again, nothing is said about the graphical 
determination of moments, centroids and moments 


of inertia of irregular sections such as are often | 
The discussion of Clapeyron’s | 
Theorem of Three Moments is not so extensive as | 


met with in practice. 


it might be, and the examples on this important 
theorem are rather poor. Also Wilson’s well-known 


method of solving continuous beam problems is | 


omitted altogether. 

The chapter dealing with the stresses in thick 
cylinders and compound cylinders is as complete 
as is usually found in text-books, but further infor- 
mation would be welcomed on the subject of shrink- 
ing allowances in crank webs, cylinders, &c. In 
view of the increasing importance attached to an 
accurate knowledge of vibrations and particularly 
torsional vibrations, it is rather surprising that 
nothing has been said on this subject although, of 
course, this may appear in some other volume of the 
same series. It may be noted also that the stresses 
in flat plates have been neglected, although this is 
a part of the work usually included in text-books 
on strength of materials. A very extensive and 
valuable chapter on testing machines and the testing 
of materials gives some excellent illustrations of 
the machines used in practice. 

In spite of the omissions noted above, the book 
should prove of great value to the student, especi- 
ally when we consider the liberal supply of worked 
examples which appear in addition to the well- 
selected examples at the end of each chapter. 


Electric Rectifiers and Valves. By Professor Dr.-Ing. A. 
GUNTHERSCHULZE. Translated and revised by NORMAN 
A. DE BruyNneE, B.A. London: Chapman and Hall, 
Limited. Price 15s, net.]} 

A BooK by so well known an original investigator 

as Dr. Giintherschulze, of the Reichsanstalt, will 

be opened in the confidence that the subject has 


been dealt with in a thorough competent manner, | 


from the theoretical as well as from the practical 
standpoint. At the same time, the reader might 
anticipate preferential attention to electrolytic 


rectifiers, with the investigation of which Dr. | 


Giintherschulze’s name is so prominently connected. 
But these rectifiers only occupy one tenth of the 
212 pages, and the chapter, or rather the two chap- 
ters, concerning them, include rectifiers of the arc 
and mercury vapour types. The whole subject is 
divided into two sections, a physical theory section 
and a technical section. Some chapter headings 
are to be found in both the sections, and the division 
appears to serve its purpose, though one may 
wonder why the first chapter of the second section, 
Connections and Mathematical Theory of Valves, 
has not been incorporsted in the first general section. 

Rectifiers are devices intended to restrict the flow 
of current to one direction and to convert alterna- 
ting into direct current. That may be effected by 
moving parts, switches, reeds and rotary commuta- 
tors, about which the book has not a great deal 
to say. Valves are defined as conducting systems, 
the characteristic volt-ampere curves of which are 
dependent upon the current direction ; thetermvalve 
comprises generators of high-frequency oscillations. 
The volume deals primarily with strong-current 
rectifiers; delicate detecting instruments for 


high-frequency work do not fall into its scope. - with refractory materials used in pyrometry. 
Since the current flow is a transport of electricity |The notes on the Seebeck, Peltier and Thomson 
by electrons and ions, a rectifier or valve must effects practically end with Thomson’s work; the 
contain some device or boundary to stop, partially |more recent researches by Benedicks are pot 
or entirely, the flow in the undesired direction. | noticed, but they have no direct bearing in the 
The boundary may be of the types: metal-metal, | construction of pyrometers. On the other hand, 
gas-gas, electrolyte-electrolyte, metal-gas or vacuum, | thermopiles should have received more attention 
metal-electrolyte, gas-electrolyte, and miscellaneous | and the recent refinements in thermocouples due to 





materials. The metal-metal boundary (thermo- 
electric valves) is hardly utilised for this purpose, 
even when we class as metals all materials conducting 
like metals (carbon, sulphides, &c.). Gases and 
electrolytes are not used, except in combination 
with some other boundary as mentioned above. To 
understand the action, we must study the electric 
discharge through gases and electrolytes. The author 
| therefore discusses the discharge through ordinary 
|and inert gases, the actions of the electrodes, 
and the arc in special chapters, explaining the 
dark spaces, space charges, effect of impurities, 
and thermionic emission of electrons before coming 
to the chapters on electrolytic rectifiers and detectors. 
All these problems are discussed in a very instructive 
way. 
metal plate in an electrolyte is said to depend upon 
the valve effect of the gas-electrolytic boundary, 
and even the Schlémilch cell (built up of two 
| platinum electrodes of very unequal areas immersed 
in sulphuric acid) and the crystal detector are 
| characterised as electronic valves, at any rate in 
| high-frequency work. the electrolytic effects being 
secondary. 

The mechanical rectifiers of the reed-relay and 
vibrating flame types, which are dealt with in the 
technical section, do not fail to allude to the Hart- | 
mann jet wave rectifier, illustrated on page 338 of our 
issue of September 9 last. Details of this novelty | 
were not available at the time of publication of the | 
volume, and a_ literature reference could not be 
given in this case. But the S tube of Bush and 
Smith is illustrated without any further information 
about the inventors or any literature reference; re- 
ferences are a somewhat weak feature of the book. 
The index is not good either, and does not mention 
Hartmann, for instance. The translator, Mr. 
Norman de Bruyne, of Trinity College, Cambridge, 
himself author of a book on The Electrolytic Rectifier, 
remarks in the preface that the purist might finc 
much in the book to offend his prejudices, but that 
clearness is worth an occasional redundancy. One 
need not be a purist, however, to question the 
clearness of some of Mr. de Bruyne’s translations. 

In characterising crystal detectors as electronic 
valves Dr. Giintherschulze had quoted the views of 
Schottky. In the book under notice this reads : 
|“ Schottky represents these relations [that only 
electrons of a certain minimum velocity can leave 
a metal] very clearly by the picture of a flat basin 
with a high curved side. Elastic spheres, (the 
electrons,) can roll undisturbed here and there on 
the bottom of this basin. But as soon as they wish 
to leave the basin, they must have so great a velocity 





} 


wrote this in the Zeitschrift fiir Physik, vol. xiv, | 
1923, and Dr. Giintherschulze’s book was published | 
|in 1924. This information is not given in the trans- | 
| lation, and one does not know, therefore, how far | 
| the additions, which the translator has made, with | 
| the acknowledged assistance of the author, extend | 
| beyond the tantalum rectifier and the Moullin volt- | 
| meter mentioned in the preface. 


By Witttam P. Woop, A.B., M.S., and 


Cork, Ph.D. London: McGraw 


Pyrometry. 
| JAMES M. 
| 
| 


Publishing Company, Limited, 6 and 8 Bouverie-street, |in general the former is more efficient. 
|constructional details of the Kablitz and_ other 


E.C.4. 
Bot the authors of this volume of 203 pages, | 


[Price 15s. net.] 


nected with the University of Michigan, Mr. Wood | 


further, with temperature recorders and controlling | 





devices, transition points and thermal analysis, | erection and explosions. 


jou 


Hill | are discussed, and the conclusion is come to that 


illustrated by 92 diagrams and views, are con-|are discussed at some length. 


being assistant professor of metallurgy and Mr. | chapter 
Cork assistant professor of physics. They deal in| factors involved are carefully worked out. 
nine chapters with temperature scales, fluid thermo-| treatment is essentially practical, and it 
meters, thermo-electric and resistance thermo- | difficulties of language and systems of measurement 
meters, optical and total radiation pyrometers, and|can be overcome, should be useful to 


| Professor Moll, of Utrecht, and others, should have 
| been mentioned. For English readers the chief 
|interest of the volume lies in the descriptions of 
|instruments and equipments of American many. 
|facture. Some of the manufacturers are entered 
|in the index, but these references are by no means 
‘complete. The discussion of recent researches and 
|their applications is too much restricted to the 
Bureau of Standards, and good books on pyrometry 
| have appeared since 1919, the last date mentioned 
|in the preface. The subject has become so large 
| that space need not have been given to so-called 
| problems—unanswered questions—at the ends of 
|the chapters. The notes on experiments, also 
additional to the chapters, e.g., how to find the 


The electrolytic rectifier consisting of a|emissivity of a metal, are quite useful, but they 


‘look a little like afterthoughts and supplementary 
information on matters which should have been 
embodied in the chapter and then have been 
referred to in the table of contents. The problems 
are mere puzzles of a type which is fortunately 
disappearing from text books. Apart from the 


| limitations we have had to point out, the volume will 


certainly be appreciated by students, for whose 
benefit it is primarily compiled. 


Die Speisewasservorwarmung, mittels Kesselabyasen. By 
OBERINGENIEUR CurT Ruut. Wittenberg: A. 
Ziemsen. [Price 14 marks.] 

THE title of this book, though not incorrect, is 

a little misleading. It deals entirely with the 

design and principles of economiser working, a 

subject which, as the author rightly states, has 

| been so far relegated to a paragraph or two in 
| books on boiler practice, and has not been thought 
| worthy of a treatise to itself. The boiler house 
| superintendent, when he wishes to obtain informa- 
|tion about his economisers, is therefore faced with 
|the fact that the more important data cannot be 
accurately obtained, and must largely be guessed at. 
|The author seeks to repair this omission, and with 
|Teutonic thoroughness, in 250 pages, succeeds in 

giving an excellent account of an important piece 
|of apparatus. The value of the work is much 
|increased by the inclusion of 30 plates giving 
| drawings of typical installations. These have been 
| chosen with discrimination and should be extremely 
| useful. 

| In a historical chapter due tribute is paid to 

‘the work of Green, who made the first researches 

|into economisers in 1845, and thus, as the author 

| says, may be termed the pioneer of fuel conserva- 
tion equipment. By 1914 this well-known firm 

|had made more than 250,000 of these plants, a 


that they can run up the side. The height of the /fact which in itself may explain the lack of litera- 
side corresponds to the total voltage opposing the | ture about them, of which the author complains. A 
exit from the basin, and the steepness of the walls | complete series of drawings of this and other early 
to the potential gradient,” and so on. Schottky, | economisers, such as those due to Twibills, Holt 


and Galloway, Needham, Lees and Garforth, and 
Lowcock and Sykes is given. In a second chapter 
more modern types of economisers, both of British 
and Continental types, are dealt with, special 
attention being paid to the modifications which 
have been necessitated by increasing steam pressures. 
Soot blowers and other accessories are also de- 
scribed. The relative efficiencies of the Kablitz 
ribbed tube economiser (an apparatus which 1s 
largely used in Germany) and the Green economiser 


The 


similar economisers of Continental manufacture 
The raison d étre 
of the book is, however, to be found in the long 
on economiser design, wherein all the 


The 
the 
British 
engineers. There are also chapters on econcom|seT 
From the latter class 
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of phenomenon it is only fair to say that the 
economiser is fairly free, but the cases that have 
occurred are dealt with in detail and in a practical 
way. The author is not very optimistic about the 
future of economisers in general or of the Green 
economiser in particular. The exhaust gases will, 
he thinks, be more and more used for air-preheating, 
while the ribbed tube pattern of economiser will be 
more and more employed. Prophecy in engineering 
is, however, a dangerous exercise. 





4-8-4 TYPE LOCOMOTIVES FOR THE 
CANADIAN NATIONAL RAILWAYS. 
(Concluded from page 348.) 


In our issue of March 23 we gave general drawings 
and particulars of the large 4-8-4 type locomotives 
put in service in the latter half of last year on the 
Canadian National Railways. We also dealt with 
various interesting features of the boilers. The main 
frames of the engines are half nickel steel and half 
vanadium steel. Special steels have been utilised 
for other parts. Nickel steel is used for the main axles, 
for the main crank-pins, coupling and connecting rods, 
and piston rods; while carbon steel is used for the 
springs of the coupled wheels, silico-manganese steel is 
employed for the bogie springs. The cylinders, of 
cast-iron, are fitted with Hunt-Spiller iron bushes, 
both for the cylinders and piston valves. The pistons 
are of the built-up type with Hunt-Spiller iron bull- 
ring. The valve gear is of the Baker type with a 
maximum travel in forward gear of 9 in., and set to 
give 1;-in. lap, -in. lead, and -in. exhaust 
clearance. The big-end of the connecting rod and 
the intermediate coupling-rod connection are fitted 
with floating bushes. 

The main driving journals are 12 in. in diameter by 
13 in. wide. These boxes are of quite uncommon 
design, as will be seen from Figs. 19 to 24, annexed. 
They embody the principle of the floating bush, which, 
as our readers are aware, has been largely adopted in 
connecting and coupling-rod practice in America 
with conspicuous success. In this case the boxes 
themselves are made of two parts bolted together on 
the horizontal diameter. These are of cast-steel, 
fitted on the outside with brass liners for the horns 
(Fig. 20) and a bronze hub liner, as shown in Fig. 21. 
Inside the upper and lower halves are fitted tightly 
and keyed, half-bushes of Hunt-Spiller iron 1 in. 
thick. Inside these are loose half-bushes of bronze, 
free to revolve between the iron bush and the journal. 
By making the castings and bushes in halves either 
the top or bottom can be taken out without unwheeling. 
The bushes are grease-lubricated from four horizontal 
pockets in the axle-box castings, two above and two 
below the journal. The upper are shown in detail 
in Fig. 23, and the lower in Fig. 24. The pockets are 
fitted with end plugs, and lubricant passes from them 
through holes to holes and grooves in the inner face 
of the iron bushing, and thus feeds the faces between 
this and the bronze bush. Further, in the latter a 
large number of holes allow access of the lubricant to 
the inner face of the bush in contact with the journal. 
The supply from the two upper pockets is dependent 
upon the journal friction raising the temperature of the 
casting, &c., slightly so as to melt the grease. The 
supply from the bottom pockets has to be in an upward 
direction, and this is effected by the pressure of a 
spring piston which may be seen in Fig. 24, the lubri- 
cant being pressed out to the bush faces as soon as the 
slight rise in temperature makes it sufficiently fluid. 
It may be added that the end caps of the pockets are 
locked in pairs by horizontal rods passing through 
them, as shown in Fig. 22. 

For the four-wheel trucks floating bushes have also 
been adopted. The trucks are of the Commonwealth 
type, with the inverted heart-shaped centring gear 
described on previous occasions in these columns. 
This is well shown in Figs. 2 and 6, Plate XXXVII 
ante. In both cases the truck frames are steel castings. 
The front truck is well illustrated in Figs. 16 to 18 
herewith. In addition to other features, it is unusual 
on account of the springing, which is arranged for, as 
will be seen, by means of three laminated plate springs 
on each side, one under each axle and one in the centre, 
the three being equalised by means of short beams 
and hangers. The wheels are 34} in. in diameter. 
The boxes are of vanadium cast-steel with high-grade 
iron bushings pressed in. The floating bronze bush 
inside this is 7 in. by 10 in. These bronze bushes are 
either solid or in two or three pieces, outside journals 
being employed. A removable collar on the end of 
the axle holds the bearing in place, and the lateral 
movement of the axle in the box helps to distribute 
the lubricant in the box to the bush faces. Grease 
can be supplied through a plugged opening in the 





box cover. The wear in boxes of this type already in 
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Fig. 2. 


Cuatn-SpapE Concrete Mixer; Mzssrs. Wineet (1924), Limrrep. 


service has proved very slight, and it is expected that | 


a set will run for 100,000 miles. 


The trailing truck has front wheels 34} in. in diameter | 


and trailing wheels 48 in. in diameter to take boosters, 
though these are not fitted at present to all engines. 
The outside journals are 7 in. by 12 in. and 9 in. by 
14 in. respectively, the boxes also being of the floating- 
bush type. The front axle is allowed 1} in. total lateral 
play and the back axle in. In addition to the bogie 


arrangements, lateral control gear is fitted to the front | 
coupled wheels. With these arrangements the engines | 


will take curves of 320 ft. radius. 








THE BUILDING TRADES EXHIBITION. 


Tre fifteenth biennial Building Trades Exhibition | 


was opened by Mr. Walter Tapper, A.R.A., President 


of the Royal Institute of British Architects, at Olympia, | 


London, op Friday, April 13, and will remain open 
until Thursday next, April 26. During the two years | 
since the last of these exhibitions was held, the housing | 
situation has undoubtedly become less acute, in the | 
sense that more small houses are available, but a great | 
deal still remains to be done before the slums which dis- 
figure so many of our large towns are wholly replaced 
by healthy dwellings and before comfortable and 
well-arranged houses can be built at a price which 
will enable lower economic rents to be charged. As 
Mr. Tapper said at the opening ceremony, everyone 
must deplore much of the building which is now being 
perpetrated all over the country, but the ugliness in 
design and the use of bad material which it exemplifies, 
are largely the outcome of ignorance. To remove that 
ignorance education is necessary, and this exhibition 
forms one excellent way of providing that education. | 
That this is realised by those engaged in the building | 
trade is shown by the fact that the number of firms 
exhibiting has increased from the 300 odd of two years | 
ago to more than 400 this year, with the result that on 
the occasion of the “‘ coming-of-age” exhibition, it | 
has been found necessary to utilise not only the Main | 
and New Halls, but the galleries as well. In general, 
it may be said that, without utility being neglected, 
artistic design and arrangement are characteristics 
of all the important material exhibits, and there is, 
to paraphase Mr. H. G. Williams, M.P., Parliamentary | 
Secretary of the Board of Trade, a general realisation 
that the need for the ‘“‘ house numerous” need not 
destroy the ideal of the ‘house artistic.” There are | 
naturally numerous labour-saving devices on view, | 
including one shown by the Crayford Potteries Company, 
Limited, of Windsor House, Victoria-street, London, | 
S.W.1, by means of which an amateur can erect what 
is apparently a red-brick open fireplace of Kentish clay 
slabs in less than a couple of hours. The London | 
Brick Company and Forders, Limited, of Kingsway, 
London, are exhibiting what is said to be an entirely | 
new hollow brick, for which economy of material, 
lightness and heat insulation are claimed. Art-metal 
work, baths, door and window fittings, heating appa- | 
ratus, terra-cotta goods, floor materials, panelling, | 
roofing, rubber goods, and steel construction are also 
largely represented, and here again the need for labour- | 




















Fie. 3. TURNTABLE ConcRETE Mixer; Messrs. WINGET (1924), LimITED. 


saving in the finished house has evidently been care- 
fully kept in view. Among these exhibits mention 
may be made of the waterproofing material shown by 
Messrs. Sika, Limited, of 82, Victoria-street, London, 
8.W.1. This is intended for use with cement, and though 
comparatively new in this country, has been employed 
with success in stopping bursts in the tunnels on the 
St. Gothard railways, for similar purposes on the London 
Underground Railways and in the shafts which are now 
being sunk in connection with the Mersey Tunnel at 
Liverpool. The Building Research Station of the De- 





partment of Scientific and Industrial Research have an 
interesting demonstration of the work they are doing 
to assist industry, while various educational bodies 
exhibit work done by their students. Much of this is 
of a gratifyingly high character. ; 

As engineers, however, our readers will be more 
interested in the machinery that has been designed for 
producing the equipment required in the building 
industry from raw material, and we shall, therefore, 
confine our account of the Exhibition in the main 
to that important aspect of the position. It is 
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Fia. 5. 


axiomatic that well-designed machinery must result 
in a cheaper and better product, and that equipment 
that can be so described is also of the greatest use 
in the actual erection of houses and other buildings. 
The first of these propositions appears to be generally 
realised, but more progress would seem to be necessary 
under the second heading. Either a good deal of the 
frection work is still done by hand, with consequent 
loss of time and money, or full advantage is not taken 
of the sources of power available. For instance, the 
maximum possible use is not made of the electricity 
‘upply available on many sites, often due to the unin- 
telligible reluctance of the authorities to provide the 
hecessary facilities. The result is that such machines 
“s concrete mixers are not arranged, as they might be, 
for operation by motors, and electric drills, riveters 








SrnecLE-RoLLER Paint Mixx; Messrs. SipNeEyY SMITH AND Biyta, Limirep. 


and welders have not yet found their way, in any 
numbers, into building operations. 

A number of firms are showing concrete mixers, 
among which those exhibited by Messrs. Ransomes and 
Rapier, Limited, of Ipswich, Messrs. Stothert and 
Pitt, Limited, of Bath, and Messrs. John Fowler and 
Company (Leeds), Limited, are so well known as hardly 
to require further mention. The outstanding feature 
of the large stand of Messrs. Winget (1924), Limited, of 
Grosvenor-gardens, London, 8.W.1, is the Roadmaker 
model of concrete mixer, which is illustrated in Fig. 3. 
This is mounted on a turntable, so that the change from 
side to end loading or discharge can be made imme- 
diately, and has an adjustable delivery chute so that 
concrete can be placed up to a maximum radius of 
8 ft. This, and other models, are equipped with an 


automatic water tank, which is fitted with a sight feed 
and regulator, thus enabling the correct amount of 
water to be discharged as the drum is swung over. 
The supply pipe to this tank acts as a stay to the mixer 
frame, and is fitted with a three-way cock, so that if 
the water pressure available is not sufficient, it can be 
augmented by a hand pump. 

Figs. 1 and 2 illustrate a new model of chain-spade 
mixer, which is also being shown on this stand. In the 
original design, the spade had prongs with chains depen- 
dent from them, but these have been replaced by easily 
and cheaply renewable rigid tips. The mixer has been 
specially designed for dealing with asphalt and semi-wet 
concrete, such as is used in the manufacture of blocks 
and slabs, and the pan is arranged to create a very 
large disturbance, so that the mixis homogeneous. The 
10 cub. ft. model of this mixer has an output of 100 
cub. yd. a day. 

Messrs. Goodwin, Barsby and Company, Limited, of 
Leicester, are exhibiting one of their open-drum concrete 
mixers with a convertible end and side loader. This 
mixer, which is illustrated in Fig. 4, has a capacity of 
} cub. yd. of unmixed aggregate. The general design 
| of the drum used is probably well known to our readers, 
but it may be recalled that the upper portion of the 
drum is of riveted steel plate, the lower portion being of 
semi-steel, on which is cast the bevel gear wheel through 
which the drive is transmitted. The drum rests on 
one central steel ball bearing, which is adequately 
| protected from dirt. When revolving, it is tilted 
‘at about 25 deg., so that the blades both carry 
| the material up and impart a pouring action to it, 
thus ensuring thorough mixing. The mixer exhibited 
is fitted with an end loader, our illustration showing 
the operating side with the loader ready to receive a 
batch. In this case, the skip is worked up a runway 
and is not pivoted, as it is in many designs of side 
loader. A useful feature is that the runway can easily 
be lengthened to feed at a lower level than that on 
which the machine stands. The skip can also be fitted 
so that it can be loaded from the side, when the site 
conditions render that arrangement more suitable. 
Feeding is facilitated by the fact that the edge of the 
drum on the stationary machine is only about 36 in. 
from the ground. The mixer is discharged by tilting 
it over to the side opposite from that on which it has 
been fed, so that the feeding and receiving gangs do 
not get in each other’s way. Tilting can be controlled 
by one man. 

A portable 12-in. by 6-in. heavy stone breaker is 
also being shown by this firm. It is fitted with 
machined gunmetal bearings, which are bedded into 








bored seatings, and with manganese-steel jaw faces 
and side plates, which, like the screening apparatus, 
are mounted on travelling wheels. The outer end 
of the screening apparatus shaft is mounted in a bear- 
ing which can be fixed to a timber block, or other 
support. This equipment can be modified so that it 
can be used as a granulator for producing chippings 
for concrete work. 

In addition to showing various models of their 
Kwik-Mix tilting-drum concrete mixers, Messrs. A. A. 
Byrd and Company, of 11, Queen Victoria-street, Lon- 
don, E.C.4, are exhibiting samples of their Metaform 
steel shuttering for in situ concrete construction. 
These are intended to illustrate the various types of 
construction that can be carried out by the use of these 
forms, and include retaining walls and large circular 
tanks. 

A necessary concomitant of many of the materials 
used in building is paint. This is necessary both as a 
protection against atmospheric ravages and as an aid 
to their attractiveness. The large amount of paint 
now required for these purposes has led to the develop- 
ment of a number of interesting machines for its 
manufacture, a few examples of which are on view at 
this exhibition. 

For instance, mention may be made of the single 
roller mill, which has been designed by Messrs. Sidney 
Smith and Blyth, Limited, of 35, Garratt-lane, London, 
S.W.18, to deal with superfine paints, as well as with 
enamels and inks. This mill, which, as already 
mentioned, is of the single-roller type, is made in three 
sizes. The second size has a roller 12 in. in diameter 
and 22 in. long, and is illustrated in Fig. 5. In the past, 
it was customary to grind superfine paints and enamels 
in flat stone or cone mills. This was a slow and un- 
economical process, and the final product required careful 
straining. On the other hand, it is claimed that the 
roller mill produces a paint which requires no further 
treatment, and also enables the processes of fine grinding, 
finishing and straining to be performed simultaneously. 
Moreover, it permits economy both in plant and power, 
as is shown by the fact that in one factory, ten large 
and three small cone mills, requiring about 20 h.p. to 
drive them, were replaced by thr e 18-in. roller mills, 
requiring only 6 h.p., without the output being re- 
duced. 

Mills of the type illustrated are mainly intended for 





finishing liquid and semi-liquid materials. An important 
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Fic. 6. Five-Cutrer Movu.pine 


point about them is that they can be fitted with steam | most of them have been selected to illustrate produc- 


heating or water cooling, so that the working tempera- 
ture can be maintained between specified limits, as is 
necessary when inks and certain other materials are being 
As regards design, the frame is of cast 


dealt| with. 


tion in quantity. Perhaps the most outstanding 
machine is the one we show in Fig. 6, above. This 
is a high-speed five-cutter machine for moulding, 
| planing, and matching, known as Type N.L. It -is 








iron. It is well-ribbed and is carried on a box-shaped | suitable for either hard or soft woods, and special 


bed plate to ensure rigidity. 


into position by hydraulic pressure. 


the purposes mentioned above. 


of gunmetal. It is fitted with micrometer adjustments, 
so that materials of different qualities can be dealt with. 


It is also provided with a hinge, so that it can be | 


easily opened by a hand wheel, an arrangement which 
enables the grinding bar to be withdrawn for cleaning 
and inspection without altering the micrometer setting. 
The hopper is secured in its working position by two lock- 


ing bolts, which are easily accessible. The grinding bar | 


itself is of cast-iron. The mill illustrated is driven by 
a 3-h.p. motor through a belt, the speed of the pulley, 


which is fixed direct to the roll shaft, being 120 r.p.m. | 


In the case of the .arger sizes, however, a countershaft, 
carried on the frame in gunmetal bearings, is used, 
the drive thence being by gearing. The daily output 
of the mill illustrated is from 80 gallons to 120 gallons, 


The rolls are of chilled | provision has been made for changing over and setting 
iron, which is accurately machined and polished, and the | up. 
chill is carried through the material to an ample depth, 
so that a very high degree of hardness is obtained. 
The rolls are carried on steel spindles, which are forced 
These spindles 
are drilled and fitted with appropriate connections, so | massive cross ties. 
that steam heating or water cooling can be used for 
The sides of the hopper 
are of sheet steel with welded joints, the base being 


The side cutters are situated between the top 
and bottom cutters, and an extra bottom or beading 
head at the end of the machine carries the fifth cutter. 
The frame is a good example of this firm’s practice, 
being of simple but stiff design ‘and connected by 
No part projects below the floor 
line. The bottom cutter head is mounted on a trans- 
verse slide, permitting withdrawal of the cutter when 
necessary. The slide is carried on one side by.a rounded 
| surface, which acts as a hinge, and on the other by-a 
| flat surface capable of vertical movement derived ‘from 
an eccentric, the tilting movement thus possible provid- 
| ing a sensitive vertical adjustment. The ends of ‘the 
| surfaces are capable of independent vertical adjustment, 
|so that the cutter block can be levelled transversely. 
A removable bearing and cutter block can be fitted, 
so that the block may be changed for solid profile 
| cutters or for cutter heads already set up in the tool 
| room. 

| The top cutter block is carried on substantial brackets 
| of the type shown in the figure, the lower portion passing 
| underneath the bed and the base, ‘where connected to the 
| frame, being generally situated behind the cutter block. 
| The cutter head frame is given vertical movement by 








but patterns with outputs up to 200 gallons are made. | screws acting at the ends of levers on the spindle 
The scrapers used are made of spring steel, and| bearings, which levers carry pointers to indicate the 
are fitted with a tensioning device, so that their} thickness of timber produced at any particular setting 
adjustment is easy and accurate. The scraper blade | on scales attached to the side of the brackets. This 
does not require grinding. The scraper itself can be| arrangement is well shown in the figure. The crank 










made either open or closed, and can be divided and | 
fitted with one or twc molasses gates. We under- | 
stand that this type of mill has been satisfactorily used | 
for reclaiming lost colour in linoleum factories. In this | 
case, the colour that is to be reclaimed contains a | 
considerable percentage of matter of a fibrous nature, | 
which is entirely removed in the mill, so that the residue | 
is suitable for further use. A material economy can 
obviously be effected in this way. 

The same firm are exhibiting a 30-in. by 30-in. twin- 
paste mixer, which is mounted over a tandem two- 
roller mill. This has an output of 11} tons of white 
lead paste a day, and is intended for dealing with | 
pastes, semi-pastes, and liquids of various kinds. 

The collection of machines on the stand of Messrs. | 
Thomas Robinson and Son, Limited, Rochdale, is too | 


| 
| 


| handle at the bottom of the bracket is for giving 
motion to the two screws. Incidentally, it may be 
mentioned that all adjustments are controlled from 
the front of the machine. The top cutter head can be 
fitted with a removable cutter block and spindle if 
desired. 
cutter and are provided with a vertical adjustment, 
seen in the recess of the frame immediately below them, 
with traversing screws, and a locking device, visible 
in the oval flanges adjoining. 
a radial type chipbreaker with renewable shoe, and 
detachable steel hoods are provided for removing 
chips by exhausting. 

The end cutter head, as may be gathered from the 
figure, is of the nature of an attachment to the main 
frame. The front bearing is removable and the 





large to describe in detail, but it may be said that| spindle is designed to carry either a square cutter 


| 


ithe figure. 
| weighted-lever, double-roller type, and, as an alterna- 


The side cutters are just in front of the top tive, a flat slipper to hold wood pads is provided. This is 


AND PLANING MAcHINE; Messrs. THomMas ROBINSON AND Son, LIMITED. 


block, a profile head, a splitting saw, or solid relieved 
mould cutters. A back table is fitted, which can be 
adjusted independently of the movement of the cutter 
block, and can be-swung out of the way to give access 
to the block. All the cutter blocks are of the square 
pattern, lipped and slotted for square-headed bolts 
2 in. in diameter, on all four sides. They are suitable 
for feed speeds up to 80 ft. per minute. When higher 
speeds, ‘say up to 120 ft. per minute, are required, 
circular cutter blocks, to carry four or six steel knives, 
are fitted and used with a truing-up device. This latter 
consists of an emery stick carried in a holder, which 
can be traversed across the cutter while it is running. 
The device is built in the machine, in the case of the 
bottom roller, and attached to a pair of sloping 
brackets, readily distinguishable in the figure, for the 
top cutter. All the cutter spindles are mounted in 
ball bearings having dustproof housings. 

The feed rolls are four in number, two above and two 
below the timber. All are driven by machine-cut spur 
gearing, totally enclosed. The two bottom rolls, 
together with a narrow table before the bottom cutter, 
can be raised and lowered as a whole by means of 
screw-regulated wedge devices, which also permit 
independent adjustment being made on the rolls for 
levelling, etc. The top rolls are carried in swing frames, 
and are weighted by a lever which is connected to the 
frames by a chain capable of adjustment in length, 
so that wide differences in thickness of material can be 
allowed for without excessive movement of the lever. 
The large handwheel visible in the figure below the 
gear housing controls the raising and lowering of the 
feed rolls. The feed-regulating device shown in the 
figure is a vee-belt variable-speed gear, by means of 
| which the operator can vary the rate of speed through 
| a wide range while the machine is running. This is 
| done by the handwheel shown in the figure behind the 
| feed starting and stopping lever. 

The nature of the several pressures will be clear from 
That over the bottom head is of the 





followed by a pair of roller pressures between the side 
cutter blocks. At the top cutter block, there are two 
sets of pressures, that in front being of the weighted 


The left-hand head has | chip-breaker type with renewable steel shoes, and that 


behind consisting of weighted slippers to carry wood 
pads, which may be shaped to suit a mould. A similar 
pair is provided above the end cutter block. The 
machine will take timber up to 4 in. deep by 15 in. 
wide, with feed rolls 8 in. in diameter, ana can 
be built with either four or six cutter heads and 
fixed knives. A heavier series will handle timber up 
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Fic. 8. Turee-Drum SanpER; Messrs. JouN PickLEs AND Son (ENGINEERS), LIMITED. 


to 6 in. deep by 24 in. wide. This has fed rolls 10 in. 
in diameter. 

Amongst the other exhibits on this stand a vertical 
and re-saw for deals, battens, and large flitches is 
noticeable. The saw pulleys are fitted with an in- 
— mounting, by which they are supported 
inde J under the centre of the rim with a ball bearing 
ear ndently of the spindle. _This latter has its own 
a ‘ing, the arrangement making it impossible for the 

Tain on the band-saw pulleys to distort or bend the 








spindles. Other saws shown are an_ under-driven 
roller-feed saw bench, a two-spindle dimension. saw 
bench, and a straight edging and ripping saw bench 
with chain feed. There are also examples of a chain 
cutter and hollow-chisel mortiser, a general. purpose 
tenoning machine, two types of moulding machines, two 


HicH-SPEED PLANING AND Mounpina Macutne; Messrs. JoHN Pickngs AND Son (ENGINEERS), LimrrED. 


speed planing and moulding machine illustrated in 
Fig. 7. A special feature of this is the open-type 
top head, which is fitted with a patent loose cutter 
block, so that several heads can be set up in the 
tool-room and simply slipped into position when a 
change-over becomes necessary. This operation is 
effected by slacking back a screw, so that the spindle 
carrying the heads can be completely withdrawn 
from the outer bearing and its end freed. The cutter 
head in use is then slipped off, and the new one 
placed in position. This arrangement, it is claimed, 
does away with any necessity for removing the bearing 
or undermining the spindle by making it in two sections. 
It also prevents the latter from getting out of alignment. 
The machine is also fitted with a jointing and truing 
device, which is arranged with a compound slide, so 
that either straight or profile cutters can be sharpened 
when they are in position. The cutter, in this case, 
is revolved at a speed of 4,800 r.p.m., and is brought 
up against a carborundum stone mounted on an 
auxiliary turret. All the spindles on the machine 
are steel forgings, and are mounted on heavy double- 
row ball and roller bearings. The bottom head, which 
also draws out, is carried on an adjustable solid wedge- 
shaped bed, and can be securely locked in position. 
An independent loose pulley is provided for stopping 
and starting. The side heads, one of which is in 
advance of the other, are adjustable from the front, 
ball-bearing pressure pulleys being located between 
them. The bottom-head platen has a _ separate 
rise and fall motion on inclined slides. The feed gear 
consists of large diameter rollers, the bottom rollers 
being adjustable in a vertical direction. A four-speed 
gear-box, in which all the gearing is machine cut, 
enables feeds from 20 to 120 ft. per minute to be 
obtained. 

The three-drum sander, illustrated in Fig. 8, which 
lis also being shown by this firm, is a modification of 
the earlier pattern described by us in connection with 
the last Building Exhibition. Its main feature is the 
feeding arrangement, which consists of a long, endless 
bed made up of a number of rubber cups or pads. 
These pads are reinforced by steel plates, and are fixed 
to steel slats, which are driven by chains and travel. on 





planing machines, a universal woodworker, and several | well-lubricated plane ways. It is stated that this 


smaller machines and auxiliaries. 
The exhibit of Messrs. John Pickles and Son (Engi- 
neers), Limited, of Hebden Bridge, includes the high- 
} g 


|construction enables an even pressure to be main- 


tained, with the result that very short stock can be 
worked without rounding the edges, while hard or soft 
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timbers from } in. to 4 in. thick can be dealt with. 
The table, which carries the planed ways for the endless 
bed, is supported at each corner, and can be adjusted 
in height, either manually or by power clutch, allowing 
the operating gear to be thrown out of action. The 
front portion of the table and of the endless bed are 
extended so that they form a hopper feed for short 
stock. 

As in the former machine, the three sander drums, 
which run on dustproof ball bearings, are fitted with 
an automatic take-up to eliminate any slackness in 
the paper during operation. The paper itself can be 
quickly changed. Ground and polished pressure bars are 
placed in front of and behind each drum. The bar in 
front of the first drum is adjustable, so that the cut can 
be varied without it being necessary to alter the vertical 
position of the drum itself. The machine is made in 
five sizes, the largest of which will deal with timber up 
to 48 in. by 4 in. 

The Lafarge Aluminous Cement Company, Limited, 
of West Thurrock, Essex, are exhibiting their ciment 
fondu and Larfarge extra-white cement, and make 
the interesting announcement that, in future, every 
sack of this material sold by them will be accompanied 
by a test certificate signed by the testing firm Messrs. 
David Kirkaldy and Son, thus assuring the purchaser 
that the whole batch delivered is up to the full standard 
required. 

Messrs. E. and R. Lataire Brothers, of 94, Great Port- 
land-street, London, W.1, are showing their carving 
machine. This enables one or more tools to follow the 
movements of a tracer which is Passed over the model 
that is to be reproduced. The actual work is carried 
out in three stages by spoon-shaped tools of different 
diameters running at 6,000 r.p.m. 


(To be continued.) 








THE AUTOGENOUS WELDING OF 
STAINLESS STEELS. 


Tue desirability, wherever possible, of subsequently 
heat-treating all stainless-steel articles, after having 
welded them, formed the key-note of a paper read on 
March 29 last, before The British Acetylene and 
Welding Association, by Messrs. H. Bull, and L. 
Johnson, of Messrs. Brown Bayley’s Steel Works, 
Limited, Sheffield. The authors drew attention to the 
fact that all commercial welding involved heating the 
parts to be welded to a high temperature, usually 
approaching the melting point of the metal; this 
induced the formation of a coarse crystalline structure 
in the material, in the region of the weld. Again, 
if the alloy subjected to the welding process were an 
air-hardening Stainless steel of the cutlery type, 
increased hardness would be produced as a result of 
cooling in air from a high temperature. These two 
factors caused the resultant welded material to lack 
toughness. Furthermore, the tapering off of the heating 
effects brought about a softening of the metal at some 
point away from the weld; these softer regions or 
“bands” were more corrodible than were the fully 
hardened portions of the material. Hence, correct 
heat-treatment was necessary to restore the corrosion- 
resisting, as well as the mechanical, properties of the 
welded material. 

The high-nickel, high-chromium, austenitic type of 
stainless steels presented no serious difficulties; the 
material softened when cooled rapidly from high tem- 
peratures, so that little or no trouble would be expected 
to develop by the local heating and cooling caused by 
the welding. There was, in fact, no marked falling-off in 
mechanical properties; welded strips could be bent over 
double without fracture. In some few cases, however, 
it had been found that slight selective corrosion had 
occurred in austenitic steels which had been exposed 
toa welding heat. Exhaustive research had shown that 
when the material was subjected to prolonged heating 
at temperatures between 800 deg. and 850 deg. C., it 
was more liable to corrode than was austenitic steel 
in the fully softened condition. Here, again, correct 
heat treatment, involving a reheating of the material 
to the usual softening temperature of from 1,000 deg. 
to 1,200 deg. C., completely restored the corrosion- 
resisting properties of welded austenitic alloys. 

All the processes in use for the welding of ordinary 
steel could be applied te the welding of the stainless 
materials. In arc and gas welding, however, special 
electrodes or rods were necessary. The electrodes 
for use in are welding might be composed of stainless 
steel, or consist of metals or alloys which would melt 
down to give an alloy of about the same composition 
as the stainless material to be welded. These were 
known as synthetic electrodes, and a typical rod for 
use with Stainless steel would comprise an iron or mild 
steel rod, a wrapping of asbestos, and a binder, together 
with powdered ferro-chromium and a deoxidiser. 
The composition of the weld produced by any electrode 
was determined, to a greater or lesser degree, by the skill 


would be low in chromium, owing to oxidation. The 
arc should, therefore, be kept. as small as possible. 
In gas welding, the condition of the flame was most 
important; the flame should be slightly reducing, 
i.e., it should carry a slight excess of acetylene. Too 
much acetylene, on the other hand, gave rise to 
carburised welds, while too much oxygen produced 
oxidised welds, which were spongy and brittle and were 
liable to leak. Spot, lap, and seam welding, by the 
electric resistance method, could be carried out without 
difficulty, and were largely employed in the manu- 
facture of domestic articles and of containers utilised in 
the chemical industry. 

An informal dinner, at which the two authors of the 
above-mentioned paper were introduced to the members 
of the Association, was held prior to the meeting, the 
chair being taken by the President, Mr. A. Jackson. 
At the invitation of Messrs. Allen-Liversidge, Limited, 
we attended this function, which took place at The 
Old Colony Club, Leadenhall-street, E.C.3. 
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Tue INSTITUTION OF AUTOMOBILE ENGINEERS.—The 
council of the Institution of Automobile Engineers has 
decided to award the Institution medal to Captain J. S. 
Wilkinson, M.I.A.E., for the prominent part which he 
took in the design of the Napier Lion 875 h.p. engine 
fitted to the winning machine in the Schneider Trophy 
Race. The council has also decided that, in future, the 
award of the medal shall be extended to non-members of 
the Institution for technical achievements of special 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday, 

Scottish Steel Trade.—Nothing of any importance has 
occurred in the Scottish steel trade during the week, and 
conditions are unaltered. The tone continues dull 
and buyers seem to have no confidence in the future 
Consumers are only specifying for their actual needs, 
and there is little life in the trade. Export orders are 
few and the tonnage is generally of small dimensions 
In the black-sheet trade there is little change. While the 
heavier gauges are still moving within narrow limits 
there is rather more doing in light and galvanised sheets, 
The following are the current market quotations :— 
Boiler plates, 10/. 10s. per ton; ship plates, 8/. 79, 6d, 
per ton; sections, 7/. 17s. 6d. per ton; sheets, }-in., 
81. 12s. 6d. per ton; and galvanised corrugated sheets, 
24 g., 131. 7s. 6d. per ton, all delivered Glasgow stations, 

Malleable-Iron Trade—In the West of Scotland 
malleable-iron trade, a dull tone continues, and makers 
find much difficulty in securing orders owing to the very 
keen competition now prevailing. In the steel re-rolling 
branch of the trade, a similar state exists and very keen 
prices are being quoted for any export lots on offer, 
The current prices are as follows :—‘‘ Crown” bars, 
10/. 5s. per ton for home delivery, and 9J. 15s. per ton for 
export; re-rolled steel bars, 7/. 15s. per ton for home 
delivery, and 7/. per ton for export. 


Scottish Pig-Iron Trade.—There has been no expan 
sion of business in the Scottish pig-iron trade since last 
report, but the tone continues firm. The current output 
and stocks on hand are still ample to meet all calls, 
Prices are firm owing to the higher price of raw material 
and are as follow :—Hematite, 74s. per ton, ton delivered 
at the steel works ;* foundry iron, No. 1, 75s. to 76s. per 
ton; and No. 3, 70s. to 71s. per ton, both on trucks at 
maker’s yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour, for the week ending Satur- 
day last, April 14, amounted to 413 tons. Of that total, 
381 tons went overseas and 32 tons coastwise. For the 
corresponding week of last year the figures were 837 tons 
overseas and 70 tons coastwise, making a total shipment 
of 907 tons. 

Shipbuilding.—Messrs. Ailsa Shipbuilding Company, 
Limited, Troon, have received orders from Messrs. J. 
Hay and Sons, Limited, Glasgow, to build two coasting 
steamers, each of 1,100 tons. Triple-expansion engines 
will be supplied by the builders. 








NOTES FROM THE SOUTH-WEST. 


CarpDIFF, Wednesday. 

The Coal Trade.—Official figures show that the improve- 
ment of 103,000 tons shown in the coal export trade 
of the United Kingdom in March, as compared with 
February, was entirely due to the larger volume of traffic 
despatched from South Wales. Here clearances were 
raised by 202,000 tons to 1,928,514 tons, which repre- 
sented the largest volume since June last. Each of 
the Welsh ports shared in the increased volume of business, 
shipments at Cardiff being raised from 1,170,959 tons 
to 1,303,234 tons, at Newport from 300,432 tons to 
351,440 tons, at Port Talbot from 119,649 tons to 121,972 
tons, and at Swansea from 135,369 tons to 151,868 tons. 
The average price realised was, however, reduced by 
another 14d. to 17s. 24d. per ton f.o.b. ; coal shipped at 
Cardiff securing 34d. less at 16s. 11d., and, at Swansea, 3d. 
less at 18s, 5d. On the other hand, shipments at Newport 
averaged 5}d. more at 17s. 10d., and, at Port Talbot, 24d. 
more at 16s. 104d. per ton. In the meantime, the 
current position of the market is more satisfactory 
than for some weeks past. The Navigazione Generale 
Italiana has just contracted for 60,000 tons of best 
Admiralty large for delivery over twelve months, while 
there is a steady general inquiry circulating. Though 
minimum prices have not been officially announced by 
the newly-formed Marketing Association, there is no 
doubt that the colliery salesmen are acting in closer 
unison, and adhering to their quotations, so far as large 
coals are concerned. Best Admiralty and Black Vein 
large are, for the time being, comfortably placed, with 
the former steady at 19s. to 19s. 9d., and the latter at from 
17s. 3d. to 17s. 6d. Other classes of large, while steady 
in price, are obtainable without difficulty, but salesmen 
will not grant concessions on the quoted figures. Smalls 
are patchy, for while the best bunker classes are generally 
booked up and steady at 12s. 6d. to 13s., other descrip- 
tions are irregular from 10s. 6d. up. Sized products, too, 
are rather neglected, with dry nuts from 18s. to 20s. 6d 
and bituminous nuts round 17s. The group committees 
have advised the executive of the Marketing Association 
to recommend colliery salesmen to adhere-to the prices 
which have been quoted for the last couple of weeks. 


Iron and Steel.—Exports of iron and steel in the past 
week totalled 18,318 tons, compared with 7,278 tons in 
the preceding week. Shipments of tinplates and terne 
plates were raised from 4,629 tons to 4,673 tons, of 
blackplates and sheets from 160 tons to 1,239 tons, . 
galvanised sheets from 1,988 tons to 5,504 tons, and 0 
other iron and steel goods from 501 tons to 6,903 tons. 





Tue Late Mr. C. E. Wetron.—We regret to note 
e death, on April 5 last, at Westcliff-on-Sea, of Mr. 
harles Edgar Wetton, who was for 25 years re 
manager to Messrs. British Insulated Cables, Limited. 
Mr. Wetton was 66 years of age, and retired in June, 
1927, since which time he had suffered continued ill- 
health. Mr. Wetton was elected an associate of the 
Institution of Electrical Engineers in 1888. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel—While some sections report progress, 
others continue dormant. One of the departments in which 
revival is being experienced is that devoted to the pro- 
duction of raw and semi-finished steels. The recent 
advance in Continental and American steel prices has 
given a welcome fillip to both work and inquiries. The 
flow of orders from abroad shows expansion, while home 
users, who previously favoured cheap foreign steel, are 
now reverting to the use of British products. The latest 
monthly statistics relating to steel production in this 
district shows that in February, 98,200 tons, including 
41,100 acid and 48,000 tons of basic, were turned out, 
compared with 81,900 tons in January and 123,000 tons 
in February last year. Lincolnshire furnaces, which are 
closely allied with this district, were responsible, in 


’ February, for an output of 42,200 tons, in comparison 


with 38,000 tons in January, and 45,400 tons in February 
last year. In addition, that district also produced 
53,800 tons of pig iron, which showed a drop of 2,000 
tons on January’s figure. Orders for railway material 
and rolling-stock are more plentiful, contracts being 
received from India, South Africa, and the Latin 
Republics of South America. Many inquiries are also 
in circulation from British Colonies and from West and 
East Africa. Sheffield continues to supply Midland 
and French engineers with big quantities of automobile 
steel and parts. Marine and aircraft engineers are also 
calling upon this district for supplies of high-quality 
special steels. There is every promise that the seasonal 
sale of garden and agricultural implements will be above 
normal. The demand for saws and files is better than 
for some time past, but plantation tools are still a weak 
market. Engineers’ tools are stronger, as are building 
trade requirements. 


South Yorkshire Coal Trade.—Following the holiday 
stoppage, output at pits has only been partially restored. 
The effect that the Coal Marketing Scheme will have upon 
the position is still uncertain, with the result that users 
are buying cautiously. The general position is still 
far from normal. A bigger tonnage of fuel is being 
shipped to the Humber ports, which gives hope of an 
early improvement. The demand for industrial fuel 
shows no change. The recent cold weather has stimu- 
lated the call for house coal, but the tonnage going into 
consumption is well below the average. The amount of 
business being done in the various classes of coke con- 
tinues moderate. Blast-furnace coke is quiet, but 
foundry sorts show improvement. Gas cokes are firm. 
Quotations ; Best hand-picked branch, 27s. 6d. to 29s. 6d. ; 
Derbyshire best brights, 20s. 6d. to 21s. 6d. ; best house, 
19s. to 20s. 6d.; screened house, 16s. to 17s.; screened 
nuts, 15s. to 16s.; Yorkshire hards, 15s. to 16s. ; Derby- 
shire hards, 14s. 6d. to 15s. 6d.; rough slacks, 8s. 6d. to 
9s, 6d.; nutty slacks, 6s. to 7s,; smalls, 3s. to 4s. 








TEeNDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—According to a report from Winnipeg the police 
authorities require motor cycles capable of a speed of 
70 m.p.h., for patrol purposes. (Ref. No. A.X. 6150).— 
It is reported from Buenos Aires that the Department 
of Sanitary Works is inviting tenders, to be presented 
on June 8, for the supply of two groups of electric 
pumps to deal with sewage at the military college and 
aviation camp of the Ministry of War, in the Province 
of Buenos Aires. This Department is also inviting 
tenders, to be presented on June 15, for the machinery 
required for the supply of water in the Canada de 
Gomez and Reconquista (Province of Santa Fé), and 
Goya (Province of Corrientes). (Ref. No. A. 6186). 





Contracts.—Messrs. Siemens Brothers and Company, 
Limited, Woolwich, have supplied and installed the entire 
automatic telephone exchange equipment which was 
put into service at Chatham on March 31 last.—Amongst 
recent orders for Diesel engines secured by Messrs. 
Maschinenfabrik Augsburg Niirnberg, Germany, are 
a six-cylinder, 3,200-b.h.p. engine for a single-screw 
cargo vessel built by Messrs. Uraga Dock Company for 
the Yamashita Kisen Kaisha, Tokio, together with three 
175-b.h.p., three-cylinder, auxiliary engines, and six 
three-cylinder, 140-b.h.p. auxiliary engines for the Gulf 
Refining Company’s new motorships.—Messrs. Thomson- 
Houston and Company, Limited, Rugby, have received 
an order from the Manchester Corporation Tramways 
Department for 30 traction motors and 50 controllers, 
and an order from the Sheffield Corporation Tramways 
Department for 100 controllers and 25 lightning arresters. 
—Amongst recent orders for chain grate stokers received 
by Messrs. Ed. Bennis and Company, Limited, 28, 
Victoria-street, Westminster, 8.W.1, are four for the 
City of Sheffield Electric Supply Department, four for 
the Ashton-under-Lyne Corporation Electricity Works, 
two for the City of Wakefield Electricity Works, and 
four compartmental type, forced-draught chain grate 
stokers for the City of London Electric Lighting Com- 
pany, Limited.—The contract for the electric-arc welding 
equipment, for the Singapore floating dock, has been en- 
trusted to Messrs. Alloy Welding Processes, Limited, 14-16, 
Church-street, Islington, London, N.1.—Messrs.. Joseph 
Kaye & Sons, Limited, of Lock Works, Leeds, and 93, 
High Holborn, London, W.C.1, have recently received 
& repeat order for 800 of their patent locks from the 
London and North-Eastern Railway Company. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trdde.—The strong statistical 
state of the Cleveland pig iron trade enables producers 
to adhere firmly to their fixed quotations, but while 
current demand for delivery against running contracts 
almost absorbs supply, new business is on a disappointing 
scale. Local foundries and steelworks continue to take 
up most of the iron available for distribution, and 
moderate parcels are being sent to other home areas 
and to Scotland, but shipments to foreign destinations 
remain small. No. 1 quality is 68s. 6d.; No. 3 g.m.b., 
66s.; No. 4 foundry, 65s.; and No. 4 forge, 64s. 6d. 

Hematite-—Some slight expansion of transactions in 
East Coast hematite iron is reported, sales to both home 
and Continental customers having been on a rather better 
scale. Tonnage is, however, disposed to fall considerably 
short of absorbing the limited make, and the rather 
heavy stocks at producers’ yards are steadily increasing. 
Values are inclined to stiffen a little, but quotations remain 
well below cost of output, and so long as production 
continues excessive, little material upward movement 
in prices can be looked for. Nominally, market rates are 
based on 70s, for mixed numbers. 

Foreign Ore.—Business in foreign ore is very quiet, 
but sellers, confident in the belief that supplies will be 
none too’plentiful as the year advances, are unyielding 
in their attitude. The quotation for best rubio is firm 
at 22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
fairly plentiful, and with local consumers disinclined to 
negotiate for anything like extensive supplies, prices 
are none too firm. Good average qualities are put at 
18s. delivered here. 

Manufactured Iron and Steel.—A few sales of certain 
manufactured-iron commodities have been put through 
and prices remain steady. Several descriptions of steel 
were slow of sale, but producers in some branches have 
quite good order books. In other departments, how- 
ever, contracts are needed to keep plant in its present 
state of activity. Common iron bars are 101. 5s.; best 
bars, 107. 10s.; best best bars, 101. 15s.; iron rivets, 
111. 5s.; packing (parallel), 7/7. 108. ; packing (tapered), 
10/. ; steel billets (soft), 67. 15s.; steel billets (medium), 
7l. 28. 6d.; steel billets (hard), 8J. 2s. 6d.; steel rivets, 
111. ; steel ship plates, 87. 7s. 6d. ; steel angles, 7/. 17s. 6d. ; 
steel joists, 7/. 17s. 6d.; heavy steel rails, 8/. 10s. ; and 
galvanised corrugated sheets, 131. 5s. 








ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Particulars of the sixth annual competition for the 
W. E. Highfield Shield were given on page 316 ante, 
but we are now informed that the closing date of the 
competition has been altered from April 23 to April 30, 
and all papers should reach the secretary not later 
than noon on that date. 





RECLAMATION OF LAND NEAR SEVILLE.—His Majesty’s 
consul at Seville has forwarded a report regarding an 
agricultural enterprise which has undertaken the reclama- 
tion and cultivation of a large tract of marshy land in the 
neighbourhood of Seville. It is probable that, in the near 
future, the company will make considerable purchases 
of machinery, including harvesting machinery, and 
firms in a position to offer British material can obtain 
further particulars on application to the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1. 
Reference number A.X. 6120 should be quoted. 





PERSONAL.—Sir Alexander Roger, chairman of the 
Automatic Telephone Manufacturing Company, Limited, 
and director of British Insulated Cables, Limited, &c., 
has accepted a seat on ‘the board of the Alton Battery 
Company, Limited, Alton, Hants, the other members of 
which are now, Mr. W. R. Montgomery and Mr. C. C. 
Rattey.—Messrs. W. H. A. Robertson and Company, 
Limited, of Bedford, owing to their association with the 
Torrington Manufacturing Company, Limited, of Tor- 
rington, Connecticut, U.S.A., have recently obtained 
wider control over the manufacture of rolling mills and 
other machinery, owing to the taking over by the 
latter firm of Messrs. Blake and Johnson Company, of 
Waterbury, Connecticut.—The name of Messrs. A. E. G. 
Machinery and Apparatus Company, Limited, 131, 
Victoria-street, Westminster, London, S.W.1, has been 
changed to Messrs. A. E. G. Electric Company, Limited. 
The address remains unchanged. 





INSTITUTION OF MUNICIPAL AND CouNTy ENGINEERS. 
—tThe fifty-fifth annual general meeting and conference 
of the Institution of Municipal and County Engineers 
will be held in London from June 20 to 23 next. On 
the first day, Mr. A. Dryland will deliver his presidential 
address, and visits will be paid to Barnet by-pass road 
and to Croydon sewage works. On June 21, addresses 
will be given by Sir Henry P. Maybury and Mr. G. L. 
Pepler, and the following papers will be discussed :— 
“Trees for Road-Planting, Parks, &c., by Mr. M. W. 
Dallimore; ‘‘ Activated Sludge Treatment,” by Mr. F. E. 
Pipe; ‘‘ Arterial Roads in Middlesex; Some Difficul- 
ties,’ by Messrs. Hodge, Railton and Bass; and ‘“‘ Cold 
Emulsions,” by ‘Mr. G.’B..Chilvers.. Friday and Satur- 
day, June 22 and 23, will be spent in-visits to Kingston 
and Sutton by-pass ‘roads, to the Reigate-Dorking road, 
and to the Royal Botanic Gardens; Kew. The Institu- 
tion dinner wil] take place on the evening of June 21. 
Full particulars regarding the meeting may be obtained 
from the secretary of the Institution, 92, Victoria-street, 
Westminster, London, S.W.1. 





NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. ‘‘ The Causes of Failure of 
Wrought-Iron Chain and Cable,” by Dr. H. J. Gough 
and Mr. A. J. Murphy. The Third Report of the Wire 
Ropes Research Committee. Graduates’ Section, London : 
Monday, April 23, 6.30 p.m. ‘‘ Pulverised Coal Systems,” 
by Mr. H. Heywood. Friday, April 27, 7 p.m. Informal 
Meeting. ‘“* Pulverised Fuel in Locomotive Furnaces,” 
by Mr. J. C. Armstrong. 


Juniok INstiITuTION oF ENGINEERS.—To-night, 
7.30 p.m., 39, Victoria-street, S.W.1. Discussion on 
‘An Outline of the Distribution of Petroleum,” by 
Mr. W. M. Hurrell. Thursday, April 26, 6.30 p.m. 
Monico-Restaurant, Piccadilly Circus, W.1. Institution 
Dinner. Friday, April 27, 7.30 p.m., 39, Victoria- 
street, S.W.1. ‘‘ The Manufacture of Structural Steel, 
&c.,”’ by Mr. C. H. Plant. 


Roya Instirution.—To-night, 9 p.m., Albemarle- 
street, W.1. “‘ Heirlooms of Industry in the Science 
Museum,” by Sir H. Lyons. Friday, April 27, 9 p.m., 
‘* Carriers of Electricity in the Atmosphere,”’ by Professor 
A. M. Tyndall, 


NortH oF Enetanp Institute oF MINING AND 
MECHANICAL ENGINEERS.—Saturday, April 21, 2.30 p.m. 
Newcastle-on-Tyne. ‘Electric Mine Lamps and 
Better Lighting,” by Mr. W. Maurice. ‘‘ A New Gas- 
Detecting Miners’ Electric Lamp,” by Professor W. M. 
Thornton. ‘‘ Notes on High Candle-Power Lamps,” by 
Mr. H. Staples. ‘‘Some Notes on Quarrying by the 
Well Drill Method,” by Dr. W. Cullen. ‘‘ A Few Notes 
on an Explosion of Gunpowder,” by Mr. R. J. Weeks. 


Minine InstitTuTE or ScoTtanp.—Saturday, April 21, 
3p.m. Royal Technical College, George-street, Glasgow. 
Annual General Meeting. ‘Supporting Underground 
Roadways with Steel Arches,’”’ by Mr. D. C. Gemmell. 
‘Design and Maintenance of Flame-Proof Enclosures, 
with Special Reference to Coal Face Machinery,” by 
Mr. J. A. B. Horsley. ‘‘ Life Saving in Colliery Explo- 
sions and Fires,” by Mr. T. A. Southern. 


INSTITUTION OF ELECTRICAL ENGINEERS.—North 
Eastern Centre : Monday, April 23, 7 p.m., Literary and 
Philosophical Society, Westgate Road, Newcastle-on- 
Tyne. Annual General Meeting. ‘The Electrification 
of the Pietermaritzburg-Glencoe Section of the South 
African Railways,” by Mr. F. Lydall. Friday, April 27, 
4.45 p.m. Visit, Wallsend Yard, Messrs. Swan, Hunter and 
Wigham Richardson, Limited, to inspect the Singapore 
Floating Dock. At 7.30 p.m. Wallsend War Memorial 
Hall, Station-road, Wallsend. Lecture: ‘‘ The Electrical 
Equipment of the Singapore Floating Dock,” by Mr. 
E. T. Williams. London Students’ Section: Friday, 
April 27, 6.15 p.m., Victoria-embankment, W.C.2. 
Annual General Meeting. ‘‘ Super-Tension Cables,” by 
Mr. R. A. Brockbank. 

Roya. Socrety or Arts.—Monday, April 23, 8 p.m. 
John-street, Adelphi, W.C.2. Dr. Mann Lecture: 
** Applied Architectural Acoustics ’’ (Lecture II), by 
Mr. A. G. Huntley. 


ILLUMINATING ENGINEERING Socrety.—Tuesday, 
April 24, 6 p.m. Home Office Industrial Museum, 
Horseferry-road, S.W.1. Discussion on “ Daylight, 
Artificial Light, Artificial Daylight; their Merits and 


Drawbacks,”’ by Mr. J. S. Dow. 


INSTITUTION OF CIvIL ENGINEERS.—Tuesday, April 24, 
6 p.m., Great George-street, 8.W.1. Further discussion 
on ‘Deep-Water Jetty at Bevan’s Cement Works, 
Northfleet,” by Mr. C. P. Taylor and Dr. O. Faber. 
Yorkshire Association : Thursday, April 26, 7.30 p.m., 
Hotel Metropole, Leeds. ‘“ Railway Construction in the 
Pyrenees,’’ by Mr. C. J. Chaplin. 


NEwcOMEN Socrety.—Wednesday, April 25, 5.30 p.m., 
Prince Henry’s Room, 17, Fleet-street, E.C.4. ‘‘ Steamers 
of Lake Champlain, 1809 to Present Day,”’ by Mr. L. F. 
Loree. 

INstITUTION OF PRODUCTION ENGINEERS.—Wednes- 
day, April 25, 7.30 p.m., Society of Motor Manufacturers 
and Traders, Ltd., 83, Pall Mall, S.W.1. ‘‘ The Trend of 
Modern Production Methods,’ by Mr. E. W. Hancock. 


Roya AERONAUTICAL Socrety.—Thursday, April 26, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘‘ Flying Boats,’ by Mr. C. Dornier. 

INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS.— 
West Midland District: Saturday, April 28, 11 a.m., 
Borough Hall, Stafford. ‘‘ Recent Municipal Work in 
Stafford,”’ by Mr. W. Plant. 





Directory or Parser MaKers, 1928.—This year’s 
edition of the Directory of Paper Makers of Great 
Britain and Ireland, has just been issued by the 
publishers, ‘Messrs. Marchant Singer and Company, 
47, St. Mary’s Axe, London, E.C.3. The information 
has been collected and compiled in a similar fashion to last 
year, and the contents have again been authentically 
revised where necessary. Numerous additions, and various 
minor changes, have been included, and the work is 
replete with information relating to the manufacture, 
classification and sale of paper, and other kindred 
materials. No changes have been made in the sections 
into which the contents have been divided, makers of 
paper and millboard, paper enamellers, surfacers and 
gummers, together with full information as to the machines 
employed, etc., being given in alphabetical lists. The 
classification of makes, trade designations, paper trade 
customs and other matters of importance are dealt with 
in further sections, asin the last edition. The price is 
5s. net., or 5s. 6d. post free in the United Kingdom. 
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INTERNATIONAL COMMISSION ON ILLUMINATION.—It is | 
announced that the International Illumination Commis- 
sion will hold a meeting in America in September under | 
the presidency of Mr. C. C, Paterson, O.B.E., at which | 
the National Illumination Committees of Austria, | 
Belgium, France, Germany, Great Britain, Holland, 
Italy, Japan, Switzerland, and the United States of | 
America will be represented. The Commission has | 
already established an international standard of light, | 
and among the subjects which are now to be dealt with | 
are: Vocabulary, definitions and symbols, factory and 
school lighting, automobile headlights, heterochromatic | 
photometry, street lighting, signal glasses, diffusing | 
materials, photometric test plates, photometric accuracy, | 
light-flux distribution, daylight illumination, cinema 
lighting, glare, and colorimetry. The British National 
Committee is very anxious to secure adequate representa- 
tion, and it is hoped that the delegates will include 
representatives of Government departments, municipali- | 
ties, the National Physical Laboratory, and the prin- | 
cipal associations concerned in illumination matters. 
An appeal is being made to these bodies to provide | 
the representation desired, and Mr. H. Buckley, of the 
National Physical Laboratory, Teddington, who is secre- 
tary of the British National Hlumination Committee, will | 
be pleased to supply further particulars, 


LAUNCH OF THE S.S. “ OvtTentA.’’—The single-screw 
oil-tank steamer Oltenia was launched, early in March, 
by Messrs. Sir W. G. Armstrong, Whitworth and Com- 
pany, Limited, from their Walker shipyard, where she 
is building to the order of Streaua Romana Societate | 
Anonima Pentru Industria Petroleului, Bucharest. She ! 
is of the two-deck type, with poop, bridge and forecastle, 
and is constructed on the Isherwood system to Lloyds’ | 
highest class, the main dimensions being :—Length | 
overall 436 ft., breadth 55 ft ,and depth moulded to the 
upper deck, 32 ft. 8}in. Tle oil cargo, of which she is 
designed to carry 8,925 tons on a draught of 25 ft. 6 in., 
is accommodated in 18 separaie compartments, and five 
*tween-deck tanks arranged on each side of the vessel, 
the loading and discharging being carried out by two | 
horizontal duplex pumps, fitted in a pump room between | 
Nos. 6 and 7 main tanks. A cellular double bottom is | 
formed under the engines and boilers for water ballast | 
or feed water. Included in the auxiliaries are three 
double-cylinder, horizontal-type winches and a steam 
windlass supplied by Messrs. Clarke, Chapman and 
Company, Limited, of Gateshead-on-Tyne. For propul- 
sion, a quadruple-expansion engine is to be fitted, having 
eylinders 254 in., 364 in., 52} in. and 75 in. in diameter, 
with a piston stroke of 48 in., and steam, at a pressure 
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BRITISH STANDARD SPECIFICATION FOR GENERAL GREY- 
Iron Castines.—The British Engineering Standards 
Association have recently published a specification cover- 
ing grades A and C of grey-iron castings for general 
engineering work. - Provision is made for both transverse 
and tensile tests, the number of which is based on the 
weight of the castings, and the purchaser must state 
which, or both, he requires at the time of enquiry. Three 


of 220 1b. per sq. in., is to be supplied by three single- | sizes of test bars, small, medium and large, have been 


ended boilers burning oil fuel under forced draught. | 


standardised, and are related to the main cross-sectional 





area of the castings; where the design permits, the pur 
chaser may specify cast-on test bars. Appendices are 
included, giving a summary of the testing requirements. 
a note on the method of calculating the modulus oi 
rupture, and curves showing the minimuin breaking 
loads to be obtained in cases where the transverse test 
bars are slightly over or under the standard dimensions. 
This specification, No. 321—1928, may be obtained from 
the Publications Department. B.E.S.A., 28, Victoria- 
street, London, S.W.1., price 2s, 2d., post free. 











ENGINEERING, Aprix 20, 1928. 













THE SYDNEY HARBOUR BRIDCHSYDN 


DR. J. J. C. BRADFIELD, yMeycE, OH 







(For Description Page 467.) 


z x 








 a' \ 


| | 























= 43 Se SU : ‘ i] re 
S664) ery tag URL me a 
Argyle St lork Se.North jj = if 
| | | | tenia: a 
| | | : | == fn 
| 
| : | 
en ee ee 
| = h - = 
Il 5° |\4:8 | 4/8" 4:8 4:8 
Ri 7238/0" rhe ~~ 9794.6" — Rs --174.6-- , Bi cians saiaabiMcceiticnnibiclanies = =-=+<- 1650: 0" -- 




















eo 


ee 

















= 


N24 





‘p's 
* 7, 


ee ee A 





be EO 


= ma sou Preps 47 Asn’ Port; 
Fie. 7. Piers 3 to 8 at Dawes Pornt; SEPTEMBER, 1927. Fig. 8. APPROAC! T; 

















[DG 
IELD, y 


escription 


PLATE XLIV. 





4 


SYDNEY, NEW SOUTH WALES. 
cg, CHIEF ENGINEER. 


Page 467.) 





_- ; — 


Z [ 7 





f 

















'h 
Is TT} 
c= 
ar ~ 
RS 
~ 
. 
A} MASS 
= = Sa 
---=--4--1500-- 4 














J 
: 
§ 
3 
2 
& 
SS 
: 
§ 
3 
o 
$ 
S 
g 
: 
: 


ma Fitzroy St 


Stairs, 


"Burton St 


“ENGINEERING 











AINING ¥ 














It LONG Hickson Roap; SEPTEMBER, 1927. 





* sh 2@etees 


- 


Shletes, 











RS AT 


: 








+ en 


‘ig aS 
yt s "ey . 


oy a 
a wear 
y! 
4 ha oo 
— 
Py 


» 


, 
. 


NHy's ar 
8 Pom; Marcu, 1927. 


— 2 
PSR ey ee eee) 
ER aera nn ma = 
Ce SS 4 ad 173 








Lv GItt GALE 


ABUTMENT TOWER AT Dawes PoInT sHOWING Marin BEARINGS; OcTOBER, 1927. 








wy, 








“ ENC 
newsagel 
stalls, 0! 
free, at t 
in advar 

For th 

For Cz 


For al 


Foreig 
plete co 
commun: 
the agen 


When 
Orders, 





The cl 
Heading 
Tenders, 
or under 
The line 
ment me 
inch. P 
advertise 
guarante 
the wrap 
on appli 
wide, dit 
Serial ad 
able reg 
guarante 


TIME 


Adver 
current 
later th 
sequenc 
early wi 
for stan 
10 days 


Allace 
Cheques 
Bank, Li 
Orders s 
Strand, | 





AUSTRALIA 
Brisba 
N.S.W 
Queen: 
Melvil 

BELGIUM, 

Canapa, T 

ite 

EDINBURG! 

FRANCE, P 
For a 
167, RB 

GERMANY : 
W.35. 

GLascow : 
Comps 

Inpia, Cal 

Bor 


Itaty: U. 
and ar 
JaPax, To! 
LIVERPOOL 
MANCHEST! 
New ZRat 
Auckla 
Norway, ( 
41 and 
ROTTERD A. 
SOUTH APR 
Johanr 
Bloemf 
Stalis { 
(South 
TASMANTA : 





ENGINEERING. | 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
between this 
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and that no connection exists 
Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIC } ‘** ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 


TELEPHONE NUMBERS—3663 and 8598 GERRARD. 
~~ SUBSCRIPTIONS, HOME AND FOREIGN. 











“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 





For the United Kingdom ...................04 £3 5 0 
For Canada— 
Thin paper COpieS ...................0000 £2 18 6 
Thick paper copies.....................+. £3 3 0 
For all other places abroad— 
Thin paper Copies ...................000 £3 3 0 
Thick paper copies....... re ae 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


~ ADVERTISEMENT RATES. 











The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
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mention in this connection are :—Mr. Roger T. 
Smith’s presidential address to the Institute of 
Transport last autumn, in which he described the 
results of the conversion of a considerable mileage 
of the Swiss railway system to electric traction ; 
a paper on “ The Electrification of the Pietermaritz- 
burg-Glencoe section of the South African Railways, 
which was read by Mr. F. Lydall before the Insti- 
tution of Electrical Engineers on March 29, together 
with the recent reports of the general manager of the 
South African Railways, an account of the latest of 
which appears on page 402 of our present volume ; 
and finally the paper on the “ Southern Railway 
Electrification,” which was read by Mr. E. C. Cox 
before the Institute of Transport on Monday, April 2. 
Mr. Smith showed that in August, 1927, about 764 
of the 1,860 miles of normal gauge railway in Switzer- 
land were being operated electrically, with the 
result that it has been possible to raise the trailing 
load from 212 to 312 tons, to reduce the cost of 
locomotive maintenance and generally to decrease 
the running expenses. [Electrification has also 


}}enabled much better use to be made of all the 
5! capital expended by, for instance, raising the daily 


quantity of coal that can be hauled from Bale to 
Chiasso from 11,200 to 21,800 tons, and increasing 
the speed of both passenger and goods trains. 

In South Africa, according to both Sir William Hoy 
and Mr. Lydall, the results have been satisfactory. 
Before electrification freight trains with a maximum 
load of 1,000 tons occupied 164 hours on the journey 
from Glencoe to Pietermaritzburg, while now a 
train weighing 1,500 tons accomplishes the same 
journey in 10} hours without re-marshalling, and at 
a speed of 21 miles per hour on the heaviest gradient, 
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RAILWAY ELECTRIFICATION. 


THE psycho-analyst will easily discern that the 
real reason for the unhappy lot of the operatic 
policeman lies in the difficulty of squaring personal 
comfort with public duty. The real reason for the 
unhappy lot of British railway companies at the 
present time is not dissimilar, being due, not 
improbably, to the difficulty of discovering how 
best to increase their earnings without undue addi- 
tional capital expenditure. At the same time some 
expenditure is essential, if improvements are to be 
made, and improvements are also necessary, if the 
revenue is to be increased. One of the’ more 
important outlets for potentially productive expen- 
diture is electrification. This has already been 
shown to be the solution of many and diverse 
problems, but the British companies, with one 
exception, have been reluctant to embark on the 
necessarily comprehensive change involved. They 
have also been able without much difficulty to 
counter many of the ill-balanced arguments brought 
forward in favour of the new system, and have 
been largely justified in their refusal to incur the 
heavy charges necessary, until the value of the 
conversion has been more clearly demonstrated. 
A great deal of information about the results of 
employing electric traction under varying conditions 
is, however, now available, and if we confine our- 
selves at the moment to three examples it is not 
because others are not in existence. 

These are examples of interest for more than one 
reason. In the first place they are taken from three 
countries. In the second they refer to different 
classes of traffic. In the third they show that 
electric traction has justified itself under a variety 
of conditions, and in the fourth they indicate that 
in practice new methods of working: give rise to 
certain new, if not fundamental, difficulties and 
necessitate novel methods of dealing with the traffic. 

The three communications which we propose to 


tonnage that could be moved was 25,351 tons, while 
now traffic amounting to 30,000 tons per day can 
be dealt with, and there seems no reason why a 
figure of 40,000 tons should not be reached, if 
necessary. These results form a sufficient reply 
to the political outcry that has been raised 
against the conversion, but, as Mr. Lydall shows, 
they have not been attained without certain tech- 
nical problems having to be faced. Lightning 
has been a great difficulty, while drawbar and rail 
breakages have been disturbingly common. The 
design of the articulated joint between the two 
bogies of each locomotive has also been criticised. 
On the other hand, the operation of the automatic 
sub-stations and of the regenerative braking has 
been an unqualified success, both technically and 
economically. 

The foregoing examples are admittedly rather 
special cases. It is well known that Switzerland 
embarked upon electrification in order to make 
herself less dependent upon imported fuel, while 
with the severe gradients ruling on her railways any 
increase in the loading or average speed, resulting 
from the adoption of electric power, is of direct 
advantage. The case of the Glencoe coal traffic 
again is a special one, which indeed even before 
electrification had led to the adoption of methods of 
handling the traffic, which were unique in the world 
for narrow-gauge operation. The nearest parallel 
among the standard gauge systems, is probably the 
electrification of the Virginian railway, but it is to 
be observed that though this has also justified itself, 
it is not accepted as indicating that a general 
electrification of all lines should be proceeded 
with. 

The third paper, that by Mr. Cox, deals with 
a British system, and one operating under conditions 
which are usual to a greater or less extent on many 
of our railways. From his experiences, therefore, a 
great deal may be learnt. Electrification was first 
adopted in 1909 by the late London Brighton and 
South Coast Railway to combat tramway com- 
petition, and for the same reason the London and 
South Western Railway began a similar conversion 
of certain of their suburban lines just before the war. 
The results in both cases were satisfactory, though 
war and post-war conditions makes it difficult to 
calculate the exact effect of the change. Both 
companies, ~-however, decided to extend  elec- 
trical working, while in the meantime the South 
Eastern and Chatham Company decided on a 





scheme of conversion, again with a view to 
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counteracting road competition. At the time of the 
formation of the Southern Railway Company in 
1924 the position was that the South Western 
Railway Company had 49 route miles of electric 
railway at work on the direct-current system with 
extensions amounting to 30 route miles decided 
upon, the Brighton Railway had 24 route miles at 
work on the single-phase system with extensions 
amounting to 17 route miles in contemplation, and 
the South Eastern Railway had decided upon a 
scheme for the electrification of 100 route miles. 
The total route mileage involved was, therefore, 
218, and arrangements had been made to complete 
the necessary work early in 1926 at a cost of 
7,750,0001. 

To ensure the success of the conversion on the 
eastern section of the railway it was necessary to 
re-model Cannon-street station, the network of 
lines leading to it, and its signalling system, 
as well as to alter the lines at London Bridge, to 
reconstruct various other stations, to build loop 
lines and new carriage sheds, and to adopt power- 
operated and colour-light signalling. The last change 
is in itself an example of the economies obtainable 
by judicious capital expenditure and shows, more- 
over, that electrification is not a term that is 
merely applicable to the track. As a result of 
the improvements mentioned, it has, in fact, been 
possible to replace seven manually-operated boxes 
between Holborn-viaduct and Elephant and Castle 
by two power-worked boxes, and the same number 
of boxes between Charing Cross and Cannon-street 
by two power-worked and one-manually worked 
boxes ; while, when the new box at London Bridge 
is completed, it will be possible to close no less 
than nine boxes, resulting in a net saving of 
35 signalmen, 4 signal lads and 5 lampmen, or 
financially some 9,176l. per annum. The box will 
be one of the largest in the world, will contain 
311 levers and will control the movement of about 
2,500 trains per day. 

Interesting as these changes are, electrification 
like other manifestations of human activity, must 
be judged by results, and Mr. Cox is to be con- 
gratulated on placing such full information on 
this subject before the public, and on pointing 
out that the decision whether or not electrification 
is to be adopted depends on the increased revenue 
that is to be obtained from the change, and on 
whether that increase covers the interest on the 
capital outlay. During 1927 the total number of 
passenger journeys in the electrified area of the 
Southern Railway was 166,294,231, and the 
revenue therefrom was 3,737,946l1. These figures 
gave an increase over 1924 of 4-631 per cent. in 
journeys, and 4-866 per cent. in revenue. But 
increases in the area operated by steam in 1924 
and by electricity in 1927 were 17-648 per cent. in 
journeys and 15-951 per cent. in revenue. The 
falling-off in the old area was due to the loss of 
the short-distance passengers, a loss which Mr. Cox, 
as the result of experiences at re-opened stations 
like Deptford. and St. John’s and Greenwich, is 
inclined to think is permanent. Within a radius of 
3 or 4 miles from Charing Cross, he considers that, 
circumstances favour road transport, and that the 
aim of the railway service must therefore be to 
cater for the longer-distance traffic by covering 
the first or last 4 miles of its route without stopping. 

The problem the company has to face is intensified 
by the fact that of the 500,000 passengers using 
the London termini each day 29 per cent. form 
the morning and evening peak-hour loads; and 
by the necessity of changing over the single-phase 
system on the Brighton section to direct-current 
on the score of economy. Experience has also 
shown that an admixture of steam and electric 
working is not efficient, and this has necessitated 
the carrying out of much new work, mention of 
which has already been made. 

Nevertheless the Southern Railway’s policy has 
been amply justified by the results obtained or ob- 
tainable. For when the scheme of electrification now 
in hand is completed it will be possible to provide an 
annual train mileage of about 7,750,000, equivalent 
to a 100 per cent. increase in the steam mileage and 
to 50 per cent. in the present electric mileage on 
the lines affected. This development was started 
only a week ago by taking 18 engines and 98 coaches, 








performing over 8,000 train miles per week, out 
of traffic, and replacing them by electric vehicles, 
performing over 16,000 train miles per week. 

Perhaps the most striking argument in favour 
of electrification as a revenue-earning agent is 
given in the concluding paragraph of Mr. Cox’s 
paper, he points out that while, as a whole, last 
year in which British railways carried 71-5 mil- 
lion fewer passengers than in 1925, the Southern 
Company conveyed 7:25 million more in their 
electrified area, and that during January, 1928, the 
total number of passengers carried in that area 
was 672,594 in excess of that in January, 1927. 
From the figures put forward the Southern Railway 
electrification would therefore appear to have been 
fully justified, and if the necessary capital can be 
readily raised, would seem to warrant very earnest 
consideration of possible schemes of a similar 
character in other parts of London. None of these 
results, however, seem to bring us much nearer a 
general programme of electrification of main lines in 
this country. One of the most weighty arguments 
which can be advanced, since in long-distance 
passenger traffic the claim of additional facilities 
can hardly be said to hold, is that for freight 
service higher average speeds and loads are 
possible. When, however, it is realised that with 
steam operation we are now working with the 
highest speeds and loads consistent with the use of 
stock not fitted with automatic brakes and fitted 
with slack couplings, if any advantage of this 
kind were to be utilised, questions concerning the 
conversion of stock throughout the country would 
clearly be involved. 








SAMPLES. 


THE importunate widow attained the object she 
had in view though at the cost of some irritation 
to the judge. In a similar way, a certain amount of 
business is secured by men who will not be denied, 
simply because to give it is the easiest way of getting 
rid of them. A surer method of building up trade, and 
one with much more permanent effects, is to culti- 
vate a market by endeavouring to meet its special 
requirements, and developing friendly relations with 
customers. Their Royal Highnesses the Prince of 
Wales and the Duke of York have both, after their 
travels, laid stress upon the value of getting into 
close personal touch with other parts of the Empire. 
At Home we commonly utilise the services of the 
commercial traveller. Most of the business of the 
country would fare badly without him. His success 
is entirely founded upon the fact that he comes into 
intimate touch with possible buyers and can place 
samples before them, and his very existence is a 
tacit acknowledgment that though correspondence 
may fail, personal contact may often be effective. 
The Prince of Wales has himself been termed the 
Empire’s best commercial traveller. He has been 
constant in his advice that we in this country should 
show more enterprise in the way we approach 
markets overseas, either within or without the 
Empire. The Duke of York referred to the subject 
at the last dinner of the Institution of Mechanical 
Engineers, particularly with reference to Australia, 
from which he had recently returned. Again, at 
the Government Banquet given at the Mansion 
House in connection with the British Industries 
Fair, the High Commissioner for Australia recom- 
mended British business men to visit the great 
Island Continent, with a like object in view. The 
same appeal comes from Canada to which, we are 
glad to note a visit organised by the Federation of 
British Industries will be paid this year. 

There is no doubt that the whole Empire stands 
to benefit by such intercourse. Correspondence, 
however well conducted, frequently leads to what 
amounts to stalemate. The opening may seem good, 
but after perhaps a lengthy exchange of letters, 
the subject just dies. On the other hand, if there 
is personal knowledge of individuals the chances 
of some satisfactory understanding being reached 
are enormously greater. Each party feels that that 
knowledge invests the proceedings with quite a 
different atmosphere, and that a mutually accept- 
able plan must be evolved if possible. We admit, 
of course, that first hand personal knowledge by 
everybody of everybody else is an impossibility, 








but it is a far cry from this on the one hand to 
business by correspondence only, on the other, 
While it is not possible to develop this complete 
catholicity, it is possible to go some distance towards 
such a state, and the knowledge of only a few typical 
people in a country, with something of the country 
itself will be very helpful. It puts the seller on a 
much better footing, improves his chances of offer. 
ing what is wanted, probably in a way more accept. 
able than would be possible otherwise, and of 
suggesting terms which may prove much more 
attractive than would the trotting out of a few 
stereotyped phrases. 

In the same way, the chances of business are 
greatly improved if we can make people personally 
acquainted with our products. There need be no 
fear that this will not be so if our standard of quality 
is maintained. The British Industries Fair goes 
some way to help in this connection, but excellent 
though it is, it does not fulfill all requirements. It 
is doubtful whether this effort results in as much 
business in engineering products as should be pos- 
sible with other parts of the Empire, and in par- 
ticular whether so much is to be expected of it as 
would be derived from taking our goods to our 
customers and showing them to them at home, say, 
in Melbourne or Toronto. It will, of course, be 
said that the cost is less; but cost is after all 
relative, and a small cost with small return, may be 
heavier in the yearly balance sheet than a larger 
expense productive of good business. 

We have more than once in these columns 
mentioned possible openings for business in Canada, 
and the country, we are convinced, offers opportuni- 
ties for those who will trouble to seek them. We may 
cite three examples which have lately come to our 
notice, of success attending personal effort in this 
field. In one case a maker of an electrical appliance 
has developed quite a satisfactory business as a 
result of personally visiting the Dominion. In 
another, a member of a firm specialising in certain 
non-ferrous alloys has met with considerable success, 
while in a third, previously reported in these 
columns, a maker of machinery disposed of sample 
machines he took out to Toronto almost as soon as 
he arrived. It is true that cases could be cited to the 
contrary, but anyone who visits the Dominion can 
hardly fail to be struck with the openings ; may our 
methods not be adjusted to take advantage of them ? 

With the same end in view, namely, of making 
our products personally known to our people of the 
Dominion, it is with pleasure that we find a deter- 
mined effort being made by the Federation of 
British Industries to interest engineering firms in the 
National Exhibition held annually at Toronto. 
As we have before pointed out there are now two 
exhibitions in the late summer in Toronto. The 
National Exhibition has been running for fifty years 
and attracts a large number of visitors. The Federa- 
tion of British Industries has taken an active part 
in organising at this exhibition a British Section 
which, however, previously has been of a very 
general character, and for this reason perhaps not 
altogether favourable to engineering exhibits. 
Following upon the Mining Congress of last year, 
during and subsequent to which a good deal was 
said in the country with regard to openings for 
mining machinery, the Federation is now making @ 
special effort to attract engineering material to the 
exhibition, and we sincerely hope its effort may meet 
with success. From our personal knowledge we are 
convinced of the value attaching to any such demon- 
stration well staged and managed by and on behalf 
of British firms. We understand that the long- 
talked-of enlargement of the engineering and 
machinery section of this exhibition is to be brought 
about this season, and we hear that at least one 
enterprising firm of British machine tool makers 
has arranged for a good amount of space there. 
Possibly if the Federation’s effort is well supported, 
it would be feasible to stage a good show in this 
section where it would undoubtedly prove attractive. 

Another show having points of its own, 1s the 
Steel and Power Show, which will be held for the 
second time this year. Although this show is of 
shorter duration, it has the advantage of being 
open only to people directly interested in engineering: 
Its value may be gauged from the fact that for 
this second exhibition most of the firms who had 
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space last year have increased their area, and 
many others have come in as well. There is 
no doubt that this function brings together a 
very useful lot of people, which fact probably more 
than compensates for its shorter duration. The 
management of this exhibition is in the hands of the 
same committee as last year, with Mr. Campbell 
Bradshaw as chairman. We commend both these 
shows as possible means by which British manu- 
facturers may make Canadians better acquainted 
with their wares. There are, of course, various 
questions to be faced, but in most cases they are not 
insurmountable, added to which the tariff preference 
should be an inducement for us not to relinquish 
the quest without making every possible effort 
to bring about business. It would be surprising 
in the light of recent events if personal contact 
coupled with enterprise did not bear good fruit. 
We feel convinced that the more visitors there are 
from this country to Canada and the more we can 
do to show Canadians what we make, the more will 
traffic between us develop. It may be objected 
that all this involves expense, hard to meet in these 
days; but if people simply sit at home to save 
money, there will soon be no money to save. 
Incurring some expense in working up business is 
unavoidable in these days of competition, and the 
successful man is usually one who though cautious 
is also willing to accept a certain amount of risk. 
No profit comes to the steward who buries his talent 
in a napkin. 








DOMESTIC WATER-SOFTENING 
PLANTS. 


AttHoucH the advantages of soft water are 
generally appreciated, many of the water supplies 
in this country are excessively hard, and in most 
cases the hardness is sufficient to cause trouble 
from the formation of scale in steam-raising and 
hot-water apparatus, and to necessitate the use of 
comparatively large quantities of detergents for 
washing and other cleansing operations. Manufac- 
turers, power-station engineers, laundry proprietors 
and other large users of water, generally find it 
economical to install softening apparatus to re- 
move or reduce the hardness, and thus avoid the 
troubles mentioned, and in recent years the prac- 
tice has extended to domestic users. To the latter 
an ample supply of soft water appeals perhaps more 
from the standpoints of comfort and hygiene than 
from economy, although the last-mentioned con- 
sideration is by no means negligible in connection 
with central-heating and hot-water supply appa- 
ratus, as well as with domestic laundry work. 

For domestic water-softening apparatus it will 
be obvious that plant requiring skilled attention, 
and involving accurate chemical dosage, would 
usually be unsuitable, and it is, therefore, not 
surprising that, in the majority of the domestic 
installations in this country, the base-exchange 
process is employed, in which the treatment to which 
the water is subjected is analogous to simple filtra- 
tion. In this process, which was introduced into 
this country some 16 years ago, under the trade 
name of Permutit, the water is passed through a 
bed of natural or synthetic zeolite, which has the 
property of exchanging the metal bases, mainly 
calcium and magnesium, of the salts present in the 
water, for sodium. The acid radicles are unchanged, 
passing on in combination with sodium in each 
case, but the sodium salts thus produced are not 
scale forming or soap destroying. Both temporary 
and permanent hardness are removed in this way, 
the water, after treatment, being of zero hardness, 
and if for any reason this is undesirable, some of the 
hard water from the inlet must be by-passed to the 
outlet. The action can be continued, in modern 
apparatus, at practically any rate until the whole 
of the sodium in the bed has been taken up, when 
this element must be again supplied to the material 
by a process of regeneration with a solution of 
common salt. In this process, the calcium and 
Magnesium extracted from the water are exchanged 
for sodium, and the two" operations of softening 
and regeneration can be carried on for many years 
without any apparent deterioration in the base- 
exchange material. 

A particular advantage of the system is that it 
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can be carried out under pressure, so that the appa- 
ratus, in the form of a cylindrical tank, can be 
connected into the rising main of a domestic water- 
supply system, the flow of water being controlled 
by stop cocks. The upper part of the tank, or a 
separate tank in larger installations, is used for 
mixing the salt solution for regeneration, and this 
is run into the main tank containing the base- 
exchange material at intervals depending upon the 
capacity of the plant and the quantity of water 
passed. After remaining in contact with the material 
for a few minutes, the salt solution is run out to 
the drain and the material, after rinsing, is ready 
to continue the softening process. The actual ar- 
rangements for regeneration, of course, differ, to 
some extent, according to the capacity of the plant, 
but the capacity is usually chosen to be sufficient to 
deal with one day’s supply of water, so that regenera- 
tion would be carried out daily. A water meter 
may be provided to indicate when the full quantity 
of water which the plant is capable of treating has 
been passed, thus showing that the process of 
regeneration must be carried out, but the working 
of the apparatus can also be checked at any time 
by means of a simple soap test, such as can be 
made by any person of average intelligence. 

That the advantages of water softening on a 
domestic scale are becoming more fully realised 
may be gathered from the fact that several different 
examples of the necessary apparatus were exhibited 
at the Ideal Home Exhibition, recently held at 
Olympia. Although differing in capacity and in 
detail design, all the plants which were exhibited 
were of the base-exchange type, of which a 
general explanation has been given above. A 
prominent exhibit of the class of apparatus to which 
we are referring was that of Messrs. United Water 
Softeners, Limited, Aldwych House, W.C.2, whose 
softeners ranged from small models such as would 
be suitable for fixing over a lavatory basin or sink to 
sizes capable of treating the whole supply for large 
town or country houses. This firm also designs and 
constructs large Permutit plants for industrial 
and public water supplies, as well as Lassen-Hjort 
softeners working on the lime-soda process. Capa- 
cities, of course, depend upon the hardness of the 
water supply, but the cylinders of the household 
plants made by Messrs. United Water Softeners, 
Limited, range from 6 in. to 33 in. in diameter, and 
the heights of the plants from 4 ft. 8 in. to 7 ft. 6 in. 
Three types are made to cover this range, differing 
mainly in the arrangements made for regenerating. 
In the small sizes, the salt solution is mixed in the 
upper part of the cylinder, or in a separate funnel- 
shaped vessel mounted on top, while in the larger 
sizes, a separate rectangular tank, mounted on 
the wall by the side of the cylinder, is used for the 
purpose. With the latter type, the salt solution 
automatically syphons into the Permutit cylinder 
when a valve is opened. It is understood that over 
10,000 Permutit water softeners are now in use in 
private houses, hotels and institutions in this 
country. 

Domestic water softeners, to which the trade name 
** Azed ”’ is applied, were also shown at the exhibition 
by Messrs. William Boby and Company, Limited, 
62-64, Brook-street, London, W.1. The smallest 
size in this case is intended for toilet purposes, and 
is connected to the tap over a lavatory basin by a 
rubber hose and slip-on union, so that it can be 
moved from place to place if desired. A larger size 
made is of rectangular form and is supplied in 
two types for mounting vertically or horizontally ; 
it may be either connected to a tap or fitted into 
the rising main supplying a small household. Three 
still larger patterns take the form of vertical cylin- 
ders having flanged bases and are stood on the 
floor, the floor space occupied by the largest size 
being only 14 in. square, while the overall height is 
5 ft. 9 in. The three largest sizes are capable of 
softening 250, 500 and 1,000 gallons of water from 
20 deg. hardness between regenerations, which 
operation is carried out by placing dry salt in a 
space normally closed by a cover held in place by a 
screw and handwheel.. The base-exchange material 
used in these:plants is a synthetic product known as 
Doucil, manufactured by Messrs.- J. Crosfield and 
Sons, Limited, Warrington. A particular feature 
claimed for this material is that if the operation of 








regeneration is not carried out at the proper time, 
the hardness of the water passed does not increase 
rapidly to that of the supply, but rises gradually 
to about 6 deg., after which it increases rapidly to 
the full hardness. About 3 per cent. to 4 per cent. 
of the water softened is used in the operation of 
washing out after regeneration. 

A number of other firms have taken up the 
plants of this type, among them Messrs. Water 
Purifiers, Limited, of Slough, whose patterns 
cover the whole range of domestic requirements, 
and Messrs. Electrolux, Limited, 153 and 155, 
Regent-street, W.1, who have also recently added 
the manufacture of this class of apparatus to 
their other products. The last-mentioned firm 
makes four standard sizes of domestic water 
softeners, of which the smallest measures 12 in. 
in diameter, and 30 in. in height, and is 
capable of softening 100 gallons of water from 
16 deg. of hardness between regenerations. For 
this operation, ? lb. of common salt is required, 
while in the largest size, the capacity of which is 
1,000 gallons, the salt used for each regeneration is 
74 lb. The cylinder of the largest size is 16 in. 
diameter, and 6 ft. 7 in. in height. 

The cost of the salt for regeneration constitutes 
the only item of operating expenditure in water 
softening by the base-exchange process, and as the 
amount required is proportional to the water used 
and to the hardness of the supply, the quantity 
needed can be roughly estimated from the figures 
given above. Evidently it would not be a serious 
item in the case of a domestic installation, while, 
balanced against the saving in fuel and washing 
materials, which cannot be so easily estimated, it 
is probable that a useful saving would be effected 
by water softening on the system described, to 
which the advantages previously mentioned would 
be additional. 








NOTES. 
Roya CHARTER FOR THE BrITISH ASSOCIATION. 


TuHosE of our readers who have attended the 
meetings of the British Association, or who have 
followed the accounts of the proceedings at those 
meetings published in our columns, will welcome 
the announcement made this week that the 
Association’s petition for a Charter has been granted 
by H.M. the King in Council. Founded in 1831, 
largely owing to the efforts of Sir David Brewster, 
the object of the Association, as indicated by its 
full title, now rarely used, has been the advance- 
ment of all branches of science, this object having 
been mainly furthered by holding annual meetings 
in different parts of the United Kingdom and in the 
Dominions Overseas. These meetings, at which 
some discoveries of far-reaching importance have 
been announced for the first time, provide oppor- 
tunities for the reading and discussion of papers, 
and for the social intercourse of persons engaged 
or interested in scientific work, either in this country 
or abroad. Valuable work in research, standardisa- 
tion, &c., financed, though perhaps to an inadequate 
extent, from the limited resources of the Association, 
has also been carried out by various committees 
appointed at the meetings and reporting to them. 
A notable example of this class of work was the 
experimental determination of the ohm in 1863. 
In these, and in other, ways, the Association has 
assisted in the development of pure and applied 
science, and consequently of the industries depen- 
dent upon them. This work has received royal 
recognition for many years. The Prince Consort, 
for instance, occupied the chair at the Aberdeen 
meeting in 1859, and the patronage extended to 
the Association by King Edward VII has been con- 
tinued by His Majesty King George V. Further 
evidence of royal interest in the work is provided 
by the fact that H.R.H. the Prince of Wales con- 
sented to preside over the meeting held at Oxford 
in 1926. The grant of a Charter, within a few years 
of the Association’s Centenary, must be regarded 
as a proof that the importance of its work to the 
nation and to the Empire is recognised by the 
State, although it was, we believe, mainly for 
administrative reasons that the petition was made 
in January last by the President, Sir Arthur Keith, 
and the general officers of the Association. As 
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a corporate body, the Association will be able more 
effectively to administer certain funds, which have 
been increased during recent years by the generosity 
of Sir Charles Parsons, Sir Alfred Yarrow and others, 
and will also be able, in accordance with the offer 
of Mr. George Buckston, to undertake the custody, 
as a national memorial, of Downe House, the 
home of Charles Darwin. It will also be able more 
readily to undertake similar responsibilities in the 
future if the need should arise, as is by no means 
improbable. All will feel, however, that in granting 
the petition His Majesty has conferred upon the 
Association a well-merited honour, and at the same 
time has greatly facilitated its administration, and 
enabled it to extend the scope of its activities. 
As previously mentioned in our columns, the 
Association will meet this year in Glasgow from 
September 5 to 12 under the presidency of Sir 
William Bragg, while next year the members will 
again visit South Africa, where a_ particularly 
successful meeting, presided over by the late Sir 
George Howard Darwin, the second son of Charles 
Darwin, was held in 1905. 


NATIONAL SAVINGS AND ENGINEERING Exports. 
THE Royal Commission on National Debt and 
Taxation came to the conclusion that at present- 
day money values our annual savings as a nation 
were from 150 to 200 millions below the pre-war 
standard. In an interesting speech reported in 
the current issue of the Bulletin of the British 
Engineers’ Association, Mr. H. G. Williams, M.P., 
suggested that here was to be found the main 
cause of the long persistent depression in the 
engineering trades. He pointed out that the 
larger the proportion of the aggregate national 
income that was expended on consumable goods 
the less there was available for investment in what 
he termed ‘capital goods,” that was to say on 
objects which returned an annual income, such as 
the construction of a railway or other engineering 
works at home or abroad. The engineering in- 
dustry was, he maintained, absolutely and ulti- 
mately dependent upon the rate at which the 
community saved money. If, for example, the 
community became excessively Puritan, and aban- 
doned choice wines, silk stockings, tobacco, and 
alcohol generally, the engineering industries would, 
he declared, soon be working overtime, but new 
methods of taxation would then become necessary. 
The greater the proportionate expenditure on 
consumable goods, the greater was the proportion 
of their cost which went abroad, and the greater 
the demand for imports. Savings were required, 
in the first place, to meet internal demands for new 
capital, and secondly, for the development of 
countries overseas, especially within the British 
Empire. Broadly speaking, the capital thus 
expended increased the demand for engineering 
products, so that an increase in the rate of saving 
would automatically increase this class of export. 
Additional causes for the existing depression were 
foreign competition and high local and national 
taxation, which made saving more difficult. 
Nevertheless, Mr. Williams held that matters were 
improving. We had a million more people at 
work than in pre-war times, and the aggregate 
national income was greater than ever before. 


Earty Dynamo TEstTs. 

Though the principle upon which all dynamo- 
electric machinery is founded was discovered by 
Faraday almost exactly one hundred years ago, 
little progress was made in adapting it for practical 
use until the later sixties and early ‘seventies of last 
Century. In an attempt to generate a constant 
instead of a fluctuat'ng current, Paccinotti in 
1865 devised the armature coil, and this was re- 
invented by Gramme in an improved form five 
years later, the result being known as the Gramme 
rings. The shuttle armature, which was suggested 
by Siemens in 1867, was modified by von Hefner 
Alteneck in 1873, and this machine embodied the 
forerunner of the drum-wound armature. In 1878, 
Brush invented a high-pressure dynamo for arc 
lighting. At the end of the seventies, therefore, 


more than one type of machine was available, and 
the Franklin Institute of Philadelphia thereupon 
determined to. put them to comparative tests. 
These tests, we understand, were carried out 








Ree. 


during the spring of that year in the hall of the 
Institute, by Professor Elihu Thomson and Professor 
E. J. Houston, with a view to determining which 
was the most efficient. As a result, the Brush arc 
lighting generator was recommended for purchase 
by the Institute. The jubilee of these tests, which 
are said to be the first ever made on dynamos, was 
celebrated on Wednesday, April 18, when papers 
were presented by Professor Elihu Thomson 
who made the tests, and by Dr. Charles F. Brush, 
who invented the type of dynamo finally recom- 
mended. A number of the great electrical under- 
takings in the United States and Canada were 
represented, as well as many scientists. Though the 
incident celebrated was undoubtedly an interesting 
historical occasion, we should be a little nervous 
about supporting the claim that it was the first 
time that a dynamo had been tested. The record 
of Faraday’s work, that has come down to us, 
shows that he conducted investigations which merit 
that description, and the same may safely be said 
of the other pioneers, some of whose names are 
mentioned above. The desire to be first is a natural 
human attribute, but in science it has often led 
to an expenditure of time and energy, which could, 
to put it mildly, have been more usefully employed. 
This statement implies no detraction of the pioneer- 
ing efforts of Thomson, Houston and Brush, whose 
work, it is gratifying to see, has been so fittingly 
celebrated in their native country. 


THe Status oF Crvit SERVICE ENGINEERS. 


It has often been said, perhaps more in sorrow 
than in anger, that one of the shortcomings of the 
engineer is that he is too interested in his job. 
The implication is that he is too busy to ponder 
about the vexed question of his status in relation 
to the positions assumed, actually or in public 
opinion, by the other professional and commercial 
men with whom he is working. In industrial life 
this is no great matter. The engineer, equally 
with the sales-manager and the accountant, is a 
necessary link in the machine and must, with the 
other links, bear his share of the load, if the 
efficiency of the whole is not to suffer. His claim 
to a high position in the table of precedence is 
therefore recognised, even if that recognition is not 
always accompanied by the same degree of financial 
emolument as is acquired by other members of the 
staff. His word carries due weight, if his pockets 
are light, and what is more, no bar is placed on his 
promotion to the highest positions. In the Civil 
Service the position is different. Real control is 
in the hands of the non-technical expert, who has 
qualified for his office first by examination in literary 
subjects and then by a long experience of prece- 
dents and forms. The technical man is perma- 
nently excluded from such positions. The result is 
that the scientific and technical work, which is here, 
as elsewhere, assuming an increasing importance 
among Civil Service activities, is too often viewed 
from the wrong angle and the technical man suffers 
by having his advice ignored or misunderstood 
without hope of redress. It is, therefore, necessary 
for more than one reason, as Sir Richard Red- 
mayne said in his presidential address to the Insti- 
tution of Professional Civil Servants, on. Tuesday, 
April 17, that the expert should be recognised as 
indispensable for carrying on the complex task of 
government in the modern State and be afforded 
free and full opportunity of rising to the highest 
offices the public service can offer. The solution 
of the problems peculiar to the professional scientific 
and technical classes in the Civil Service demand the 
close co-operation of all concerned, and we are glad to 
learn, therefore, that the membership of the Institu- 
tion is approaching the 5,000 mark and has recently 
acquired added strength by the decision of the 
Society of Post Office Engineers to link up with the 
main body. This is indeed a notable step towards 
the consolidation of the technical side of the service. 
The Institution is now demanding an inquiry into 
the status of the expert in the Civil Service in order 
to prove that without full use being made of his 
services, efficient administration under modern con- 
ditions cannot be secured. To add weight. to this 
argument, Sir Richard Redmayne pointed out that 
the subordination of experts now threatened by the 
Reorganisation of Offices (Scotland) Bill, was a 
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vivid illustration of the need for a proper recon. 
sideration of the functions and status of the tech. 
nical expert in relation to the Administration. This 
will be the opinion of all technical men, and we hope 
the Government will see their way to adopt the 
course suggested. 


THE WoRrLD’s SHIPBUILDING AND Mariny 
ENGINEERING. 


As pointed out in our columns at the time, the 
merchant shipping under construction in Great 
Britain and Ireland on December 31 last, totalled 
1,579,713 tons, which figure was not only more 
than double that reached twelve months previously, 
but was larger than the combined tonnage building 
in the rest of the world. Although this high total 
has not since been maintained, there is still cause 
for optimism. The shipbuilding returns of Lloyd’s 
Register for the quarter ended March 31, 1928, 
show that the present total, namely, 1,440,842 tons, 
is some 224,000 tons higher than the tonnage under 
construction at the end of March, 1927. The figures 
for the shipping launched and for that commenced, 
during the first quarter of 1928, respectively, 
406,726 tons and 341,843 tons, compare not un- 
favourably with the totals for the previous quarter, 
namely, 498,550 tons and 377,492 tons. The 
vessels under construction in British and_ Irish 
shipyards on March 31 last numbered 315; 221 of 
these were steamships, 81 were motorships, and 
13 were sailing ships and barges. Of these vessels, 
256 are intended for owners residing in the British 
Empire, and 59 for foreign owners. The merchant 
shipping under construction, at the present time, 
in other countries totals 1,452,409 tons ; it is some 
86,600 tons below that in hand at the end of 
December, 1927. Only five countries abroad have 
more than 100,000 tons of shipping in course of 
construction ; these are, Germany with 443,939 tons, 
Italy with 171.016, Holland with 162,973, France 
with 103,494, and Denmark with 103,110. All 
these countries, with the exception of Denmark, 
show reduced output, as compared with that of the 
previous three months. The tonnage commenced 
abroad, during the quarter under consideration, 
totalled 263,580, while that launched aggregated 
253,222. The total horse-power of the marine engines 
under construction, or being installed on board 
vessels, at the end of March, 1928, amounted 
to 2,161,385. Out of this total, Great Britain 
and Ireland supplied 918,659 horse-power. This 
figure includes :—Reciprocating steam _ engines, 
372,208 indicated horse-power; turbines 192,000 
shaft horse-power ; and oil engines 354,451 indicated 
horse-power. The steam and oil engines built 
in Germany, together totalled 294,320 indicated 
horse-power, but statistics regarding the number 
and power of the steam turbines constructed in that 
country are not available. The total horse-power 
of the marine engines built during the quarter under 
consideration, by Italy, was 191,000, by Denmark 
136,220, by Holland 135,830, and by Switzerland 
123,460. Taken generally, the returns indicate 
that, while the oil engines in course of construction 
total 1,333,875 indicated horse-power, the steam 
reciprocating engines building aggregate 549,910 
indicated horse-power only. The total capacity of 
the turbines amounts to 277,600 shaft horse-power, 
exclusive of Germany. In conclusion, it should be 
pointed out that the tonnage figures quoted above 
are gross tons, and that no account has been taken 
of vessels of less than 100 tons gross. 








Tue InstiTruTIon or Gas ENGINEERS.—The terms of 
the Petition, Charter and By-Laws, for submission to 
His Majesty’s Privy Council, were passed at a special 
meeting of the Institution of Gas Engineers held recently. 
It is hoped that the first annual meeting, under the 
Royal Charter, will be held at Cardiff under the presi- 
dency of Mr. H. D. Madden, on June 12, when H.R.H. 
the Prince of Wales, the first honorary life member of 
the Chartered Institution, will be visiting Cardiff. 





TENDERS FOR Roap ConsTRUCTION IN, CHILE.—'Llhie 
Chilean Government is at present preparing plans, 
specifications and other necessary particulars regarding 
tenders which are to be invited for the construction ol 
new, and the improvement of existing, roads, in 
several parts of that country. British firms interested 
should make an early application for particulars to the 
Ministerio de Fomento, Santiago, Chile, through the 








Chilean Legation in London. 
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THE LATE MR. HENRY DAVEY. 


THouGH the name of the firm of which he was a 
partner is still well known, the personality of the 
subject of this memoir will be less familiar to the 
present generation of engineers than to their 
predecessors. As the late Mr. Henry Davey, whose 


death on April 11 we regret to record, was 85 years | 
| direct-acting engine, most often made compound, 


of age, it is scarcely surprising that his achieve- 
ments, notable as they are, should need recalling 


to younger men. Yet, it is not too much to say | 


that, 50 years or SO ago, 
Mr. Davey practically 
revolutionised one impor- 
tant side of the great in- 
dustry of mining, namely, 
that of drainage by the 
steam pump. 

A native of Tavistock, 
Mr. Davey was the son of 
a civil and mining engi- 
neer with considerably 
more than a local prac- 
tice, and he was conse- 
quently thus enabled to 
acquire an early _first- 
hand knowledge of an 
apparatus which seemed 
to have reached finality, 
namely, the Cornish en- 
gine. Of his younger 
days, it is recorded that 
he had a remarkable 
aptitude for working in 
both wood and metal. 
In 1860, he became a 
pupil to a firm of min- 
ing engineers, Messrs. 
Nicholls and Mathews, 
Tavistock, with whom 
he remained four years. 
The next five years, to 
1869, he acted as as- 
sistant to his father, 
and later was engaged 
on independent work in 
the design and erection 
of hydraulic machinery. 
This led to the formation 
of a connection with the 
lessees of a pier at Milford 
Haven, in which he was 
employed in the design 
and supervision of manu- 
facture of hydraulic 
cranes, coaling hoists, 
capstans, piling, build- 
ings, alterations to rail- 
way bridges, &c. On 
this work he was engaged 
from 1869 to 1872. 

In 1871, Mr. Davey 
had, however, taken out 
his first patent on the 
differential pumping en- 
gine, afterwards to be 
known by his name, 
and, in the following 
year joined with Colonel 
Hathorn and others in 
the formation of a com- 
pany which purchased an 
old-established engineer- 
ing business, namely 
that of Messrs. Garrett, 
Marshall and Company, 
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and, being single acting, had more than one radical 


defect, not the least of which was the difficulty of 
effective governing. After some work in connection 
with it, Mr. Davey realised the necessity for ad- 
vancing along other lines and designed the differ- 
ential pumping engine first fully described in a 
paper read by him before the Institution of Mech- 
anical Engineers in 1874.* This was a horizontal 


but sometimes triple-expansion, with a valve gear 
controlled by a cataract, which was remarkably 


[Photo. ty Elliott and Fry. 


Tur Late Mr. Henry Davey. 


Leeds. Mr. Davey became chief designer and , effective in adjusting the steam supply to the load. 
manager to the new firm, which took the title of | In mining work, the connection with the shaft pumps 


Hathorn, Davis, Campbell, and Davey, and has 
since long been known as Hathorn, Davey and 
Company, Limited, Sun Foundry, Leeds. In 1874, 
he became a partner, the principal business of the 
firm being pumping machinery, of which many im- 
portant examples made in the early years are still 
in use, both in this country and abroad. 

_ The Cornish engine, as improved by Watt was, 
in Mr. Davey’s early days, still very popular, but 
though more efficient than is generally believed, 





Was of great size and weight relative to its capacity, 


| was made by the use of large bell-crank levers, in 


waterworks plant the pumps were driven by cranks | 
| hi 


and connecting rods from the engine crankshaft. 
Some of these engines were of considerable size, 
thus, one erected for the Mines Drainage Commis- 
sioners in 1884, at the Bradley Pumping Station, 
Staffordshire, had a high-pressure cylinder of 52 in. 
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having plungers 27 in. in diameter, and was capable 
of dealing with 5,000,000 gallons of water per day, 
which would drain 12 square miles of mining district. 
This engine is still used by the Birmingham Canal 
Navigation Company. Apart from the improvement 
in the engine, Mr. Davey’s influence on pumping 
methods generally was most marked. He was 
responsible for the introduction of the double 
acting plunger pump in place of the piston pump, 
and for the introduction of heavier lifts. Other 
pioneer work was done in connection with under- 


ground pumping stations, 
conveying the steam 
down the shafts in care- 
fully insulated pipes, and 
thereby relieving the 
engine of the work of 
moving masses of pump- 
rod, etc. When there 
was danger of the flood- 
ing of such installations, 
the steam plant was 
placed 200 ft. or so above 
the sump from which an 
ingenious hydraulic pump 
lifted the water to the 
main engines. 

In waterworks’ plant, 
too, many improvements 
were effected, and _ it 
is only comparatively 
recently that the engine 
has had to take a place 
inferior of that of elec- 
trically-driven pumps 
largely on account of its 
greater bulk. Mr. Davey 
did not, however, con- 
fine himself to one branch 
of engineering, but was 
responsible for many 
smaller inventions. Chief 
amongst these may be 
mentioned his domestic 
motor. The apparatus 
known by this name, 
introduced about 1885, 
was really an atmospheric 
steam engine. It was 
designed at the introduc- 
tion of electric lighting, 
to provide a small prime 
mover, from l-h.p. to 
6-h.p., for charging bat- 
teries, &c., in isolated 
situations, and, at the 
same time to do away 
with the element of risk 
of explosion and necessity 
for frequent attention, 
the latter a concomitant 
of small high - pressure 
steam plant. The boiler 
generated steam at atmo- 
spheric pressure and was 
fired with coke by a 
hopper requiring atten- 
tion only once about 
every eight hours. The 
engine worked on a partial 
vacuum, about 10- lb. 
pressure being available 
from the atmosphere. A 
consumption of 6 lb. of 
coke per indicated horse- 
power per hour was about 


the normal rate of working. This ingenious engine 
met with marked success and gave way only to the 
cheap internal combustion engine. 

In 1887, Mr. Davey left Leeds and established 
nself as a consulting engineer in Westminster, 
one of his capacities being that of consultant to 
Corporation. He remained in 


| London engineering circles until comparatively 


recently, and resided at Ewell, Surrey. Advancing 


in diameter, a low-pressure one of 90 in. in diameter, | years and failing health, however, made retirement 


and a stroke of 10 ft. It operated a pair of pumps 





* See ENGINEERING, vol. xviii, page 355. 


desirable, and he returned to his native county 
and settled at Tavistock. 
faculties were not allowed to remain idle, and he 


Even here his inventive 
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was occupied on the designs of machinery almost 
to the day of his death. Mr. Davey was a member 
of the Institution of Civil Engineers, which he 
joined in 1877, receiving shortly afterwards the 
Watt Medal and Telford Premium for his paper on 
direct-acting pumping engines. His connection with 
the Institution of Mechanical Engineers was even 
earlier, as he was created a member in 1873, later 
becoming a Vice-president. He took a great interest 
in scientific matters generally, and belonged to. the 
Geological Society, Royal Society of Arts, and 
other kindred institutions. On the side of educa- 
tion, whilst resident in Leeds, he took an active 
share in the affairs of what is now the University 
of Leeds, being on the council of the parent college. 


THE LATE MR. HARRY JOHN 
CORNISH. 


Tue death of Mr. Harry John Cornish, at the 
advanced age of 88, means the loss of one of the 
older generation of ships’ surveyors, since he was 
connected with Lloyd’s Register of Shipping for 
over 46 years, during eight of which he was chief 
surveyor. His experiences with shipping, however, 
began even earlier, for in 1858, at the age of 19 
he was one of those who helped to complete the 
Great Eastern for sea, and they lasted into quite 
modern times, since he was largely concerned, in 
consultation with the owners and builders, in 
the design of the Mauretania and her ill-fated 
sister-ship, the Lusitania. Indeed, it would not be 
altogether wrong to say that the sea was in his 
blood, as one of his ancestors, Admiral Sir Samuel 
Cornish, took part in the capture of Manila in 1761, 
while his grandfather fought on Nelson’s flagship 
the Vanguard, at the Battle of the Nile. 

Mr. Cornish was born at Devonport in 1839, and, 
after being educated privately, began his career 
as a naval architect at Deptford Green Dockyard. 
He continued there until 1863, when he was ap- 
pointed a surveyor to Lloyd’s Register. In this 
position his abilities as an artist and draughtsman, 
as well as qualifications of a more professional 
character, quickly brought him into notice, and in 
1867, when the Society’s rules for composite ships 
were formulated, the illustrations that were drawn 
by him were selected from those submitted by the 
surveyors as being of exceptional merit. Besides 
being accepted by the Committee, they were sub- 
sequently shown at International Exhibitions in 
Paris and Moscow, where they were awarded bronze 
and gold medals respectively. They are now in the 
South Kensington Museum. 

In 1870, Mr. Cornish was appointed assistant 
chief surveyor to Mr. Benjamin Martell, a position 
which he held for no less than 30 years. During 
that time he visited the Great Lakes of North 
America for the purpose of conducting investiga- 
tions into the shipbuilding industry in that district 
and reporting thereon for the Committee’s informa- 
tion. He was also closely associated with all 
amendments and additions to the rules, which took 
place during that period, and when he himself became 
chief surveyor in 1901, he soon determined on a 
complete revision of the important code, which had 
grown up, so that its contents might be brought 
more into consonance with modern practice. The 
new rules which resulted, were issued shortly before 
his retirement in 1909, and replaced those which had 
been in operation since 1870. At the former date, 
a vessel exceeding 24 ft. in depth was exceptional. 
Consequently, the classification was more or less 
confined to two distinct types: the two-deck vessel 
of 24 ft. in depth and the three-deck vessel of 24 ft. 
in depth and above. Gradually, however, vessels 
built to the three-deck rule began to differ materially 
from the methods of construction originally approved 
for them, and the new rules, therefore, which were 
framed to cover all vessels up to about 680 ft. in 
length, included all the vessels that had been classi- 
fied by Lloyd’s up till 1909, except the Lusitania and 
Mauretania. Provision was made in these rules for 
two types only, namely, the full scantling vessel and 
vessels having a continuous superstructure, such as an 
awning or shelter deck. The designs of ships usual 
until then were modified in a number of important 
particulars, the changes being fully discussed on 
page 855 of ENGINEERING for June 25, 1909. 





In his professional capacity, Mr. Cornish had 
often difficult negotiations to conduct, in order to 
reconcile the conflicting interests of underwriters, 
shipbuilders and shipowners, and his full know- 
ledge of the technique of shipbuilding and his tact, 
therefore, stood him in great stead and were 
uniformly recognised. His genial temperament was 
perhaps his outstanding characteristic, and un- 
doubtedly often helped him to overcome stubborn 
opposition. His retirement, in 1909, was universally 
regretted. 

Mr. Cornish was elected a member of the Insti- 
tution of Naval Architects in 1876, and became a 
member of the Council in 1900. He was appointed 
vice-president in 1904, and honorary vice-president 
in 1916. 








THE LATE MAJOR JAMES HAY. 


Ir is with regret that we have to record the death 
of Major James Hay, M.C., which took place at Rutbah, 
Syria, on March 25 last, at the early age of 50. Major 
Hay, who was chief civil engineer to the Anglo-Persian 
Oil Company, Limited, was born on October 25, 1877. 
He received his general education at Daniel Stewart's 
College, Edinburgh, and, in 1893, entered the engineering 
department of the University of Edinburgh. Three 
years later he obtained the degree of B.Sc., and was 
shortly afterwards appointed assistant engineer on 
the North British Railway. In 1898, he left his native 
country to take up the position of assistant engineer 
on the Uganda Railway, and, five years later, he 
accepted a similar post on the Central South African 
Railways. In 1907, he became engineer in charge of 
the Kilindini harbour works, East Africa, a position 
he continued to occupy for some twelve months. In 
1908, he left Africa after having spent ten years in 
various parts of that continent, and proceeded to South 
America to take up the appointment of construction 
engineer on the Central Argentine Railway. Two years 
afterwards he travelled to the Far East, having been 
appointed engineer in charge of surveys of the Southern 
Railway of Siam. In 1912, he returned to South 
America, as survey engineer to the Argentine Railwav 
Company, and some twelve months later he became 
chief engineer and acting manager of the Madeira, 
Mamoré Railway, Brazil, continuing to occupy this 
position until August, 1914. 

Soon after the outbreak of war James Hay returned 
to his native country and joined the Ist Regiment 
Lovat’s Scouts (Yeomanry) in September, 1914. He 
was transferred to the Royal Engineers with the rank 
of captain in March, 1915, and was gazetted major 
on May 18, 1918. He saw service in Palestine, where he 
did much work in connection with the location of the 
military railway from El Kantara, on the Suez Canal, 
to Haifa and Beersheba. For an act of gallantry he was 
awarded the Military Cross. He left the army in 
1919, and, some months afterwards, was appointed 
chief civil engineer to the Anglo-Persian Oil Company, 
Limited, which position he continued to hold 
until his. untimely death. Major Hay became an 
associate member of the Institution of Civil Engi- 
neers on January 11, 1910, and was elected to full 
membership on February 8, 1927. 








THE LATE MR. S. E. HOWELL. 


THE death of Mr. Samuel Earnshaw Howell, which 
occurred under tragic circumstances on Sunday, the 
15th inst., removes a well-known figure from the ranks of 
Sheffield steel manufacturers. Mr. Howell was knocked 
down by a tramway-car close to his home at Ranmoor 
and succumbed to his injuries, without recovering 
consciousness, some hours later in Sheffield Royal 
Hospital. Mr. Howell was born in Sheffield on Febru- 
ary 19, 1847, and received his early education privately 
and at the old Sheffield Collegiate School. Upon 
leaving this institution, he studied mathematics, for 
some 18 months, under his uncle, the Rev. Samuel 
Earnshaw, who was a senior wrangler and a brilliant 
mathematician. He then went to France for the 
purpose of learning French and resided in Angouléme 
for some twelve months. Returning to his native 
country in 1864, Mr. Howell became a pupil in the 
works of Messrs. Dubs and Company, Glasgow, now 
one of the constituent firms of the North British Loco- 
motive Company, Limited. After completing his 
apprenticeship, in 1870, he returned to Sheffield and 

ame a partner in the steel-manufacturing firm 
founded by his father in 1853. One of the specialities of 
Messrs. Howell and Company, Limited, has always been 
the manufacture of steel tubes, and Mr. S. E. Howell 
was largely associated with the development of this 
branch of his firm’s activities. In 1880, a new instal- 
lation for the manufacture of steel tubes was erected 





by the company at Wincobank, a suburb of Sheffield, 


en, 





and tubes for steam, gas, water, hydraulic and other 
purposes were produced in increasing quantities. From 
the commencement of his long association with the 
family business, Mr. Howell was intimately connected 
with all its developments; he was chairman and 
managing director of the firm for many years, and 
retained this position until the very end. 

Mr. Howell was elected a full member of the Institu. 
tion of Mechanical Engineers in 1877, and an associate 
member: of the Institution of Civil Engineers on May 
29, 1883. He became a member of the Iron and Steel 
Institute in 1894 and a fellow of the Royal Society of 
Arts in 1882. Mr. Howell took a prominent part in the 
public life of the City of Sheffield. He was elected 
Master Cutler in 1888. He became a Justice of the 
Peace in 1890 and continued to sit regularly on the 
Bench until some three weeks ago. He was also a 
member of the Sheffield Corporation for 18 years, and 
was elected president of the Chamber of Commerce in 
1896. 

In his younger days, Mr. Howell was an enthusiastic 
volunteer officer, and worked hard to uphold the 
efficiency of the old Ist Yorkshire (West Riding) 
Volunteer Engineers (Sheffield). He was also con- 
nected with various local benevolent and charitable 
organisations. 








AIR SURVEY OF RIO DE JANEIRO. 


WE have on several occasions dealt in our columns 
with the progress made by British firms in the sphere 
of aerial surveying. It is therefore gratifying to be 
able to record that arrangements for the air survey of 
the city and federal district of Rio de Janeiro, Brazil, 
representing an area of some 450 square miles, have, 
under conditions of keen international competition, 
been made with Messrs. Aircraft Operating Company, 
Limited, 8, New-square, London, W.C.2. Perhaps 
the principal interest of the work lies in the magni- 
tude of the scale on which the area will be mapped. 
The scale adopted for the largest maps will be 63 in. 
to the mile, this being, it is claimed, the biggest scale 
ever used in connection with aerial surveying. The 
mapping of the area by the usual ground methods 
would, it is stated, occupy some twelve years. By 
using a combination of air and ground surveys, however, 
the company has undertaken to complete the work 
in three and a half years. 

We understand that a special type of aeroplane, 
differing radically from those employed in commercial 
transport, is at present under construction for this work. 
The machine is to be equipped with two air-cooled 
radial engines driving geared propellers. With normal 
survey load, comprising pilot, photographer, apparatus 
and 240 gallons of fuel, the ceiling will be 23,000 ft. 
It is estimated that at a height of 20,000 ft. the cruising 
speed of the machine will be 110 m.p.h., and that the 
range at that speed will be 7} hours. With such an 
aeroplane the costly chain of emergency landing 
grounds hitherto found necessary will no longer be 
required. Furthermore, the machine will enable 
surveys to be conducted over areas in which it would 
be impossible to establish landing grounds near enough 
to the centre of operations. In addition to the advan- 
tages enumerated above, the design of the aeroplane 
is such that a better view, than is possible in commercial 
aircraft, will be obtainable, both by the pilot and by the 
photographer. The former will sit in the nose of the 
machine, while the latter will occupy a seat in the same 
cockpit, slightly to the rear of the pilot. <a 

The organisation of the Brazil surveying expedition 
is now being proceeded with, and a complete air unit 
and ground survey personnel will shortly proceed to 
Rio de Janeiro. The operations will be under the 
technical supervision of Colonel H. L. Crosthwait, 
C.LE., late R.E., formerly Superintendent, Survey of 
India, and now a director of the Company, who served 
with the Chile—-Argentine Boundary Commission, 
1902-1903. 








THE PHYSICAL SOCIETY. 


Ar the meeting of the Physical Society on Friday, 
February 24, held at the Imperial College of Science, 
with Professor 0. W. Richardson, F.R.S., in the 
chair, a paper on “Some Methods of Estimating 
the Intensities of Spectral Lihes” was read by Mr. 
W. H. J. Childs, B.Sc., of the Physics Department, 
King’s College, London. The paper presented a 
critical account of several methods of spectral photo- 
metry applied to the special case of the band 
spectrum of helium. With the method _ finally 
adopted, the line spectrum was photographed in 
the usual way, and the density of the line photographs 
was measured. For this purpose, the plate was 
calibrated by illuminating the slit of the spectroscope 
in a special manner by a tungsten-filament lamp, 80 
that, upon development, the plate exhibited a number 





of images of continuous spectra of progressively 
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increasing density. From thege images might be ascer- 
tained (7) the relation between intensity of light 
and density of image, and (b) the relation between 
plate sensitivity and wavelength of the incident light. 
Density measurements were obtained by a simply- 
constructed selenium-cell microphotometer, with which 
the density contour of each line could be investigated 
if necessary. Both visual and thermopile microphoto- 
meters were also described. 

In the discussion, Mr. J. O. C. Vick asked the 
author whether he had tried the method of sharpening 
the end of the line image obtained with the wedge, 
which consisted in contact-printing from the original 
negative, and again printing, if necessary, from the 
copy, the process being repeated as often as might 
be required. In using the Toy and Rawlings densito- 
meter, he asked how the author had controlled the 
cross-section of the two light pencils to be compared. 
He might find useful the new design of this apparatus, 
which employed a photo-electric cell associated with a 
valve amplifier, and was adapted to the photometry of 
fairly broad spectral lines. 

The author replied that he thought the apparatus 
would give less sensitivity than the method which 
he had adopted; the latter consisted in projecting 
an image of the line photograph with a magnification 
of x 25. Thus, a line 0-02 mm. wide would be mag- 
nified to 0-5 mm., and so would cover a selenium 
cell of the line type. 

A second paper on “ Electrical Methods of Hygro- 
metry,” by Mr. P. W. Burbidge, M.Sc., B.A., Professor 
of Physics, and N. 8. Alexander, M.Sc., Auckland 
University College, New Zealand, was read by 
Dr. Ezer Griffiths in the absence of the authors. 
In the paper, an account was given of experiments 
performed to investigate the possibility of applying 
electrical methods to the measurement of humidity. 
Two methods were considered, depending on (1) the 
change in resistance of organic materials (cotton- 
wool and human hair) on exposure to water vapour ; 
(2) the change in mobility of ions due to water vapour. 
Results showed that, in the first case, the change in 
resistance with humidity was not linear, the logarithm 
of resistance being proportional to the humidity, 
while, in the second, the effect produced was too 
small to permit accurate measurement. Thus, in 
neither case did the method seem suitable for general 
use, though each could be applied in special cases. 

In the discussion, Professor A. M. Tyndall said 
the author referred to some work done by Mr. Grindley 
and himself on the effect of water vapour on the 
mobility of positive ions. This work had recently 
been carried farther, but the results so far obtained 
were of a complex character and difficult to interpret. 

Dr. Ezer Griffiths said the paper was interesting, 
as it illustrated some of the difficulties encountered 
when an attempt was made to utilise the electrical 
properties of a hygroscopic material in the design 
of a hygrometer. With a loosely-packed material, 
such as cotton-wool, imperfect electrical contact of 
the material with the electrodes was inevitable, and 
the conduction of electricity under such conditions 
was complicated by many variables. In a paper 
by F. P. Slater, published in the Proceedings B of 
the Royal Society, 1924, data were given for the 
change of electrical conductivity of a single cotton 
fibre with variations in humidity, and it was stated 
that equilibrium was not obtained even after the 
lapse of 24 hours after making a change in the 
humidity. It would, therefore, seem that the subject 
merited further investigation. The authors referred 
to the Report of the National Physical Laboratory for 
1926, which contained a brief reference to some work 
on the effect of humidity on the mobility of ions. As 
this work was carried out by Mr. Awbery and the 
speaker, a few remarks concerning it might be of 
interest, as no detailed account had yet been published. 

At the time, a method of measuring fairly rapid changes 
of humidity was sought, and it was suggested that 
the variation of mobility of ions with humidity might 
constitute the basis of a method. Since the relation 
between humidity and mobility was not then known 
(the only data available being the isolated observation 
: Zeleny that the mobility of the negative ion in 
Ty air was 1-24 times the mobility of that ion in 
Moist air), initial efforts were directed to the deter- 
ettion of this relation. The method described by 
ee and Alexander was tried, but not found 
an sg A thin layer of uranium oxide spread 
thin = aluminium plate and covered by layers of 
of ag foil was then employed, the number 
aoe _ so adjusted that the a-rays just 
Me - l anc produced an ionised layer of gas close 
vi © plate surface. Whilst there was no difficulty 
a measuring the small ionisation currents produced, 
es formidable difficulty was encountered in the 
applied “2 : the contact potential effects. With no 
obtained voltage, a small ionisation current was 

hed which varied erratically. Changes of tem- 
Perature of the electrodes had a marked influence. 





A considerable amount of work was done on the 
problem, but this simple method of experiment was 
ultimately abandoned in favour of a wind-channel 
method. The principle employed was well known: 
the movement of the ions under the electric field 
was balanced by an opposing air blast. When moisture 
was present in the air stream, several sources of error 
had to be guarded against, particularly electrical 
leakage over the surface of insulators. Zeleny, in 
1898, tried the air-stream method. He employed 
a current of gas flowing through a tube, the end of 
which was fitted with a disc of gauze, which very 
nearly fitted it. He abandoned the method in favour 
of one in which the electric field on the ions was 
perpendicular to the air blast. This procedure had 
been followed by subsequent investigators. By 
making one modification of Zeleny’s original method, 
he and Mr. Awbery were able to adapt it for the 
determination of the variation in mobility with 
humidity. Instead of using a single piece of gauze 
to close the end of the tube, it was divided up into 
a central disc and a guard ring. The central disc 
was made a very accurate fit into the hole in the 
gauze, but was isolated electrically. 

It was known that the velocity of the stream in 
the vicinity of the walls of a tube fell off to zero at 
the boundary. Consequently, the air-blast method 
failed if an attempt were made to work with the entire 
stream flowing through the tube, since there was 
no opposing blast to balance the electric field in the 
region of the walls. There was no difficulty in main- 
taining a constant stream of gas; a small blower 
was employed, and, as an indicator of the rate of flow, 
a hollow sphere of glass floating in a conical tube fixed 
vertically was used. It was found impossible to blow a 
sphere with a wall of uniform thickness, and this proved 
to be an advantage. It was observed that, when the 
flowmeter was functioning, the sphere would set 
itself with the thick lenticular segment lowermost. 
In this position it would ride quite steadily, remaining 
in the axis of the tube with a clear space all round 
for the air to flow past. A typical series of observations 
would be found on page 64 of the National Physical 
Laboratory Report for 1926. 

For the purposes of practical hygrometry the use 
of a quadrant electrometer as a current-measuring 
instrument was not feasible. By a valve-amplification 
system, deflections of satisfactory magnitudes were 
obtained with changes of humidity on a sensitive 
pointer type of current indicator. What seemed 
desirable, however, was. a more powerful source of 
ionisation, as with high amplification of feeble currents 
surface leakages were apt to be troublesome. 

Mr. R. S. Whipple described a method, due to 
Professor A. T. Mukarji, of Patna, for eliminating 
surface leakage in an electrometer. The whole of 
the apparatus was hermetically sealed in a dry 
enclosure, and circuit changes were made by means 
of electromagnetic switches operated from outside 
the enclosure. Alternatively, the apparatus might be 
so arranged that it could be manipulated from outside 
by means of permanent magnets. 

Mr. J. H. Coste said that the conductivity of 
cotton-wool was presumably due to mineral substances 
in the fibre, and, as the ionisation of these varied 
with dilution, the phenomena were complex. Further, 
the heating effect of the current would affect the 
water content of the fibre. He suggested the use of 
cellophane, which might be pleated and arranged 
between grid-shaped electrodes. 

Mr. C. R. Darling added that Cross and Bevan 
had found that, whereas dry cellulose and pure water 
are non-conductors, moist cellulose had an appreciable 
conductance, as if cellulose had the power of ionising 
water. 

Mr. D. N. Macdonald said he was in search of a 
good method of indicating the disappearance of 
humidity in an evacuated space, in connection with 
a commercial process carried out in vacuo, in which 
the evolution of moisture continued until the process 
was complete, when it ceased. 

Dr. Ezer Griffiths suggested that a dew-point 
method would be very sensitive; a silver thimble 
could be let into the chamber and cooled from outside 
the latter, while the dew on its convex surface inside 
the chamber could be observed through a window. 








EXEMPTION OF VESSELS FROM MARKING.—A circular 
referring to the exemption of vessels from marking, 
and designated No. 1670, March, 1928, has just been 
issued by the Mercantile Marine Department of the 
Board of Trade. It refers to section 7 of the Merchant 
Shipping Act, 1894, and supersedes Circular 1640, dated 
September, 1922. The vessels involved are pleasure 
yachts, barges (other than sea-going barges), pilot vessels, 
ships employed solely in river navigation, and life-boats 
belonging to the Royal National Lifeboat Institution. 
Copies of the circular may be obtained from H.M. 
Stationery Office, Adastral House, Kingsway, London, 
W.C.2, price Id. net. 





ENGINEERING TRAINING AND 
EDUCATION. 

Busk Studentship in Aeronautics.—We understand 
that a vacancy has arisen for the Busk Studentship in 
Aeronautics for the year 1928-29. The Studentship, 
which is of the value of about 150/., and is tenable for 
one year from October 1, has been established in 
memory of Edward Teshmaker Busk, who lost his life 
in 1914 while flying an experimental aeroplane. The 
object of the Studentship is to enable the holder to 
engage in research, or preparation for research, in 
aeronautics, and specially in those subjects, such as 
stability problems, meteorological questions bearing 
on flight, and the investigation of gusts, treated either 
experimentally or mathematically. The Studentship 
is open to a British subject, of British descent, who has 
not attained the age of 25 on October 1 next. Applica- 
tion forms in respect of the Studentship may be obtained 
from Professor B. Melvill Jones, Engineering Labora- 
tory, Cambridge. The forms should be returned not 
later than May 12 next. 








THE SOCIETY OF GLASS 
TECHNOLOGY. 


At the February meeting of the Society of Glass 
Technology, held in Sheffield, two papers were presented 
and discussed. The first, entitled ‘‘ Note on the Ultra- 
Violet Ray Transmission of Colourless Bottle Glass,” 
was presented by Mr. David Starkie, M.Sc., and Professor 
W.E.S. Turner. The paper stated that curves showing 
the intensity of the light transmitted in the different 
parts of the spectrum, from wave length 6,500A units 
down to the limits in the ultra-violet, for eight com- 
merical soda-lime-silica glasses of very similar composi- 
tion, had been prepared. Each glass showed a maxi- 
mum transmission in the green or yellow regions, the 
percentage of light transmitted then falling off gradu- 
ally in the violet and near the ultra-violet regions until a 
wave-length of about 3,300 A units was reached, when 
the percentage of light fell off very rapidly to the limit of 
transmission. The glass containing 0-05 per cent. Fe,O, 
transmitted down as far as wave-length 2,960A units. 
Four others each containing 0.07 per cent. Fe,0, 
transmitted down to 2595A units, whilst the pale 
green glass with 0-18 per cent. Fe,O3 had its limit at 
wave length 3,175A units. All the glasses, with the 
exception of the green one, transmitted farther down 
into the ultra-violet than the average window glass, the 
limit for this being at about wave-length 3,100A units. 

As further illustrating the relation between trans- 
mission in the ultra violet and iron oxide content, some 
pure glasses, of approximate composition 75 per cent. 
SiO,, 10 per cent. CaO, 15 per cent. Na,O, containing 
small accounts of iron oxide, were tested. The iron 
oxide content and the limits of transmission were : 
0-005 per cent. Fe,O;, transmission to 2,600A units ; 


‘0-008 per cent. Fe,0,, transmission to 2,660A units ; 


0-015 per cent. Fe,0,, transmission to 2,740A units. 

The second paper was ** The Analysis of Opal Glass,” 
by W. Singleton, B.Sc., and R. C. Chirnside. In it 
the constituents commonly occurring in commercial 
fluoride glasses were dealt with briefly, but more 
detailed consideration was given to the determination 
of boron, zirconium, tin, zine, and arsenic. Silica 
was determined by the method of Berzelius ; lead was 
separated as sulphide, converted to sulphate, and 
finally determined by the volumetric method, as molyb- 
date. Iron oxide and alumina were separated by 
means of ammonia in slight excess, while lime was pre- 
cipitated as oxalate, then ignited and weighed finally 
as calcium sulphate. Magnesia was determined in the 
usual way, being weighed as the pyrophosphate. 

The recently published volumetric method of Cone 
and Cady for the determination of zinc after separation 
as sulphide, was described fully. The authors had 
found that fluorine present in a glass to the extent of 
some 5 per cent. did not interfere with the determina- 
tion of boric oxide by the method of Wherry, as 
modified by J. D. Cauwood and T. E. Wilson. Zir- 
conium was determined as pyrophosphate, according 
to the method described by W. F. Hillebrand. Arsenic 
was determined, after decomposition of the glass, by 
means of hydrofluoric acid. The solution of the glass 
was neutralised by ammonia, made acid with hydro- 
chloric acid, then the arsenic was precipitated as 
sulphide. This was filtered, dissolved in caustic-potash 
solution, and the arsenic finally determined volu- 
metrically by titration against standard iodine solution. 
Fluorine was determined as calcium fluoride in the 
usual way, and no difficulties had been met in the 
determination of tin by the usual gravimetric methods. 








TRIAL Trip oF THE §.S. ‘‘ YARRAVILLE.””—Successful 
sea trials were run on March 30 of the oil-tank steamer 
Yarraville, when a mean speed of 12 knots was attained. 
Particulars of the vessel, which is the second of two 
ordered from Messrs. Lithgows, of Port Glasgow, by the 
Vacuum Oil Company, Limited, will be found on page 
306 ante. 
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LABOUR NOTES. 


THE writer of the editorial notes in the Amalgamated 
Engineering Union’s Monthly Journal recalls that in the 
preceding issue he directed attention to the improve- 
ment in the balances of the funds of the organisation 
as at December 31, 1927. He now draws attention to the 
substantial increase that has taken place in the member- 
ship, which he trusts will be maintained. ‘“‘ We have 
been consistent in the belief,” he says, “that not- 
withstanding the long continued depression in the 
industry we should eventually emerge out of these 
difficulties, and the justification for such belief is 
indicated by the fact that, commencing with this 
month, donation benefit to our unemployed members has 
been largely increased, and in respect to conditions 
(apart from amount) the Rule Book is to be the guiding 
factor.” Pale 

Dealing with the wages question, the writer says :— 
‘“* Qur members, in common with other workers in the 
engineering industry, have been anxiously waiting the 
expiration of the six months’ period connected with the 
settlement when the special bonus of 2s. per week to 
plain time workers was granted. They naturally 
desired to know what steps their representatives were 
taking to obtain an improvement on the offer referred 
to above. If the state of trade is to be a determining 
factor then there can be no dubiety as to the position, 
for, as stated in our Notes last month, records of orders 
placed, and general optimism in banking and business 
circles, together with the continued decrease in the 
numbers unemployed, go to prove that the engineering 
industry is in a much improved condition as compared 
with a short time ago. We trust that the 
employers, when considering this question, will have 
regard to the reasonable attitude adopted by the 
workmen when asked to consent to the very large 
reductions in their wage rates during the years 1921- 
1922.” 

In March, the Home branch membership of the 
Amalgamated Engineering Union increased from 
190,230 to 190,696, and the Colonial branch member- 
ship from 28,214 to 28,306. The number of members 
in receipt of sick benefit increased from 5,908 to 6,052, 
and the number in receipt of superannuation benefit 
from 9,881 to 9,977. The total number of unemployed 
members rose from 12,892 to 13,224. 





In the latest issue of the Monthly Trade Report of 
the United Pattern Makers’ Association, Mr. Wardale, 
the president, reminds members that there is a difference 
between making a request for a wages increase of 8s. 
per week and getting it. ‘* Let us,” he says, ‘‘ be frank 
with ourselves and remove from our mind this * cant’ 
about what we ought to get, and then blame some other 
person than ourselves because it does not materialise. 
Let us ask ourselves what part we have played to make 
an increase come our way. Have we endeavoured to 
enrol all men or women that we know into the ranks of 
a trade union, because, bear this in mind, that you have 
not done all for your own uplifting by becoming a 
member of your own particular union and neglecting 
other workers ? Remember that the only permanent 
improvement in our own position depends upon the 
improvement of those at the lowest end of the scale. 
We should be wise, therefore, to devote some attention 
to understand—shall I say ?—our power or the lack 
thereof.” ae 

“For instance,” Mr. Wardale goes on to say, 
“the unions approached the employers with an 
application for an increase of wages, and the employers 
are very polite and give an increase. Because the 
workers are near the poverty line? Ah, no! The 
employers understand their business much better 
than that. They have shareholders to consider, 
so they give you a conference. Then they give you 
an adjournment of the conference, and they tell 
you that the engineering industry is staggering under 
a burden of local rates, and, therefore, not in a 
position to give an increase of 8s. And if no more 
interest is taken in the branches in the future than 
in the past, waiting for it will be all you will get.” 

At the closing session of the Independent Labour 
Party’s conference at Norwich, a resolution was 
submitted by the National Council and _ several 
branches, declaring that industrial peace was impossible 
under the capitalist system, and that the only hope 
for that peace depended on the abolition of capitalism 
and the establishment of socialism. Mr. P. J. Dolan, 
National Council, speaking in support of it, said 
that the present peace negotiations were the concern 
of the T.U.C., and it was not for that conference to 
pass a vote of censure on the trade union leaders. 
He believed the peace negotiations would not achieve 
any permanent improvement in the condition of the 
workers, and that the exploration would completely 
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endorse the I.L.P. contention that there could be 


would have any lasting value. The Lossiemouth 
branch moved an amendment instructing the National 
Council to take disciplinary action against any 
member of the I.L.P. who, in the narrow interests 
of any trade or industry, propagated the gospel of 
industrial peace. Mr. E. Shinwell, M.P., said that 
the amendment, if carried, would place them in a 
very awkward position. The I.L.P. bad no right 
to dictate to the trade unions. The Lossiemouth 
amendment was overwhelmingly defeated. Glasgow 
City moved an amendment commending the action 
of the General Council of the T.U.C. and urging a 
unified industrial policy. This amendment was also 
defeated by a large majority, and the National Council’s 
resolution was carried. 

According to the Ministry of Labour Gazette, 
employment showed a continued steady improvement 
in March. There were further seasonal increases in 
the numbers employed in the building trade and public 


furniture making, and in the tailoring and dress- 
making trades. There was also an improvement in 
the pottery, glass bottle, motor vehicle, rubber, tin- 
plate and wool textile industries, and in the shipping 
service. In coal mining a slight increase 
numbers wholly unemployed was more than balance 
by a decrease in the numbers temporarily stopped. 
On the other hand, employment showed a. slight 
decline at coke-oven and by-product works, in iron 
and steel manufacture, in the shipbuilding and ship- 
repairing industry, in the linen industry and in the 
dock, canal, river, &c., service. 





unemployment under the Unemployment Insurance 
Acts in Great Britain and Northern Ireland, the 
percentage unemployed (including those temporarily 
stopped as well as those wholly unemployed) in all 
industries, taken together, was 9-6 on March 26, 1928, 
as compared with 10-4 on February 20, 1928, and 
9-8 on March 21, 1927. 
unemployed was 7-7 on March 26, 1928, as compared 
with 8-2 on February 20, 1928, while the percentage 
temporarily stopped was 1-9, as compared with 
2.9 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during March resulted in a reduction of 46,450/. in 
the weekly full-time wages of 210,000 workpeople, 
and in an increase of 1801. in those of 1,200 work- 
people. The principal reductions affected coal miners 
in Durham and Northumberland, in which districts 


current rates in Durham, and to over 22 per cent. in 
Northumberland. Coal miners in the Radstock district 
also had their wages reduced by the equivalent of about 
3 per cent. on current rates. A temporary allowance 
of 3} per cent. on basis rates payable to tinplate 
workers in South Wales and 
reduced to 24 per cent., affecting most classes of 
workpeople, except the lower-paid men. Electrical 
cablemakers sustained reductions amounting to 
ls. 114d., or 2s. per week, in the case of adult male 
workers, and 1s, per week in the case of adult female 
workers. There were also reductions in the wages 
of iron miners and blastfurnace workers in Cumber- 
land. 


During the first three months of 1928, the changes 


for which statistics have been compiled, have resulted 
in net increases of 12,150]. in the weekly full-time 
wages of nearly 207,000 workpeople, and in net reduc- 
tions of over 109,000/. in those of 971,000 work- 
people. In the corresponding period of 1927, there 
were net increases of 70,5001. in the weekly full-time 
wages of 629,000 workpeople, and net reductions of 
70,8001. in those of 436,500 workpeople, 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as 
beginning in March, was 31. In addition, 15 disputes 
which began before March were still in progress at 
the beginning of the month. The number of work- 
people involved in all disputes in March (including 
workpeople thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) was about 38,000, and the 
aggregate duration of all disputes during March, was 
about 168,000 working days. These figures compare 
with totals of 13,200 workpeople involved, and 
107,000 working days lost, in the previous month, 








The percentage wholly | 


an amount equivalent to nearly 13 per cent. on the | 


works contracting, in the allied industries of brick, | 
tile and cement manufacture, in woodworking and | 


and with 14,000 workpeople, involved and 137,009 


no agreement with any group of capitalists, which | days lost, in March, 1927. 





A joint conference took place on Monday in Man. 
chester between representatives of the Federation 
of Master Cotton Spinners’ and Manufacturers’ Aggo. 
ciation and the United Textile Factory Workers’ 
Association, for the purpose of considering the desire 
of the two employers’ organisations to negotiate 
(a) for a reduction in the wages of cotton operatives 
employed at the mills of their members; and (6) to 
discuss proposals with the object of giving full 
productive effect to the 48 hours working week, 
Mr. F. Holroyd, president of the federation, occupied 
the. chair. Statements were presented by Mr. F. A. 
Hargreaves, Mr. F. Mills, Mr. H. S. Butterworth, 
and Mr. J. H. Grey on behalf of the employers, 
following which the operatives requested an adjourn. 
ment of the conference to enable them to consider 
the suggestions made. This was agreed to, and the 
conference was accordingly adjourned until Monday, 
April 30. : 








The Times correspondent states that at the doors 
| of the hall in which the conference took place a 
| typescript manifesto was distributed to the operatives’ 
| representatives as they entered. This “ open letter,” 


|as it was headed, proceeding from an anonymous 


Sethe | source, was generally dubbed as Communist incitement. 
d| It asserted that the very fact of agreeing to a conference 


| to discuss these proposals compromised the resistance 
| of the workers to them, and it charged the operatives’ 
| executives with pursuing a ‘“ weakened and timorous 
| policy, which is placing the workers you are supposed 


ie represent at the mercy of the employers’ superior 


Among the workpeople (aged 16-64 inclusive, and | 


beri ximate ,800, insured inst | : : 
numbering approximately 11,800,000) insured agains | 100 per cent. resistance to any boss attack; We are 





the percentage addition to basis rates was reduced by | 


Monmouthshire was | 


strategy.”’ ‘‘ Your presence here to-day,” the manifesto 
| continued, “is a betrayal of our own words and of 
| the interests of the textile workers generally.”’ Phrases 
like ‘“‘ Enthuse and organise the rank and file for 


not ‘idle critics, but active, practical-minded trade 
unionists devoted to the day-to-day struggle,” &c., 
suggest that the source of such incitements to industrial 
warfare in the cotton trade is to be found in the 
Minority Movement. 





Recently, the Cologne correspondent of The Man- 
chester Guardian has described the labour situation in 
the West of Germany as being most unsatisfactory. 
A dispute in the Ruhr coal industry, which affects 
some 40,000 miners, is almost certain, he says, to 
lead to a strike next month, and it is reported from 
Mannheim that the workers in the metal industry 
there have refused an award of the Government 
arbitrator. The employers have intimated their 
willingness to accept the terms; but, as the workers 
refuse, it is feared that a lock-out is inevitable at 
the end of the present month. This dispute affects 
25,000 workers. The temporary peace which was 
secured in the Solingen cutlery industry last autumn 
seems to be coming to an end, as the workers 
have terminated the present wages agreement. Here 
the Communist element plays a not inconsiderable 
part, and the present overcrowding of the labour 
market in the Solingen industry, resulting in part 
from a diminished demand for military swords, &c., 
is being thoroughly exploited. It is doubtful if in 


‘any industrial area in West Germany, the Communists 


reported to the Ministry of Labour in the industries | 


have more sway than in the Solingen district. 





At next month’s branch meetings members of the 
Boilermakers’ Society are to vote on an appeal, made, 
in accordance with rule, against the decision of the 
Executive Council to disqualify known Communists 
who are nominated for election as delegates to the 
Trades Union Congress and the Labour Party Con- 
ference. In stating the issue in the April Monthly 
Report, the Executive use plain language. “ The 
Communist and Minority movements have decided, 
they say, “to place Communists in control in the 
branches and throughout the society and to establish 
a Communist dictatorship in this country. If this 
action were the outcome of honest conviction by 
British workers it might be forgiven, however mistaken 
the policy, but it is a policy dictated from Moscow ~~ 
executed here by paid agents of Moscow. All this, 0 
course, will be denied, but a denial will not dispose of 
the evidence we have for what we have stated here. 
One of the instructions to members of the Communist 
and Minority movements is to ally themselves with any 
member of a trade union who has a grievance age 
his officials and to support him in every branch, an 
this is being done. It is because of the unscrupolos 
denial of these things that honest members of the 
society are misled, and it is the members who — 
learned something of the truth of the objects of the 
Communist movement who have demanded that our 
executive should take a definite line and advise the 
members of this dangerous Communist agitation within 
our ranks.” 
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THE VARIABLE-PITCH AIRSCREW.* 
By H. 8S. Hexe-Suaw, D.Sc., F.R.S., and T. E. 
Breacuam, B.Sc. 


Irv has long been recognised that a fixed airscrew 
cannot give the best results under all flying conditions, 
and that its design, therefore, has to be a compromise. 
Under one set of conditions its efficiency may be the 
maximum obtainable, but under every other its efficiency 
certainly must be less than that of a propeller designed 
especially to suit the particular combination to be met. 
The subject of variable airscrews, therefore, has exer- 
cised the minds of aeronautical engineers ever since the 
underlying principles of the airscrew were clearly 
understood, and the records of the Patent Office show 
many attempts to evolve mechanisms to this end. 
These include devices to vary the diameter and surface 
of the blades, as well as to alter their pitch. This paper, 
however, only deals with variation of pitch, as the 
mechanical difficulties in the way of varying any of 
the other physical proportions of the airscrew are 
undoubtedly very great. It must be realised, however, 
that by the variation of pitch alone only part of the 
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diagram is the practical efficiency of the propeller, or 
the ratio of its thrust horse-power to the maximum 
brake horse-pawer of the engine at normal maximum 
revolutions. It will be noted that the fixed airscrew 
is such as to reach the efficiency of the variable-pitch 
airscrew at the normal flying speed. At reduced speeds, 
the variable-pitch airscrew shows a considerable gain 
in efficiency. At speeds in excess of normal speed, it 
is assumed that the engine is throttled to normal 
revolutions, and it will be seen that the efficiency of the 
fixed-pitch airscrew drops off very rapidly as it is no 
longer able to absorb the full engine power, whereas, 
with the variable-pitch screw, the efficiency is fully 
maintained. 

Fig. 2 shows the same variable-pitch propeller curve 
compared with the curve for a fixed propeller of 
approximately 20 per cent. greater pitch, capable of 
absorbing a greater proportion of the supercharged- 
engine power at high altitudes, with a consequent 
improvement in performance at these altitudes. A 
comparison between Figs. 1 and 2 shows, however, that 
this must be accompanied by a drop in efficiency at the 
lower altitudes and that the difference between the 
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increase in efficiency can 


For aircraft operating with engines not fitted with a | 


supercharger, the chief advantage of the variable-pitch 
airscrew would appear to be in greater efficiency at 
climbing speeds, as by reducing the pitch the drop in 
engine revolutions and consequent loss of power which 
occurs with a fixed propeller, is thereby avoided. The 
variable-pitch airscrew also prevents the loss of engine 
power due to the fall in speed which occurs at high 
altitudes. With supercharged engines, however, the 
possibility of varying the pitch to suit different altitudes 
becomes a matter of prime importance, because the 
power absorbed by a fixed, pitch propeller is approxi- 
mately proportional to the air density, whereas the 
supercharged engine should maintain something ap- 
proaching constant horse-power up to a predetermined 
height. With a normal fixed propeller, therefore, it 
would be impossible to make use of the full power of 
the supercharged engine at any great height without 
excessive revolutions. This difficulty, of course, can 
be overcome by using a fixed propeller of greater 


pitch, but only at a great sacrifice of efficiency when | propeller was pointed out by Major Mayo at a previous 
The point is made clearer | meeting of the Royal Aeronautical Society, and that 


flying at lower altitudes. 
by the propeller efficiency curves in Figs. 1 and 2. 


Fig. 1 shows two efficiency curves for similar variable | and geared engines, of a twin-engined machine being 


pa h and fixed propellers which have been taken from | 
‘wo published diagramst and superimposed for pur- | 
poses of comparison. The overall efficiency in the | 





Paper read before the Royal Aeronautical Society | 
on April 12, 1928. Abridged. | 
t “The Design of Screw Propellers for Aircraft,” by | 


Mr. H. C. Watts, pages 149 and 293. | 2 
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more marked under these conditions. 

An example of the probable increase in climbing 
| efliciency, due to the use of a variable-pitch airscrew, 
| has been worked out and published by Mr. C. C. Walker 
| F.R.A.S.* Fig. 3 has been reproduced from Mr. 
| Walker’s article, and shows, in a graphic manner, his 
‘estimate of the possible increase in climbing efficiency 
| by the use of a variable-pitch airscrew, in this case 
| with a non-supercharged engine, for the particular 
| conditions specified in his article. 
| Apart from a direct increase in efficiency, the variable- 
| pitch airserew may have a considerable indirect effect 
| on efficiency by reducing petrol consumption at cruising 
|speed. With a fixed-pitch airscrew, the speed of the 
| aircraft can only be reduced by throttling the engine. 
| This reduces the compression pressure and the thermal 
| efficiency of the engine, whereas with a variable-pitch 
| airscrew the speed of the aeroplane can be reduced by 
| increasing the pitch and reducing the engine speed at 
| something approaching full throttle. 

A further possible advantage of the variable pitch 


| is the possibility, by the use of a variable-pitch airscrew 


able to continue flying with one engine completely 
out of action. 

Having briefly pointed out the theoretical advantages 
of being able to vary the pitch of an airscrew, we 
proceed to consider what progress has been made in the 


* “Climbing Efficiency of Aircraft,’’ Flight, January 
9 o”7 








, 1927. 
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solution of this admittedly difficult mechanical problem. 
In the first place, it must be remembered that the 
problem of the variable-pitch screw is an old one, but 
until quite recently attempts have only been made to 
make variable screws for ships’ propellers. Quite 
apart from the fact that the fluids, air and water, have 
totally different physical effects on the material of which 
propellers are constructed, the whole dynamical 
problem of a screw propeller revolving in an incompres- 
sible fluid is fundamentally different from that of an 
airscrew which revolves in a compressible medium. 
To take one point only, the question of centrifugal 
force, which is, in most cases, negligible in the well- 
| balanced screws of a ship, becomes a very serious 
proposition in the design and construction of an air- 
screw. On the other hand, centrifugal forces on the 
blades of the airscrew, while involving careful design, 
have a stabilising effect, which is of advantage, as 
otherwise the small degree of slackness necessary to 
enable the blades to turn freely in the airscrew hub 
might cause vibrations or flutter in the comparatively 
fragile structure of the propeller blade. The mechanisms 
which have been put forward of late years for varying 
| the pitch of an airscrew appear to fall into three classes. 
| (1) Manually-Operated Gears.—In these the pilot 
|} turns the blades of the airscrew through gearing by 
| means of a hand wheel or its equivalent in the cockpit. 
| The pilot has thus two tasks, viz., the determination of 
the right pitch setting and the physical exertion neces- 
| 

| 





sary to overcome the aerodynamic forces on the blades 
and the friction of the mechanism. 

(2) Power-Operated Gears, in which the Pitch is 
Controlled by Hand. «In many schemes, this method of 
operation is effected by means of frictional contact, 
| two trains of gearing being provided, one for increasing 
the pitch and one for diminishing the pitch. Each 
train of gearing is housed in the hub of the propeller 
and operated from a friction wheel or brake drum, 
which rotates with the engine shaft and does not 
normally rotate relatively to the hub. The pilot can 
| bring either train of gearing into operation. He does 
this, in the case of the friction wheel, by bringing a 
fixed wheel into contact with it, but in the case of 
| the brake drum the result is obtained by bringing a 
fixed brake into contact with the rotating drum. In 
|either case, frictional contact sets in motion one or 
| other of the two-wheel trains so as to vary the pitch. 
Again, the pilot has, in addition to his other duties, to 
| consider the necessary amount of pitch variation 
| though relieved from any physical exertion. 

(3) Power-Gperated Gears in which a Governor 
Adjusts the Pitch—The governor weight or weights 
may act directly through a spring to control the pitch 
of the blades, or it may act through some form of servo- 
motor. Both electric and hydraulic methods have been 
suggested for providing the necessary power, so that a 
mere pilot governor is sufficient to vary the pitch of the 
blades. 

The authors believe that the methods falling under 
the third class present the ideal solution of the problem, 
and propose to limit the descriptive matter in this paper 
to an actual airscrew of the hydraulically-operated 
type, which is that with which their names are asso- 
ciated. An order was given to the authors by the 
Air Ministry for a hydraulic variable-pitch airscrew to 
be fitted to a Condor engine. This was made by 
Messrs. A. Harper, Sons and Bean, Limited, and has 








be | variable-pitch and fixed-pitch propellers becomes much | gone successfully through various spinning tests. It 
| has been fitted to a Rolls-Royce engine on an aeroplane 


at Farnborough, and the authors have been promised 
a statement of the results of the trials in the air, which 
are now being carried out. The Gloster Aircraft 
Company have completed the spinning tests of an 
airscrew fitted to a Jupiter engine, and the result of 
tests in the air will shortly be published. 

The first design to be actually carried into practical 
effect is that for the Jupiter engine. The airscrew 
fitted with this has Duralumin blades constructed under 
the method and by the special machinery of the 
Gloster Aircraft Company, who are the sole licensees 
and manufacturers of the new airscrew. Before 
giving an account of what is known as the Gloster 
Hele-Shaw Beacham airscrew, it will be well to discuss 
the general problem of hydraulic operation. 

At first sight, the operation of a variable-pitch screw 
by hydraulic means would seem to be out of the question. 
Hydraulic machinery is usually associated with opera- 
tions requiring enormous force, such as with hydraulic 
presses, riveting machines, swing bridges, dock gates, 
&c., whereas the fundamental problem of an aeroplane 
is reduction of weight to a minimum. This most 
important question of weight, however, happens to be 
one which hydraulic means are able to meet better 
than any other power, since the forces available hydrau- 
lically are greater in proportion to bulk and size than 
any other form of steady action. There is obviously 
a minimum weight for the economical employment of a 
variable-pitch airscrew. If it imposes serious additional 
burden on an aeroplane, then it must give advantages 
superior to those that could be obtained by retaining 














the old fixed propeller and utilising such increase of 
weight in increasing the engine power. The experi- 
mental propellers show conclusively that the weight 
of the governor and hydraulic gear can be reduced to a 
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Metal blades are not only themselves heavier than 
wooden ones, but the large centrifugal forces involved 
must be sustained on ball races of substantial size, in 
order to enable the blades to turn without undue 
friction. The diameter of the hub must be increased 
to house these ball races, and the hub must also be made 
longer to accommodate the journal bearings which sup- 
port the thrust of the blades. Special tests on the ball 
races and actual tests of the operation have shown where 
weight can be cut down, and the authors have no 
doubt that the variable-pitch airscrew, in production, 
will be of a weight such that there are no cases in which 
a substantial gain cannot be effected by its employ- 
ment. 

Another point, which is of course of vital importance, 
is the question of reliability. The authors have been 








for very many years engaged on variable-stroke pumps 




















the case of the airscrew, the lever of the variable-stroke 
pump is operated by a governor, and causes the pitch 
of the airscrew to set itself automatically so as to control 
the speed of the engine. Thus, while the principle 
of operation is the same as in the hydraulic steering 
gear, the control is made automatic and the speed of 
the engine automatically kept at its highest efi. 
ciency. 

There is a third and most important matter, 
namely, provision for any possible failure of the 
hydraulic system ; for instance, if, in a war machine, 
the pipes were shot away. This condition is not only 
possible but it has been satisfactorily provided for in 
the airscrew which will now be described. 

The pitch of the blades in the Gloster Hele-Shaw 
Beacham variable-pitch airscrew is varied by means 
of a double-acting hydraulic piston, operated by ‘oil 
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comparatively small item, and that the bulk of the 
weight increase is due to the blades, the blade mountings 
and the hub. Metal blades appear to be necessary, as 
there is, at present, no satisfactory method of using 









wooden blades in a variable-pitch airscrew. 
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operating ships’ steering gear, known as the Hele- 
Shaw Martineau gear. This gear is now operating 
many hundreds of ships in different countries. Con- 
sidering that the rudder of a ship is probably its most 
vital part this in itself is sufficient proof that hydraulic 
operation can be regarded as absolutely trustworthy. 
It may be said at once that the principle on which the 
variable airscrew operates is identical with that of the 
hydraulic steering gear, consisting of a variable-stroke 
pump in conjunction with hydraulic rams, the pump 


being controlled by a floating link in such a way that | 


the operation of a lever compels the rams to take up any 
required position. In the case of the steering gear, the 
lever is operated by a wheel by the helmsman; in 
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| pressure from a variable-stroke pump driven by the 
}engine. The stroke of the pump is, in turn, controlled 
| by a governor, also driven by the engine, so that what: 
| ever the air conditions may be, the pitch of the airscrew 
sets itself so as to keep the engine running at « constant 
pre-determined speed. The speed at which the 
| governor operates can be altered by the pilot, within 
| certain limits, by means of a small control lever; that 
| is, the pilot has it in his power to speed up the engine and 
| obtain extra power in an emergency, and also, on the 
| other hand, to reduce his engine speed so that he 
may cruise at full throttle—this, of course, being the 
condition for minimum petrol consumption per brake 
| horse-power developed by the engine. 
| Fig. 4 shows how the airscrew blades are coupled up 
|and moved. The two airscrew blades, B,, Bo, are 
mounted in a special hub in which they are free to 
| rotate independently about an axis at right angles 
| to the shaft. On each blade is fastened a crank ©,, Co, 
| both cranks being operated from a common crosshead 
| D, the crankpin being connected to the crosshead in 
| each case by a small slider, free to slide a short distance 
in order to compensate for the angular movement of 
the propeller blades. The hydraulic piston moves the 
| crosshead to the right to increase the pitch and to the 
left to reduce it, the action being shown in the lower 
diagram of Fig. 4. Figs. 5 to 7 show all the parts of 
| the propeller and the hydraulic gear. 

In these figures, the mounting of the blades in the hub 
is shown in more detail. Each blade has two journal 
bearings and a ball race to sustain the centrifugal force 
|on the blade without undue friction. The blades can 

be turned by crank arms C,, Co, both arms being 
| connected in the manner already described to a cross- 
head D. The crosshead is secured by two bolts. 
| 1.,, Lg, to the hydraulic piston P, which can slide axially 
in its cylinder. It will be seen that, if oil pressure be 
| admitted at the left side of the piston, the crosshead 
| will thereby be forced to slide to the right and vice-versa, 
‘thus rotating the blades by means of the crank arms 
jand increasing or diminishing the pitch. The oil 
| pressure is provided by the variable-stroke stead 
| which is connected through the two pipes shown to 
| the running joint. The running joint is provided \ ith 
| two annular grooves, one being connected to ea: h pipe: 
|The grooves respectively communicate with tite 
passages X and Y in the airscrew hub, which lead to 
the left and right hand sides of the hydraulic piston. 
| In the case of the passages X, these lead into the centre 
| of the securing nut N, and through small holes in 
| nut to the left-hand side of the piston. we 
The pump has a variable-throw crank operated by * 








this 


| small governor. The operation of the mechanism 
| 


ating the 
| such that, at the correct speed, the rod aperating 
| change of stroke is in mid-position and no oil circulates. 
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Fig. 1. 


If the engine speed falls, the governor moves the stroke | the pitch of the propeller, thus lessening the resistance 
rod H and the pump forces pressure oil into one pipe, on the engine and enabling it to pick up speed. The 
ausing the crosshead to move to the left and thus | action when the engine is above the normal speed is 
decreasing the pitch of the blades. If, on the other precisely the reverse. The governor pushes the pump- 
hand, the engine speed rises, the governor will move the | stroke-control lever H in, the pump pumps out of port 
stroke rod the other way, the pump will force pressure | M into N, and thus the piston is moved to the right. 
into the other pipe, and the crosshead will move to the | This increases the pitch and so brings the engine speed 
right and increase the pitch. The pilot control lever alters | to the correct point again. 

the foree on the governor spring, and consequently In order to keep the pipe system full under all condi- 
adjusts the speed at which the governor operates. The | tions, a small non-return valve is fitted between each 
spring shown inside the crosshead D is the centring | pipe and a connection to the oil reservoir. In the case 
spring, and always tends to return the propeller to nor- of the pipe under pressure the non-return valve closes. 
mal pitch. The smallest movement one way or the | If leakage takes place anywhere, a vacuum will tend 
other from the normal position, results in the spring | to be created in the other pipe, the corresponding 
exerting its full power to restore the pitch to normal. | non-return valve will automatically open, and oil will 
The hydraulic pressure available is so powerful that it | be drawn in from the reservoir to fill the void which 
can easily overcome both the force on the propeller | would otherwise occur. This ensures that at all times 
blades and the spring pressure, but, in the event of | the whole pipe system and hydraulic cylinder is abso- 
the hydraulic system failing for any reason, the spring | lutely full of oil, and the crosshead is thereby held 
is then sufficiently powerful to return the propeller to | rigidly owing to the incompressibility of oil. There is 
normal pitch and hold it there, enabling the pilot to consequently no backlash to start any fluttering action 
‘ontinue flying as if he had a, fixed propeller. | in the blades. 

Figs. 9 to 11 show the action of the pump. The shaft} The figures illustrating the foregoing description 
of the pump drives the cylinder carrier C, bored out | must be regarded as purely diagrammatic, as they 
to receive the three pistons D. In this carrier are also | have been especially prepared for the purpose of 
bored three sets of passages R, which lead from the | explaining the airscrew. 
respective cylinders to ports in the middle of the | 
carrier, which is formed at this portion into a cylindrical | 
valve. This cylindrical valve rotates in the pipe | : : 
connection P, which has two ports M and N. For of two twin-screw cargo motorships, under construction 
one half a revolution, each port R is in communication | by Messrs. Swan, Hunter and W igham Richardson, 
WM and for the other Lal Ga a ea piston | Limited, for the Shaw, Savill and Albion Company, 
hapa Gannnck: ‘ ; vo : vO! Limited, of London, ran successful trials off the Tyne 

connecting rod connected to a single non-rotating | 9n Thursday, March 29. The vessel, which has been 
crankpin , the throw of which can be varied from} named Zealandic, is about 500 ft. in length, and is of 
nothing to a maximum, in either direction, by means of | the complete superstructure type with long bridge amid- 
the stroke rod H. At the position shown in Fig. 11, | ships and top gallant forecastle forward. Five large 
each piston is pumping during the top half of the | holds and ’tween decks are fitted with refrigerating equip- 
revolution and sucking during the bottom half. In| ™éent for the carriage of meat, dairy produce and fruit, the 
other words, the pump is pumping out of port M into | total capacity being 404,000 cub. ft.; there is also an unin- 
Mh now, Bic cama co tae es aes sulated capacity of about 262,000 cub. ft. Loading and 
ab dhe os See 3 h il k | discharging is carried out by twenty electric winches, 
== gen entre o rotation, the pump will suck out | working a similar number of steel derricks for lifts of 
+4 and pump into N. | 7 tons to 10 tons, while there is a special derrick for 

In the diagram Fig. 8, the pipes are shown. The two | lifting heavier loads, such as machinery. The total 


pipes of the pump are connected to the two sides of the deadweight, including the weight of the refrigerating 
hydraulic piston. If the engine speed is low. tha! machinery and insulation, is about 11,190 tons. The 
governor pulls out the pve’ : t lew H. th 7 | propelling machinery consists of twin, reversible, single- 
Pumps out of ) Stroke-control lever <t, the pump | acting, two-stroke Diesel engines of the Wallsend-Sulzer 

Ps out of port N into M, and thus the piston is | type, built by the Wallsend Slipway and Engineering 


moved to the left, which, as has been seen before, reduces | Company, Limited, Wallsend-on-Tyne. 











TRIAL Trip or THE M.S. “ ZeEaLanpic.”’—The first 


THE MENCK STEAM PILE-DRIVING 
HAMMER. 

A Type of steam pile-driving hammer, the design of 
which includes some interesting and useful features, is 
illustrated by the photograph and sectional drawings 
reproduced in Figs. 1 to 3 on this page. The hammer 
is of the stationary-piston type, the piston being 
mounted on a hollow piston rod, which is fixed to a 
bracket secured to the upper end of the hammer rail. 
The latter is of rectangular section, and its lower end is 
fitted with a base which rests on the top of the pile, 
the whole descending bodily as the pile is driven in. 
The hammer is, of course, carried and guided by a frame, 
to which we shall refer later, and the driving action is 
effected by raising the heavy cylinder of the hammer by 
steam pressure and allowing it to fall freely on to the 
top of the pile by the action of gravity. 

Steam is supplied through a flexible-metallic tube, 
or articulated pipe, to the connection shown on the 
left of Fig. 2, through which it enters the upper end of 
the hollow piston rod. In this is fitted a piston valve, 
which covers and uncovers a port formed in the main 
piston, and is also connected by a rod to another small 
piston at the upper end of the piston rod. The object 
of the small piston, which is slightly larger in diameter 
than the piston valve, is, of course, to balance the steam 
pressure on the latter and to support its weight. With 
the cylinder in the position shown in Fig. 3, steam is 
admitted to the space above the piston by pulling the 
rope on the extreme right of Fig. 3 and thus lowering the 
piston valve. The cylinder then rises, raising with it a 
vertical bar attached to the cylinder cover, as shown 
on the left in Figs. 1 and 3. The inner face of this bar 
is formed with two vertical surfaces connected by an 
inclined plane, and on it rests a roller carried by a bell- 
crank lever connected to the piston valve by a link, as 
clearly shown in Fig. 3. The valve remains fully open 
until the inclined surface comes into contact with the 
roller, z.e., for about one-third of the stroke, when the 
valve is moved upwards, first reducing and afterwards 
cutting off the admission of steam. The cylinder 
continues to rise by the expansion of the steam, and the 
continued movement of the inclined surface in contact 
with the roller raises the piston valve above the port. 
in the piston, and so allows the steam in the upper 
end of the cylinder to escape into the space below the 
piston, which space is in communication with the 
atmosphere through an opening at the lower end shown 
in Fig. 2. The cylinder then falls freely, delivering 
the required driving blow on the end of the pile, the 
blow being repeated each time the valve rope is pulled 
by the operator. 

It will be understood from the foregoing description 
that complete up and down strokes of the cylinder 
are made each time the piston valve is opened, the 
action being semi-automatic. If, however, it is 
required to deliver a series of lighter blows, the piston 
valve can be closed to steam and opened to exhaust at 
any point in the up stroke by pulling the inner one of 
the two ropes shown on the right of Fig. 3. Special 
gear can, however, be supplied to enable the semi- 
automatic action, previously described, to be main- 
tained with either half or the whole of the stroke 
if required, this provision being necessary in those 
cases in which the type of pile used, or the driving 
conditions, render the full blow undesirable. 

It is claimed for these hammers, which are made by 
Messrs. Menck and Hambrock G.m.b.H., of Altona- 
Hamburg, Germany, that a considerable reduction in 
steam consumption results from the expansive working 
and also from the fact that no cold air is drawn into the 
cylinder to cool it. The location of the piston valve 
at the lower end of the hollow piston rod, instead of 
at the upper end, also tends to reduce steam consump- 
tion, since, with the latter arrangement, the hollow rod 
would form a clearance space. Other advantages 
claimed for the hammer are that the absence of any 
back pressure during exhaust allows the cylinder to fall 
freely, and to deliver a blow equal in energy to that of a 
monkey of equal weight falling through a distance 
equal to the stroke; the exhaust escapes with very 
little noise ; and the hammer is simple to operate and 
reliable in action. 

The hammers are made in seven sizes, with effective 
weights ranging from 2,200 Ib. to 13,200 Ib., the strokes 
varying from 3 ft. 11} in. to 5 ft. 6 in. The smaller 
sizes are suitable for driving timber piles and the larger 
sizes for concrete piles. Suitable frames for these 
hammers, constructed mainly of steel, are also supplied. 
They are mounted on a form of turntable, so that the 
frame can be rotated about a vertical axis, and are 
provided with a steam winch having two drums, one 
for supporting the hammer and the other for lifting 
piles into position. The boiler supplying steam to the 
winch and to the hammer is fitted with a superheater. 
Travelling motion and screw-operated tilting gear are 
also provided for the frame. Messrs. R. H. Neal and 
Company, Limited, Plant House, Longfield Avenue, 
Ealing, London, W.5, are the British agents for this 
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ON THE QUENCHING AND TEMPER. | The microstructure of the alloy quenched from | ance were examined. The hardness-quenching tem. 


ING OF BRASS, 
ALUMINIUM-BRONZE.* 


By Tsutomu Marsupa, Sc.D. 


’ Brass.—The effect of quenching on the mechanical | similar change is also found in those samples initially 
brass has been examined by | 
by the 
Five kinds 
of pure copper-zinc-alloy ingots were prepared, and 
their thickness was reduced from 18 mm. to 4 mm. by 
Test pieces for hardness and microscopic 
<x 30mm.), and for the determination 
of electrical resistance (4 x 4 x 150 mm.), were taken 
from these plates, annealed at 700 deg. C., and cooled 
They were then heated at 
various temperatures between 200 deg. and 890 deg. C. 
The results 
of .the hardness testst and the electrical resistance 
The hard- 
ness-quenching temperature curves are shown dotted 
in Fig. 4; along the abscissa quenching temperature, 
read. 
These curves may be divided into the following three 
(1) Low-temperature range, in which no 
appreciable change in the hardness and microstructure 


properties of « + f 
many investigators. The results obtained 
present author will be briefly considered. 


hot-rolling. 
tests (4 x 20 


slowly in the furnace. 
for}30 minutes and quenched in water. 


determinations are given in Figs. 3 and 4. 


instead of tempering temperature, should be 


ranges : 


Fug. 3. 


EFFECT OF QUENCHING ON 
THE ELECTRICAL RESISTANCE 
OF BRASS. 
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may be observed; (2) medium-temperature range, 
in which the more ~ dissolves into ® the higher the 
quenching temperature, and a considerable increase 
in the hardness may be noticed ; and (3) high-tempera- 
ture range, in which the alloys consist of % only and 
the hardness number attains its constant high value. It 
is also to be remarked here that no abnormal change may 
be observed corresponding to the 8 transformation. 

As shown in Fig. 3, the relation between the electrical 
resistance and the quenching temperature is similar 
to that between the hardness and the quenching 
temperature, the only difference being that the elec- 
trical resistance decreases, while the hardness increases, 
by quenching frcm higher temperatures. This shows 
that 8 has smaller electrical resistance than a, while 
the former is harder than the latter. 

The effect of tempering has been examined by 
Irresberger and others, and also by Portevin, Fraenkel 
and Becker, Williams and Homerberg, and Ostroga. 
In the present research, the effect was examined in 
alloys over a wide range of composition, and, in addition 
to the changes in the microstructure and mechanical 
properties, those of electrical resistance and length 
were examined. Test-pieces taken from the plates 
already mentioned were quenched in water from high 
temperatures (700 deg. to 900 deg. C.) after heating 
for 30 minutes. They were then tempered for 30 
minutes at various temperatures below 600 deg. C. 
and cooled in water. The results of the hardness 
tests are given in Fig. 4. 


From these results the following facts may be | an | rea eee es 
| trical resistance (4 x 4 x 150 mm.) were taken from | quenched from 750 deg. and 900 deg. C. will be next 


noticed :- 

In the brass No. 1 (copper 62-86 per cent.), a decrease | 
in hardness is found to take place by tempering above 
350 deg. C., and no sign of hardening is to be noticed. | 





* Paper presented at the Institute of Metals, London 
meeting, March 7 and 8, 1928. Abridged. 


t The Brinell numbers were determined with a 10-mm. | 
ball and a load of 500 ky. applied for 30 seconds. l 


og ‘ : . 
| present author made some tests on similar lines, and | obviously due to the change §—-«% + 9. In 


| 530 deg. C. for 1 hour and cooled slowly. 


| below 1,000 deg. C. after heating for 30 minutes, and| temperatures above 600 deg. C, are quite 
| the hardness,* microstructure, and electrical resist- | 





| pared with the brasses Nos. 2 to 4, and in this alloy 


BRONZE AND) 980 deg. C. consists of a very small quantity of free «, | perature curves are shown in the form of dotted lines 


which remains undissolved, and of a fine structure of |}in Fig. 8, quenching temperatures being plotted 
bs + . The structure persists almost unaltered up} along the abscissa. Fig. 7 depicts the relation 
to 400 deg. C., and above it the coalescence and the | between the electrical resistance and the quenching 
| increase of the quantity of « begins to take place. A | temperature. i 
From the results thus obtained, the following points 


| 

quenched from 850 deg. C. The brass No. 2 (copper | may be noticed : 
60-44 per cent.) was quenched from three different} By quenching from temperatures below the trans. 
temperatures (700 deg., 800 deg., and 850 deg. C.). | formation point,* no appreciable change in the hard. 
In those initially quenched from 700 deg. C., the | ness, microstructure, and electrical resistance may be 
change in hardness due to tempering is similar to that |found. By quenching from 600 deg. C., a pronounced 
in the brass No. 1, while in those initially quenched | decrease in the hardness and electrical resistance takes 
from 800 deg. and 850 deg. C., a pronounced increase | place. This is obviously due to the eutectoid trans. 
is found to take place by tempering above 200 deg, C. | formation just referred to. If the quenching tempera- 
As already shown by Homerberg and others, fine « | ture is further raised, the hardness and electrical resist. 
crystallites separate out throughout the % area, which | ance of the alloys Nos. 1 to 3 increase steadily, as the 
was initially homogeneous. The hardness reaches its | result of dissolution of « into 8. In the alloys Nog, 
maximum at about 300 deg. C. and then decreases ;|4 and 5, however, no appreciable change is noticed. 
this later stage is accompanied by the coalescence of «| as the alloy No. 4 contains no free « and No. 5 only 
already separated. a trace of 6 above 600 deg. C. By raising the quench- 

If the brass No. 3 (copper 58-00 per cent.) is quenched | ing temperature still further, free « dissolves com. 
from 750 deg. C., a homogeneous (# structure may be | pletely into 8, and the hardness and electrical resist. 
obtained. When the alloy is tempered at 275 deg. C., | ance attain their constant high values. The change 
a crystallites begin to separate out along the boun-| in hardness is thus quite similar to that of. brass, 
daries and in the interiors of 8 grains. With the rise | the only difference being that a discontinuance change 
of temperature, a further quantity of « separates | due to the eutectoid transformation is observed in this 


Fig.7. EFFECT OF QUENCHING ON THE 
ELECTRICAL RESISTANGE OF 
MINI 


Fig 4. EFFECT OF TEMPERING ON THE 
HARDNESS OF BRASS. 
----~-Quenched. at , 
(i) - es , 
80 C. 
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;out. On the other hand, the hardness begins to; case. It is also to be remarked here that the hardness 
increase from about 250 deg. C., and reaches a maxi- | and electrical resistance of aluminium bronze, quenched 
mum at 325 deg. C. Thus the change is quite similar | from the 8 state, are greater in those alloys richer in 
to that in the brass No. 2, but the magnitude of the | copper. ; 
temper hardening is smaller in this case. A similar | Effect of Tempering.—The effect of tempering 
change in hardness may be found in brass No.4 (copper | on the mechanical properties has been examined by 


56-62 per cent.), but the temperature from which the} Grenet, Grard, Portevin and Arnou, Seidell and 
| hardness begins to increase and that at which it reaches | Horwitz, Comstock, and by Bouldoires. It seems, 


a maximum are higher, and the magnitude of hardening | however, to be desirable to extend the tests so far as 
is smaller than in the case of the brasses Nos. 2 and 3.| to make the nature of the change more clear. ‘Test- 
Lastly, the change in the microstructure of the brass | pieces, taken from the plates already mentioned, were 
No. 5 (copper 55-46 per cent.) may be considered. | quenched in water from high temperatures (600 deg. 
By tempering at 375 deg. C., « separates out along the | 750 deg., and 900 deg. C.) after heating for 30 minutes. 
boundaries and in the interiors of 8 grains, but its| They were then tempered for 30 minutes at various 
quantity is smaller while its size is larger when com- | temperatures below 600 deg. C., and cooled in water. 
The results of the hardness test are given in Fig. >. 
no sign of temper hardening is noticed. From the | The changes observable in the alloys initially quenched 
results so far obtained, it is confirmed that the change | from 600 deg. C. will be first considered. By tempering 
in hardness due to tempering is most pronounced in a| at temperatures lower than 250 deg. to 300 deg. C.. 
brass containing about 60 per cent. of copper. |no appreciable change in the hardness is observed, 
Aluminium Bronze.—The effect of quenching on the | but above it the hardness begins to increase, at first 
microstructure and mechanical properties of alu-| slowly and then rapidly, and reaches a highest value 
minium bronze has been frequently investigated. The| by tempering at 450 deg. to 550 deg. C. eg 
these tests were extended to include the effect of | alloys Nos. 1 to 3, the highest values attained are 
tempering. Five ingots, containing from 87-73 to | slightly higher than the values of well-annealed alloys. 
90-12 per cent. of copper and from 9-77 to 12-15 per|In the alloys Nos. 4 and 5, however, the hardness 


|cent. of aluminium, wefe prepared, and their thick-| numbers of those tempered are always lower than those 


ness was reduced from 25 mm. to 4 mm. by hot- | of well-annealed alloys, even after a prolonged temper- 
rolling. Test-pieces for the examination of hardness | ing at 550 deg. C. + tially 
and microstructure (4 x 20 x 30 mm.) and of elec-| The changes observable in the alloys initially 


these plates and annealed at 750 deg. C. and again at | considered. In the alloy No. 4, which contains only 
They were | a trace of free « in the equilibrium state, the hardness 


. z . -hing from 
then quenched in water from various temperatures| values and microstructures, after quent hing os 
simuar. 


——— 





- | ©The eutectoid transformation a+ 6-—>) takes 
*The Brinell numbers were determined with a 10! place at 570 deg. to 580 deg. C. during heating (Matsuda, 
mm, ball and a load of 1000 kg. applied for 30 seconds. | Sci. Rep. Téhoku Imp. Univ., vol. 11, p. 239 [1922] 
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The changes in the hardness due to tempering are also | These changes are quite similar to those observed in| of which ranged from 74-63 to 81-89 per cent. of 
suite similar to those found in alloys initially quenched | the case of brass, and therefore the separation of «| copper, and from 18-10 to 25-33 per cent. of tin. By 
‘rom 600 deg. C. This is also true in the case of the | from the { area is considered to take place. forging ‘these cylinders:at 650 deg. C., circular discs, 
alloy No. 5. On the other hand, in the alloys Nos. Lastly, the effect of quenching and tempering on the | 25-30 mm. in diameter and 7-5 mm. in thickness, were 
1 to 3, which contain considerable quantities of free!tensile and impact properties of alloys containing | obtained. They were then heated at various tempera- 


‘'q.6. EFFECT OF TEMPERING ON THE Ftq.10. EFFECT OF QUENCHING AND Fig.i3. EFFECT OF TEMPERING 
Fig 9 Donen RING ON THE TENSILE 9 ON THE HARONESS OF BRONZE. 
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6s5.0) Tempering Temp. Deg. Cent. about 10 per cent. of aluminium | 


Se was examined. Test-pieces taken | 











: ‘rom these materials were an- | , = , — 
Fi ug.17. OF Eh ne jdt ee eS (4 RE CURVES nealed at 750 deg. C. and again| /645.*/ Tempering Temp. Deg.Cent. 
(I) ; at 530 deg. C., and then cooled 


slowly in the furnace. They|tures below 750 deg. C. for 1 hour and quenched in 
were then quenched in water! water. The Brinell hardness quenching temperature 
9-77 from various temperatures below | curves obtained on three of the bars are shown by 
950 deg. C., after heating for 30| the dotted lines in Fig. 13, quenching temperatures 
minutes. The results obtained | being plotted as abscisse. The following conclu- 
are shown by the dotted lines in| sions may be drawn from the results of the hardness 
Fig. 10. From these results it | tests. 

will be noticed that, by quench-| No appreciable change can be found by quenching 
ing from 600 deg. C., the tensile | from temperatures lower than 520 deg. C. The 
strength, elongation, and Izod| hardness, however, decreases considerably when the 
impact value are raised, the | eutectoid transformation at 520 deg. C. is completed. 
change being most marked in the | With a rise of quenching temperature, the second 
Izod value. By a further raising | pronounced decrease in hardness takes place between 
of the quenching temperature, | 550 deg. and 600 deg. C. This is obviously due to the 
the elongation and Izod impact | eutectoid transformation at 590 deg. C. With a further 
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shown by the full lines in Fig. 10. | the test after a prolonged annealing at 700 deg. C. No 
It is seen from these results that | abnormal change was observable up to 500 deg. C., 
the mechanical properties of | but a pronounced decrease took place between 500 deg. 
those initially quenched from and 550 deg. C., as the result of the eutectoid trans- 
600 deg. C. begin to fall on| formation at 520 deg. C. With a further rise of the 
tempering at 350 deg. to 400| quenching temperature, the quantity of « decreased 
deg. C., and attain the values at | and the resistance increased steadily. After this change 
equilibrium state on tempering | was completed, no further change in the resistance was 
at 500 deg. to 550 deg. C. This| observed in the 8 range, though the quenching tem- 
is obviously due to the change | perature was raised still further. No abnormal change 
8—-«-+ 8. A similar change | corresponding to the transformation at 590 deg. C. 
is observed in those initially | could be found, as the discontinuous change accompany- 
quenched from 750 deg. C.,| ing this transformation was very small. 
though the fallin the mechanical; ffect of Tempering.—Brief descriptions have been 
properties begins to take place | given in papers by Portevin and Grenet on the effect of 
from a somewhat lower tempera- | tempering on the microstructure and hardness of bronze, 
ture. but systematic research has never been made. Test- 
Bronze.—The effect of quench- | pieces taken from the alloys Nos. 1 to 3 were quenched 
ing on the mechanical properties | in water from high temperatures (550 deg., 650 deg. 
8 of the bronze consisting of « and | and 750 deg. C.) after heating for 1 hour. They were 
: 600 eutectoid (« + 8) has been ex-| then tempered for 30 minutes, at various temperatures 
Pree) Temperature Deg.Cent. — ncnesnne amined by Andrew, Isihara,| below 500 deg. C., and cooled in water. The results of 
x Bauer and Vollenbruck, and by | the hardness tests are given in Fig. 13. 
«In equilibrium state, the changes in hardness due to | the present author. As, however, the results previously| From these results, the following facts may be 
wr i ire quite different. By tempering above] obtained seem to be far from complete, a further | noticed :—On tempering at temperatures lower than 
a deg. C., the hardness begins to increase and| series of tests was carried out by the present author. | 100 deg. C., no appreciable change in the hardness 
eaches a maximum at about 300 deg. to 400 deg. C | Circular cylinders, 15 mm. in diameter and 20 mm. | and microstructure is observed, but above it the hard- 
long, were taken from chill-cast rods, the composition | ness begins to increase considerably and attains the 
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a 12 3 result of decrease of «. | the complete resolution of « and #8, no further change 
‘ 5 The effect of tempering was|in the hardness is observed. These changes in the 
vt y next studied. Test-pieces initi- | hardness are quite similar to those in aluminium 
M ally quenched in water from| bronze, the only difference being that an abnormal 
Ki : 750 deg. and 900 deg. C., respec- | change corresponding to the second eutectoid trans- 
9 tively, were tempered at various | formation is observable in this case. 
® 3 temperatures below 600 deg. C.| The effect of quenching on the electrical resistance 
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highest value on tempering at 200 deg. to 300 deg. C. 
Thus the temper hardening may be noticed also in this 
case. By a further raising of the tempering tempera- 
ture, the hardness begins to decrease. These changes 
in the hardness are considered to be due to the changes 
B>a-+y—>a + 6 and the separation of a from 
8 or y, just as in the case of aluminium bronze. 
These changes are more marked in the alloys richer 
in tin, and in those initially quenched from higher 
temperatures, but they are quite similar to each other 
in their nature. 

Effect of Tempering on the Electrical Resistance and 
Length.—From the results so far obtained it may be 
concluded that brass, bronze, and aluminium bronze 
may be hardened by tempering, and the temper harden- 
ing is considered to be accompanied by the separation 
of a from f or y, or the decomposition of 8 or y into 
eutectoid, or both of these changes. Except in the 
case of brass, however, the microscopic test fails to 
confirm the above considerations, as the changes in 
the microstructure of bronze and aluminium bronze 
become noticeable on tempering at temperatures higher, 
by 100 deg. and 200 deg. C., respectively, than those 
from which the hardness begins to increase. The 
author therefore examined the changes in the electrical 
resistance and length due to tempering so as to make 
the nature of the temper hardening more clear. 

Brass.—The effect of tempering on the electrical 
resistance of brass was first examined. The rods, 
which were quenched from high temperatures, were 
heated slowly (4 deg. C. per minute), and the change 
in electrical resistance was measured up to about 
600 deg. C. As the specific resistance of a is higher than 
that of 8, the resistance of brass should increase as 
the result of tempering. This was found to be the 
case, an abnormal increase taking place from 240 deg. 
to 270 deg. C. The commencing temperatures of these 
abnormal increases are in good agreement with those 
from which the hardness begins to increase, and are 
higher in the alloys richer in zinc ; and the magnitude 
of the abnormal change is greater in the alloys, in which 
the temper hardening is more marked.* This abnormal 
increase is considered to be due to the separation of 
a from 8 and the straining of space lattice caused 
thereby. With a further rise of temperature, the rate 
of increase of the resistance with temperature becomes 
smaller, and, after passing through a flat minimum, the 
resistance increases rapidly. The greater part of the 
first stage of the above change may be ascribed to the 
release of the strain. At 475 deg. C., the course of the 
curve changes its direction; this is obviously due to 
the 8 transformation. 

The change of length due to tempering was next 
examined. The changes observable in this case were 
quite similar to those in the electrical resistance, and 
may be similarly explained. 

Aluminium Bronze.—The effect of tempering on the 
electrical, resistance of aluminium bronze has been 
recently investigated by Bouldoires.t The present 
author made some tests on a similar line, and the 
results obtained are shown in Fig. 17. As already 
shown in Fig. 7, the electrical resistance decreases 
when the eutectoid (a + 8) transforms into 8, and 
increases when a dissolves into 8, and, therefore, the 
reverse changes are expected to take place by tempering. 
When the alloys initially quenched from 600 deg. C. 
are tempered, the decomposition of into a+ 6 
should take place, and, in consequence, the electrical 
resistance is expected to increase. The changes 
observable, therefore, should be similar to each other 
in all the alloys tested, but more pronounced in the 
alloys richer in 8. As shown in the figure, this view 
was confirmed. Besides the pronounced increase 
extending over a wide range of temperature (from 
440-495 deg. C. to 500-520 deg. C.), gradual decreases 
beginning from about 200 deg. C. and 300 deg. C. 
may be noticed. These changes may be ascribed 
to the partial decomposition of § into a + 6, which 
already begins to occur from these lower temperatures, 
and the changes in the hardness are supposed to take 
place as the results of these changes. 

The changes observable in the alloys Nos. 4 and 5, 
initially quenched from 750 deg. or 900 deg. C., are quite 
similar to those of the alloys quenched from 600 deg. C., 
but, in the alloys Nos. 1 to 3, the changes are different 
in the following point: : (1) In addition to the gradual 
decrease beginning from about 200 deg. C., another 
one begins to take place from about 240 deg. C. The 
latter is more pronounced in the alloys in which the 
temper hardening is more marked, and is considered 
to be due to the separation of a, which has smaller 
resistance than 8. (2) After passing through a flat 
minimum at about 280 deg. C., the rate of increase of 





*The commencing temperature and the magnitude 
of the abnormal increase are also dependent upon the 
initial quenching temperature. The higher the quenching 
temperature the more marked is the change, and it 
begins to take place from a lower temperature. 

t Revue de Meétallurgie, vol. 24, p. 364 (1927). 


the resistance becomes greater than that of alloys 
initially quenched from 600 deg. C.; this is probably 
due to the straining of the space lattice produced by the 
separation of a. (3) The abnormal decrease in the 
electrical resistance at a higher temperature range is 
more marked. This may be ascribed to the release of 
the strain and also to a further separation of a. As 
already remarked, corresponding to this stage of the 
separation of a, a change in the microstructure may be 
observed. 

The changes in the length due to tempering are 
similar to those in the electrical resistance, though they 
are less marked in this case. 

Bronze.—The changes in the electrical resistance were 
examined on the alloys Nos. 1 to 3 (tin 18 to 22 per cent.) 
and those in the length on the alloy No. 3. As the 
changes in the electrical resistance due to quenching are 
quite similar to those in aluminium bronze, those due 
to tempering are expected to be similar to each other. 
In the alloys initially quenched from 550 deg. C., the 
changes observable in the electrical resistance are 
considered to be due to the change 7 —>a + 6, and the 
resistance is expected to increase on tempering. This 
was found to be the case ; a pronounced increase, which 
is more marked in the alloys richer in y and extends 
over a wide range of temperature (from about 340 deg. 
to 420 deg. C.), being observed. Besides this change, 
a small abnormal increase beginning from 110 deg. C. 
and a gradual decrease extending from about 180 deg. 
to 340 deg. C., arefound. As in the case of aluminium 
bronze, these changes may be ascribed to the partial 
decomposition of 7 into a + 6, and the change in the 
hardness is supposed to increase as the result of these 
changes. 

The effect of tempering on the alloys initially 
quenched from 750 deg. C. will be finally considered. As 
already remarked, the transformation at 590 deg. C. 
exerts no appreciable influence on the electrical 
resistance, and therefore the changes in the electrical 
resistance observable in the alloys initially quenched 
from 550 deg. and 750 deg. C., respectively, should be 
similar in their essential points. This view was 
confirmed, but the temperatures of the beginning of 
the abnormal changes are a little higher and the magni- 
tude of the change beginning from about 200 deg. C. 
is greater in this case. This may be due to the separa- 
tion of a from 8 or y, though the change cannot be 
observed apart from that due to the decomposition 
B or y into eutectoid. 








THE OPTICAL SOCIETY. 


At the annual general meeting of the Optical Society, 
held on March 8, Dr. R. S. Clay delivered his presi- 
dential address on ‘‘ The Stereoscope.” In the course 
of his address, he showed that it was Sir Charles Wheat- 
stone who first conceived the idea of presenting a pair 
of stereoscopic drawings to the right and left eye, 
respectively, and so producing the illusion of an object 
in relief. From a letter written by R. Murray, of 
Messrs. Murray and Heath, it was shown that Wheat- 
stone had had apparatus made for this purpose, using 
both prisms and mirrors, as early as 1832, though his 
actual paper on “Contributions to the Physiology 
of Vision”? was not presented to the Royal Society 
until 1838. In 1840, Wheatstone had induced Fox 
Talbot (one of the inventors of photography) and 
Collen (one of its first exponents) to use the new art for 
taking stereoscopic pictures. Brewster, in 1849, devised 
a more convenient lenticular instrument, which was 
introduced and popularised through the agency of 
Duboscq at the time of the 1851 Exhibition. Brewster 
endeavoured, most unfairly, to belittle Wheatstone’s 
share in the invention by letters to The Times, articles 
in the Philosophical Magazine and other papers, 
and especially in his book on the stereoscope. 

Models reproducing two of Dr. R. Smith’s experi- 
ments, described in his Compleat Systems of Optiks, 
Elliott’s stereoscope, and several of Wheatstone’s 
experiments were exhibited at the meeting. By the 
courtesy of the Delegacy of King’s College, several of 
Wheatstone’s original stereoscopes were exhibited. 
Among these was a moving picture apparatus, in 
which a series of stereoscopic pictures of a French 
soldier presenting arms, mounted on a drum, was 
rotated by an ingenious intermittent motion. Also 
a large number of early interesting stereoscopes were 
loaned from the Science Museum. Among these was 
a beautiful example of Swan’s “ Cube ” from the Court 
Collection, in which, by the combination of two stereo- 
scopic pictures on the back and side of the cube, 
an image of a lady appeared in stereoscopic relief 
within the glass. Two original Wheatstone pseudo- 
scopes were shown, by which a rotating glass beaker 
suspended from a string viewed from one direction 
appeared to be changing its shape as it rotated. 
Viewed from another direction it appeared to be turning 
over and over about a horizontal axis, whereas it was 
really rotating about a vertical one. 








RECONSTRUCTION AT THE RHEIN. 
FELDEN HYDRO-ELECTRIC PLANT. 


Wuen the Institution of Electrical Engineers paid jts 
first visit to continental plants in 1899, under the 
leadership of the late Professor 8S. P. Thompson 
then President, the Kraftiibertragungswerke Rhein. 
felden was the first power station inspected. Rhein. 
felden, in medieval days a free town of the German 
Empire, lies on the left, now Swiss, bank of the Rhine, 
above Bale, at the foot of the Rhine rapids. The 
power house is on the right, German, bank, and the 
question of an import duty on electricity arose from 
the first, as was the case at Niagara. 

Rheinfelden also resembles Niagara, and other plants, 
in that new turbines and generators have replaced the 
original machines. The first installation, described in 
our issues of September 15 and November 10, 1899, 
on pages 320 and 585 of those issues, consisted of 
20 turbine and generator units, each turbine developing 
840-h.p. at 55 r.p.m. (later 68 r.p.m.) Two Francis 
inward-flow turbines were mounted on the same vertical 
shaft, the two upper rings of buckets discharging down- 
wards, and the lower rings discharging upwards. Three 
years ago it was decided to put in more powerful tur- 
bines, and the choice fell on a propeller turbine with one 
conical guide wheel of the Ateliers des Charmilles, 
Soc. Anon., of Geneva. The change was effected within 
a year; a further set was then ordered, and this has 
now been running for nearly a year. The new turbines 
take 36 cub. m. of water per second, as compared 
with the former 24 cub. m., run at 107 r.p.m., and 
develop 2,100 h.p. The generator is designed for an 
output of 2,300 kv.-a. at cos ¢ = 0-7. The guaranteed 
performances were more than realised in the accept- 
ance tests. 

The interesting point about the change is that the new 
installation necessitated little alteration in the supply 
and discharge channels, although the water is now 
guided in a spiral. A still greater gain in power could 
have been obtained if considerable changes in the con- 
crete work had been possible. Another consideration 
affecting the question of power production was that 
the quantity of water utilised is limited by interna- 
tional agreement. According to the engineers in 
charge of the power station, Messrs. O. Albrecht and 
Robert Haas, the total cost of the new installation 
amounted to 272,520 marks, the main items being as 
follows : Dismantling the two old turbines and new 
concrete work, 41,200 marks; new turbines and eree- 
tion, 86,846 marks; and new generators, switchboard 
alterations, &c., 144,950 marks. A considerable gain 
in economy has been realised. 








THE INCORPORATED SwANSEA EXxcHANGE.—Speaking 
at the fortieth annual general meeting of the Incorporated 
Swansea Exchange, held at the close of the year 1926-27, 
Mr. F. J. Rees, a member of the committee, stated that 
no steel district in the country had made greater efforts, 
and those successfully, to bring the price of tinplate bars 
nearer the 1913 figure than had the Swansea iron and 
steel industry. The manufacturing developments which 
had taken place during recent years in America and on 
the Continent, however, had resulted in a substantial 
decline in the export of Welsh tinplate. There was, at 
the moment, an important movement on foot in South 
Wales, which, if successful, would show to the world that 
they were determined to be in forefront of the steel- 
makers of the world, equipped with the most modern 
plant and methods. The fortieth annual report of the 
Incorporated Swansea Exchange, which gives an account 
of the annual general meeting referred to above, and 
includes astatement of accounts, a list of members of the 
Exchange, a list of tinplate and terneplate brands, and the 
articles of association of the Exchange, has just reached 
us. Bound in cloth, the volume is priced at 3s. 6d. net, 
and is obtainable from the secretary, The Incorporated 
Swansea Exchange, Royal Metal Exchange, Swansea. 





British STANDARD SPECIFICATION FOR ELECTRIC- 
Power Swrrospoarps.—Electric-power switchboards 
for indoor installations, up to and including 33,000 volts, 
are dealt with in a new specification published by the 
British Engineering Standards Association and designated 
No. 162-1928. The specification relates to switchboards 
for use with low, medium, high and extra-high voltages, 
both for direct-current and alternating-current circuits, 
for frequencies up to and including 100 cycles per second, 
such as are employed in connection with generating, 
transforming and converting plant, and large motors. 
The general clauses include definitions and details ot 
design and construction which are common to switch- 
boards for all voltages, and provide for the arrangement 
of ’bus-bars, connections and wiring, interchangeability 
between component parts of similar design and rating, 
protection of operator, etc.; while further — 
deal with the requirements, additional to those in = 
general clauses, for low- and medium-voltage and . 
and extra-high-voltage installations, respectively, bi 
latter comprising both cellular and metal-encloss 
types. Two appendices are included dealing age e 
information to be supplied with the enquiry or order, 
and the recommended sizes for slate and marble slabs. 
This specification may be obtained from the — 
tions Department, B.E.S.A., 28, Victoria-street, London, 
S.W.1., price 2s. 2d., post free. 
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AMERICAN CONCRETE INSTITUTE. 


Ar the annual meeting of the American Concrete 
Institute, which was held in Philadelphia, on February 
98 and 29 and March 1, many papers were sub- 
mitted for discussion which were of interest both to 
the producers of cement and to those who are con- 
cerned with its application, in association with aggre- 
gates, as concrete in various types of constructional 
work. In our report of the proceedings, it is only 
proposed to indicate some of the leading features of 
a few of the outstanding papers, in order that it 
may be possible to follow the recent steps in pro- 
gress in American practice. A fundamental paper 
entitled ‘‘ Concrete Primer” was presented by Mr. F. R. 
McMillan, the Director of Research of the Portland 
Cement Association. In it, the author attempted, by 
the unusual method in a contribution to a professional 
institution, of a succession of questions and answers, to 
show in simple terms the underlying principles govern- 
ing the production and the qualities of concrete and its 
application as a structural material. The object of the 
paper was to show to those in commercial control of 
concerns where concrete is used, what are the essential 
factors in the production of good results, and the means 
by which they may be obtained with economy. 


RESEARCH WoRK ON CONCRETE. 


In a report on investigation work on cement and 
aggregates, presented by the Chairman of the com- 
mittee concerned, Mr. H. F. Gonnerman, a brief state- 
ment was given of work actually being carried out on 
a great variety of subjects. In dealing with Portland 
cements in mortars and concretes, it has been estab- 
lished that the strength of the finished product, particu- 
larly in the earlier stages, is proportional to the strength 
of the cement used. Although it was known that the 
amount of water which goes into a state of stable 
combination with cement was affected by many 
different conditions, there were but few data available 
of a quantitative nature. Work is being conducted 
to remedy this, particularly into the effect of the 
quantity of mixing water, the age of the cement paste, 
the temperatures of curing and of testing, and the 
moisture content of the air. 

In tests with aggregates, it was found that a lowering 
of the resulting strength of a mortar was produced by 
an increase in the amount of granitic material, quartz, 
feldspar, or mica, in the sand used. The iron content 
of sand was shown to have an important influence on 
the tensile strength of mortars; the larger the amount 
of iron, the greater was the average strength. The 
physical characteristics of aggregates seemed to have 
a marked effect on the strength of concrete, especially 
in transverse tests. The use of sandstone, for example, 
resulted in a weakness to cross-bending, such as would 
not be implied from the compressive strength. Much 
other work is being conducted on cements and aggre- 
gates, but the investigations take a considerable time, 
and thus the reports which would permit general con- 
clusions to be formulated are not yet available. 

It has been found that the older a concrete is, when 
made with a cement of high alumina content, the 
more nearly do the axial and transverse strain diagrams 
approach to straight lines. The increase in the cement 
ratio was accompanied by an increase in the modulus 
of elasticity until a certain maximum was reached. 
Beyond this, as the cement ratio was increased, a drop 
in the modulus of elasticity resulted. Age also caused 
an increase in the modulus, but at a very slow rate after 
one year. 

A further research report, presented by Mr. R. W. 
Crum, concerned “ Aggregates.” It dealt with the re- 
lationship of the resistance to abrasion of the aggregate 
to its concrete-making properties. Tests so far con- 
ducted seemed to show that the abrasion test was 
either no index at all or had but little bearing on the 
strength of the concrete produced. 


TESTING THE WORKABILITY OF CONCRETE. 

A paper on ‘“‘ A Study of Some Methods of Measuring 
Workability of Concrete’? was submitted by Messrs. 
George A. Smith and George Conahey, in which it 
was stated that the only means yet developed as a 
satistactory test of workability was the penetration 
test. The method of conducting the test had, however, 
some defects, such as lack of desirable precision, the 
arbitrary means of expressing the workability in units, 
and the limitation of application. With the apparatus 
evolved to overcome these disadvantages, a small metal 
ball could be pulled through the cement paste, in a 
vertical tube, by weights put in a scale pan at the other 
end of the cord holding the ball. A pulley for the sus- 
pension system was placed above the upright column 
of cement paste. In the investigation it was found 
that a moderately wet rich mix acted as plastic matter, 
but a lean mix had more the properties of a granular 
material. Tests were also made with a modified 
penetration apparatus, which was also described, in 
which a pile-driven mechanism was used to prevent 





the compacting of the aggregates, which commonly 
prevented the penetrating rods from entering to the 
desired extent. It was suggested that the results 
obtained with this apparatus had shown that it was 
the most satisfactory means of obtaining an index 
to the workability. Mr. A. T. Goldbeck showed 
that, when similar proportions by volume were used, 
angular rough aggregate made a harsher concrete 
from the standpoint of workability than a round 
smooth aggregate. The variation in workability, with 
certain limitations due to the addition of more or less 
water, was limited. Very rich mixes proved to be 
an exception to this, as was shown in a contribution 
by Mr. R. L. Bertin. From the constructional engi- 
neering standpoint, it was contended, by Mr. R. W. 
Atwater, that workability was the index to the resulting 
durability found in the concrete. A more extensive 
knowledge of the technology and manufacture of 
concrete was, therefore, required by engineers who 
prepared specifications. Unsatisfactory work had 
resulted from the stipulation of arbitrary proportions 
of the ingredients. Certain operations in the produc- 
tion of concrete had been shown to have definite 
influences on the strength and reliability of the resulting 
material. The water-cement ratio permitted a control 
on the strength of concrete that was formerly con- 
sidered quite impracticable of attainment. Tempera- 
ture of mixing should be specified as it was of vital 
importance. The application of moisture to the 
surface of concrete after its initial set, that is, 
curing, caused results to be produced which showed 
improved durability and wearing properties. The 
most important feature of all in obtaining durable 
concrete seemed, nevertheless, to be the proper 
control of the workability of the mix. As a contri- 
bution to the discussion, Mr. John G. Ahlers showed 
how field equipment could be used to control the 
production of concrete. In his scheme, he arranged 
for the proper proportioning of the different sizes of 
aggregate, the control of the ratio of cement to water 
in making the binder, and the introduction of the right 
volume of aggregate and binder to the mill. 


CoNCRETE UNDER SUSTAINED STRESS. 


Professor Raymond E. Davis, in his paper entitled 
“Flow of Concrete under Sustained Compressive 
Stress,” gave the results obtained in experiments started 
in 1925 with concrete cylinders. In the term “flow” 
the author referred to the plastic deformation that 
took place subsequent to the application of the load. 
The important conclusions were, that the leaner the 
mix the greater was the flow, and that the effect with 
a concrete stored in air was materially greater than 
that of the same quality of concrete stored in a water 
spray, even though the conditions of curing were the 
same during the early lifetime of each concrete. The 
older the concrete was at the time of loading, the less 
was the flow produced. 


CRACKS IN CONCRETE. 


Work of an experimental nature was dealt with in a 
paper entitled “‘ Notes on the Progress of Some Studies 
of the Crazing of Portland Cement Mortars,” by 
Messrs. P. H. Bates and C. H. Jumper. There were so 
many variables which affected the production of 
crazing, or hair lines, that only an estimate of the 
effect of some of them was yet possible. The work 
relating to the action of humidity and temperature 
had now reached the stage where it afforded assistance 
in deciding upon future attempts at a full solution of 
the problem. Unfortunately, crazing was the initial 
stage in the production of structural cracks, a subject 
which had received some investigation at the University 
of Michigan by Professor Alfred H. White and Messrs. 
V. A. Aagaard and A. O. L. Christensen. Cracks in 
concrete could be caused by a blow or other mechanical 
action, but the most prolific agency at work in their 
production was the unequal expansion and contraction 
of the surface and the main body of the material. 
This unbalanced condition might be caused by differ- 
ences of temperature, but it was due principally to the 
variation in the moisture contents of the cement. 
This was also the factor which made the cracks grow. 
Too rapid drying of the outer surface was the primary 
cause. If the drying continued after the hair cracks 
were formed and the whole mass reached a uniform 
moisture content, the original strains were removed in 
part and, when the mass was unrestrained, the 
shrinkage cracks closed. When the shrunken mass was 
exposed to water working in from the upper surface, the 
upper layers expanded and the hair cracks closed tightly. 
This state continued until the mass dried again from 
the top surface, when the cracks opened once more, but 
to a greater depth. Alterations in the amount of 
the moisture content, therefore, could cause cracks of 
deep penetration. As soon as a crack was formed, the 
stresses were greater at the bottom of it and thus a 
force which would produce an initial crack was great 
enough to cause it to spread, in any homogeneous 
material. Such an action was commonly seen by the 
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manner in which a crack spreads in a pane of glass. 
As concrete dried, the surface gradually passed into 
tension, while the base remained wet and was in 
compression. Ultimately, as the base became dry, it 
also got into a state of tension, and that in the surface 
was somewhat relieved. At one particular moment in 
the drying process the stresses were greatest. A crack 
might thus start at the surface and make but little 
progress during a single drying. With each alternation 
between the dry and wet state, such a crack would grow, 
and might ultimately become a real structural crack. 
With exposed concrete ice might form in any crack and 
open it still further. Temperature changes otherwise 
were of secondary importance. With a lean mixture, 
there was less colloidal matter to cause shrinkage and 
the absorption of water was rapid. Such a mixture 
might prove so porous, however, that disintegration 
was caused through the freezing of the water in its 
pores. In the case of rich mixtures a protective coating 
was necessary. Insoluble soap was effective in pre- 
venting the absorption of water, but the concrete, in 
all cases, should be allowed to gain strength before it 
was dried out. 


ConcRETE Biocks, FLoors AND REINFORCEMENT 
DETAILS. 


Tests made with different methods of tamping in 
producing standard concrete building units, reported on 
by Mr. C. L. Bourne, showed some difference, but not 
sufficient to warrant any definite deductions. Where 
there was a single- or double-layer feed, very little in- 
crease in strength resulted from an increased number 
of tampings, but where the feed was in three or four 
layers, a noticeable improvement resulted. With 
coarse aggregate, concrete of wet consistency gave 
higher strength results than with dry concrete, but the 
position was reversed when the aggregate was fine. 
Under similar conditions, a coarse aggregate produced 
the stronger blocks. Generally it was found that tests 
with eighteen tamps produced better blocks, from the 
strength standpoint, than those with twelve or six, but 
the differences were smaller than was anticipated. 

For industrial use, a good concrete floor had to be 
strong in resistance to compression and shear, and also 
to surface wear and dusting. Proper slab thickness 
ensured the one requirement, but the other was difficult 
to obtain. Tests were therefore made on the wear 
experienced with certain concretes and the results 
reported onin a paper entitled ‘‘ Heavy Duty Concrete 
Floors,” by Mr. C. E. Covell. One conclusion arrived at 
was that under no circumstances could a drier be safely 
used on a concrete floor later than half-an-hour after 
the concrete had been deposited in place. A hard- 
wearing surface was impossible of attainment otherwise. 
It was also found that when concrete and sand suitable 
for other types of work was used, good floors could be 
produced by removing the top poor skin by grinding. 
Before this was done, ten days should allowed to 
water-cure the floors, and the top surface should 
always be made with a rich mix. 

In reinforced-concrete constructional work, ancho- 
rages for the ends of the bars have almost always been 
used. In America, a simple right-angled bend was 
most in favour. Semi-circular hooks were also in use 
there and in Europe. Tests were made by Professor 
T. D. Mylrea on “The Carrying Capacity of Semi- 
circular Hooks,” and communicated by him in a 
paper bearing that title. These showed that flat bends 
were not satisfactory, and that hooks of asmall number 
of diameters were little better. All the hooks of six 
and of eight diameters, with spirals round them, 
developed the elastic limit of the steel. Increasing 
the diameter of the hook produced greater load-carrying 
capacity, and those with enveloping spirals showed the 
greatest strength, but the exact relationships were 
difficult to specify. 


TESTING CONCRETE ON SITE. 


By adopting a cantilever-beam test as the means of 
determining the strength of concrete, it became possible 
to conduct the test on the site of the work. This has 
some advantages, and Mr. C. A. Wiepking therefore 
tested the proposal, developed a suitable plant, and 
submitted his conclusions in a paper entitled “‘ Study 
of a Method of Testing Concrete in the Field.” For the 
work, the author recommended a test specimen of 
4 in. by 6 in. cross-section and 24 in. length, as_ being 
of sufficient size to give a true index to the strength of 
the concrete in the general structure while being 
too heavy for handling. The plant used was simple 
and consisted of a single lever for clamping to one end 
of the specimen, while the other end was held down by 
suitable bolts. Loads were applied by sand falling 
into a metal bucket suspended at the end of the lever. 
Various cements, aggregates and mixes were used, and 
the conclusion was reached that the 4in. by 6in. by 
24 in. beam was quite suitable for cases where the 
aggregate had a maximum size of 1} in. More sub- 
stantial test pieces were necessary for concrete with 
aggregate of larger sizes. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned, the Specification is not 
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Where inventions are communicated from abroad, the Names, £&c., 
of the communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
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Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


LIFTING AND HAULING APPLIANCES. 


278,481. Ransomes and Rapier, Limited, Ips- 
wich,and W.J.Bowtell, Ipswich. Conveying Appa- 
ratus. (3 Figs.) August 20, 1926.—The invention relates 
to conveying apparatus of the kind in which a hopper 
suspended from a cableway is fed from skips running on 
the cable and discharges its contents down a chute. The 
apparatus comprises a triangular framework A, of which 
one side B forms a chute for discharging material, a 
counterweight Al being provided to balance the chute. 
At its apex, the frame A is pivoted to a member C rota- 
tably mounted with respect to a hopper D which is 
suspended from one end of a frame E pivotally carried 
on a pulley F adapted to run on the cable. At the other 
end of the frame E is a second pulley G, adapted to en- 











"278,481 A at) 
gage with the under surface of the cable, which, being 
taut, offers a resistance to bending and so counterbalances 
the weight of the hopper and prevents any undue move- 
ment thereof. The material to be dealt with is brought 
to the hopper D in a bucket H suspended from a trolley 
J adapted to run on the cable. The end of the frame E 
is forked to admit this bucket. The material discharged 
from the bucket H falls into the hopper D and _ passes 
through the intermediate member C into the chute B. 
The chute B is so supported that it can be moved either 
in a circle or up and down, and can therefore discharge 
the material at any desired point. Naturally the parts 
are so disposed and arranged that even when the hopper 
is empty the pulley G is kept hard against the cable and 
there is no danger of its slipping off. (Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 


276,732. The Wellman Seaver Rolling Mill Com- 
pany, Limited, Westminster, London, and S. Smith, 
Westminster, London. Apparatus for Pickling 
Tubes. (2 Figs.) June 1, 1926.—The invention relates 
to the pickling of articles and provides apparatus wherein 
articles, such as tubes, are caused to rise and fall, pre- 
ferably in a see-saw like manner, on stationary support- 
ing rails as they traverse the bath so that they are 
effectively washed and shaken in the acid and the action 
of the acid accelerated. The bath 1 containing a pickling 
acid is provided with a conveyor 3 having projections 4 
arranged at suitable intervals. These engage the tubes 5 











introduced at one end of the bath and convey them 
through the pickling acid and discharge them at the 
other end of the bath. Within the bath 1, and arranged 
parallel to the run of the conveyor 3, is a pair of stationary 
racks 6 upon which the tubes 5 bear. The teeth of the 
racks are inclined upwardly in the direction of the travel 
of the tubes and then abruptly descend so that the tubes 
travel up the inclined part of the teeth and then sud- 
denly drop on to the inclined part of a succeeding tooth. 
The acid is agitated, and by the impact, the scale is 
shaken from the tubes. The racks 6 are arranged so 
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those of the other rack. Consequently a succession 
of see-saw like movements is imparted to the tubes. 
(Sealed.) 


276,747. A. T. Holman, Camborne, and P. M. 
Holman, Camborne. Rock Drills. (8 Figs.) June 3, 
1926.—The invention relates to rock drills, and refers 
specifically to that kind of rock drill in which an 
inlet valve for controlling the admission of the driving 
fluid to the main cylinder 11 and comprising a plate 
valve 20 is disposed within the end of the cylinder 
casing in a plane transverse to the cylinder axis. (for 
example, a ring-shaped valve surrounding a part of the 
drill mechanism, such as a twist bar 13), and the inven- 





tion consists in that the plate valve 20 is hinged, or is 
arranged to oscillate, about an axis at or near one end 
of a diameter thereof. The central aperture in the 
valve 20 surrounds a boss 17. The valve is not com- 
pletely circular, as near one end of a diameter thereof 
it terminates in a straight edge affording a rib 21 which, 
as shown in Fig. 2, extends parallel to a diameter of the 
valve. 
recess in the plate 16, and constitutes a hinge by which 
a small pivotal movement of the valve 20 can take 
place. (Sealed.) 


MOTOR ROAD VEHICLES. 
276,712. Roadless Traction, Limited, Hounslow, | 
and E. L. Firth, Hounslow. Sprocket Wheels. ! 
(3 Figs.) May 3, 1926.—The invention relates to | 
sprocket wheels of the type in which the teeth proper | 
are formed on the endless link or other member and | 
engage grooves or elements constituting the teeth or} 
driving surfaces. According to this invention, the | 
teeth are constructed of a number of similar surfaces 
adapted to be fixed in succession in the operative position, 
a fresh surface being moved into the operative position 
when the other surface is worn. The sprocket wheel is 





formed from two plates a, having semi-circular holes } 
cut in pairs around their periphery, the metal between 


Fig.) 





the holes being cut away as at c to allow for the insertion 
of bar elements d forming the teeth or driving surfaces. 
The elements d are of square section. They are formed 
with grooves e with circular bases to conform to the 
holes 6 with which they engage, being held in position 
by bolts f. The heads of the bolts f are provided with 
surfaces g adapted to lie against the faces of the elements 
d, which are secured between the surfaces g and simi- 
larly bevelled surfaces 7 on plates h by means of nuts k. 
Rubber blocks / are placed in sockets in the heads of 
the bolts f. When one driving surface has become worn, 
a fresh one may be brought into play by merely slacken- 
ing off the nuts & until the elements are freely rotatable. 
(Sealed. ) 

RAILWAYS AND TRAMWAYS. 


277,891. North British Locomotive Company, 
Limited, Springburn, Glasgow, and J. Black, 
Springburn, Glasgow. Articulated Locomotives. 
(2 Figs.) April 20, 1927.—The invention consists in an 
articulated locomotive comprising a boiler unit 1, the 


carrier frame 2 of which extends beyond the boiler and 
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carries a fuel bunker 7, and a bogie 4 pivoted to the frame 
towards the bunker-carrying end at a point 6 beneat? 
the bunker 7 at or about the centre of the bunker, th® 
bogie 4 extending rearwardly of the frame 2, and the rear- 
wardly extending portion carrying a water tank 8. A 
second bogie 3 is pivoted to the frame 2 towards its 
~ g wc’ end. The carrier frame of the boiler unit may, 
if desired, support front or side tanks, or both. (Accepted 





that the teeth of one rack are staggered with respect to 





October 5, 1927.) 





The rib 21 seats in a correspondingly formed | 








STEAM ENGINES, BOILERS, &c. 


277,759. A. T. Holman, Camborne, and K. J, 
Holman, Camborne. Reciprocating Engines. 
(6 Figs.) June 25, 1926.—This invention is particularly 
applicable to pistons for pneumatic or air-driven recip- 
rocating engines employed for drilling, reaming, tapping 
and similar purposes. Each connecting rod 10 is formed 
at its small end to receive a gudgeon pin 11, the latter 
being fitted at its ends into orifices in a gudg on-pin 
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| 
| 
| 
| 


| ring 12. The ring 12 is a sliding fit within the piston 13, 
is free to rotate therein, and has an aperture to receive the 
small end of the connecting rod. The piston 13 and the 
ring 12 are normally kept in their relative positions by 
pressure of the driving fluid acting on the working face 
of the piston, but a safety-clip, in the form of a spring- 
ring 14, is sprung into a groove formed in the piston 13. 


| (Sealed. } 


277,865. C. H. Fowler, Leeds, and John Fowler 
and Company, (Leeds), Limited, Leeds. Steam 
Superheaters. (7 Figs.) March 9, 1927.—The in- 
vention relates to steam superheaters for boilers of the 
locomotive type, of the kind in which the steam passes 
through pipes e extending from the saturated steam 
chest c at one side of the smoke-box a@ to the superheated 
steam chest d at the other side of the smoke-box. Each 
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of these pipes is looped to extend into several or all of the 
fire tubes b of a horizontal row and project into the flame 
tubes of the boiler. According to the invention, certain, 
or all, of the superheating pipes e are so shaped at or near 
their ends that the nipples f at the ends of each of the 
shaped pipes are in a plane above or below the plane 
containing the centre line of the looped portions of the 
pipe. (Sealed.) 


MISCELLANEOUS. 
275,695. Shell-Mex, Limited, London, and 


J. Lawson, London. Filters. (3 Figs.) April 9, 
1926.—The invention relates to filters employed in 
conjunction with kerbside pumps for petrol. 1 is a 
casing having an inlet 2 and an outlet 3. 4 is filter 


material mounted upon a spider 5 formed integral with 
a cone 6 which closes one end of the filter. 


arasl 
\ , 


The spider 5 














(275,695) 


is provided at the other end with a flange 8, which 1s 
clamped by a nut 7 on a bolt 7’ secured to the casing ] 
against a flange 9 on the casing. The spider 5 has at 
one end an outlet 11 normally closed by a flap valve 12. 
The casing 1 is provided with an opening through which 
the combined filter and flap valve can be removed, the 
opening being normally closed by a cover plate 14. 
(Sealed.) 
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WASTE HEAT IN PORTLAND 
CEMENT MANUFACTURE. 


By Henry Poorzy, Jun., B.Sc., Assoc.M.Inst.C.E. 


In the following article it is the intention merely 
to indicate in a general way some of the waste-heat 
problems which confront the “‘ wet” process maker 
of cement rather than to go into a very detailed 
description of the various methods. The question 
js of exceptional interest at the present time, 
because there are several distinct lines upon which 
development is now taking place. 

To burn the raw materials into cement clinker, 
modern Portland cement manufacture on a large 
scale necessitates the use of a rotary kiln in order 
to minimise the labour costs which occurred with 
the old stationary shaft kiln. The shaft kiln had 
a lower coal consumption, but the increased output 
per man and the better and more uniform clinker 
produced by the newer method more than compen- 
sated for this loss. Automatic shaft kilns have 
recently been introduced, and it has been possible, 
by this method, without increasing the fuel con- 
sumption, greatly to increase the output per shaft 
kiln. The advantage of a better product and easier 
control, however, still lies with the rotary kiln, and 
in these days of high-grade quick-hardening Portland 
cements, which are in increasing demand, it becomes 
all the more necessary to employ the method which 
at present gives the best product. 

At the same time, users of the rotary kiln, spurred 
on partly by the challenge of the automatic shaft 
kiln, have been obliged to search for methods which 
will tend to reduce their coal bill. Their attention 
bas turned to the utilisation of the waste heat in 
the gases leaving the kiln, or to the reduction of 
the heat escaping with these flue gases by the 
more effective control of the operations in the 
kiln itself. 

There are two methods by which Portland cement 
is made on the rotary system, which are known as 
the “wet” process and the “dry” process. In 
the dry process, the raw materials are ground and 
proportioned in the dry state, and are introduced 
into the rotary kiln with the addition of up to 
10 per cent. of water. In the wet process, these 
materials are ground and proportioned with water, 
and the resulting mixture is in the form of a thick 
cream known as slurry. The amount of water used 
is as little as possible, consistent with the subse- 
quent mixing and pumping of the slurry to the 
kiln. The proportion of water necessary may be 
anything between about 32 per cent. and 44 per 
cent. or more, depending upon the nature of the 
raw materials. 

It is not the purpose here to discuss the relative 
merits of the two systems, but it may be stated 
that even in America, which is the home of the 
dry process, the merits of the wet process appear 
to be realised, as this process is now beginning to 
replace the dry method. In the present state of 
development of the industry, there would seem to 
be no doubt that a more uniform, and therefore 
better, cement can be made on the wet process. 
The question of the utilisation of the waste heat 
in the dry process presents no difficult problem. 
More than sufficient heat is contained in the flue 
gases leaving the kiln to generate all the power 
Tequired to operate the kiln and its ancillary units 
for the preparation of the raw materials and the 
grinding of the clinker into cement, without increas- 
ing the amount of coal passed into the kiln for 
normal burning purposes. 

_With the wet process, the problem is not so easy. 
Normally, the temperature of the gases leaving the 
kiln is much lower than in the dry process, and 
there is not sufficient heat in these gases to raise 
the steam necessary to drive the works through 
the medium of waste-heat boilers. A considerable 
amount of heat, however, is wasted, and to meet 
the increased demand for economy, the question 
1s whether the temperature of the flue gases shall 
be increased artificially by cutting down the length 
of the kiln and using more coal than is absolutely 
necessary to burn the clinker, thus generating suffi- 
cient heat in the flue gases for all power purposes ; 
or whether the flue temperature shall be lowered, to 
boiler practice if possible, by using more of the heat 
in the kiln itself to dry up the slurry in a more 








efficient manner, thereby reducing the coal con- 
sumption. 

1. Before indicating any of the attempts to make 
use of waste heat or to increase the efficiency of the 
kiln, the conditions which will exist on what might 
be termed the average wet-process plant, and which 
apply to many of the works operating on this 
system in this country, will be considered. 

By way of example, a normal size of kiln may be 
taken, say 200 ft. long and 10 ft. diameter in the 
firing zone, working on natural draught, and fitted 
with ordinary lifters in the upper or drying end to 
cascade the slurry. The percentage of water in 
the slurry may be taken as 38, an average between 
the two figures given above, and the raw material 
of which the slurry is made up, viz., limestone and 
clay, as being ground to a fineness of from 6 per 
cent. to 7 per cent. residue on the standard sieve 
having 180 by 180 meshes per sq. in. The coal used 
for firing the kiln may also be assumed to contain 
12,600 B.Th.U. per lb., and the fineness of grind- 
ing to give about 14 per cent. residue on the 180? 
sieve. 

Under these conditions, the kiln will give an 
output of between 1000 and 1100 tons per week 
with normal running. The actual coal consumption 
will depend somewhat upon the nature and chemical 
analysis of the raw materials, but for the present 
purpose it may be said that this consumption will 
be in the neighbourhood of 28 per cent. of coal on 
the weight of clinker produced, or if the kiln 
produces 1,000 tons of clinker in a week, 280 tons 
of coal will be required to burn this clinker in a 
proper manner. 

The temperature of the gases leaving the kiln, 
when it is running normally using the correct 
amount of air for combustion, which should show 
from about 1-1 per cent. to 2-0 per cent. excess 
oxygen in the flue gas-analysis, will average about 
800 deg. F. Now, although there is a considerable 
amount of heat going to waste in these flue gases at 
this temperature, it may be roughly stated that 
there is not enough heat, by about one-half, to 
produce sufficient steam in a waste-heat boiler to 
operate the machinery for the preparation of the 
raw material for the kiln and to grind the clinker 
into cement, even using the most economical prime 
mover. 

In a corresponding kiln on the dry process, 
to produce 1000 tons of clinker per week the length 
will be less, and the flue temperature may be from 
1200 deg. F. to 1500 deg. F. In this case, the neces- 
sary steam can always be produced. It has fre- 
quently been noticed that in America, in works using 
the dry process and waste-heat boilers, mufflers are 
fitted to the boilers to lessen the nuisance caused by 
the noise of continual blowing off. More power than 
required torun the whole worksis obtained although, 
in general, owing to somewhat coarser grinding both 
on the raw and cement side, less power per ton of 
cement is used in an American cement factory than 
would be the case at most works in Europe. Even 
in Europe, however, there would be an ample 
supply of heat in the flue gases from the kiln for all 
purposes in the works. 

In the first case, therefore, there is not nearly 
enough heat from the wet-process kiln to generate 
the power required to run the works, and when no 
effort has been made to use what heat there is, 
manufacturers must generate their power separately. 
This will result in an overall coal consumption as 
follows :— 


Per cent. 
Coal for burning the raw material into 
clinker in the wet rotary kiln F 28 
Coal for the production of the power 
necessary to run the whole of the 
ancillary machinery, using modern 
ut Ace eee a 14 


plant, say 


Total amount of coal required, esti- 
mated as a percentage of the cement 
produced <a “as a sae 42 
It must be clearly understood that the above 
figures, especially that for power, depend upon cir- 
cumstances, and at different works the percentages 
may be somewhat higher or lower than those given, 
and this reservation equally applies to subsequent 
cases, where necessary. To cite only two very 
obvious factors of influence, the type of grinding 
unit employed may be more or less economical, 





while the steam consumption of the power plant 
may vary in different works. For the purpose of 
this article, which is only a comparative one, these 
figures may be taken as accurate. 

2. The system will next be considered in which 
the exit temperature of the gases from the wet- 
process kiln is artificially increased until they 
contain the heat necessary to generate sufficient 
steam in waste-heat boilers to drive the whole 
works. 

Taking coal and slurry of a nature similar to 
that in the first case, to produce an output of 
from 1,000 to 1,100 tons per week on this system, 
the kiln will be shorter by about 40 ft., or, say, 
160 ft. long and 10 ft. diameter in the firing zone, 
and will be lined with firebrick throughout its entire 
length, including the slurry-drying zone where no 
lifters will be fitted. It is evident that the condi- 
tions in the drying zone have been interfered with, 
and more coal will be required to effect the drying. 
The flue temperature must be maintained at a 
certain minimum, so that there shall be sufficient 
heat in the flue gases to operate the waste-heat 
boiler, and this will also add to the quantity of coal 
blown into the kiln. The flue temperature of this 
kiln will be about 1,100 deg. F., when working under 
the best conditions, and at this temperature there 
will be just sufficient heat to generate, in a waste- 
heat boiler, the steam necessary for all the 
machinery. 

It will be realised that as little extra coal as 
possible must be used, and great care is necessary in 
reducing the chances of heat leakage. Specially 
designed air seals are used where the top end of 
the kiln enters the dust chamber, and to prevent.the 
infiltration of cold air into any point between the 
air seal and the boilers, proper precautions are 
necessary. 

In the kiln itself, with the exception of the 
firing zone and for a distance of about 25 ft. 
from the top end, there is usually a lining of insu- 
lating material between the usual firebrick lining 
and the shell of the kiln, to minimise radiation 
losses. By no means the least important item is 
the use of only the most economical power plant. 

All the power necessary for the works may there- 
fore be generated on the wet process by utilising the 
artificially increased waste heat, and from experience 
in America, where a number of such installation are 
successfully operating, we may expect the following 
consumption of coal of 12,600 B.Th.U. per lb. :— 

Coal for burning the raw material into 

clinker in the wet rotary kiln, and 
extra coal required to maintain a 

proper flue temperature and, there- 

fore, for all power purposes... ... 35 per cent. 

The slurry used in this case has been assumed 
to contain 38 per cent. of water. It must be 
remarked that at many of the works in this country 
using chalk and clay, the slurry must carry a per- 
centage of water as high as about 44, and such a 
percentage will naturally increase the above figure 
for coal consumption, and may be too high to 
warrant a change from the old methods. 

3. The next case which may be considered 
illustrates a method whereby the efficiency of the 
drying zone of the wet-process kiln can be increased. 
In this system, the slurry, instead of being led 
into the kiln through a pipe, as is the more general 
practice, is pumped through jets opposite the upper 
end of the kiln, and is introduced in the form of two 
or three sprays.* In this way it is atomised, and 
the water content can be more rapidly dried out. 

The kiln upon which this new system was tried 
was about 167 ft. long and 7 ft. 43 in. in diameter, 
which is narrow in proportion to the length. The 
kiln was originally about 140 ft. long and some time 
previous to the introduction of the atomising system 
it was enlarged. When the spray was installed, a 
30-hour trial was carried out, the results of which 
were recorded in ENGINEERING in the article pre- 
viously referred to.- These showed an increase in 
output of 1 ton 4 cwt. per hour, with a reduction 
in coal consumption to 27 per cent. of the total 
weight of clinker burnt, as compared with about 
32 per cent. obtained previously. In addition, and 
confirming that better use was being made in the 
kiln itself of heat which previously went to waste, 





* See ENGINEERING, vol. cxxi, page 681. 
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THE FLOW OF VISCOUS LIQUIDS THROUGH PIPES. 
CHART FOR DETERMINING WHETHER FLOW WILL BE VISCOUS FLOW 
VISCOUS OR TURBULENT. (ABSOLUTE UNITS) 
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the flue temperature decreased from about 750 deg. F. 
in the first instance, to 400 deg. F. when the spray 
was used on test. In other words, the equivalent 
of between 1-3 and 1-4 tons of standard coal were 
burnt on both trials, and the output of clinker 
increased from 4 tons per hour in the pre-atomizer 
tests, to 5-2 tons per hour when the slurry was being 
sprayed, which is an increase of about 30 per cent. 

This is a very remarkable increase, and some 
allowance must be made for the fact that it was 
obtained on test. In actual practice, there would 
seem to be some danger that stoppages may occur 
when using the atomizer, due to choking of the 
atomizer jets, or possibly interference in the dust 


chamber of the kiln, with consequent loss of out- | 


put. It is also possible that with a kiln of more 
normal diameter in proportion to the length, the 
improvement might be less marked. 

At the same time, if the above results are any 
criterion, it should be possible to design a special 
kiln to suit the atomiser, and to give better 
results than any of those mentioned so far. The 
coal consumption of 27 per cent. obtained on 
test with the atomizer is little better than that 
indicated in our first case, although there was 
slightly more water ia the slurry to evaporate, 
but with a kiln of much wider diameter in propor- 
tion to its length, no doubt better results could be 
obtained. 

In the very best case, and it must be admitted 
that this case is purely hypothetical, with a 
specially-designed kiln, and judging by the improve- 
ments effected so far, it might be possible to reduce 
the consumption of standard coal (12,600 B.Th.U. 
per lb.) to about 23 per cent., when using slurry simi- 
lar to that described in the first case considered. It 
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the works separately, and the following figures for 
coal consumption would then be obtained :— 


; Per cent. 
Coal for burning the raw material into 

clinker in the wet rotary kiln using 

the atomizer in conjunction with a 

specially designed kiln an on 23 
Coal for the production of the power to 

run the whole works, using modern 

plant ... rr ass say 14 


Total amount of coal required estimated 
as a percentage of the cement 
produced mY 37 


(To be continued.) 


THE FLOW OF VISCOUS LIQUIDS 
THROUGH PIPES. 


| Outs of various degrees of viscosity are frequently 
| pumped through pipes from the oilfields to ships 
or to distant storage tanks. To determine the 
power required in a givén case, and to choose the 
most economical installation of pumping plants and 
pipes, bearing in mind the life of the field, it is 
necessary to know the frictional resistance en- 
countered by the liquids when so transported. 
Such resistance will follow one or other of two laws, 
according to the viscosity and velocity of the 
liquid, and it is desirable to have at hand ready 
means of determining which law to apply in a given 
ease. Having determined this, one proceeds to 
ascertain the magnitude of the resistance. If the 











flow is viscous, or, as it is sometimes called, stream- 
line, all the particles then moving parallel to the 
axis of the pipe, the resistance can be calculated in 
terms of the viscosity, density and velocity. If, 
however, the flow is turbulent, frictional resistance 





is, of course, necessary to generate the power for 












must be had to experiment, as in the case of the 
flow of water. Extensive experiments have been 
carried out with the object of discovering a law 
connecting viscosity, density and velocity when the 
flow is of a turbulent character, and, in this con- 
nection, the work done at the National Physical 
Laboratory, Teddington, takes a foremost place. 
Various formule have been deduced from these 
experiments, and, of these, probably none is so reli- 
able as that of Professor C. H. Lees. The charts 
presented herewith are based on his formula. 

As the handling of the formule for both stream- 
line and turbulent flow is somewhat difficult in 
practice, especially when trials must be made of 








cannot be found from first principles, and resort 


several different schemes, attention has been 
directed to the use of graphic methods for dis- 
playing the results. We present herewith a set 
of alignment charts prepared for the purpose by 
Mr. George Higgins, formerly lecturer in Civil 
Engineering at the University of Melbourne. 

The chart shown in Fig. 1 may be used for deter- 
mining which of the two laws will be followed when 
the quantity flowing, its viscosity, and the size of the 
pipe are known. Directions for the use of this chart 
are given at its foot, and other uses to which it can 
be applied are also indicated. For liquids of high 
initial viscosity, the practice on the oilfields is to 
apply heat at intervals along the pipe line, and thus 
reduce the resistance to flow by reducing the 
viscosity. When this is done, the average viscosity 
between heating stations is estimated, and the 
resistance calculated for this average. 

The chart Fig. 2, is to be used when the chart Fig. 1, 
indicates that the flow will be viscous, i.e., stream- 
line. Given the quantity and kinematic viscosity, 
i.e., the ratio of the absolute viscosity to the density, 
then a straight line drawn through the axes for mass 
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THE FLOW OF VISCOUS LIQUIDS THROUGH PIPES. 


TURBULENT FLOW. 
(ABSOLUTE UNITS) 


FIRST TERM IN LEES' EQUATION. 
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P= 35-08rp) + 5p 


= Pressure Drop in Poundals per Square Foot 
per Lineal Foot of Pipe =p,+p, , say. 


Add the Reading, p,,on the Right-Hand Axis of 
ng, P,,on the Right -Hand 


this Chart, to the 


Axis of the Chart for the Second Term in the above 


Equation. The Sum is the Total Pressure Drop. 
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$50) (486.C; 
and kinematic viscosity at the appropriate gradua- 
tions, will cut the intermediate axis in a certain 
point. From this point, a straight line drawn 
through the appropriate point on the radius axis 
will cut the right-hand axis at a graduation corres- 
ponding to the loss of pressure per unit length. It 
will be seen that swinging the latter line up or 
down about the said point on the intermediate 
axis as centre, will show how the adoption of one 
radius or another will affect the loss of pressure, 
and the most suitable radius can thus be more 
quickly found than by repeated calculations using 
the formula. 

Charts Figs. 3a and 3b are to be used when the 


Chart Fig. 1 indicates that the flow will be turbulent. | 


Here the complexity of the formula rendered it 
necessary to separate the factors of viscosity and 
density, and also to construct two charts, the 


results of which are to be added together. The | 


method of using these two charts is quite similar 
to that explained when describing the Chart Fig. 2, 
except that the Chart Fig. 3a involves the drawing 
of three lines across the graduated axes instead of 
‘wo. Their employment dispenses with much 
troublesome tentative calculation when the object 
's to determine the most suitable combination of 
pumps and pipes in a given case. 

It is hardly necessary to add that, in practice, 
the lines are not, as a rule, actually drawn across the 
“xes, a straight edge or thread being employed ; a 
‘ery suitable appliance for the purpose is a 
transparent set-square. 
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THE TRENTON CHANNEL STATION 
OF THE DETROIT EDISON COMPANY. 


(Continued from page 437.) 
Borter PLant. 


WE concluded our last article on the Trenton 
Channel plant, at the point where the pulverised 
fuel was delivered to the boiler house. We now 
propose to deal with the plant to be found in this 
| building, of which at present a length of 263 ft. 8 in. 
is occupied by the boilers now installed, with room 
for extension at the south end should this prove 
| advisable in the future. The building is 189 ft. wide, 
has six stories and is separated from the coal pre- 
paration building by a 30-ft. gap, spanned on the 
fourth floor by a covered bridge carrying the four 
8-in. pipe lines supplying coal from the coal pumps 
to the boiler-room bunkers, and on the second by a 
| smaller foot-bridge for staff. 
| The general arrangement of the boiler house 
| will be seen in the section of the whole plant, given 
|in Fig. 8 on page 344 ante. Drawings of the actual 
| boilers and their accompanying plant, are given to 
|a larger scale in Figs. 39 and 40 on Plate XLVI. 
| On the ground floor level are situated the 
|ash hoppers and sluicing troughs. On the first 
| floor, 17 ft. 3 in. above ground floor level, are 

the main piping arrangements, and the upper part 
of the water-screens for the boilers. The main 
boiler floor and firing control floor is 45 ft. 1 in. 
| above ground level. Above this, at a height of 
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TURBULENT FLOW. 
(ABSOLUTE UNITS) 
SECOND TERM IN LEES' EQUATION, 
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65 ft. 24 in. above ground, is a floor on which are the 
feeders for the burners. At 78 ft. 24 in. above the 
ground floor is another gallery, and at 95 ft. 24 in. 
a floor level with the top of the fuel bunkers and 
economisers. The floor above, at 114 ft. 9 in. 
above ground floor level, carries the draught fans, 
and on the roof, 130 ft. above the ground, are dust 
precipitators and the stack bases. In addition to the 
two general drawings above referred to, the views 
reproduced in Figs. 35 to 38, and 41 to 44, on 
Plates XLV and XLVII, and in the illustrations on 
pages 500 to 503, and page 512, refer to the boilers 
or to their appurtenances, and convey an excellent 
idea of this part of the station. 

There are now 11 boilers in service, supplying the 
five main generating sets, with the auxiliary plant. 
The present building allows room for the installa- 
tion of four more boilers. The original intention 
was to have eighteen, but those installed have a 
capacity considerably above the original estimated 
output, and fourteen are expected to suffice for 
the complete plant of six generating units. If, in 
the future, market conditions should make it advis- 
able to use a lower grade coal than that burnt at 
present, further boilers could be installed. The 
ratio of boiler heating surface to installed kilo- 
watts is 1-28: 1. , 

It has already been stated that the boilers are of 
the Stirling W type, working nominally at 420 Ib. 
pressure. As also previously explained, the 
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THE TRENTON CHANNEL 


Fic. 45. InTERIOR OF ComBuUSTION CHAMBER 


Arr INLETs. 


company has had wide experience with this type of 


boiler, which has been found to have a record for | 


low maintenance and high economy. The factors 
which were considered decisive when the Trenton 


Channel plant was planned were also discussed in our | 
first article. Among them was the fact that a 48-in. | 


drum of 2-in. plate was a limiting characteristic in 
manufacture, for work embodying machine-finished 
butt joints not utilising forged drums or alloy steel, 


which it was at the time thought desirable to avoid. | 


Each boiler has 29,087 sq. ft. of effective heating 
surface, the tubes being 3} in. in diameter. 
main drums are 28 ft. 6 in. long. They are actually 
designed for a pressure of 420 lb. per square inch, 
and superheat of 250 deg. F., or steam temperature 
of 725 deg. F. Each is fitted with two three-pass 


superheaters providing 6,070 sq. ft. of heating surface. | 
The main boilers are well illustrated in the draw- | 
ings, and in the views Figs. 35 to 38, on Plate XLV. | 
Of these, Fig. 35 shows the three main steam drums | 


of one of the boilers, with the equalising steam and 


water tubes, and the upper ends of the superheater | 


elements. Fig. 36 shows one of the Liptak arches 
below, and protecting, one of the main mud drums. 
Fig. 37 illustrates the lower part of the boiler, and 
shows the superheater in place, and the manner in 
which the headers are supported. More recently, 
the supports for the headers have been removed to 
outside the boilers. Fig. 38 is a view of the main 
boiler interior, showing the tubes running up to the 
centre main drum. 


The centre of the top drums is 21 ft. above the | 


centre of the bottom, while the spread of the 
outside top drums ‘s 22 ft. between centres and of 
the bottom the same. It may be noted that each 
boiler is fitted with high and low water alarms and 
a Copes feed-water regulator. The main (centre) 
drum is provided with eight 4-in. safety valves. Of 
these, one is set to blow off at 420 lb., one at 
428 lb., two at 430 lb., two at 431 Ib., and two at 
432 lb. per square inch. The superheater outlet is 
furnished with two safety valves set to blow, one 
at 408 lb. pressure, and the other at 410 lb. 

One of the more interesting features of the Tren- 
ton Channel boilers is that the bottom water- 
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Fic. 46. ComBusTion CHAMBER AFTER BEING IN SERVICE, SHOWING 


BuRNER OPENINGS. 











Fia. 47. 


| purposes small boilers independent of the main 
| units, into which, however, they feed the steam 
| they generate. These water-screen boilers will be 
| seen to consist, on each side of the centre of the 
| boiler, of a large steam drum, 38 in. in outside 
diameter, to be seen in Fig. 39, a small mud drum 
of 16 in. diameter, a set of tubes bent to a Vee 
disposed horizontally, and a set of outside pipes 
closing the circuit. The steam drums are set 44 ft. 
apart centre to centre, and the mud drums 25 ft. 
apart. These water-screen boilers have their own 
complete equipment of gauges, safety valves, Copes, 





screens form part of what are to all intents and 


feed regulators, &c. The drums do not contri- 





CoMBUSTION CHAMBER LOOKING VERTICALLY UP AT LipTaK ARCHES AND TUBES OF 
Main Botner. 


bute effective heating surface, but the 3}-in. water 
tubes provide 1,220 sq. ft. The steam from the 
large drums of the water-screen boilers is fed into 
the centre drum of the main boiler and mingles with 
the steam of that boiler before going on to the super 
heaters. Figs. 41 to 44, on Plate XLVII, illustrate 
the water screens. Figs. 41 and 43 show how the 
tubes slope down towards the centre, but are disposed 
some distance above the furnace refractory bottom. 
Fig. 42 shows the bends of the water-screen tubes, 
and the bottom being laid. Fig. 44 shows the steam 
drum of one screen boiler. The lagged outside 
tubes closing the circuit, and the mud drum, on one 
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Fic. 48. Water Screen Unit SAFety 


of the boilers, may be seen in Fig. 60, on page 512. 
The height from centre of water-screen mud drums 
to centre of the water-screen steam drums is 
15 ft. 6in., while the total height of the boiler 
from the water-screen mud drum to the outer 
main boiler steam drum is 62 ft. 9 in. 

The water-screen boilers are fed from the econo- 
misers, the inlet being to the upper drum. Each 
upper drum supplies its steam through a non-return 
valve to the main boiler drum. The water-screen 
safety valves are set on each drum to blow off at 
440 and 445 lb. One of the safety valve fittings is 
shown in Fig. 48, above, while Fig. 49 illustrates 
the Copes regulator controlling the feed. There are 
three of these to each boiler; as described above, 
one is fitted to the main boiler, and one, at each 
side, on the water-screen boilers. 

The water-screens are primarily intended to 
prevent slagging, but they absorb something like 
35,000 B.Th.U. per square foot per hour, so that 
their heating surface is very effective. The Detroit 
Edison Company considers it advisable that any 
such furnace cooling system should be independent 
of the main boiler. If a screen tube fails, with 
the system adopted, no harm comes to the main 
boiler. We understand that no trouble is ex- 
perienced with the water-screen, or with slagging, 
either on the screen tubes, or on the refractories 
lining the sloping bottom of the furnace. This is 
said to be normal ; provided the carbon in the ash 
is kept down it is friable and easily handled. The 
water screens form a very effective protection for 





‘the furnace bottom, and by the absorption of so 


i aes heat reduce the combustion chamber tempera- 
ure. 


This makes for conditions favourable to in- 
creased life of the refractories, and also to operation 
with less excess air. 

The furnace, rectangular in plan, measures 23 ft. 
by 34 ft. inside. Its volume amounts to 25,140 cub. 
ft. so that the steam-raising surface runs to 1-16 sq. 
ft. per cub. ft. of furnace volume. With a steam 
output of 360,000 Ib. per hour, which is within the 
capacity of these boilers with the coal used, having 
a calorific value of 13,200 B.Th.U. per Ib. (dry), the 
output amounts to 1-43 Ib. per cubic foot of furnace 





Volume. The furnace and boiler are encased in 


'Tefractory and brick linings, held in place by 
' Structural steel work and plating. The furnace walls 
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are air cooled. This subject is dealt with i 

he Pa ject is dealt within greater 
The arrangement of baffles among the tubes 

of the main boilers will be noted in Fig. 39. 
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VALVE. 


The superheaters, it will be seen, are fitted 
between passes. The two work in parallel. They 
have tubes 2 in. in dia. outside. The ratio 
of superheater to steam surface works out as 
0-208:1, a much higher proportion than usual. 
The superheaters on the first boilers put in were 
of the single-pass type, with ferrules inserted to 
obtain satisfactory distribution. The later super- 
heaters have been of the three-pass type. Each 
superheater delivery header is fitted with a non- 
return valve. The two superheater headers of each 
boiler are, moreover, coupled by 6-in. by-pass, so 
that should either non-return valve stick close 
the by-pass will allow sufficient steam to flow 
through the heater and out by way of the other 
header connection, to prevent damage. This makes 
it possible to work with a smaller pressure drop in 
the superheater than is often found necessary. 

Although we described in our last article the 
system of control for the delivery of pulverised 
fuel to the bunkers in the upper part of the boiler 
house, we gave then no information regarding the 
fuel supply piping lay-out. We will therefore 
briefly refer to this now, by way of preface to the 
feeding of the coal to the boilers. The covered 
bridge carrying the four 8-in. fuel pipes from the coal 
preparation house to the boiler house, enters the 
latter in the centre of the length of the building. 
There are thus three rows of three boilers each, on 
the one hand, and there will ultimately be three 
similar rows on the other, though at the present 
time there are but five boilers on this side, 
including those required for the sixth main unit 
now in course of installation. All four lines of 
pipe are led across the building, and two are 
branched off to one side, and the other two to 
the other. At each of these main turn-outs there 
are two-way valves. The branches are led down 
the aisles to the last bunker in each case, but at 
the intermediate bunkers in the two inside aisles 
there are further secondary branches so arranged 
that each pipe can supply the boilers on each side 
of the aisle. These branches are taken off from 
three-way valve fittings. Mention has already 
been made of the remote and automatic control of 
the valves for these branch pipes, and we need not 
revert to this subject. 

Each boiler is provided with two pulverised coal 
bunkers of, together, 150 tons capacity, vented 
by pipes carried above the roof. These bins are 
constructed of steel plate, welded or riveted with 
flush counter-sunk rivets. Each terminates below in 








Fic. 49. Corrs Freep REGULATOR. 


four hoppers. Each hopper is fitted underneath 
with a gate valve and two Lopulco feeders, driven 
by variable speed 2 h.p. direct-current motors. The 
range of speed can be varied between 300 to 1,200 
r.p.m., by means of 70-point controllers. The drive 
is so arranged that either feeder can be cut out 
without affecting the other. This arrangement 
is merely a convenient compromise between having 
a motor for each feeder and one for each bank of 
eight burners. 

Each boiler is fired by sixteen fishtail burners 
(eight a side, set at 2 ft. 4 in. centres), details 
of these being given in Figs. 50 to 54. The 
burners themselves have been the subject of a 
good deal of experiment, the type illustrated 
in Figs. 53 and 54 being one of the latest 
arrived at after numerous modifications. Each 
burner consists essentially of a casting joined 
to the 5-in. fuel supply pipe. In the latest design, 
Figs. 53 to 54, the 5-in. circular junction with the 
pipe changes first of all into a flat-shaped orifice, 
24 in. wide by 1} in. In the taper length there are 
cast a number of diverging ribs, which spread the 
coal out over the 24-in. mouth. The remainder 
of the burner, about 16 in. long, consists of a 
parallel length measuring 24 in. by 5 in. inside, 
but the mouth proper is obstructed, as will be seen 
in Fig. 54, by a series of six hollow ribs, which 
break the discharge opening up into seven parts. 
The whole burner is surrounded by a casing, into 
which it fits sideways fairly snugly, but leaving room 
at the back and front for small dampers. The fuel 
is carried into the burner and furnace by primary 
air supplied to the feeders on the bottom of the coal 
bunkers. This air is heated, being drawn from 
between the refractory lining and the casing of the 
main boiler. Further air is supplied to the burner 
casing through a 10}-in. by 8}-in. opening provided 
with a damper. This air, supplied by a separate 
fan, passes down outside the burner casting till 
it reaches the lower end, where wings on the 
casting deflect it into the hollow ribs referred 
to above. The fuel stream is thus broken up 
by a number of streams of additional primary 
air. This air is also heated by being drawn by 
the fans through the hollow brick walls of the 
furnace. The conditions under which the burners 
have been run have included a variety of air supply 
pressures. In the original installation plain burners 
of the type illustrated in Figs. 51 and 52 were 
worked with induced draught, i.e., the additional 
air was drawn in round the burner, instead of being 
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supplied under pressure. The latter system appears | noe 
to be giving the best results, though finality may | Fig. 53. 
not have been reached yet. The manner in which the | 
burners are arranged in their setting when using | 
forced draught is shown in Fig. 50. By mixing the | 
air and fuel at high velocity more turbulence and | 
more thorough mixture is secured than with the | 
induced draught burner. Combustion is more | 
complete and less carbon is carried over in the ash. | 
The experimental work carried out has included a ® 
variety of adjustments of the side wings and ribs, 
in order to secure the best effect in the way of | 
splitting up the fuel stream by the extra air. While | 
satisfactory results and improvements have been | tt V = 2 } 
secured, no final decision as to the best conditions | iY [ : ay 
had been reached. | \ osreb 
Figs. 55 to 57 show the fuel feeders, and the arrange- | \ ri 
ment of the motors and fans. As already noted, the | || me 
feeders are driven in pairs by 2-h.p. motors. Each 
set of eight feeders is supplied with air by one blower | 
driven by a 30-h.p. motor, and of a capacity each | 
of 6,500 cub. ft. per minute under a static pressure | \ — =H 
of 15 in. of water. The feeders, fan and piping are | i 
shown in Fig. 59,on page 512. Figs. 61 and 62, | HE 
show typical views in the boiler house aisles, | bm | Hh 
and clearly indicate the feeder pipes leading to the - i) fea 
burners. || 

The furnace walls, as previously stated, are not | seo — ENGINEERING” 
water cooled, but are arranged with air ducts. As 
just mentioned, the primary air for the burners is | trouble with refractories has been experienced than | low walls with faces sloping steeply towards the 
heated by being drawn through some of these| was anticipated with the use of pulverised fuel. | openings. 
ducts in the upper part of the boiler setting. |The burners are easily lit by means of a lighted) The ash-gates are worked by compressed-air 
Secondary air is likewise heated by being drawn by | rag torch soaked in oil. cylinders, 9 in. in diameter and of 3 ft. 8 in. 
induced draught through ducts between the inner! The burners are set in two arches and at right | stroke, and on withdrawal one on each side of the 
refractory lining and outer casing, and admitted | angles to the row, and the flames strike downwards | boiler, allow the ashes to drop into a chute, the 
to the furnace through openings in the walls. A on to the water-screens, which thus absorb a good | bottom of which is formed by a V-shaped trough 
number of arrangements have been tried for this|deal of the radiant heat. On account of the/|set ona slope of fin. to the foot down the length 
supply of secondary air. Some of the openings | presence of these small boilers, in place of plain | of the building. Each trough passes under a row of 
are to be seen in the views reproduced in Figs. 45 | refractory surfaces, it is considered that the radiant | several boilers, and terminates at the far end of the 
and 46. The number of such openings per burner | heat available in the main boiler passes is possibly | building in a sump. The ashes from the furnaces 
is about 168, or something like 6-8 sq. ft. of opening | somewhat reduced. It is for this reason that the | are sluiced down the trough and delivered to the 
per burner. Fig. 46, and also Fig. 47, giving a view | superheater surface has been provided on a rather | sump, whence they are pumped out and delivered 
taken looking verti:ally upwards inside a furnace, | more liberal scale than usual. It will be noticed | by pipe-line to a lagoon which is being gradually 
show the burner mouths, and Liptak arches. ‘that the furnace flame and gases pass from the | filled in by this means. 

The air drawn into the ducts between the casing | combustion chamber up to the central drum,| The area which is available for this purpose 
and refractory lining of the furnace enters through | then down on each side among the superheater|is so considerable that future conditions give 
openings in the end walls of the boilers, and| tubes, up towards the top outside drum, then |rise to no anxiety on this score. The ash-sluicing 
passes round to the sides. With the forced draught | down towards the bottom drum and up outside | pumps are single-stage centrifugals delivering 2,000 
burners, some of the ducts are partitioned off to| the tubes through a duct to central economisers | gallons per minute against a 70-ft. head. They 
heat the air for this purpose, the supply being | placed over the boiler on the bunker floor level, | are direct driven by 60-h.p. alternating-current 
forced in by a motor-driven fan on the ground floor. | 78 ft. above ground level. |motors running at 1,200 r.p.m. The asli-gate 
The burners obtain from 12 to 28 per cent. of the| Returning now to the lower portion of the boiler | operating cylinders, and sluicing trough, will be 
air needed for combustion with the fuel fed in. The | plant, at the base of the V formed by the water-/seen in Fig. 60, on page 512, as well as in the 
rest of the air is supplied as described above. | screens, the furnace bottom is closed by four sets of | drawings, Figs. 39 and 40, while the sluicing pumps 
Combustion is not perfect, but is good; while the | double sliding ash-gates, each pair covering an | are shown in Fig. 58. 
output is much above the normal rating. Less | opening 6 ft. 6 in. by 3 ft. 6 in., and separated by (To be continued.) 
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THE EFFECT OF RECENT CHANGES 
ON THE CONDITIONS OF CARRIAGE 
BY RAIL. 


By J. W. Parker, A.M.Inst.T. 


THE legal contract of carriage entered into when 
goods are placed on rail is seldom considered until the 
question of a claim, stoppage in transit, or some such 
unusual happening occurs. The effect of some par- 
ticular regulation is then ascertained too late to be 
of any practical avail to the rail user. 

The rules governing the relations of railways and 
traders, so far as the transit of merchandise is con- 
cerned, have not been altogether satisfactory. Indeed, 
the haphazard manner in which the conditions of 
carriage have grown up is itself sufficient to prevent 
universal agreement. Some of the clauses were mere 
statements of the common law, others were the result 


of general Acts or special pieces of legislation, whilst 





others came to be adopted through accumulated experi- 
ence in the carrying of goods. 

The passing of the Railways Act of 1921 gave an 
opportunity for thoroughly overhauling the conditions 
and placing them upon a satisfactory basis. To enable 
this to be done, the railway companies were required 
to draw up fresh rules and submit them to the Railway 
Rates Tribunal for examination and ultimate approval. 
Procedure before the Tribunal allowed of the whole of 
the conditions being freely discussed between railways 
and traders. In practice, however, the two parties 
considered the conditions, and in most instances they 
were able to reach complete agreement, thus avoiding 
the necessity of the Tribunal imposing its will upon 
both sides. The new rules are therefore as much the 
responsibility of the traders as the railways, a state of 
things which indicates the comparatively harmonious 
relations of railways and rail users. Under the old 
order conveyance conditions were not necessarily the 
same on all lines, but the new or “ standard” terms 
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upon being sanctioned by the Tribunal became appli- 
cable without change to all railways. Their most 
important characteristic lies in their being, in the words 
of Section 43 (2) of the Railways Act, “* deemed to be 
reasonable.” The question of reasonable regulations 
has always been a source of great difficulty and has 
caused probably more legal disputes than any other 
single point. The fact of such a source of trouble having 
been laid by the heels is a matter for congratulation, 
although the benefits may not be fully realised for the 
time being. Another noteworthy feature of the 
standard terms and conditions is that they are enforce- 
able without any written or signed contract; in other 
words, the usual form of consignment note can be 
dispensed with. Previously, large firms were able to 
avoid the consequence of some of the carriage rules by 
using their own consignment notes for traffic forwarded 
at company’s risk. Now any kind of note may be 
used so long as the necessary descriptive particulars 
of the goods are inserted. 

The revised conditions are drawn up separately for 
goods at company’s risk, owners’ risk, damageable 
goods not properly protected by packing, coal, &c. 
At the same time, the right to enter into a special 
contract is retained in certain instances. As might 
be expected, the full text of the regulations provides a 
complete guide to the trader desirous of knowing his 
precise legal position in respect of any transaction 
with the railways. 

The first rule is designed to bring up to date the 
provisions of the Railways Clauses Act, 1845, and goes 
so far as giving full details of nature, weight, number 
of parcels, and other particulars necessary for rail- 
charging purposes. The same regulation makes it 
compulsory for the railways to sign a form, prepared 
by the trader, acknowledging receipt of the goods,) but 
such a form will not be taken as evidence of weight or 
other condition. 

Private siding owners are concerned with the second 
regulation, which deals with the labelling of wagons 
and sets out the details to be given upon every label. 
The greatest amount of interest naturally centres in 
the railways’ liability for goods during transit. Under 
the discarded rules the trader had, in theory if not 
always in practice, the onus of proving negligence 
against the carriers. The new rule, it is interesting 
to observe, entirely reverses this necessity by admitting 
liability in all cases unless the railways can prove the 
loss or damage to have been due to one of the excepted 
risks. For the most part, these excepted risks remain 
as before and come under the headings of Act of God, 
King’s enemies, restraint of princes, actions of 
Government departments, traders’ act, and inherent 
vice. One new exception, however, must be noted, 
and that is a “casualty.” This is described as an 
accident which could not have been foreseen by the 
exercise of all reasonable care and foresight. It 
includes both an explosion and a fire. The important 
point of this exception is that it is a modification of the 
railways’ common carriers’ liabilities, and was con- 
ceded owing to the companies having undertaken 
more than their strict liabilities in respect of the previous 
regulation. 

The rule as to the time limit for lodging claims for 
loss or damage has always given trouble in trading 
circles, but no redress had been possible before. The 
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opportunity afforded by the Tribunal’s examination, 
however, led to the traders making a formidable case 
for extending the old limit. The fact of claims having 
to be made in writing within three days disqualified 
many otherwise sound demands, and the rule was 
naturally considered unfair. The proposed extension 
was resisted by the railways, but they were not 
completely successful. Although the Tribunal decided 
that notice of damage, &c., must be made within 
three days, they allowed the claim itself to be put 
forward within seven days, whilst in the case of non- 
delivery fourteen days was extended to twenty-eight. 
Moreover, where the Tribunal could be satisfied that it 
was not possible to make the claim within these extended 
limits, the demand could not be denied on the grounds 
of its being out of date. In the event of goods being 
left on hand with the railways or not removed from 
their premises, the position is now regularised and a 
course of action laid down for all circumstances. 

The railways’ right of lien has been very considerably 
extended by the standard terms. Prior to 1928 the 
companies had nothing more than a particular lien in 
the ordinary way. They could not detain other goods 
as a means of enforcing payment upon one consignment 
unless they had secured a general lien by agreement. 
To-day the rules give them a general lien as a matter of 
right. A point like this is apt to have far-reaching 
consequences, as it places a large degree of power in 
the railways’ hands. 

Under the old arrangements no mention of warranty 
arose, but now all goods are warranted by the trader 
to be fit for warehousing or transit in the condition in 
which they are handed to the railways, unless a written 
declaration to the contrary is furnished when the goods 
are tendered for conveyance. 

One of the best features of the revised regulations 
is that they have been drawn up in clear terms, and 
thus lend themselves to a degree of understanding 
scarcely possible under the old rules which were 
abolished at the end of last year. 








ILLUMINATION AND FINE WORK. 


Ir is common experience that both the amount and 
the accuracy of work will suffer if it is done with inade- 
quate lighting, but little precise information is available 
to define what lighting is adequate for particular 
purposes. At the request of the Home Office, the 
Illumination Research Committee of the Department 
of Scientific and Industrial Research undertook in 
collaboration with the Industrial Fatigue Research 
Board, to make some investigation into this matter 
so far as concerned fine work, which in the first 
instance was taken to be represented by the hand- 
setting of small (7-point) type. In a preliminary 
report Mr. H. C. Weston, and Mr. A. K. Taylor 
presented an account of a few careful observations 
made with a view to determining the optimum amount 
of light on the working plane. These observations, 
so far as they went, showed that output tends to 
increase and errors to fall off as the amount of 
illumination is increased up to about 20 ft. candles, 
at which figure the result is much the same as with 
daylight. Such illumination is not usual in printing 
offices, and the investigation, moreover, gave no 
information about any effect to be produced by varying 
the distribution of light, or in other words, the method 


definitely that local lighting is inferior to any of the 
other systems, yielding a less output and more errors. 
As between the other methods no great differences 
seem to appear between direct and semi-indirect 
lighting, but semi-indirect combined with local lighting 
is somewhat inferior to either, and the indirect lighting 
is worse still, though less so if fitted with the tinted 
glass reflector. As the Report itself remarks, the 
number of subjects, which in these investigations was 
six, and in the previous investigations was only two, 
is not sufficient to justify any final conclusion, and it 
must be observed that the period of each test, which 
extended only over two days, seems hardly sufficient 
for even these workers to have accommodated them- 
selves to changes in the methods of the lighting. The 
results, moreover, seem hardly to justify the conclusion 
drawn by the Board and Committee as to the advantage 
of combining semi-indirect with local lighting. It 
seems clear, however, that in any case a considerable 
amount of general illumination is necessary for the 
best results, apparently so as to avoid too sharp 
contrasts. The results seem to be sufficiently uniform 
to justify the belief that observations on a larger 
scale, in which, perhaps, the amount of illumination 
might be varied as well as the method, may lead to 
positive results. 








GEARED DIESEL AND DIESEL- 
ELECTRIC LOCOMOTIVE TRIALS. 


Some information regarding a geared Diesel loco- 
motive of the 4-8-2 type, which was built by the 
Firma Hohenzollern A.-G. of Dusseldorf, for use 
in Russia, was given in the Zeitschrift des Vereines 
Deutscher Ingenieure* last year by Dipl.-Ing. N. 
Dobrowolski. 

The Diesel engine used is of the six-cylinder reversible 
type, and has a maximum output of 1,100 h.p. at 400 
r.p.m. The constant output is 800 h.p. at 300 r.p.m. 
The radiator is of the fin-tube type, and is divided 
into three sections, two of which are at the sides of the 


The line selected for the run was from Moscow to Baku 
and back, a distance of over 3,100 miles (5,000 km ) 
At the same time a Diesel-electric locomotive of 
the same power was subjected to the same trial 
in order to compare the performances of the two 
types*. 

The locomotives started from Moscow on July 6 
and 7, 1927, respectively, arrived at Baku on July 14 
and 15, started on the return journey from Baku 
on July 17, and reached their destination at Moscow 
on July 24. The distance covered by the Diesel-elec- 
tric locomotive was 3,200 miles (5,146 km.), and by the 
geared Diesel locomotive 3,250 miles (5,238 km.), 
The stops made at Kursk, Charkoff, Rostoff and 
Derbent Junctions, were for traffic purposes, for taking 
in fresh fuel, and to allow one locomotive to wait for 
the other, so that the dynamometer car could be 
changed over from one train to the other. A 
stoppage was made at Mineralnie Wody, due to the fact 
that trial runs were made with suburban trains to 
Kislowodsk. The stoppage at Baku was for the 
purpose of recharging the train tank cars. Both loco- 
motives arrived at Baku in good condition, and required 
no repairs. 

The time taken on the outward trip was longer 
than on the homeward trip, notwithstanding the fact 
that the load was increased during the latter journey. 
This was due to the fact that on the outward trip, the 
locomotives were run at a time interval of 12 hours, 
and the changing over of the dynamometer car caused 
considerable delays. On the homeward trip the time 
interval was only two hours, and the stops at the junc- 
tions were reduced to a minimum. The train weights 
and speeds are given in the accompanying table. The 
tests show that the net loads hauled by the geared 
Diesel locomotive were about 5 per cent. in excess 
of those hauled by the Diesel-electric locomotive ; 
the gross performance being 5,530,000 and 5,170,000 
ton-km. respectively. The fuel consumption calcu- 
lated per 10,000 ton-kg., was found to be about 





10 per cent. less for the geared Diesel type of 


RESULT oF TRIAIS OF SIMILAR TRAIN JOURNEYS, Moscow—Baxvu—Moscow, witH A DiIgSEL-ELEcTRIC 
Locomorive (I), AND A GEARED DigsEt Locomotive (II), Juty 6 To 24, 1927. 

































































of illumination. Accordingly, further investigations 
have now been made to determine whether any appre- | 
ciable difference could be found in the result of different 
methods of illumination, the actual amount being kept 
constant in each case at about 10 ft. candles. The 
results of this enquiry have now been published in a 
report by the same observers*. 

The previous investigation was made entirely with 
direct general lighting by gas-filled lamps, which were 
half frosted, and so fixed as to avoid any direct glare. 
Presumably, though it is not so stated, similar arrange- 
ments were adopted in the observations of the effects 
of direct lighting made in the present investigation. 
in addition, semi-indirect lighting was tried both by 
itself and in combination with local direct light, by 
which about half the illumination was provided, for! 
which purpose the local lights were somewhat under- 
run, and the colour of the light was a little more red 
than usual. A fourth test was made with indirect 
lighting by totally-enclosed lamps, the upper reflector | 
of which was made of pale blue glass. The last two 
types seemed to be found more restful or softer than 
the other methods of lighting, though, as a fact, the 
actual amount of illumination was the same. Some 
further investigation is thought desirable as to whether 
a coloured light is more comfortable for dealing 
with type than a white light. A preliminary experi- 
ment was also made with a type of fitting giving 
complete protection against glare, but providing the 
light: locally. 

Taken as a whole, the experiments seem to show 








* H.M., Stationery Office, 4d. net. 













































































; 
| Fuel Con- Mean Speed 
ras Performance | Total Fuel ; | - “ 
—r Weight of ° . : sumption running including 
Sections. Distances. train tons. a — per speed, Km. | halts, Km. 
/km. g- 10,000 tons. | per hour. | per hour. 
| | 
I II. i; II. I. II. i. II. FE. |. I. Il. 
-_——_ Km. z. a. 10,000 T/km.| Kg. Kg. Kg. Kg. |Km/h.|Km/h.) Km/h.) Km/h. 
; | 
Moscow-Kursk__.. a | 533 772 785 | 41°3 | 41°9 | 2,259 | 2,054 | 54°6 | 48°9 | 29°6 | 30°6 | 14°6 | 182 
Kursk-Charkoff ae 245 713 774 | 1775 | 185 995 802 | 56°8 | 48°8 | 28°0 | 30°0 | 19°7 | 20°0 
Charkoff—Rostoff | 524 988 863 | 50°9 | 44°4 | 1,920 | 1,649 | 37°7 | 37:1 | 25°2 | 30°0 | 18°4 | 202 
Rostoff—Prochladnaja . 592 940 883 | 54°6 | 51°3 | 2,862 | 2,203 | 48:2 | 43:0 | 30°0 | 30:4 | 15°9 | 20°4 
Prochladnaja—Gudermes*..| 181/227 925 913 | 16:1 | 20°7 407 821 | 284 | 39°6 | 33°0 | 281 | 23:4 4 
Gudermes—Derbent 25: 916 | 1,005 | 23:2 | 25°5 873 889 | 37:7 | 34°8 | 35°1 | 281 41 | 207 
Derbent—Baku 245 994 | 1,014 | 24-4 | 24:9 | 1,160 | 1,006 | 47°5 | 42°7 | 29°5 | 288 | 19°5 | 21:9 
| aver. | aver. | | | 
Moscow-Baku | 2573/2619 887 871 |228:0 | 2272 | 9,976 | 9,484 | 43°8 | 41°5 | 29:0 | 29:7 | 16°8 | 20°0 
As above, but excluding the | aver. | aver. | | | 
section Prochladnaja— | | | e 
Gudermes ae -»| 2,392 886 863 |211°9 | 2064 | 9,569 8,663 | 45:2 | 42°9 | 28:9 | 30°0 | 165 | 201 
Baku-Derbent ..  ..| 245 1,160 | 1,334 | 284 | 32-7 | 1,005 | 989 | 37-2 | 30-2 | 21°5 | 281 | 20:3 | 229 
Derbent—Gudermes eal 253 1,200 | 1,834 | 30°4 | 33°8 | 1,052 | 1,189 | 84°7 | 38°7 | 20°5 | 27-1 | 164 21°9 
Gudermes—Prochladnaja*..| 181/227 1,190 | 1,334 | 21°6 | 30°3 724 | 1,251 | 33°5 | 41°3 | 31°0 198 | 203 | 158 
Prochladnaja—Rostotf oof 692 1,200 | 1,310 | 69°8 | 76:2 | 2,424 | 2,177 | $4°7 | 28-7 | 283 | 283 | 175 | 180 
Rostoff—Charkoff .. eel 524 1,075 | 1,180 | 55:2 | 60°7 | 2,363 | 2,869 | 42°9 | 39°0 34°7 26:1 215 195 
Charkoff-Kursk.. on 245 1,075 1,180 | 26°4 | 28°9 949 972 | 36°90 | 33°6 | 34:2 | 298 | 20°8 | 233 
Kursk-Moscow .. 533 1,075 | 1,180 | 57:3 | 62-9 | 2,254 | 2,216 | 392 | 35-2 | 300 | 306 | 18:6 | 184 
aver, | aver. | | | | | * 
Baku-Moscow <- ve] 2573/2619} 1,112 } 1,245 | 280°1 | 825'°5 |10,821 |11,1 13| 37°8 | 8471 29°6 274 194 | 179 
As above, but excluding the aver. | aver. | | | | | | | 
section Gudermes- | , 
Prochladnaja —.. ee 2,302 1,116 | 1,282 | 267°0 | 204°7 | 10,097 | 9,862 | 37'8 | 83'S | 20°5 | 28:3 | 103 | 18. 
| | } \ | 


* 181 km. via Mozdok (Locomotive No.1) 


locomotive. A separate radiator is provided for cooling 
the oil, and is placed in front of the water radiator, so 
that it is exposed to the coldest air. An electrically- 
driven auxiliary pump enables the circulation to be 
maintained to the pistons after the engine has been 
shut down, so as to prevent any carbonisation of the 
oil, which might otherwise occur. 

The clutch is of the magnetic type and, it is stated, 
that its employment renders starting smooth and easy. 
Speed regulation is obtained by a three-speed gear box, 
which is also fitted with magnetic clutches. These 
clutches were made by the Magnet-Werk G.m.b.H., of 
Eisenach, while the gearing was supplied by Friederich 
Krupp, of Essen. 

The locomotive arrived at Moscow on March 5, 1927, 
and was at first put into service, hauling goods trains 
on the Moscow and Kursk Railway. Here it operated 
for four months, after which a long distance trial with 
an ordinary goods train was decided upon to test 
the reliability of the locomotive on continuous duty. 





227 kif. via Beslan (Locomotive No. 2). 


locomotive than for the Diesel-electric locomotive. 
The run from Prochladnaja to Gudermes may be 
eliminated as the locomotives travelled over different 
routes between these stations. The performance and 
fuel consumption for practically similar duty were 
thus 5,020,000 ton-km. and 18,525 kg. of naphtha 
fuel oil, or 36-8 kg. per 10,000 ton-km. for the geared 
Diesel locomotive, and 4,800,000 ton-km. and 19,660 
kg. naphtha fuel oil or 41 kg. per 10,000 ton-km. for 
the Diesel-electric locomotive. ; 

The average speeds over the journey, omitting again 
the runs from Prochladnaja to Gudermes, were 48 
follows: 18-14 miles (29-2 km.) per hour for the 
Diesel-electric, and 18-07 miles (29-1 km.) per hour, 
for the geared Diesel locomotive. The speeds were 
therefore practically the same. The results show that 
at the same average speed the weight hauled by the 
geared Diesel locomotive was about 5 per cent. more 
and its fuel consumption about 10 per cent. less than 
that of the Diesel-electric locomotive. 


——_———————— 








* Z.V.d.I., vol. 1xxi, pages 873 and 959 (1927). 





* Z.Vd.1., vol. lxxii, page 90 (1928). 
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LISTPROOF BOAT DAVITS. 


It is a fact, so well known as scarcely to need 
comment, that the difficulties of saving life at sea by 
resorting to the ship’s boats are greatly increased 
when the foundering vessel, as happens in most cases, 
hasa list. The lower side is generally not so dangerous 
to get the boats away from as the higher side, since, 
on the former, the davits overhang and the distance 
between the boat and the ship’s side increases with the 
lowering of the boat. When launching from the higher 
side, on the contrary, this distance decreases, and a 
difficult situation is rendered worse by the greater length 
of the falls necessitated, which permit freer movement of 
the boat against the hull of the vessel under the influence 
of wind or sea. If the lower side is put out of action 
by its being to windward with a heavy sea running, the 
higher side, with its greatly increased risks, must be 
used, and an attempt to minimise these risks by an 
ingenious apparatus, the basic principle underlying 
which is that of lowering the davits themselves over- 
board, has recently been made. This apparatus, the 
invention of Mr. A. Vreugdenhil, Zeeweg 346, Velsen, 
Holland, is fitted to the motor ships Kota Radja and, 
Kota Inten, of the Rotterdam Lloyd Royal Mail Line, 
and the installation is illustrated in the accompanying 
Figs, 1 to 4, 

From what has already been said, and from even a 
cursory inspection of Fig. 1, it will be realised that, when 
the davits are lowered over the side, the boat is kept at a 
constant distance from the ship, and the falls remain 
very short. Both davits are coupled rigidly together, 
40 that the structure may be lowered as a whole, though 
it must be understood that the boat remains freely sus- 
pended and ready to take the water, that is, if it is not 
carried in any sort of cradle. If the davits are lowered 
well down the side, the list, up to a degree approaching 
that at which the stability of the ship would vanish, 
isneutralised, as the overhang of the boat is unchanged. 
For this reason the name Listproof davit has been given 
to the apparatus. The davit proper, i.e., the portion 
from which the boat is suspended, consists of two 
frames of steel of a somewhat harp-like contour, 
coupled together by a lattice girder of triangular cross 
section, and carried on inclined supports. The over- 
hanging ends of the frames are furnished with pulleys 
over which the wire ropes, which replace the falls of an 
ordinary davit, pass. The lower end of the frame is 
turned up like the runner of a sledge, and for the same 
reason, since this part has to slide down the ways of the 
incline and the side of the ship. The details of the 
davit frame as a whole can be readily made out from 
Figs. 1, 3 and 4, but it may be mentioned that the 
three rectangular frames on the cross girder, visible in 
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the last two figures, are intended to serve as handrails 
when boarding the boat, the girder being formed as a 
gangway between them. 

The launching way structure is clearly shown in 
Figs. 1 and 3, but it must be pointed out that the main 
post, shown vertical in Fig. 1, is, in practice, inclined 
towards the centre line of the vessel, as clearly shown 
in Fig. 3. This post is hollow and contains, as will be 
seen in Figs. 1 and 2, a pulley system and balance weight 
which is connected through a spring shock-absorbing 
device to the davit. The weight of the empty boat, 
davits, and connecting girder, is balanced by the weights 
in the main posts, and the length of the rope in the 
system determines the distance overboard to which the 
davits may be lowered. This is capable of regulation 
by a stop in the post which may be placed in any one of 
four holes, and prevents the rising of the weighted 
pulley beyond the level selected. This stop and holes 
are clearly visible in the left-hand post in Fig. 3. The 





boat, of course, is not connected in any way with this 
balancing and lowering system, but is suspended by a 
pair of wire ropes, which pass over two pulleys on each 
davit, and are thence led over two pulleys on each post 
to a geared hand winch situated on the deck between the 
posts, and shown in Figs. 2 and 3. 

When stowed, the boat rests on chocks carried on the 
ends of levers which are kept in a vertical position by a 
pair of diagonal rods connected to a releasing device on 
deck. This arrangement will be clear from Fig. 2. 
Each chock is also stayed by a wire with a tension 
spring connected to the launching-way frame. The 
operation of launching is as follows: The boat having 
been prepared by casting off the covers, the crew take 
their places from the gangway on the cross girder. 
The man at the winch then pulls a lever which releases 
the diagonal stays of the chocks. These then fall 
outward under the tension of the spring stays, and fold 
down to the deck, as shown in Fig. 2. The winch is, 
at the same time, permitted to run under the weight of 
the loaded boat, and the davits slide down the launching 
way and over the side of the ship, as shown in Fig. 1. 
The speed of the descent is regulated by a hand-brake 
on the winch, the boat continuing to descend, if neces- 
sary, until it reaches the water, after the davits have 
been brought up by the balance weight gear. As will 
be seen in Fig. 4, there are no ways or guides on the 
ship’s side, but there is hardly likely to be any serious 
fore and aft movement. The davits, as fitted to the 
motor ships referred to, are to some extent experimental, 
and are fitted, in consequence, with hand-operated 
winches only. With a complete boat installation on a 
large vessel, electric winches might be fitted, controlled 
by a push-button device from the boat itself. 








RAILHEAD STORAGE AND DistRIBuTION.—The modern 
railway company is no longer merely a general carrier 
of merchandise from point to point. A variety of 
facilities, incidental to transport in its broader sense, 
have become necessary in order to meet the require- 
ments of present-day conditions. An illustrated book- 
let, entitled ‘‘ Railhead Storage and Distribution,” 
issued recently by the London, Midland and Scottish 
Railway Company, contains many interesting particulars 
regarding the warehouse and delivery service of the 
company. It is stated, for instance, that the L.M and 8. 
Railway owns 350 warehouses, representing 10 million 
square feet of space, and that this company is the largest 
owner of warehouses and storage yards in the United 
Kingdom. ‘These premises are all rail-connected, and, 
apart from being used for the storage of merchandise, 
are also employed as show rooms and offices. Some 
typical examples of the cost of warehouse and wharfage 
facilities are given. The booklet may be obtained from 
agents or district goods managers of the railway, or 
from the Chief Goods Manager, Euston, London, N.W.1. 
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THE REVOLUTION IN PHYSICS. 


~ THE nineteenth Kelvin lecture was delivered 
before the Institution of Electrical Engineers, 
on Thursday, April 19, by Sir Oliver Lodge, F.R.S., 
before a very large audience, his subject being 
“The Revolution in Physics.” This was the second 
time that Sir Oliver has acted as Kelvin lecturer, 
the first being in 1914, when he dealt with ‘“ The 
Electrification of the Atmosphere, Natural and 
Artificial.’’* 

At the beginning of the meeting, over which the 
President (Mr. Archibald Page) presided, the Fara- 
day Medal for 1928 was presented to Professor J. A. 
Fleming, F.R.S. Dr. Alexander Russell, F.R.S., 
dealt briefly with Professor Fleming’s work, remark- 
ing that it was his recognition of the importance of 
the Edison effect that had led to the invention 
of the thermionic valve. He had written some 
twenty scientific treatises and over 100 papers, 
several of which were classics. He had always 
been in the forefront of scientific progress, and his 
genius as a research worker had rarely been equalled. 
As a teacher he had no rival. 

The President, in making the presentation, said 
that while Faraday’s discovery, of which they would 
soon be celebrating the centenary, formed the basis 
of modern heavy electrical engineering, Dr. Fleming’s 
inventiveness had made possible recent advances 
in wired and wireless telegraphy and telephony, 
and had opened the way to much closer international 
communication. 

Dr. Fleming, who was enthusiastically received, 
in returning thanks, remarked that he had received 
the news of the award with great surprise. Many 
of his researches had been carried out in the same 
room at the Royal Institution as that in which 
Faraday had made his discoveries. 

The President then called upon Sir Oliver Lodge, 
who began his lecture with the dictum that nine- 
teenth century physics reached its climax in the 
discovery of the discontinuous nature of electricity 
and the isolation of the electron. The twentieth 
century had, so far, succeeded in putting everything 
that led to these developments back into the melting 
pot and in reducing the electron to a state of un- 
certainty, an uncertainty which had always existed 
as to its nature and constitution. The electron might 
still be treated as a structure in an unknown ether, 
but its size and shape could no longer be specified 
with the same certainty as seemed legitimate twenty 
years ago. This uncertainty, moreover, had extended 
to our views on the constitution of the electron it- 
self, for Schrédinger had adduced evidence to show 
that it was not so much a corpuscle or particle 
as a train of waves. The simplicity of the wave 
theory had been complicated into a kind of cor- 
puscular theory by the quantum, while at the same 
time corpuscles themselves were being resolved into 
waves. The present generation would have to wait 

for a complete solution of this interesting puzzle. 

The ether of space was also suffering temporarily 
from the same kind of doubt. It was argued that 
if radiation was something shot out in quanta it 
might be shot out into a perfectly empty space, and 
that the need for an etherial vehicle of communica- 
tion therefore disappeared. He (Sir Oliver) did not 
agree, but all the theories were being overhauled and 
the end was not yet. 

Kelvin would, no doubt, have been keenly 
interested, and also very much perturbed by the 
present state of physics, full as it was of hypotheses 
of a revolutionary character. The mathematical 
methods now employed were of a novel and undy- 
namical kind, very different from those used in the 
nineteenth century, which were so successful in 

dealing with the then known properties of matter. 
Those methods, however, failed as far as the ether 
was concerned. It was a mystery how ether and 
matter interacted. Both Kelvin and G. F. Fitzgerald 
had postulated, a dynamical ether, but discontinuities 
began to make their appearance in electrical pheno- 
mena, in radiation, and even in matter itself at tem- 
peratures approaching absolute zero. Mechanical 
theories had, therefore, to be abandoned. This was 
what was, or should be, meant by the statement that 
the ether no longer existed. But the arguments for 
an ether of some kind were as valid now as ever they 
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were, and Einstein himself had shown the physical 
necessity for it, in order to enable the new equations 
to be interpreted. The characteristic constant of 
the modern ether was the constitutional velocity c. 
This was of the same order as the velocity of light, 
and it dominated the present situation. 

In trying to expound some salient features of the 
present position, it might be worth while to make 
a few statements about the ether and the possible 
structure of the electron, and to remind an assembly 
of electrical engineers that electrons were what the 
Institution specially dealt with. They had had 
these active little creatures harnessed for some time, 
but they had never been allowed to see them, even 
metaphorically. Their nature could only be in- 
ferred from their behaviour, which was tractable, 
obedient and yet energetic. They could readily be 
driven along wires, but they could not be counted, 
and their velocity was unknown. But though, like 
innumerable things in physics, they could not be ex- 
amined by direct observation, the work of Faraday, 
Crookes, J. J. Thomson, Hertz, Lenard, Guthrie, 
Richardson, Planck, Lorentz, Bohr, Sommerfeld, 
and C. T. R. Wilson had enabled us to learn a great 
deal about them by inference. The same applied to 
the ether. 

In the great and remarkable advances and 
brilliant speculations of modern physics, Sir Oliver 
continued, there were signs of a vast simplification. 
The electromagnetic theory of light marked its 
beginning, while the electrical theory of matter, and 
the consequent recognition of matter as a form of 
energy, was another step in the same direction. 
The analysis of the atom was a third, and it was 
already possible to say that the whole material 
universe was built up of aggregations of the two 
opposite unit electric charges, which themselves 
appeared to be unknown structures in the ether of 
space. It was a great simplification to be able to 
reduce the whole complexity of material existence 
to these two ingredients. It must be admitted, 
however, that the reduction was not ultimate, 
because these two units could not be fundamental. 

In working towards this achievement, too, a 
curious state of things had arisen. Modern physics 
aimed at simplifying the complex, but, in its present 
stage, it had complicated the simple, or rather 
detected complexity in what had hitherto been 
regarded as simple. For instance, what could be 
more simple than ordinary locomotion—the motion 
of an atom, a cricket ball, or a flywheel? But 
there was much in this familiar fact of locomotion 
that was not yet understood. Again, a beam of 
light had hitherto seemed a comparatively simple 
thing, but its structure was now puzzling, and 
had acquired some of the properties of matter. 
Reciprocally, matter was acquiring some of the 
properties of light, the particle and the wave being 
now more closely related than would have been 
thought possible a few years ago. 

The discovery of the electron, that is, the dis- 
covery that electricity was discontinuous, and the 
discovery of the quantum, which affected physics 
from top to bottom, made discontinuity appear to 
reign supreme. But continuity was beginning 
again to rear its head in the theory of wave-dynamics. 
The quantum theory made waves behave something 
like particles ; the new dynamics made particles 
behave something like waves. It seemed certain 
that there must be ultimate unification in terms of 
the ether. Meanwhile, we were living in a transitional 
period of great complexity, in which things had to 
be regarded from two different, and apparently 
inconsistent, points of view. Planck himself, on 
the occasion of receiving a medal from the Franklin 
Institute last year, had pointed out that many 
physical concepts had turned out to be obscure and 
even contradictory. In the nineteenth century, 
anything that could be expounded in the terms of 
the motion of matter and the Newtonian laws of 
force was held to be explained, but now the very 
motion of matter itself was in need of explanation. 
Experience had obliged us to recognise that not 
only were the laws of mechanics not fundamental, 
but that even the basal concept of mechanics, the 
material particle, lost its meaning under the circum- 
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stated, but directly it was subject to acceleration 
with reaction between it and the surroundine ether, 
some kind of wave disturbance resulted. When the 
acceleration was violent, the electron seemed to 
merge into these waves, losing its shape and indivi. 
duality, and exhibiting its energy in some form of 
ether wave, as in the production of X-rays. Under 
conditions of centripetal acceleration, whenever the 
curvature of the particle was excessive, the energy 
of the electron was also conserved, but in a wave and 
not in a corpuscular form. Conversely, while 
corpuscular quanta in sharply-curved paths dis. 
solved into wave forms, radiant energy in empty 
space at high frequencies seemed to concentrate 
into points, which moved like corpuscles and con- 
stituted quanta of radiation. 

The difficulty in dealing experimentally with the 
subject, at the present stage, was that means did 
not exist for examining radiation in free space. It 
could only be dealt with when it interacted with 
matter. Nevertheless some confirmation of the 
wave structure as part of a flying electron had 
recently been made by Professor G. P. Thomson of 
Aberdeen.* Professor Thomson took a beam of 
cathode rays and analysed it by passing it through a 
very thin film of crystalline matter, so that it was ex- 
posed to something akin to diffraction. The result was 
that, when it was received on a photographic plate, 
there was an impact surrounded by a ring structure, 
which was immediately suggestive of ‘‘ interference,” 
that is of waves. The only doubt that might arise 
about the interpretation of this experiment was 
whether the periodic structure thus displayed 
was due to the crystal. The answer, no doubt, was 
that a regular molecular structure could not give an 
interference pattern as the result of the impact of a 
mere particle. Such a pattern could only result 
from the reception of something of the nature of a 
wave or pulse in a continuous medium. Accord- 
ingly, the experiment was a definite demonstration 
that the theory of de Broglie and Schrédinger, 
which postulated a wave structure as an accom- 
paniment of a rapidly flying electron, was well 
founded. It must also be admitted that details in 
the theory of such wave structures were confirmed 
metrically by the measurements made by Professor 
Thomson, and that there was also as close, or closer, 
an agreement between theory and experiment as 
could be expected. This conferred remarkable 
interest on the paper quoted. 

The theory was quite simple and might be set out 
as follows : First there was Planck’s discontinuity in 
angular momentum :— 

nh 
mvr= >— 
27 
nm being a whole number. When n was large, the 
discontinuity disappeared, but when » was small it 
became vital. When necessary, which was not 
often, m had to be interpreted as appreciably greater 
than the rest inertia, mo, in the familiar ratio required 
by Heaviside’s and J. J. Thomson’s theory for an 
electric charge moving through the ether with a 
velocity v. Next there was de Broglie’s hypothesis, 
as developed by Schrédinger, that in any electronic 
orbit stability was secured by a whole number of 
wave lengths in its associated, or constituent, wave 
structure, or briefly 
2rr=mX. 
Combining these gave the essence of de Broglie’s 
theory 
h 


A = — 
mv 


: a 
the ratio of angular to linear momentum being ro 


It thus followed that the linear dimensions of any 
diffraction pattern that the wave could be made to 
exhibit should be directly proportional to the speed 
of the associated or generative electron. This speed 
could be derived from the drop of potential P, 
through which the electrons had fallen in acquiring 
their momentum, in accordance with the usual 
energy equation. 

z™ v=eP. 

Thus 

h 


A © So mP’ 





stances of sharply-curved motion. An electron 
at rest, or in uniform motion in a straight line, had 





* See ENGINEERING, vol. xcvii, page 157 (1914). 


a shape and a position or speed, which could be | 





whence 2 \/P should be constant. 


* Proceedings of the Royal Society, vol. exvii, page 600, 
(1928). 
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Professor G. P. Thomson’s experiment consisted 
in sending a beam of electronic projectiles down a 
measured gradient of potential through a small 
aperture, through a crystalline film so thin that 
it only scattered them once, and then on to a pho- 
tographic plate, which received both the central 
impact and the surrounding pattern. This pattern 
sometimes consisted of dots, but was often of rings, 
thus demonstrating the wave-like nature of the 
impinging thing, while the deflection of the pattern 
as a whole by a magnet showed that the wave struc- 
ture was an essential part of the flying electron 
and was not ordinary light. The magnetic deflec- 
tion of a diffraction pattern was an experimental 
discovery, and the measurement of the size of 
the diffraction rings confirmed the theory and 
strengthened the position of wave mechanics. 

The diameter of the rings was inversely propor- 
tional to the speed of the electrons. In other words, 
the area of the rings was inversely proportional to 
the drop of potential to which the electrons were 
subjected. Furthermore, the absolute value of the 
theoretical constant, namely, 


JP ae? x 
r = J 2em = 3 x c.g.s. units, 


was found to be in agreement with theory. For 
instance, if P = 25,000 volts, = 83 electrostatic 
units, the value of A was 0-75 x 10-° cm., which 
was analogous to a very hard X-ray and gave 
a pattern of the same size. For a potential drop 
of 18,000 volts, the rings were about 3 cm. in 
diameter. For 44,000 volts the diameter was about 
2cm., and for 56,000 volts about 1-8 cm. This 
agreement between theory and observation was 
very satisfactory, but the important difference 
in nature between these nuclear waves and ordi- 
nary X-rays must not be forgotten, one variety 
being amenable to a magnetic field and the other 
unaffected. 

Thus the odd discovery seemed to have been 
made that a particle and a wave were opposite 
cases of something unknown, which when found 
would include both. Corpuscular theory and 
wave theory had always seemed to be in opposition, 
but now it had been found that a corpuscle in 
accelerated motion had a wave structure associated 
with it, while certain kinds of wave had a particle 
embedded in them. The full theory of radiation 
was bound to throw a light on the matter, and, 
presumably, light quanta, even in an absolute 
vacuum, had a real physical existence. The path 
of these light quanta, however, seemed to be deter- 
mined not only by whence they came, but by where 
they were at the moment and by whither they 
were going. 

This was a difficult conception, and Sir Oliver 
expressed the hope that it might be evaded in the 
purely material world. There was in it, however, 
a germ of a possibility of a physical theory of life, 
since live things differed from ordinary mechanism 
in that their actions were partly guided by the 
future. Meanwhile, we must be content to try 
and disentangle the relationship between particles 
and waves by unifying their laws. One of the 
steps towards that unification was to recognise 
that the motion of any given piece of matter 
could not be expressed in terms of that matter 
alone, but that the ether in which it moved must 
also be taken into account. The doctrine of 
relativity might be said to be the discovery of 
the interaction of the ether in all our ordinary 
experiences ; that is of some peculiarity in space 
involving the constitutional velocity c. Every 
motion involved this velocity and the mass, 
momentum and energy of a body depended on it. 
This was the only constant of the ether which had yet 
been determined. Meanwhile, he urged that what 
was denoted by 47m was in all probability a density 
and had a numerical value of 10" c.g.s. units, 


» 47 
while x Was analogous to a kinetic elasticity and 


had a numerical value of 10* c.g.s. units. This 
was a simple working hypothesis to be confirmed 
or rejected by further discovery. If the ether 
turned out to be a dense substance, stationary 
48 Tegards locomotion but circulating slowly along 
magnetic lines of force, and everywhere circulating 
vigorously in an almost infinitely fine-grained 
manner, then the hypothesis would be justified. 





The only experimental method of testing this 
seemed to be to measure the flow along the lines 
of an intensely powerful magnetic field, such as, 
in time, Dr. Kapitza, now working at Cambridge, 
might be able to produce. 

The only quasi-dynamical theory of the ether 
which seemed likely to survive was the perfect 
incompressible fluid in vortex motion, worked at 
both by Kelvin and G. F. Fitzgerald. The problem 
was how a substance which filled all space without 
the least obstruction to the passage of matter could 
transmit transverse vibrations. It was known that 
no ordinary fluid could do this, but the question 
arose whether it was possible in the case of a fluid in 
vortex motion. Investigation showed that, given 
a medium full of minute vortices circulating 
with a speed ¢, transverse waves akin to light and 
capable of polarisation could be transmitted, 
and that they would travel, according to Kelvin, 


with a speed of we, That theory of the ether 


was not developed owing to difficulties about 
stability. Though this was no longer fatal, a more 
deep-rooted objection was Clerk Maxwell’s demon- 
stration that the transverse disturbances associated 
with the propagation of light were electric in one 
direction, magnetic in the other, and not mechanical 
at all. Electrification and magnetisation, however, 
themselves required explanation, and they must 
be explained in terms of an etheric medium. A 
gyrostatic or rotational medium was, therefore, 
just what was wanted. 

If there was a flow, however, it must be excessively 
small, but it might be possible to observe it in 
an enormously strong field. But, although Dr. 
Kapitza could produce small local fields of enor- 
mous strength, he could not yet extend them over 
the length required to give a chance of detecting, 
by a beam of light, the leisurely etheric crawl along 
the lines of magnetic force. The crawl was small 
because the ether was a substance of an immense 
density, utterly different from the estimates made 
by Kelvin, and probably, as stated, about 10” c.g.s. 
units. 

If this were granted for the sake of argument, 
whatever we were ignorant about concerning the 
ether we knew the speed of radiation. This was 
only possible owing to the extraordinary properties 
of the ether. It was a definite and universal 
constant in free space, and applied to every wave, 
whether long or short. - If that were not true, the 
error must be left to far-distant posterity to detect 
and substantiate. As long as we neglected the 
ether, the velocity c had no meaning, but as soon 
as it was realised that every phenomenon was 
taking place in a universal medium characterised 
by a constitutional velocity c, we need not be 
surprised if that medium took part in everything. 
We could admit as likely that any theory which 
neglected it could only be approximate, and we 
could welcome the discovery that a complete theory 
of physics must somehow involve attention to the 
universal medium in which every action was taking 
place. 

The revolution in physics during the present 
century was such that mathematical speculators 
were soaring into the clouds of tensors and 
matrices, imaginary operators, and any number 


of dimensions of space. They dropped perturbing | P 


bombs, which were more like seeds than explosives, 
and those that took root flourished exceedingly. 
The bombs of the quantum and relativity were 
already accepted and cultivated, but how to regard 
the Schrédinger waves was still a question. They 
were more revolutionary than the quantum, while 
the latest Heisenberg and Dirac bombs were still 
under examination, and had yet to prove their 
fertility. Meanwhile wave mechanics represented 
the beginning of a comprehensive theory of the ether, 
which must be contemplated by everyone interested 
in physical reality. There might be several ways 
of regarding the same essential thing. Electric and 
magnetic explanations could never be ultimate 
so long as they could be resolved into something 
mechanically simpler. A vortex fluid, in which the 
laws of dynamics held in the innermost parts, how- 
ever much they might appear to be departed from 
in the gross, was about the simplest view of the 
substratum of the physical universe that could be 





imagined, in spite of the difficulty of treating it 
mathematically. It would be time to try to 
imagine something else when that conception had 
been proved finally wanting or irrevocably false. 

A vote of thanks to the lecturer was proposed 
by Dr. W. H. Eccles, F.R.S., and seconded by 
Mr. W. M. Mordey. 








ESTIMATION OF CARBON MONOXIDE 
IN MINES. 


For the detection and estimation of carbon monoxide 
in mine air, particularly during and after fires and 
explosions, the United States Bureau of Mines recom- 
mends, in Circular No. 6057, drawn up by G. S. McCaa 
and J. A. Davis, the iodine-pentoxide detector. The 
apparatus consists of three tubes, two of glass and one 
of nickel, the latter being joined to a rubber bulb, which 
is pressed by hand. The operator, who will be pro- 
vided with a gas mask, takes the apparatus in his hand, 
draws the suspected mine air in through the nickel tube, 
which is charged with activated charcoal, and expels it 
through one of the glass tubes, which is filled with the 
iodine-pentoxide mixture. Any CO present discolours 
the mixture, turning the white granules bluish green, 
violet or brownish-black. This colour is quickly 
compared with the colours of the granules of different 
shades contained in the five compartments of the 
second glass tube, which is mounted parallel to the 
first; thus, the percentage of CO present, 0-1, 0-2, 0-3, 
0-5, or 1-0 per cent., is estimated. The other chemical 
reagents and methods available for this purpose, are 
pyrotannic acid, which has its limitations, and 
volumetric gas analysis, which requires cumbersome 
apparatus. Test animals, mice and canaries, are also 
used for CO detection; they are highly sensitive to 
CO poisoning, and only revive if quickly removed into 
fresh air. 

The pentoxide mixture in the glass tube is known 
as hoolamite. It is a patented preparation, due to 
Hoover and Lamb, and consists of grains of pumice 
stone soaked in fuming sulphuric acid and iodine 
pentoxide. The CO gas reduces this pentoxide to 
iodine, being itself oxidised to CO,, and the iodine 
liberated produces the colour change mentioned. 
Unfortunately, ethylene, some higher hydrocarbons 
contained in petrol and natural gas, and hydrogen 
chloride also liberate iodine ; for that reason the air is 
first drawn through activated charcoal, and the charcoal 
has to be renewed as it becomes saturated in the course 
of time. As the discoloration of the grains fades 
quickly, ten tests are usually made in rapid succession ; 
that is to say, the bulb is pressed and released ten 
times so that air is drawn in through a valve and ex- 
pelled through the hoolamite ten times before a colour 
comparison is made. If the colouring is too faint, 
another series of ten tests is made. The hoolamite is 
supplied in glass tubes drawn out to fine points at both 
ends; the tips are broken off before the tube is fitted 
into the apparatus, and the outlet is afterwards closed 
by a cap so that the tube may be re-used. The 
poisonous fumes of sulphuric acid and other gases and 
vapours from the hoolamite tubes should not be 
inhaled, and the tubes should not be thrown away 
carelessly. The apparatus is easy to handle, but does 
not indicate that the air is deficient in oxygen; neither 
does it give warning of the presence of CO before the 
actual test. 








UnIverRSITY COLLEGE PusLic LectuREs.—Among the 
public lectures to be delivered during the summer term 
at University of London, University College, Gower- 
street, London, W.C.1, are the following :—‘‘ The Value 
of Aviation to the British Empire,” to be given by Sir 
Samuel Hoare, at 5.30 p.m., on May 11 next, and three 
lectures, on May 31, June 1 and 4, next, also at 5.30 
.m., on ‘‘Chemical Kinetics,” by Professor Max 
Bodenstein. The above lectures are free and no tickets 
are necessary. 


Launco# oF THE M.S. “‘ MuncasTEeR CastLE.”’—Messrs. 
Cammell Laird and Company, Limited, successfully 
launched recently from their Birkenhead yard, the 
twin-screw motor cargo vessel ;Muncaster Castle, 
which is the second of two similar vessels the firm 
have in hand for Messrs. The Lancashire Shipping 
Company, Limited, of Liverpool. The vessel is built 
on the Isherwood combination system of framing, with 
@ straight stem and an elliptical stern, and her principal 
dimensions are: Length, 425 ft., breadth, 56 ft., and 
depth, 31 ft. 9 in., while the displacement load is about 
13,200tons. The propelling machinery consists of two sets 
of four-cycle,single-acting, six-cylinder Werkspoor engines, 
which have been supplied by Messrs. The North Eastern 
Marine Engineering Company, Limited, and have been 
designed to give a speed of approximately 14 knots. All 
the deck and engine-room auxiliaries are electrically 
driven, with the exception of the emergency oil-fuel 
transfer pump, the emergency air compressor and two 
feed pumps which are driven by steam supplied by @ 
Cochran boiler. The electrical power is supplied by four 
auxiliary Diesel engines made by Messrs. W. H. Allen 
and Sons and Company, Limited, of Bedford. 
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Fia. 9. CHAIN-FEED EDGING AND 


Messrs. J. SAGAR AND ComPANy, LIMITED. 


THE BUILDING TRADES EXHIBITION. 
(Concluded from page 478.) | 

Messrs. J. Sagar and Company, Limited, of Halifax, | 
were exhibiting a number of types of woodworking | 
machinery, among which mention may be made of | 
the chain-feed edging and sawing machine which is | 
illustrated in Fig. 9. The main frame of this tool, | 
which is intended for ripping and edging boards at a | 
high speed, consists of a one-piece cored casting, 
well-braced to eliminate vibration. The saw spindle 
is of steel, and runs in three ball and roller bearings 
which are enclosed in dustproof housings. Vertical 
adjustment of the spindle is effected by a hand wheel 
and screw, which are mounted on ball thrust collars, 
the hand wheel being conveniently placed so that it can 
be operated from the front of the machine. The saw 
spindle slide can be locked. 

The feeding mechanism consists of an endless 
chain, which passes over sprocket wheels so that, 
it is claimed, noiseless smooth running and con- 
tinuous feed are both obtained. This chain is| 
fitted with a series of serrated metal lags, which | 
firmly grip the material that is being sawn and ensure | 
that it is propelled through the machine in a straight | 
line. These lags are 64 in. wide and are accurately | 
machined on the top, bottom and sides. They are 
fixed to the chain by means of steel screws. The 
shaft brackets for the sprocket wheels carrying the 
chain are fixed at each end of the main frame and 
carry bearings, which are fitted with phosphor-bronze 
bushes. These bearings are provided with suitable 
lubricators and the front bracket is easily adjustable 
horizontally by means of a screw and worm gear, 
so that the tension of the chain can be varied and 
any slackness taken up. The chain adjusts itself 
laterally in its guideways. The feeding mechanism 
is driven from a variable-speed gear by means of 
a steel chain. This gear box is fitted inside the machine 
frame, and is operated by a belt on the saw spindle 
through fast and loose pulleys. The gears are of 
nickel steel and are mounted on a shaft of the 
same material. They run continuously in oil. Three 
feeds of 60 ft., 100 ft. and 150 ft. per minute are pro- 
vided, the speed changes being controlled from hand 
levers at the feeding end of the machine. The feed 
chain is lubricated from a metal oil well, which is 
placed underneath the fiont end of the table. Suitable 
tube connections, with stop taps, are provided, and 
four drip valves are fitted immediately above the 
edges of the feed chain. 

The pressure apparatus over the feed chain consists 
of two 7}-in. rollers and four small pressure rollers 
on each side of the saw. The large roller in front of 
the saw is driven by a flexible shaft, while all the 
pressure rollers are loaded by spiral springs so as to 
maintain a close contact between the timber and the 
feed chain. These rollers are adjustable in every 
direction, thus ensuring accuracy of the work. Both 
the top pressure rollers and the saw are enclosed in a 
box casting, which is provided with a hinged gate so 
that easy access to the saw is possible. This casting 
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Fie. 10. Dousie-SPprinpDLE RECESSING MACHINE; 
Messrs. J. SAaGAR AND Company. LiMiTED. 

















Fie. 11. SanpD-PAPERING Macutne; Messrs. Toe Dominion Macuinery Company, LiMiTED. 


| is mounted on a double slide, which can be raised and 


lowered by a screw and hand wheel to take different 
thicknesses of material. A graduated index plate is 
provided to indicate the height of the rollers above the 
surface of the table. A guard, consisting of a series 
of adjustable brass finger plates, is provided in front 
of the first top roller. These plates are carried on 
a hinged bracket and the ends of the fingers auto- 
matically adjust themselves to the thickness of 
the material and prevent any “kick back,” which 
might result in injury to the operator. 

The table is made in two sections, which are mounted 
on the main frame at each side of the feed chain gap. 
Each side of the table is fitted with adjustable steel 
slides for the feed chain. The table itself is 5 ft. 3 in. 
long by 4 ft. 2 in. wide, and material up to 26 in. 
wide can be cut. The minimum length that can be 
worked is 9 in. and the maximum thickness 4 in. 
The largest size of saw that can be used in 15 in. in 
diameter, and the saw speed is 3,000 r.p.m. The 
approximate power required to operate the machine 
is 15 h.p., and, if required, the machine can be fitted 
with a self-contained motor. An adjustable fence, 
which moves on a slide bar attached to the front end 
of the table, is provided and fitted with a dimensioned 
rule and eccentric-handle cramp This fence can be 
used on either side of the saw and can be quickly 
removed clear of the table. A steel pointer is provided 
to indicate the centre of the saw, and an adjustable 
guide enables the edge of irregular edged material to 
be lined up before the cut is made. The machine 
includes a truing device, which consists of a series of 
adjustable carborundum stones, one of which is used 
to true the periphery of the saw and the others to trim 
the teeth sideways. 

The same firm were exhibiting a double-spindle 








recessing machine for cutting stair strings. This 
is illustrated in Fig. 10. Rigidity is again a feature 
of the main frame which supports the table. The 
latter, in turn, carries an adjustable fence which can 
be swivelled in either direction, thus enabling string 
boards to be worked at varying gradients. The table 
also carries a number of stops for setting out the 
string board required, a stop being provided to drop 
into the nosing of the first housing. This automatically 
spaces out the remaining housings in the string, the 
latter being moved forward longitudinally by hand 
against the table fence. The trenching cutter spindles 
run in ball and roller bearings and are mounted 
in headstocks which move along both sides of a right- 
angle slide frame, the latter swivelling from the over- 
hanging arm of the machine. This slide frame repre- 
sents the track of the housings for the treads and risers 
in the stair string boards. The spindles are driven by 
belts from the countershaft of the machine. These 
belts run over adjustable carrier pulleys, which are 
mounted on a swinging arm, thus compensating for 
variations in the belts when the spindle headstocks 
are adjusted. The cutter spindles, when pulled for- 
ward, are counterbalanced by weights. The makers 
claim that, on this machine, no marking out of the string 
boards is necessary, and that, after the first adjust- 
ments have been made, no further setting out 18 
required. Moreover, no jigs need be used, and the 
cutters always work with the grain. The adjustable 
fence can also be set to the pitch of the stairs. : 

The same firm were showing an example of their 
10-cwt. friction hoist, which consists of a winch, guide 
rails, travelling platform and the necessary driving 
gear. This hoist can be operated by either an electric 
motor or an oilengine. It is easily convertible into @ 
concrete-elevating plant by adding a tipping skip to 
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Fig. 13. Exevatinc Puamitt; Messrs. H. anp E. Liytorr. 


the platform and a receiving hopper to the top. 
All the main operating parts of the winch are 
in duplicate, and phosphor-bronze bearings are used 
throughout. 

The Dominion Machinery Company, Limited, of 
Halifax, were exhibiting their Super-Elliot wood- 
worker, which is now fitted with a 16-in by 9-in. 
thicknesser, as well as with 12-in. rip and cross-cut 
Saws, two side cutters, a j-in. dado head with knives, 
a }-in. dado head, a drill chuck to take a }-in. shank, 
and an emery wheel. It can, therefore, rip material 
up to 6-in. thick; surface and thickness to 16 in. 
and 15 in. by 9 in., respectively ; and, in addition, 
cross-cut, bore, trench, tenon, chamfer, rebate, mitre 
and house-out stair-strings, while a dovetailing arrange- 





ment can also be fitted. The machine is fitted with 
ball bearings throughout, and all the working parts 
are balanced to reduce vibration. A 3-h.p. motor 
is used for driving, and operates direct on the 
spindle. 

The same firm were showing the sanding machine, 
which we illustrate in Fig. 11. This is mounted on 
a cast-iron base, the sand-belt pulleys running in 
dust-proof ball bearings at both ends, thus permitting 
a high operating speed and eliminating the friction 
which occurs when the pulleys are held at one end 
only by the overhanging shaft. The belt-tightening 
arrangement used allows either side to be taken up, 
so that any side stretch can be counteracted. The 
table is also adjustable, so that the belt can be run 
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Fia. 14. PrensertHy Sump DraIner; MEssrs. 
W. H. Wititcox anp Company, LimiTep. 


either slack or tight. The main casting is in one 
piece, and the slides for taking up the belt are 
embodied in it. The pattern illustrated is designed 
for fixing on a bench, but it can also be supplied 
for floor mounting. The machine exhibited carried 
a 12-in. belt, but it is also made in 9-in. and 14-in. 
sizes. 

The A.C.E. Machinery, Limited, of Porden-road, 
Brixton, London, 8.W.2, were showing a number of 
friction hoists, block, slab and brick-making machines, 
and concrete mixers. Among the latter, mention 
may be made of the rotary cube mixer, an illustration 
of which is given in Fig. 12. This is of the gravity 
type, mixing being effected by the shape of the drum. 
When revolving, this turns the material over with a 
zig-zag movement six times per revolution, thus ensur- 
ing a very thorough mixing. There are no paddles or 
blades, so that it is easy to keep the drum clean and the 
number of wearing parts is reduced to a minimum. 
The machine illustrated has a batch capacity of } cubic 
yard, and an output of 8 cubic yards per hour. As will 
be seen, it is fitted with a loading hopper and automatic 
water-gauging tank, and can be arranged for driving 
through mechanical and chain gearing by either a 
petrol engine or an electric motor. 

In a somewhat smaller machine made by the same 
firm, the mixer and engine are combined with a barrow 
hoist to form one portable unit. Both the mixer 
and the hoist can be driven by the engine, either 
together or separately. The hoist can lift 5 ecwt. 
when a direct lead is employed, and the output of 
the mixer is 5 cubic yards per hour. 

The elevating pugmill illustrated in Fig. 13 was 
exhibited by Messrs. H. and E. Lintott, of Horsham, 
Sussex, as a contribution to the solution of the problem 
of reducing labour costs in building. As will be seen, 
the mill is fitted with both an elevator and crushing 
rollers, and is designed to deal with all types of clay, 
the pug being delivered direct on to the table, thus 
eliminating boy labour. Its capacity is from 800 to 
1,000 bricks per hour, according to the nature of the 
raw material. 

An ingenious modification of their well-known 
Penberthy sump drainers was being shown by Messrs. 
W. H. Willcox and Company, Limited, of 38, South- 
wark-street, London, S.E.1. This consists essentially 
of a small electrically-driven pump, the operation of 
which is controlled by a float operating a mercury 
switch. The arrangement of the various devices is shown 
in Fig. 14, from which it will be seen that the appa- 
ratus comprises an electric motor A, which drives an 
impeller pump K directly through a shaft E and flexible 
coupling. The motor used for driving is connected 
through a flexible armoured lead B to any convenient 
lighting socket or wall plug. Itis mounted on ball bear- 
ings, and is specially impregnated to resist moisture, 
The pump is supported on an independent bearing, so 
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that the motor shaft has only to transmit the torque. 
The switch C is of the mercury-tube type, and is fully 
enclosed and armoured to prevent damage and the 
penetration of water. The operating rod D, which 
works as described below, is protected by a brass 
supporting column M, which also ensures rigidity and 
prevents foreign matter from winding up on the bronze 
impeller shaft. The top of the impeller shaft itself 
is supported on ball bearings, so that no whip occurs 
and the chance of the bearings wearing eccentrically 
isremoved. The sump in which the pump operates, 
can be made of a piece of 15 in. by 18-in. sewer-pipe 
set into the floor and must not be less than 24 in. deep. 
This sump must be situated at the lowest point of the 
cellar, so as to collect all the drainage, and a cover 
to keep out dirt and refuse is also desirable. The 
pump is of the centrifugal type, and consists of a 
machined bronze open impeller of Penberthy design. 
It is sufficiently powerful to raise the water 18 to 20 ft., 
and runs submerged, being thus always primed. It 
should be arranged to discharge into a #-in. or 1-in. 
pipe L. The bearing at the submerged end is of the 
oil-less type, and a large area strainer is provided well 
above the possible sediment deposit at the bottom of 
the sump. The whole equipment is mounted on a rigid 


brass base. 
The operation of the device is simple. 


starts up and drives the pump. 


with the pull off collar H, thus causing the control rod 
to fall and switch off the current. 

The drainer is made in two types. The smaller has 

a discharge capacity ranging from 900 gallons per hour 
with a 5-ft. lift to 250 gallons per hour with a 20-ft. lift, 
while the capacity of the larger is from 2,000 gallons per 
hour to 500 gallons per hour, with the same range of lift. 
The motor in the former case has an output of 1/15-h.p. 
and in the latter -h.p. It is claimed that this drainer 
is particularly suitable for use where the town water 
pressurezis either very low or non-existent, where 
excessive quantities of seepage water have to be 
handled, and where low operating costs are an im- 
portant factor. The same firm were also showing 
patterns of their water-operated drainers with the 
ejector placed either above or below the float, as well 
as semi-rotary wing pumps for country-house purposes. 

The Pragos Engineering Company, Limited, of 351, 
Brixton-road, London, 8.W.9, were exhibiting an 
automatic proportioning, mixing and feeding machine 
for clay, designed to increase the output above that 
possible when hand feeding is used, as well as to reduce 
the costs and irregularity inseparable from the latter 
method. Irregularity is especially serious when a clay 
face contains beds of different materials, or when the 
clay has to be mixed with sand or other materials. 
The continuous feed, which is possible with the machine 
shown, also, it is claimed, reduces the power required to 
drive the grinding or crushing machinery since load 
variations are eliminated. 

The feeder consists essentially of a trough, which is 
divided into as many parts as there are materials to 
be mixed, and the proportion of each material in the 
mixture discharged is regulated by moving a vertical 
slide so as to adjust the thickness of material passing 
from one chamber to the next. As the materials 
travel forward in the desired proportions, they pass 
under a rotating cutter, which cuts off thin slices of 
each material, the resulting mixture falling in a con- 
tinuous stream into the grinding mill. The output of 
the feeder depends on the speed of the conveyor belt 
and on the height of the slides. It is suitable for 
dealing with all kinds of clay, with the addition of 
grog or ashes, or for proportioning sand or gravel with 
lime or cement. 

Messrs. William Wadsworth and Sons, Limited, of 
Bolton, were exhibiting one of their ‘turn lifts.” 
This is a combined lift and turntable, and is in- 
tended for use in garages, the design enabling a 
car to be delivered at any point of a circle on 
any number of floors. Messrs. Medways Safety 
Lift Company, Limited, of Dartford, were showing 
their latest pattern of worm-geared electric lift equip- 
ment. This is fitted with a V-sheave drive and with 
an electrically-operated control panel and rheostat. 
The gear and contfoller are connected up to an operating 
switch, as in car-switch lifts. The same firm were 
showing their device for automatically opening and 
closing lift doors. Messrs. Marryat and Scott, Limited, 


of Hatton Garden, London, E.C.1, were exhibiting 
their Universal Utility lift, which is designed to raise 
a load of 40 lb. at a speed of 80 ft. per minute. The 
principal point about it is that the various parts are 
sent out in such a way that it can be erected by unskilled 
labour, 


As the 
water level in the sump rises, it lifts a leak-proof copper 
float G, which slides freely on the supporting column. 
When this reaches its upper level, it closes the mercury 
switch through the operating rod, so that the motor 
The water level at 
which this occurs can be varied by an adjustable collar 
F on the operating rod. As the water level falls, it is 
followed by the float until the latter comes into contact 
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PILE SINKING BY AIR PRESSURE. 


Tue Pressure Piling Company, Limited, of 50, Pall 
Mall, S.W.1, have just completed the preparation of 
a foundation for a new warehouse at Three Cranes 
Lane, in the City of London. The ground here was of 
a very unsatisfactory character for a depth of 30 ft. to 
40 ft. from the surface, at which level, however, the 
London blue clay is met with. The use of ordinary 
piles would have been objectionable owing to the 
noise and vibration inseparable from the operation of 
driving. With the pressure piles this is avoided, as 
the operation of sinking them is essentially that of 
well boring. Ordinary well tubing is sunk in the ordi- 
nary way until a sound stratum is reached. Concrete 
is then poured into the tube, and the top of the latter 
is closed temporarily by a cap, which is connected up 
to a supply of air at a pressure of 150 |b. per sq. in. 
This forces the concrete into the ground round the foot 
of the tube, and whilst the concrete is still soft the tube 
is raised up to a little below the level of the concrete 
in it. Fresh concrete is then added, and the opera- 
tion repeated, as often as necessary, till the concrete 
attains ground level. Reinforcing rods are generally 
embedded in the concrete, and as they extend above 
ground level they can be readily tied into floor slabs or 
girders. This method of sinking piles is one requiring 
very little head room. In some of the work done by 
the company at the Belfast Customs House, all that was 
available was 6 ft. The piles can, moreover, be sunk at 
an angle. Owing to the method used for concreting, 
an enlarged club foot is formed at the base of the pile, 
which greatly increases the effective bearing area. 
Thus a 12-in. test pile, withdrawn at Belfast after 
completion, proved to have a foot over 3 ft. in diameter. 
Owing to the use of air pressure, the concrete is 
thoroughly consolidated. Since the concrete is poured 
in situ, the actual operation of piling is not delayed by 
the necessity of waiting for the hardening of the con- 
crete, and since the pile is formed in place, it is not 
necessary to handle it as a whole, and the reinforce- 
ment can therefore be proportioned solely for the load 
to be carried, and not to provide for the stresses 
arising in handling and driving. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Many sections of the iron, steel and 
engineering trades of this area are gradually consolidating 
their position. Some departments still complain of 
the scarcity of orders, and the continued fierceness of 
foreign competition, but the general state of affairs 
is not without its encouraging features. The output 
of the steel-producing furnaces shows an upward 
tendency. More orders are arriving, and the increased 
number of inquiries in circulation gives hope of some 
substantial contracts being placed in this area both on 
home and overseas account. Local quotations show 
no change, but compared with Continental prices they 
are still viewed favourably by users, owing to the 
superior quality of British steel. Railway rolling-stock 
departments are responsible for a big output of wheels, 
axles, tyres and springs, while contracts have been 
booked from India, South and East Africa, and the 
Argentine, for trucks and carriages. Makers of ship 
steel, and marine forgings and castings, are not so 
happily placed. Sheffield firms are receiving their 
share of the limited amount of armament work in 
circulation. More business is flowing into the machinery 
trades. Electrical apparatus is in brisk demand, and 
is likely to continue so for some time ahead. Mining 
requirements for use at home are in moderate request, 
but gold, silver, lead, tin, &c., mining engineers abroad, 
are proving better customers. Agriculturists at home 
are ordering machinery and implements in bigger 
quantities than in previous years, while Colonial farmers 
are also good buyers. The tool trades are patchy, with 
engineers’ and garden tools as improving sections. 

South Yorkshire Coal Trade.—The amount of business 
passing is still below normal. Only one or two sections 
show slight improvement. The demand for the various 
classes of industrial fuel is about the same, but an 
early change for the better is anticipated. Colliery 
sidings are free from stock, former surpluses having 
been worked off through the restriction of outputs 
at pits. There is a poor demand for house coal, and 
with the advent of warmer weather, the market is 
likely to show no movement in the near future. Blast- 
furnace coke is steady, while there is a better demand 
for foundry and furnace varieties on home and export 
account. Gas coke continues firm. Quotations: Best 
hand-picked branch, 27s. 6d. to 29s. 6d.; Derbyshire 
best brights, 20s. 6d. to 21s. 6d.; best house, 19s. to 
20s. 6d.; screened house, 16s. to 17s. 6d.; screened 
nuts, 15s. to 16s.; Yorkshire hards, 15s. to 16s. ; 
Derbyshire hards, 14s. 6d. to 15s. 6d.; rough slacks, 
8s. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s.; smalls, 
3s. to 4s. 6d. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The decision of the Government to 
help the heavy industries of the country in the matter 
of the burden of rates has met with the welcome approval 
of colliery owners, but great disappointment is felt at the 
fact that the relief will not be forthcoming for another 
eighteen months. This, it is felt is like closing the stable 
after the horse has left. The general opinion is that the 
coal industry is in need of early and substantial relief. 
Only recently it was pointed out to the Prime Minister 
that the trading losses sustained by the South Wales 
collieries, in the year ended January last, amounted to 
2,208,855l., and that, in the last three months, the losses 
were equal to ls. 6d. per ton or at the rate of 3,000,000. 
per annum. It was also pointed out that, since January 
of last year, 56 collieries have had to close down, that 
several collieries have gone into liquidation, and that 
nearly all the collieries are in the hands of the bankers. 
Some 70,000 men are unemployed, while the monthly 
wages bill of the Welsh collieries has decreased from 
2,336,000. in 1925 to 1,647,000/. In the light of these 
facts it is felt that immediate assistance must be forth- 
coming if the Welsh coal industry is to be saved, and it is 
thought that an immediate concession of so much per ton 
should be allowed, otherwise it may be too late. Meanwhile 
the colliery owners are continuing their efforts to stabilise 
prices. An understanding has already been reached in 
respect of the sale of large steam coal, and consideration Is 
now being given to the question of fixing minimum prices 
forsmallcoal. At the same time the position in the Ruhr 
is being keenly watched, as it is believed that, with an 
increase in production costs in that area, a stimulus will be 
given to the demand for Welsh coal. At any rate 
colliery salesmen are firmly adhering to the agreed minl- 
mum prices and, though some collieries are in need of 
orders, they prefer to take the risk of stopping rather than 
cut quotations. Best Admiralty large coal is steady at 
19s. to 19s. 9d. and best black veins realise 17s. 3d., 
while other large coal ranges from 16s. 6d. Small rule 
from 10s. 6d. to 12s. 9d., and it is believed that the 
minimum schedule will be round market values. An 
encouraging feature is the fact that exports of coal from 
South Wales, in March, were raised by 202,000 tons to 
1,928,514 tons, which represents the largest quantity 
despatched in any month since September, though the 
average selling price. 17s. 24d. per ton f.o.b., showed a 
reduction of 1}d. per ton. Exports of anthracite were also 
raised by 12,750 tons to 144,864 tons, and the selling 
price by 3d. to 20s. 64d. 

Iron and Steel.—Exports of iron and steel in the past 
week totalled 32,164 tons, an advance of 14,000 tons over 
the total for the preceding six days. Shipments of tin- 
plates and terneplates were raised from 4,673 tons to 
14,720 tons, blackplates and sheets from 1,239 tons to 
2,480 tons and other iron and steel goods from 6,903 oe 
to 10,791 tons; those of galvanised sheets, however, 
were reduced from 5,504 tons to 4,173 tons. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The situation in the Cleve- 
land pig-iron trade shows little change. Makers’ stocks 
are small, and current needs fully absorb the limited 
output. Shipments to overseas destinations remain very 
small, and are not expected to expand to any extent; 
local requirements, however, promise to continue large and 
deliveries to Scotland are expected to go steadily forward. 
Home customers at a distance are also likely to make 
further purchases. Ironmasters adhere firmly to their 
fixed figures, though they are rather keen to book orders. 
No. 1 quality is 68s. 6d.; No. 3 g.m.b., 668.; No. 4 
foundry, 65s.; and No. 4 forge, 64s. 6d. 


Hematite—Conditions in the East Coast hematite 
pranch are still very unsatisfactory, but they are steadily 
improving. Both home and Continental demand is 
gradually increasing, and output is to be reduced by a 
furnace changing over to the manufacture of Cleveland 
pig. Unprofitable figures have still to be accepted for iron, 
and makers are inclined to take a rather firmer stand. 
Normally, market quotations remain on the basis of 70s. 
for mixed numbers. 


Foreign Ore.—Sales of foreign ore are little heard of. 
Supply is becoming less plentiful and quotations are 
stiff. Best rubio is fully 22s. 6d. c.i.f. Tees. The 
strike of ore miners in Sweden threatens to continue 
for some time. More extensive use is now being made 
of local ironstone, the output of which is increasing. The 
Ayton mine of Messrs. Pease and Partners is being re- 
opened after having been closed since August last. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
quite plentiful, but buyers are rather backward. Good 
average qualities are obtainable at 17s. 9d., delivered 
here. 


Manufactured Iron and Steel.—Finished iron producers 
are busy, and constructional steel manufacturers are 
actively employed. Rather considerable quantities of 
semi-finished steel are also being made for home use. 
There is, however, some general slackening in home 
demand for steel, and export business is small. Common 
iron bars are 107. 5s.; best bars, 101. 15s.; best best, 
lll. 5s.; iron rivets, 110. 15s. ; packing (parallel), 77. 10s. ; 
packing (tapered), 107. ; steel billets (soft), 67. 15s. ; steel 
billets (medium), 7/. 2s. 6d. ; steel billets (hard), 7/. 12s. 6d. 
steel rivets, 111. ; steel ship plates, 87. 7s. 6d. ; steel angles, 
7l. 17s. 6d. ; steel joists, 71. 17s. 6d.; heavy steel rails, 
8l. 10s.; and galvanised corrugated sheets, 131. 2s. 6d. 








GENERATING PLANT EXTENSIONS AT DONCASTER.— 
The increasing demand for electrical power in Doncaster 
has necessitated a number of extensions to the municipal 
generating plant during the last few years, the latest 
of which, a 7,500-kw. turbo-alternator with condensing 
equipment, high-tension switchgear and an additional cir- 
culating water intake, was formally opened by the Mayor 
(Mr. H. Warren), on Thursday, March 29. Two water- 
tube boilers, each with a capacity of 40,000 lb. per hour, 
are also in course of erection. The new turbo-alternator 
was manufactured by the British Thomson-Houston 
Company, Limited, of Rugby, and is of the ten-stage type, 
running at a speed of 3,000 r.p.m. It is designed for a 
steam pressure of 200 lb. per square inch, with a final 
temperature of 550 deg. F., and a vacuum of 28-5 in. 
of mercury. The alternator has a continuous maximum 
rating of 9,375 kv.a. at 80 per cent. power-factor and 
supplies three-phase current at 3,200/3,500 volts and 
50 cycles. The rotor is built up on a solid forging and 
cooling is obtained by the use of the B.T.H. enclosed 
system. The condensing plant is of Messrs. Mirrlees- 
Watson’s surface type, has an area of 9,400 sq. ft., and 
provides for maximum de-aeration of the condensate 
before it leaves the condenser shell. The temperature 
drop between the exhaust and the condensate is main- 
tained within 2 or 3 deg. F. 





THe Lave Mr. D. Roperts.—We regret to note the 
death, on April 22 last, at his home, Beaconfield, 
Grantham, of Mr. David Roberts, for many years a 
director of Messrs. Ruston and Hornsby, Limited. Mr. 
Roberts, who was in his 70th year, was a native and 
freeman of the City of Chester. He commenced his 
engineering career in the works of the Hydraulic Engi- 
neering Company, Limited, Chester, in 1873, and remained 
with this firm for 15 years, occupying various positions 
at home and abroad. In 1888 he joined the staff of 
Messrs. Armstrong Mitchell, Limited (now Messrs. 
Vickers-Armstrongs, Limited), of Newcastle-upon-Tyne, 
with whom he remained for eight years, the first 2} 
years of which were spent as manager of their Italian 
works at Pozzuoli, taking charge of the final installation 
of the works. Upon returning to this country he took 
up duties in the ordnance department at the Elswick 
Works. He was chiefly engaged in the improvement of 
systems of manufacture, and was successful in materially 
reducing costs of production. Mr. Roberts accepted, in 
1895, the position of works manager to Messrs. Richard 
Hornsby and Sons, Limited, Grantham, which firm had 
just taken up the manufacture of oil engines. He quickly 

ame general manager, and in 1904 he was appointed 
managing director, a position he continued to hold until 
1918, when Messrs. Hornsby amalgamated with Messrs. 
uston, Proctor and Company, Limited, Lincoln. Mr. 
Roberts was appointed a joint managing director of the 
new company, from which position he retired in 1920, 
retaining, however, a seat on the board. Mr. Roberts 
ame a member of the Institution of Mechanical 
Engineers in 1899. 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—Producers of steel in this area 
are expressing much disappointment at the continued 
dullness in the trade. It was thought that long ere 
this some improvement in demand would have taken 
place, but each week seems to be very much like the 
previous one, in the way of hand-to-mouth conditions. 
Buyers are not placing many orders of any size, and the 
majority of the specifications are mostly for current 
requirements only. Forward buying is being largely 
forgotten. The demand from the shipyards would seem 
to be getting smaller, and orders from that direction 
will become fewer, unless there is a most decided improve- 
ment in new tonnage contracts before long. The home 
consumption of steel material is generally decidedly poor, 
and the export side of the business is also much below 
the average. Inquiries are not enco . For the 
heavier gauges of black sheets the outlet is limited, 
and, although there is a fair amount doing in lighter and 
galvanised sheets, there is no t rush of orders and 
mills are not fully employed. The following are the 
market quotations :—Boiler plates, 107. 10s. per ton; 
ship plates, 8/. 7s. 6d. per ton; sections, 7/. 17s. 
per ton; sheets, } in., 8/. 12s. 6d. per ton; and galva- 
nised corrugated sheets, 24 g., 131. 7s. 6d. per ton, all 
delivered Glasgow stations. 


Malleable-Iron Trade—In the West of Scotland 
malleable-iron trade there has been no change over the 
week. Bar iron is moving very slowly, and there is 
also a dullness in the re-rolled steel departments. Com- 
petition in steel bars is very keen, and low prices have 
to be accepted in many cases to secure business. Prices 
are nominally unchanged, with ‘“‘Crown” bars at 
10/. 5s. per ton for home delivery, and 91. 15s. per ton for 
export, and with re-rolled steel bars at 7/. 15s. per ton 
for home delivery, and 7/. per ton for export. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the tone is firm, but there is a great scarcity of 
business. The home demand is of a very limited nature 
and export lots are of very small tonnage. The following 
are the current market quotations :—Hematite, 74s. 
per ton, delivered at the steel works; foundry iron, 
No. 1, 75s. to 76s, per ton; and No. 3, 70s. to 71s. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour, for, the week ending 
Saturday last, April 21, only amounted to 528 tons. 
Of that total, 442 tons went overseas and 86 tons coast- 
wise. For the corresponding week of last year the 
figures were 147 tons overseas and 10 tons coastwise, 
making a total shipment of 157 tons. 








TriaL Trip oF THE M.S. “ Kine NeEptune.’’—The 
sixth of the nine motor cargo vessels ordered from 
Messrs. Harland and Wolff, Limited, by the King Line, 
Limited, which has been named the King Neptune, 
has been handed over to her owners recently, after 
running satisfactory trials. She is a sistership of the 
M.S. King John, described in ENGINEERING on page 30 
ante, 

Tue Late Mr. F. M. T. LANGE.—We regret to record 
the death of Mr. F. M. T. Lange, which occurred in 
London on April 17, Mr. Lange, who was 71 years of 
age, was educated at Cambridge and subsequently 
took a course at the Crystal Palace School of Engi- 
neering. Later on he went to France, where he was 
closely connected with the pioneer applications of 
electricity for power and lighting purposes. He then 
entered into partnership with Mr. William Geipel to 
form the firm of Geipel and Lange, and subsequently 
went to China, where he was engaged on a number of 
important industrial schemes. On his return to this 
country he was appointed secretary and manager of the 
Representatives of British Manufacturers in the Far and 
Near East. 





Contracts.—Amongst other orders of interest received 
by The British Thomson-Houston Company, Limited, 
Rugby, are 16 single-phase transformers, each rated at 
11,000 kv.-a., and ten 1,500 kw., 750-volt rotary con- 
verters, required in connection with the Sydney Suburban 
Electrification Scheme of the New South Wales Govern- 
ment Railways ; a 2,500-kw., 6,000/450 to 500 volt motor- 
converter, with suitable starting equipment, for the 
Calcutta Electric Supply Company, India; and the 
complete electrical equipment for 15 sub-stations, 
through which electricity for domestic and industrial 
purposes will be provided in Colombo, Ceylon.—Messrs. 
The General Electric Company, Limited, Magnet House, 
Kingsway, W.C.2, have received an order from the 
Manchester Corporation Tramways for thirty 50-h.p. 
motors, and an order from the London United Tramways 
for 102 light-weight motors, each of 50 h.p.—A contract 
for a new main, 5} miles in length and having a bore of 
42 in., for the Liverpool Corporation Waterworks, has 
recently been awarded to Messrs. Stewarts and Lloyds, 
Limited, 41, Oswald-street, Glasgow, C.1. The main 
will be composed of steel tubes 7-in. thick and 25 ft. 
long, with spigot and socket joints for lead and yarn. 
For protection against external corrosion, the tubes will 
be coated with bituminous solution and wrapped in 
hessian cloth saturated with bituminous solution. The 
internal protection is assured by a lining of special 
bituminous composition applied centrifugally by Messrs. 
Stewarts and Lloyds’ special process. This process 
ensures a dense impervious coating having a smooth 
glossy surface which can withstand even tropical tempera- 
ture without creeping or reduction in efficiency. 








INstrTuTION oF ELEctTricaL ENG@INEERS.—London 
Students’ Section : To-night, 6.15 p.m., Victoria-embank- 
ment, W.C.2. Annual General Meeting. ‘‘ Super- 
Tension Cables,” by Mr. R. A. Brockbank. Wireless 
Section : Wednesday, May 2,6 p.m. Informal discussion 
on “ Screened-Grid Valves.” Introduced by Mr. M. G. 
Scroggie. Thursday, May 3, 6 p.m. Ordinary Meeting. 
‘“* Practice and Progress in Combustion of Coal as Applied 
to Steam Generation,” by Mr. F. H. Rosencrants. 


InsTITUTION oF MECHANICAL ENGINEERS.—To-night, 

p-m., Storey’s-gate, S.W.1. Informal Meeting. 

‘** Pulverised Fuel in Locomotive Furnaces.” Introduced 

by Mr. J. C. Armstrong. Midland Graduates Section: 

Saturday. May 4, 7.30 p.m., Chamber of Commerce, 

New-street, Birmingham, Annual Meeting. Lecture: 
‘*Shoe-making Machinery,” by Mr. W. J. Keily. 


JuniIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. “The Manufacture 
of Structural Steel, &c.,”” by Mr. C. H. Plant. Friday, 
May 4, 7.30 p.m. Lecture : “The Application of 
Electricity to Domestic Purposes,” by Mr. F. C. 
Dain. 

Royat Instrrution.—To-night, 9 p.m., Albemarle- 
street, W.1. “Carriers of Electricity in the Atmo- 
sphere,” by Prof. A. M. Tyndall. 


INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS.— 
West Midland District : Saturday, April 28, 11 a.m., 
Borough Hall, Stafford. ‘“‘ Recent Municipal Work in 
Stafford,” by Mr. W. Plant. North Eastern District : 
Saturday, May 5, 10.45 a.m., Town Hall, Thornaby-on- 
Tees. ‘‘ Municipal Administration, &c.,” by Mr. G.. H. 
Connor. 


Royat Society or Arts.—Monday, April 30, 8 p.m., 
John-street, Adelphi, W.C.2. Dr. Mann Lecture: 
“Applied Architecture Acoustics ” (Lecture III), by 
Mr. A. G. Huntley. Wednesday, May 2, at 8 p.m. 
‘“‘ Standardisation in Apparatus for Science Teaching,” 
by Mr. W. ‘Taylor. 


Tron AND STEEL InstitutTe.—Annual Meeting. 
Thursday, May 3, and Friday, May 4. Institution of 
Civil Engineers, Great George-street, S.W.1. Thursday, 


May 3, 10 a.m., Presentation of Bessemer Gold Medal to 
Mr. C. M. Schwab. Presidential Address on the “‘ History 
and latest Development of the Basic Open-Hearth 
Process,” by Mr. B. Talbot. ‘‘ Blast-Furnace Data and 
their Correlation,’ by Mr. E. C. Evans and Mr. F. J. 
Bailey. ‘“‘ Reactivity of Coke,” by Dr. J. H. Jones, 
Dr. J. G. King, and Mr. F. 8. Sinnatt. ‘“‘ The New Plant 
of the Appleby Iron Company, Limited,” by Mr. A. 
Crooke and Mr. T. Thomson. ‘“ Blast-Furnace Practice. 
in Natal,” by Mr. J. E. Holgate and Mr R. R. F. Walton. 
At 2.30 p.m., “ The Fatigue Resisting Properties of 0-17 
i cent. Carbon Steel at Different Temperatures and at 

ifferent Mean Tensile Stresses,”” by Mr. H. J. Tapsell. 
“The Properties of Nickel Steels with Special Reference 
to the Influence of Manganese,” by Mr. J. A. Jones. 
“The Influence of Nickel in Iron-Carbon-Silicon Alloys 
containing Phosphorus,” by Dr. A. B. Everest and 
Professor D. Hanson. “The Effect of Silicon on 
Tungsten Magnet Steel,”” by Mr. J. Swan. ‘On the 
Structure of the Iron-Chromium-Carbon System,” by 
Dr. A. Westgren, Mr. G. Phragmen, and Mr. Tr. Negresco. 
At 7.30 p.m., Annual Dinner, Connaught Rooms, Great 
Queen-street, W.C.2. Friday, May 4, 10 a.m. Report 
of the Committee on Heterogeneity of Steel Ingots. 
“*A Comparison of the Most Important Methods Em- 
ployed in the Cleaning of Blast-Furnace Gas,”’ by Mr. V. 
Harbord. ”* Heat-Resisting Steels. Part II—Mech- 
anical Properties,’’ by Dr. W. H. Hatfield. At 2.30 p.m. 
“Chromium Steel Rails,” by Dr. T. Swinden and Mr. 
P. H. Johnson. “A Study of the Resistance of Over- 
Stressed Wrought Irons and Carbon Steels to Salt- 
Water Corrosion,” by Dr. J. Newton Friend. “ The 
Rapid Normalising of Overstrained Steel,” by Mr. W. E. 
Woodward. ‘The Recovery and Sinking-in or Piling- 
up of the Material in the Brinell Test and the Effects of 
these Factors on the Correlation of the Brinell with 
certain other Hardness Tests,’’ by Dr. A. L. Norbury and 
Mr. T. Samuel. ‘‘ Twin-Like Crystals in Annealed 
a-Iron,” by Mr. H. O’ Neill. 








PrERsSONAL.—Messrs. Goldschmidt, Hayes and Smith, 
Limited, Mount-street, New Basford, Nottingham, 
have been appointed the sole agents for Great Britain 
for the Renory Rope and Twine Works, Limited, 
Belgium.—The Ascot Motor and Manufacturing Company, 
Limited, has purchased the works of the Phoenix Motors, 
Limited, at Letchworth. The registered office and the 
works-department office at 25, Victoria-street, London, 
have now been closed, the former having been moved 
to 66, Gresham House, Old Broad-street, E.C.2, and 
the latter to Letchworth. The works will, in future, be 
known as the Ascot Works.—The offices of Messrs. 
British Star Contra Propeller and Rudder Company, 
Limited, 3, Lloyds-avenue, London, E.C.3, have been 
transferred to 9, Mincing-lane, E.C.3.—Messrs. James 
Pollock, Sons and Company, Limited, have resigned 
their position as managers, and the management of the 
business has been taken over by Messrs. C. Tennant Sons 
and Company, Limited.—Mr. A. Button has _ been 
appointed representative in China for Messrs. Samuel 
Osborn and Company, Limited, Clyde Steel Works, 
Sheffield, the Titan Trackwork Company, Limited, 
Sheffield, and other firms. His headquarters will be in 
Shanghai. He will also cover Manchuria, the Malay 
Peninsula, the Dutch East Indies, and Siam. 
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We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
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“ ENGINEERING” may be ordered from any 
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stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom ........................ £3 5 0 

For Canada— 

Thin paper copies ...................0 £2 18 
Thick paper copies 
For all other places abroad— 
Thin paper copies 
Thick paper copies 

Foreign and Colonial subscribers receiving incom- 
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When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 
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The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained, 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 
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CHARING CROSS BRIDGE. 


For the past months, or even couple of years, the 
central scene in the matter of the bridges over the 
Thames in the London area has shifted. While the 
crippled patient has been left bandaged and in 
splints in the accident ward, under careful observa- 
tion, lest any further signs of collapse should 
develop, attention has for the time been diverted to 
the reformatory, with the main excitement over the 
question of how to deal effectively with Charing 
Cross. There is, of course, here no question of 
bolstering up an obsolescent fabric. No one has 
been known to suggest that the stretch of river 
would lose its beauty or its historic associations if 
the Hungerford Bridge were abolished. In this 
case it is largely a sordid question of finance. We 
all realise that if unlimited funds had been available 
the authorities would long ago have been driven by 
architects and town planners to remove from our 
midst so objectionable a presence as the Hungerford 
Bridge and to reform the whole of Charing Cross. 
And now, curiously enough, what these enthusiasts 
have been longing for for years seems possible of 
accomplishment. Waterloo Bridge seems not 
unlikely to pull down Charing Cross with it. Not 
long ago such a development would have seemed 
almost fantastic, and it is only within recent years 
that reasons have accumulated making it difficult 
to tackle one problem without facing the other. 
We have consistently maintained in these columns 
that if it were desirable to retain Waterloo Bridge 
its preservation was a feat easily within the skill of 
engineers. On the other hand, if Waterloo Bridge 
is not to be preserved to Rennie’s design, in our 
view it ceases to deserve consideration as an his- 
torical monument, and the present purpose would 
be better served by a new structure. We are told, 
however by the experts, that to throw more traffic 
into or across the Strand at Wellington-street would 
add greatly to the difficulties of the policemen on 
point duty at this spot, and to avoid this some other 
crossing should be found. Sundry solutions of the 
Wellington-street difficulty have been proposed, and 
one of an interesting character was suggested by the 
Royal Commission of two years ago, which was 
presided over by Lord Lee. 





J. 8. Allan, 80, Ohuroh-street, New York. 


_ When one looks at the large sector on the north 


side of the river, extending from Wellington-street 
to Parliament Square, which has virtually no connec- 
tion with the Surrey shore save a small footbridge 
everlastingly obstructed by being perpetually at 
some part or other of its length under repair, 
it is not surprising that attention should centre there. 


503| As everybody knows, the Royal Commission put 
504 | forward the idea of a double-deck bridge at Charing 


Cross, the lower level being for the Southern Rail- 
way’s tracks and the upper for road traffic at a high 
level, extending up to the spot which is conveniently 
now-a-days designated as the Cavell Statue. It will 
be remembered that this Commission suggested an 
estimate for the scheme, but this, when the proposal 
was more closely gone into in conjunction with 
parties directly interested, such as the Southern 
Railway, was said to be far from adequate. Alterna- 
tives were consequently sought, and within the 
past few days another scheme has been launched, 
which, if it is not so much less costly than that of 
the Royal Commission, at least suggests considerable 
saving, and promises, as many will think, a number 
of other advantages. 

For the first time the removal of the Charing Cross 
railway terminus seems to come within the range 
of practical politics. This is a cardinal feature of 
the new scheme of the Ministry of Transport, which 
proposes only a road bridge across the river. It is 
naturally to be expected that the proposal to move 


9 | the railway terminus will meet with some opposi- 


tion, but it cannot be contended that the main-line or 
suburban traffic concentrating on Charing Cross 
would be greatly inconvenienced if transferred to 
Waterloo. Nearly all outgoing long-distance traffic 
reaches any terminus by vehicles of kinds, and for 
this the extra distance would be immaterial, while 
the relief to the Strand would be immense. Sub- 
urban traffic now-a-days concentrates on foot, by 
*bus and by tube, and the far larger crowds dealt 
with at Waterloo show that the smaller numbers 
now using Charing Cross would have no real griev- 
ance if forced to add 1,000 yards or so to the 
distance between office and train. If the trip may 
have disadvantages at times in winter, perhaps 
the London County Council, which looks after 
everybody with such solicitude, would contemplate 
running halfpenny ’buses such as used to run 
across some of the bridges in the old days. One 
thing is certain; ‘unless in cities a large common 
railway terminus is provided with the express 
object of facilitating interchange of traffic, the 
terminals of individual lines should be to some extent 
in back-waters, so that traffic can reach them from 
various directions without impeding that in main 
arteries. However well chosen Charing Cross site 
may have been for the conditions of past years, it 
can hardly be denied that the presence of this 
station right on the Strand is now a very grave 
disadvantage. 

With the information available it is a little 
difficult to gather just what type of bridge is 
now proposed. It is stated that it would be 
about level with Waterloo Bridge. Yet the approach 
beginning at the Cavell Statue is described as 
rising to cross the Strand and Embankment Gardens 
by an overbridge. The present Hungerford Bridge 
already accomplishes the latter feat, and is on a 
level which brings it to that of Waterloo Station, 
to which there are necessarily long and _ steep 
approaches. We gather, however, that the idea 
is to have a bridge at somewhat higher level than 
this, unless the approach on the Middlesex shore 
is to be handled in some way not yet explained. 
The saving in cost claimed for the new scheme is 
of between 1 and 1} millions sterling on the revised 
estimate of 11,000,000/. reached after a reconsidera- 
tion of the plan put forward by the Royal Com- 
mission. This, though not large, on the figures 
involved, is material if accurate, while the new plan 
certainly has its attractions. It will, moreover, 
afford a fresh and quite allowable opportunity for 
the town planners again to exercise their ingenuity, 
and we may confidently expect, now that they have 
been given such a cue, a goodly batch of designs 
embodying prospects, vistas and so forth, probably 
all of which will ultimately be found to be out of 
the question if the new estimates are to be adhered 
to. Meanwhile the invalid is reported to be main- 





taining strength pretty satisfactorily. 
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HEAVY-OIL ENGINES 
STATIONS. 

THOUGH internal-combustion engines were among 
the first prime motors to be used for driving 
dynamos, and have had their share of technical 
improvement since that date, the extent to which 
they are now used in power stations is trifling, 
amounting to only some | per cent. of the total. 
The small use of Diesel engines in particular is the 
more conspicuous, because of the remarkable progress 
they have made in the marine engineering field. 
Whatever part internal-combustion engines may be 
destined ultimately to play in the extension of 
electric power, and however far they are from 
having been shown suitable to be the primary 
equipment of great power stations, they have 
possible applications which seem to deserve more 
attention than they have received. It has yet to 
be seen, for example, how far they may be the 
most desirable means of avoiding uneconomical 
extensions of the National Grid, or of dealing with 
great loads. Information is, however, slowly accu- 
mulating. For the last five years the Diesel Engine 
Users’ Association have been keeping careful 
account of the working costs of heavy-oil engines 
used in a variety of stations at home and abroad. 
From time to time they have published the results 
of these records, and their sixth annual report on 
the subject has recently been issued, giving particu- 
lars of the cost of operation of 41 stations in the 
United Kingdom and 12 stations overseas. These 
generate between them from 70,000,000 to 80,000,000 
units, and the detailed records show both an ex- 
tended use of these engines for generating purposes 
and an increasing efficiency. In the few instances 
in which difficulty has been found in running Diesel- 
driven alternators in parallel there seems no reason 
to suppose that the difficulty arises from any inherent 
inaptness of the engine to this purpose. Speaking 
generally, the improvement in the economy in the 
running of heavy-oil engines in power stations is 
no sudden development, but has been proceeding 
fairly steadily for the last five years, and the 
time seems to be ripe for their merits in the 
generation of current to be tried out on a larger 
scale. 

The committee of the Association, on Heavy Oil 
Engine Working Costs, were doubtless well advised 
in collecting and publishing the figures of all stations 
with which they had to deal, but a perusal of their 
present report, with the extremely voluminous 
table in which the results are collected, suggests 
the doubt whether it would not be easier to see the 
wood if there were not so many trees. The investi- 
gation of the efficiency of heavy-oil engines for 
generating electricity may now be assumed to 
have passed the stage when the average per- 
formance of such stations had a practical interest. 
An average is a kind of statistical handle, many 
other varieties of which have been developed in 
recent years, the object of all of them being to 
enable the effect of a large number of figures to be 
seen simultaneously. It is a popular implement, 
because it can be used by the most ingenuous 
operator, to whom the low cunning required by 
some forms of mathematics is distasteful. Even 
with the most simple tools, however, the mathe- 
matical mill may be dangerous if it is worked 
without due regard to the material on which it is 
employed ; and the ease with which averages can 
be applied leads sometimes to their use where 
they are not properly applicable, so serving rather 
to divert attention from what is important, than to 
give it a convenient expression. To the historian, 
for instance, who wishes to trace the extent of the 
progress which has been made in the efficiency of 
heavy-oil engines as a whole, average figures of a 
number of quite different designs may be significant 
and useful. For the practical purposes, on the 
other hand, of persons who contemplate using such 
engines, the average of a number of quite different 
engines can do no more than set up an arbitrary 
standard, which has no relation to the evolution of 
any individual type, and the existence of this hybrid 
figure may carry with it the risk of its being 
mistaken for an actual standard. If the use of a 
particular class or design of engine is contemplated, 
average figures giving the results obtained with 
these engines in a variety of circumstances, such as 
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may possibly occur in the intended use, may be of 
practical value; but this value must certainly be 
diluted, if not avoided altogether, when the average 
includes the performance of a number of other 
engines, which are not intended to be used in the 
installation in question. The present position in 
regard to the use of heavy-oil engines in power 
stations seems to be that it is desirable to know 
which, among the various designs, is the most suitable 
for given conditions, and what sort of efficiency can 
be expected from it. The answers to these ques- 
tions cannot be obtained by studying average results, 
but by attending particularly to the best. Some 
quite good performances, indeed, can be found even 
among the older engines. One 80-h.p. engine 
twenty-one years old, for instance, ran a good deal 
more than half the hours in last year at about the 
fuel consumption (0-73 lb. per unit generated) of 
the average of all stations recorded. That is 
doubtless important as well as interesting; but 
for the time being it seems of even more importance 
that the stations under notice should be grouped 
according to their respective efficiencies, in order 
that the most efficient should receive appropriate 
consideration. 

What may be the ultimate place of heavy-oil 
engines in power generation cannot well be pre- 
dicted at the present time. In one important 
respect, however, it appears to have an unques- 
tionable advantage over other alternatives. How- 
ever loads may be levelled out, there will always 
be peaks, and it is unlikely that engines which 
deal with the normal load will ever be able also 
to take the peak loads without sacrificing some of 
their normal economy. For dealing with peak 
loads Diesel engines have the advantage of being 
able to start up almost instantaneously. In last 
year’s interesting serial report of the Prime Movers’ 
Committee of the National Electric Light Associa- 
tion in New York, a plant of three such engines, with 
a fixed load capacity of over 12,000 h.p., was des- 
cribed as then being installed in connection with the 
Panama canal works, and, after having been started 
up had had full load applied in 32 seconds. What- 
ever may be the pretention of such engines to 
carry the normal load, the rapidity with which they 
can be applied to meet a peak demand appears to 
deserve careful attention. On the broad question 
of the general suitability of heavy-oil engines to 
power-station work, the Diesel Engine Users’ Associa- 
tion draw attention to the Worthing installation, 
which, though running at the poor annual plant load 
factor of only 16-1 per cent. and having a fuel cost 
somewhat above the average (0-73 lb. per unit 
generated), ran continuously throughout the year, 
generating current at an engine cost of 0-503d. 
per unit generated. Other examples of comparable 
efficiency can be found in the data compiled, and 
there seems no doubt that, although there must 
be a limit above which increase of size will not 
increase the efficiency of the plant, the heavy-oil 
engine plants at present used in power stations are 
below that limit. The Association suggests that at 
least one specially designed oil engine station with 
a capacity of, say, 10,000 kw., should be equipped 
with the best types of modern engine and tried 
on peak loads in some outlying area under the 
national electricity scheme. The evidence to be 
found in the statistics which the report presents, 
certainly seems to support the view that the 
expenditure for such an experiment would be justi- 
fied, and that its results should provide valuable 
information. The prospect that before many years 
our coal supplies may be translated more or less 
into oil, is no conclusive evidence that in power 
stations the oil would be used best in internal- 
combustion engines. It seems, however, to be 
conclusive as to the imprudence of going on 
without experience on a satisfactory scale of the 
technical and economical efficiency of such engines 
when so applied. The experiments would be worth 
making, even if there were no more special objective 
than that of ascertaining these particulars for engines 
on normal loads. Its prudence would, however, be 
placed more clearly beyond question if, as has been 
suggested, the engines were put in for dealing with 
the peak load of a large station, which was provided 
otherwise with the current for its normal require- 
ments. 
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NOTES. 
Hyprostatic Upiirt in Pervious Sous. 


From a paper by Mr. H. de B. Parsons, in 
the April Number of the Proceedings of the Ameri- 
can Society of Civil Engineers, it appears that 
certain American engineers have assumed that 
if a wall be founded on pervious soil, liable to 
become watercharged, this water will cease to obey 
the laws of. hydrostatics, and will fail to exert its 
normal upward pressure on the foundation. To 
prove the fallacy of this contention Mr. Parsons 
made a number of experiments by filling a large 
container with sand up to half its total height, the 
whole being then completely filled with water. A 
glass vessel filled with water had its base bedded 
in the sand, and was then gradually dewatered by 
means of asyphon. The point was noted at which 
it commenced to lift owing to the upward hydraulic 
pressure on its base. Check experiments were 
made in order to provide a correction for the 
friction of the sand on the walls. In these some- 
what rough experiments the measured uplift was 
90 per cent. of the theoretical, and in further 
experiments made with higher heads at the 
Rensselaer Polytechnic, figures ranging from 96-5 
to 100 per cent. of the theoretical were recorded. 
Tn the course of the experiments, it was noted that 
time was required to ensure the thorough saturation 
of the sand, and Mr. Parsons concludes that in 
the case of pervious soil it is never safe to assume 
that the uplift will be less than the theoretical value. 


ELecTRIcALLY-HEATED TRASH SCREENS IN Hypro- 
Etectric PLants. 


In many countries, where water power has been 
extensively developed, such as Canada, Norway 
and Sweden, the temperature during the winter 
months is very low. This meteorological condition 
gives rise to certain operating difficulties, especially 
when the power is obtained direct from rivers, 
rather than from falls or reservoirs. The difficulty is 
caused by the formation of what is commonly known 
as frazil ice at the beginning and end of this season 
of the year. Suchice is formed in open water at 
zero temperature in the shape of slender needle- 
like crystals. If these crystals are undisturbed, 
they gradually spread over the surface, but where 
there is any turbulence they are drawn under and 
distributed throughout the body of the water to 
a greater or less depth. When these needles reach 
the entrance to the forebay they tend to build up on 
the trash screens and gradually to form a mass, which 
it is almost impossible to clean off by mechanical 
means. This mass is extended downwards by the 
entering water, until finally the flow is almost 
entirely cut off, thus not only reducing the plant 
output, but giving rise to unbalanced pressures on 
the screens. This difficulty may be overcome by 
raising the screens at intervals. But while the ice 
does not. damage the turbines other refuse may, and 
the modern tendency therefore is to attack the 
problem at its root and to provide some means 
of heating the screens, so as to get rid of any 
ice that may form thereon. This method has 
been in use for some time at a number of plants 
in Norway and Sweden,* and has recently been 
adopted at the Shawinigan Falls station of the 
Shawinigan Water and Power Company, Canada. 
Some details of the installation at the latter station 
were given by Mr. C. R. Reid in a paper read 
recently before the Engineering Institute of Canada, 
and reproduced in the current issue of The Engt- 
neering Journal. Experience shows that from 140 
to 425 watts per cubic foot of water per second are 
required to maintain the screens at a temperature 
high enough to melt the ice. The Shawinigan Falls 
installation was therefore designed for a normal 
energy input of 225 watts, which can be raised to 
425 watts by altering the transformer tappings. 
The screens, through which the water for the main 
40,000 kv.-a. units passes, are arranged in five 
bays. Each bay is 12 ft. wide, and the screens, 
which are in three sections, are 25 ft. 6 in. deep. 
There are forty-eight 3} in. by jy-in. bars in each 
bay, and these are connected four in parallel, while 
12 of the groups thus formed are connected in 





* See “Ice, Troubles in Norwegian Power Plants.” by 
A. Ruths. 
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series. The connections are made in such a way 
that one series circuit covers 2} bays, the length of 
each such circuit being 615 ft. The two circuits thus 
obtained are connected to two 750 kv.-a. trans- 
formers, and are supplied with two-phase current 
at 135 volts and 30 cycles. The bars forming the 
screen are supported on steel angles, to which they 
are electrically welded, the angles in turn being 
supported on oak blocks, which serve as insulation. 
The average current passing through the screen 
bars is 3,680 amps., the power per cubic foot per 
second being then 227 watts, and the power factor 
73-2 per cent. It is stated that severe frazil ice 
conditions have been successfully handled on several 
occasions. Experience also shows that an installa- 
tion of this kind is particularly valuable where the 
frazil ice develops quickly and does not last long. 
Where, however, it is experienced more or less con- 
tinuously, Mr. Reid considers it would probably be 
more economical to make the screen of tubes and 
to circulate warm water through them. 


Tue REINFORCED CONCRETE COLUMN. 


In an article entitled ‘‘ The Reinforced Concrete 
Column,”’ published in our issue of November 4, 
1927, a paper read by Mr. Phil. I. Markmann 
before the American Concrete Institution was 
discussed. Mr. Markmann has since addressed 
several communications to us criticising the attitude 
taken up in the article, but leaves the question, 
as it seems to us, in much the same position. There 
is evident a fundamental difference in the point of 
view. No amount of mathematical analysis, of 
which we have received many closely typed pages, 
can deduce the truth from a primarily false basis. 
It may be convenient to recall that it is accepted, 
in the case of a concrete member having straight 
embedded rods, that the concrete in shrinking 
induces compression in the rods, with a correspond- 
ing tension in the concrete. The imposition of an 
extraneous load then has further effects upon the 
combination effects which are in question. Refer- 
ring to Mr. Markmann, our article said, “He 
contends and endeavours to show, that, with the 
imposition of extraneous load, there is a stage during 
which there is no increase of compressive stress in 
the steel, notwithstanding that by the imposition of 
such load, with reaction at the column base, there 
must be a shortening of the column, and of the steel 
within it.” That is the crux of the whole question, 
and, though willing to be convinced, we are left with 
no choice but to maintain our original position. It 
may be noted, that though we were not aware of the 
fact when the article was written, the discussion of 
Mr. Markmann’s paper disclosed a general and 
similar scepticism on the part of those who engaged 
in it. The contention of Mr. Markmann’s paper is 
that above any particular column of a building 
under erection, having many stories, there should be 
within a limited time, in order to keep down exces- 
sive tension in the concrete, a defined proportion of 
the total load the column has to carry. The necessity 
for this was questioned in our article, denying as it 
does the validity of Mr. Markmann’s reasoning, 
but the statement that he does not tell us what to 
do in the case of topmost columns with only the roof 
to add, does him it may be admitted, a little less 
than justice, as for that case, the added roof is alone 
sufficient for his purpose. We readily concede this 
point, though still contending it to be of no import- 
ance. The differences there are in the processes of 
reinforced concrete design are well illustrated by this 
matter of the column. The material, or combina- 
tion of materials is itself, with its uncertain proper- 
ties, but little amenable to rigid mathematical 
treatment, but such treatment when applied should 
at least be consonant with the facts. 


TusE Stmts ror Om REFINING. 

During recent years, the old shell still, which is 
used as a batch unit or as a continuous battery, has 
been replaced by the combined tube still and bubble 
tower, as being less expensive in equipment, direct 
fuel, process steam and loss of material, for yielding 
products of definite specifications in one operation. 
In order to meet varying market conditions and 
the peculiarities of different crude oils, the refinery 
Plant should be flexible, though this may involve 
Some loss of commercial efficiency. In America, 


before the Institution of Petroleum Technologists 
on April 17, two main systems of tube stills were in 
use. The once-through or single-flash tube still 
was combined with a single or a multiple fractionat- 
ing tower; the step-up systems used two or more 
tube stills and towers in series. A third circulating 
type of tube still was only recommended for certain 
intermediate refinery operations. The first, single- 
flash, system had advantages for ordinary topping 
or stripping operations; the step-up system was 
preferable for deeper cutting and for lubricating 
stocks, because it lent itself to vacuum operation. 
On the first system, a crude oil was distilled under 
atmospheric pressure to yield both light and heavy 
products, e.g., petrol, cracking stock or kerosene, 
gas oil or wax distillate, and cylinder stock or 
long residuum. The crude oil, first utilised to cool 
the fuel oil, and thereby itself preheated to 300 deg. 
or 350 deg. F., passed directly into the tube still, 
which it might leave at 825 deg. F. or less, and then 
into the tower, the upper portion of which was a 
bubble-tray column to serve both as separator and 
vaporiser. The vapour above the liquid would 
consist partly of superheated vapours of low boiling 
point. In order to obtain these vapours, also in 
the form of liquid streams, a certain amount of heat 
had to be abstracted, which was done by the aid 
of partial condensers, installed on the top of the 
tower, or, more frequently, by pumping some reflux 
into the tower. The liquid reflux generally chosen 
for the main control of the process was the lightest 
cut produced. This cut, discharged on the top bubble 
tray, absorbed heat from the vapour; part of the 
reflux was revaporised while the heavier vapour 
was condensed. For the further regulation of the 
operation, reboiling or stripping sections were 
provided, either in the tower or outside it, and fitted 
with superheated-steam coils. Thus, heat had 
first to be transferred to the oil and then to be 
removed again; in actual practice, about 40 per 
cent. of the total heat was recovered with the aid 
of heat exchangers. Another point claiming much 
attention now was the correct proportioning of the 
heating surfaces of still furnaces for radiation and 
for convection, so as to avoid excessive furnace 
temperatures and local overheating of the oil. 
Mr. A. G. Peterkin had found that, when operating a 
tube still at a thermal efficiency of 75 per cent. (ratio 
of heat transferred to the oil to the total heat in the 
fuel), the furnace temperature varied between 1,630 
and 1,360 deg. F. close to a radiant surface, which 
was 16 per cent. of the total surface and absorbed 
53 per cent. of the total heat, while the oil entered 
the tube still at 349 deg. F. and reached a final 
temperature of 797 deg. F., the flue gases entering 
the stack at 490 deg. F. 








INSTITUTION OF MECHANICAL 
ENGINEERS. 


Prior to the general meeting of the Institution 
of Mechanical Engineers at Storey’s Gate, West- 
minster, on Friday, April 20, a meeting of the 
members of the Benevolent Fund was held to 
consider the report of the committee of management 
for 1927, and to elect office-bearers, the chair being 
occupied by the President. The report showed that 
the membership was 1,182 at the end of the year, 
and that the funds amounted to 13,3857. lls. on 
that date. The income for the year 1927 was 
1,4437. 12s. 2d., but there had been an excess of 
payments over receipts of 691. 14s. 4d. The report 
was unanimously adopted. Sir John A. F. Aspinall, 
Mr. Rustat Blake, and Sir Hugh Reid retired, by 
rotation, from the committee of management, and 
Mr. G. E. W. Cruttwell, Sir Henry Fowler, and 
Principal G. F. O’Riordan were elected to fill their 
places. The hon. treasurer, Mr. F. H. Norwood, 
retired, and Mr. Harold Robinson was elected for 
this office. The hon. secretary, Brigadier-General 
Magnus Mowat, and the hon. auditors, Mr. C. J. 
Haines and Mr. T. C. Pulman, were re-elected. 


Tue Late Mr. Henry Davey. 


The general meeting then followed under the 
chairmanship of the President, Mr. R. W. Allen, 
who opened the proceedings by an appreciative 
comment on the late Mr. Henry Davey, the members 
meanwhile standing, to whose death we referred 





Mr. C. H. §. Edmonds explained in a paper read 


last week. A letter of condolence had been ad- 
dressed by the Council to the family of the deceased 
gentleman. 


RETIREMENT OF THE Hon. TREASURER. 


The President then announced that, following the 
retirement of Mr. F. H. Norwood from the bank 
with which he was connected, he had resigned the 
post of hon. treasurer to the Institution, which he 
had so worthily filled for 13 years. The President 
asked Mr. Norwood to accept a grandfather’s clock, 
with a suitable inscription, as a token of their high 
appreciation. In acknowledgment, Mr. Norwood ex- 
pressed his regret at severing what had always been 
very cordial relations with the Institution. The 
Chairman, on behalf of the Council, then recom- 
mended the election of Mr. Harold Robinson, 
joint manager of the Charing Cross Branch of the 
National Provincial Bank, as successor to Mr. 
Norwood. Mr. Robinson, who was present, was 
thereupon unanimously elected hon. treasurer to 
the Institution, and signified his acceptance of the 
office. 


INVESTIGATIONS ON WrovuGHT-IRoN CHAIN AND 
CABLE AND STEEL WirE Ropes. 

There were two papers for reading and discussion, 
and as they were on generally allied subjects, the 
President suggested that they should be read in 
abstract consecutively, after which both might be 
discussed individually or together. The first paper 
was entitled ‘““The Causes of Failure of Wrought- 
Iron Chain and Cable,” by Dr. H. J..Gough and Mr. 
A. J. Murphy. It arose from a recommendation for 
research made by the Home Office to the Depart- 
ment of Scientific and Industrial Research, and 
will be reprinted in abridged form in our next issue. 
In the meantime a short summary is given below. 
The second paper was the Third Report of the Wire 
Ropes Research Committee and was presented by 
Dr. W. A. Scoble. It is reprinted in abridged form 
on page 522 of this issue. 

Dr. Gough’s and Mr. Murphy’s paper detailed an 
account of numerous experiments to determine the 
causes of brittleness in wrought-iron chain or cable, 
and to discover a remedy. The failures and charac- 
teristics caused by overheating were examined, as 
also were failures due to faulty or deteriorated welds. 
A study was made on the effect of repeated static 
straining, with and without intermediate heat- 
treatment, upon the strength properties of a chain 
and on the mechanical properties and microstructure 
of the iron. An examination was made of, and 
tests were made on, various wrought-iron chains with 
a known history of service, and experiments showed 
that the brittleness and characteristics acquired by 
such chains could be produced in new chain links 
and chain iron by repeated small impacts. Other 
experiments proved that a brittle case covering a 
very ductile core would make the whole section 
behave in a very brittle manner under shock condi- 
tions. The conclusions arrived at were that, apart 
from failures due to overheating and defective welds, 
which heat treatment could not cure, the most 
important cause of brittleness was local hardening 
from various causes in service, whereby a link 
section was converted into a thin, highly brittle case 
covering a ductile core, which was particularly liable 
to crack. Heat-treatment, either annealing at a 
dull red heat, or normalising at 1,000 deg. C., would 
effectually restore the chain to a condition of great 
ductility, but, while providing a cure for surface 
embrittlement, would not prevent the subsequent 
redevelopment of brittleness in service. The 
researches endorsed the present practice of periodical 
low-temperature annealing of wrought-iron chain 
and cable, and placed it on a rational basis. 

Dr. Scoble was then called upon to present his 
paper, at the conclusion of which the meeting was 
thrown open for discussion. 

Mr. Daniel Adamson, Chairman of the Wire 
Ropes Committee, opened the discussion by a 
reference to the paper on wrought-iron chains. He 
thought the value of the original matter in this 
research was considerable, and the authors had 
been successful in showing that the process of 
annealing, which had been accepted unproved 
by generations, was really useful. Wrought-iron 
links had been dealt with in the paper, but he 





wondered if the same effects as to work hardening, 

















































516 


ENGINEERING. 








[APRIL 27, 1928. 





&c., were likely to occur with steel chains which 
were now being manufactured. He had seen some 
large cables being cast in sand, just like an ordinary 
steel casting, even faulty links being replaced by 
new castings on the sound links. The production of 
cables with studs in the middle of the links by this 
method was really an object lesson in skilful mould- 
ing. The process was in use in the United States, 
and, he believed, also in Sheffield.* 

Referring to the report on wire ropes, Mr. Adam- 
son said there was little to discuss, since it was really 
a record of careful experiment ; but there was much 
to digest, and the diagrams and matter provided 
material from which it was possible for individuals 
to judge the effect of the many varied conditions 
of the working of wire ropes. As an example, 
he, himself, had been always rather concerned 
about the effect of pulley diameter. No doubt the 
suggestion arose from some of the earlier experi- 
ments, and had, some years ago, arrived at the 
result that, beginning at a diameter of pulley com- 
mon in ordinary overhead-crane work, namely, 
about six circumferences of the rope, an increase of 
diameter of one-third of the pulley approximately 
doubled the life of the rope. An examination of the 
results in the paper had confirmed his conclusion. 
He had embodied his deductions in a diagram, 
reproduced herewith. Other points were the effect 
of an increase of diameter against the load- 
carrying power for a given life, and that halving 
the load appeared to treble the life of the rope on 
reverse bends. 

There was a great difference between the employ- 
ment of wire rope over the pulleys of an ordinary 
pulley-block and over, say, such a pulley as that 
used in colliery winding. Not only were the ratios 
of pulley diameter to rope diameter different, but 
the conditions of working were very different. 
Members would be able to make their own deduc- 
tions from the data given in the two reports, and 
should apply them to their own particular branch 
of work as best they could, checking the results 
from their own experience. In the meantime, 
Dr. Scoble was proceeding with experiments on 
larger ropes, which would probably be more useful 
than those on comparatively small ropes. If the 
results already submitted were digested, it would 
no doubt be possible, in a year or so, to discuss the 
experiments as a whole. 

Mr. J. E. Fletcher was the next speaker. He 
dealt with Dr. Gough’s and Mr. Murphy’s paper, and 
questioned whether, although chains were such 
familiar things, their manufacture was familiar to 
most engineers. It would be useful to point out, 
therefore, that in making a chain it was virtually nor- 
malised before welding was begun. He thought the 
figures given in the paper regarding the effects of 
overheating were rather misleading. After all, it 
was necessary to heat up the iron to the welding 
temperature, and, further, it was doubtful if the 
temperatures given burned or oxidised the iron to 
the extent indicated. Perhaps the authors would 
state how long the bars were maintained at the tem- 
peratures quoted. He was of opinion that the high 
temperature had been kept up for longer than was 
really necessary, which would not give good results. 

Referring to a fractured surface described as 
containing two or more layers of burnt iron, Mr. 
Fletcher said it was strongly suggestive of certain 
material which occasionally reached this country 
from abroad, which was really made up of iron and 
steel. Such material might be easily burned, which 
was not the case with iron itself. This steely iron 
was a most dangerous material to use, a fact which 
required publicity. As to defective welds, these did 
occur occasionally, but chain makers’ returns showed 
that failures from unknown causes were rare. The 
chains mentioned in “he paper had, of course, been 
subjected to very rough treatment. 

He considered that the authors had contributed 
a fact of real value by showing that, by annealing 
between 650 deg. C. and 750 deg. C., embrittlement 
could be remedied. His own experience was that 
most of the failures of chains were due to the absence 
of periodical annealing coupled with rough handling; 
thus, many failures were caused by a man putting 
on a lifting chain that was twisted to begin with. 
It had been hinted that the annealing temperature 


* See ENGINEERING, vol. cxxiii, page 734 (1927). 








had been arrived at by accident. Manufacturers 
of wrought iron had their own research staffs, and 
had for years been giving attention to the question 
of proper temperatures for annealing. In his own 
experience, 650 deg. C. to 750 deg. C. gave the best 
result. It should be remembered that, if normalising 
were attempted at higher temperatures, there was a 
risk of making the outside of the chain too soft. 
Mr. G. Stephenson Taylor, in the course of an 
explanation as to why the Home Office had requested 
that the research on the causes of failure in chains 
should be undertaken, as had been so ably done 
at the National Physical Laboratory, said that it 
was desired to extend the compulsory regulations 
under the Factory and Workshops Acts as regards 
the treatment of chains. Considerable doubt had, 
however, been expressed by some authorities as 
to the efficiency of annealing wrought-iron chains, 
and the Home Office was therefore desirous of 
reaching certainty in a matter possibly affecting 
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enquired whether the authors considered re-testing 
to the proof load desirable or necessary after the 
annealing of chains if no additions had been made 
to them, and asked if the lower temperature of 
650 deg. C. was to ke accepted as the minimum for 
annealing. 

Mr. H. D. Lloyd considered that the Report of the 
Wire Ropes Research Committee was a valuable 
contribution to the insufficient literature on wire 
ropes, but he doubted whether, in the summary 
of results the assumptions made in respect to the 
wire used in the ropes were quite justified. Much 
depended on the quality of the wire, and the author 
had said nothing on that point. Apparently, 
invariability was assumed, and all wires were classed 
as 80-90 tons, and 100-110 tons. It was, however, 
essential to know the carbon content, the heat 
treatment, and the cold work put on the wire before 
finishing. With regard to the table and diagram 





of fatigue tests, it was scarcely fair to put the 
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life. One of the points raised before the research 
was undertaken was, whether, instead of annealing 
them, chains should be normalised. The results 
showed that normalising was as effective as annealing, 
in view of what had been shown to be the real 
cause of brittleness. There were difficulties, 
however, in carrying out the normalising of chains 
in the average shop, and the department was there- 
fore gratified to find that, after all, annealing at a 
comparatively low temperature had been proved 
to be a satisfactory process. 

The experience of the Factory Department had 
shown repeatedly that where annealing was 
periodically and systematically carried out it 
prevented the failure of chains and the accidents due 
to such failures. He, personally, had investigated 
many accidents in which the chains concerned had 
fractured in the brittle way described by the 
authors, and the history of those chains showed that 
they had never been annealed from the time they 
were put into service, but had simply been used until 
they broke. He would like to mention that the 
exhibit of fractures from the experiments then. on 
view had been presented by the National Physical 
Laboratory to the Home Office Industrial Museum 
in Horseferry-road, and could be inspected there 
at any time by members and others interested. He 














basic steel 0-071 in. in diameter, at the top as show- 
ing better results than anything else. Acid steel 
naturally gave a higher bending value if the sectional 
area were correct. The average steel would be 
superior if like were compared with like, which had 
not been done in the diagram. 

With regard to the recommendation which gave 
top place in rope construction to the 6 by 12 type 
with hemp in the strand as well as in the rope, here 
again there was a difference. The stresses were In 
tons per square inch, and such a rope could not be 
used in all cases. The 6 by 12 construction had 
only a total breaking load of approximately two- 
thirds that of the 6 by 19 of the same diameter. He 
suggested that some other rope constructions might 
be tried in future. In much of the American prac- 
tice, the wires and strands were all made up to the 
same lay, and were therefore in line contact instead 
of point contact, and did not cut each other. The 
strands of the 6 by 19 construction, tried in the 
experiments, cut one another in the making, and 
produced fractures earlier than they otherwise 
would do. ; 

Mr. E. J. Taylor, speaking from a long experience 
in re-testing chains, said that since wear was con- 
stantly taking place, and strained links had to be 
renewed, re-testing was absolutely necessary. With 
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this procedure, a chain which had not been badly 
used could be repaired many times. If, however, 
a chain had been strained after annealing two or 
three times, it would weaken. Mr. G. Stephenson 
Taylor had suggested that it might not be necessary 
to re-test the chain. In such a case, a very expert 
inspector would be needed to examine the chain, but 
he himself considered that the only safeguard was 
the re-testing of all the parts. . 

Mr. H. C. Else enquired if Dr. Gough and Mr. 
Murphy had made any comparisons between chains 
of genuine wrought iron and chains of wrought steel. 

Professor F. C. Lea was of opinion that both 
papers could be coupled together, if considered 
from one point of view, namely, that of surface effect. 
Dr. Gough and Mr. Murphy had shown that the em- 
brittling of the surface by work done on it, endan- 
gered the chain, and that annealing and normalising 
could correct the likelihood of failure. With respect 
to wires, Dr. Scoble had shown by his experiments 
that a wire which had been cold drawn had a range 
of repetition stress much less than would be expected. 
He, himself, had shown that the surface effect of 
wires quenched and tempered, as well as cold-drawn 
wires, was very serious when they were used under 
strain. The effect of cold working on the surface of 
wires was not only shown by the Wohler tests, but 
in a much more remarkable way, which he hoped to 
put before the Institution later. 

Referring to chains, one speaker had enquired 
what was likely to happen in the case of steels. 
There was evidence to show that, if cold work were 
done on a mild steel and it was then subjected to 
an annealing, as distinguished from a normalising, 
temperature, a state of brittleness would be produced. 
There was, nowadays, a tendency to change from 
pure wrought iron to the mild steels in the making 
of chains, and it was important that the question of 
how far the results that were true for wrought iron 
were applicable to steel should be investigated. 
Meanwhile, those using mild-steel chains should be 
very careful in the treatment of them as far as 
annealing was concerned, and should preferably 
normalise them. 

Referring to Dr. Scoble’s report, Professor Lea 
thought there was need for fundamental research. 
There was a disposition towards the inadequate 
analysis of results. The tensile strength of the 
steel had been spoken of, and curves had been 
plotted to various bases. He felt this plotting 
needed supplementing, and should represent range 
of repetition stress during the mean ‘stress worked 
at. He had taken one or two of Dr. Scoble’s results, 
had analysed them on such lines, and had been 
surprised to find that the real factor of safety, 
instead of being 6, 7, 8 or 9, as would be the case 


- were the ultimate strength referred to, was round 


about 1°25 to 1:5. Perhaps Dr. Scoble could 
develop the argument a little further, so that the 
factor of safety might be more clearly recognised. 

On the conclusion of the discussion, the President 
stated that, while the three authors concerned would 
deal more fully in written communications with the 
points raised, Mr. A. J. Murphy would comment 
on one or two then. Mr. Murphy said the question 
of treatment for steel chains had been raised. It 
by no means followed that this should be the same 
as for wrought-iron chains. The National Physical 
Laboratory were about to extend investigations to 
mild-steel, and possibly higher carbon-steel, chains. 
Replying to Mr. Fletcher’s question about over- 
heating, he would say that the bars were held at 
the temperatures given for a quarter of an hour. 
It should be emphasised, however, that, although 
the experiments showed that exposure to a tempera- 
ture above 1,000 deg. C. produced deleterious effects, 
which increased as the temperature rose, there 
were other considerations, such as the improvement 
in welding properties, accompanying this rise. This, 
to a certain extent, outweighed the consequent 
reduction in the intrinsic strength of the iron. He 
did not think that welding temperatures rose: to 
1,400 deg. C., as this was not more than 100 deg. 
below the melting point of pure iron. With regard 
to burning in iron, the example referred to by 
Mr. Fletcher was from a wrought-iron chain supplied 
by the Admiralty and manufactured in this country. 
Moreover, within the last few days, the National 
Physical Laboratory had received a sample of best 
English iron which showed the same type of fracture. 





The President then announced that the final 
meeting of this session would be an informal one, 
to be held this evening at 7 p.m., the subject for 
discussion being “ Pulverised Fuel in Locomotive 
Furnaces,” introduced by Mr. J. C. Armstrong. 
He reminded members of the summer meeting, 
to be held at Southampton from June 25 to June 29, 
and announced that the library and reading-room 
would be closed during the summer months at 
5.30 p.m. daily, except on Saturdays, when the 
closing hour would be 1 p.m. 
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Steel and Its Heat Treatment. By D. K. BULLENS. 

Third edition. London: Chapman and Hall, Limited. 

[Price 25s. net.] 

Tue first edition of this book, the only one in 
English devoted almost entirely to the heat treat- 
ment of steel, appeared in 1915. The second 
edition came out in 1917, and now a third edition 
has been published. These facts indicate the 
interest taken in the book. In the new edition, 
which has been largely re-written, there are 123 
additional pages, and almost twice the number of 
figures. The value of the book to treaters and users 
of steel has been increased in an even greater pro- 
portion. The author’s point of view seems to 
have altered since writing the first edition. In the 
first preface, heat treatment is regarded as an art 
or a trade, and theories are only to be advanced 
when necessary. The second preface refers to the 
inclusion of additional matter illustrating the appli- 
cation of principles in practice, whilst, in the third 
preface, it is stated that advances in metallurgical 
science have necessitated new matter and comment. 
The tendency has been towards a more scientific 
attitude, with, as a result, considerable improve- 
ment in the book. This transition is symptomatic 
of the times, treatment being first an art, then a 
trade, then a science, while now it is standardised 
and organised on a mass-production basis. The 
book appears to have been written more from the 
last point of view, and will perhaps prove most 
valuable to workers in this domain. 

The new edition is divided into three parts, 
called the metallurgical, engineering and production 
phases. These occupy about one-third, one-half 
and one-sixth of the book, respectively. The first 
part deals with the testing of steel, its micro- 
structure, annealing and the theory of hardening, 
and includes an excellent section on casehardening, 
founded largely on Giolitti’s work. The aversion 
from water hardening, noted in the first edition, 
is no longer expressed in the present one. Very 
good results can undoubtedly be obtained by 
water hardening under certain conditions; -iron 
is still referred to in the theory of hardening. 
The engineering part describes the various kinds 
of alloy steels and their mechanical properties 
after detailed treatments. This part is based 
largely on the specifications, charts and data of 
the American Society of Automotive Engineers, 
There is a new section on stainless steel, but the 
reference to the very important austenitic steels 
of this type is meagre. The author is evidently 
impressed by the economic value of low-carbon 
manganese constructional steels. This optimism 
appears justified. Molybdenum steels come in for 
extensive treatment. Evidence is brought forward 
for the superiority of the nickel-chrome-molybdenum 
steels over the nickel-chrome steels, but it is rather 
unconvincing. One of the advantages is stated 
to be the elimination of temper brittleness, but 
this may not be directly due to molybdenum. 
A series of very important nickel-chrome forgings, 
in number about a hundred, once came under the 
reviewer’s notice. Temper brittleness could not 
be induced in these forgings by very slow cooling. 
It is noted, however, that the steel was most 
carefully made, and in no case did the phosphorus 
content exceed 0-01 per cent. The nickel-chrome 
steels form a group of extraordinary utility. Suitable 
treatment of a fairly soft nickel-chrome steel 
enables most of the demands made on a modern 
constructional steel to be met, and, furthermore, 
the steel can be casehardened. One feels con- 
vinced that when their susceptibilities to hair-line 


cracks and to temper brittleness have been traced, 
these steels will be used with confidence for the 
highest class of work. The chrome-vanadium 
steels, so extensively used in North America, are 
fully described. Interesting reference is made to 
the influence of uranium and zirconium on steel. 
There is no doubt but that the present intensive 
testing, including notched-bar and fatigue testing, 
tests at high temperatures, and statistical examina- 
tion of works tests, will eventually demonstrate 
if there is any real advantage im the addition of 
molybdenum and vanadium to alloy steels. 

The third part is good with regard to equipment. 
The chapter on electric heating is excellent and 
repays careful study. The author emphasises the 
fact that it is not only the cost of heating per 
unit of material which is the criterion, but many 
qualitative advantages follow from electric heating, 
and the reaction on power supply and distribution 
may be very favourable. In this section, the author 
draws attention to the importance of the human 
element, despite intense standardisation of material 
and mechanicalisation of plant. 

The author has given us an improved and valuable 
book. The photographs of fractures and some of 
the photo-micrographs are not up to the standard 
expected. The sections on tool steels and steel 
castings could be extended. More information 
could be given on steel ; for example, on the effects 
of forging and rolling on fibre in transverse tests. 
Data on the treatment and handling of large and 
very large forgings would be useful, as_ their 
importance is increasing. It would seem desirable 
to include matter on the recrystallisation of hot- 
and cold-worked material. Such additions would 
considerably increase the utility of the book in 
its future editions. 





Distillation des Combustibles & Basse Température. By R. 
Courau and Henri Besson. Paris: Gaston Doin et 
Compagnie. [Price 40 francs.] 

Low-TEMPERATURE carbonisation has of late become 

a popular subject for authors of books and papers. 

The subject has been approached from various 

standpoints, and the public seems likely to be 

presented with a good many more reviews of these 
problems before it will become as familiar with the 
products of low-temperature carbonisation as it is 
with raw coal and ordinary coke. In the introduc- 
tion to the volume before us, Mr. Courau, general 
managing director of the Mines de la Houve (the 
other author, Mr. Besson, is a consulting engineer), 
remarks that the tonnage of paper blackened in 
dealing with this subject probably exceeds the 
tonnage of low-temperature tar so far obtained. 
The authors, indeed, go further in stating that the 
possibility of remunerative industrial low-tempera- 
ture distillation has still to be proved. They do not 
work for the specialist, the inventor or designer, but 
for industrialists who wish to study the possibilities 
of new processes before venturing upon trial and 
application. That statement disarms criticism to a 
certain extent. The reader will not expect detailed 
descriptions and drawings, though he might prefer 
to have his diagrams on a larger scale, or copious 
literature references. The bibliography at the end of 
the volume of 356 pages will be accepted as sufficient, 
but would have been better if brought up to date. 
The theoretical chapter is short, and attention has 
been centred upon the essential features of processes 
and furnaces. Enough is said upon the by-products 
and their recovery, and upon questions of general 
economy. Some of the matter has not profited 
by being taken from résumés in French journals, 
and there are some persistent misprints. The name 

Duckham is changed into Durkham, Parr into Paar, 

and the German name Abderhalden looks strangely 

Arabic with two hyphens, as Ab-Der-Halden. 





Naval History in the Law Courts. By Witt1am SENIOR. 
London: Longmans, Green & Co., Limited. [Price 
6s, net.] 

Tue reviewer of this book is in an extremely awk- 

ward predicament: if he summarises its contents 

he forestalls ten really good stories ; if he deals too 
lightly with what the book contains, he runs a grave 
risk of doing the author an injustice. Mr. Senior 
has collected material which the most serious and 
scientific student of naval history would do wrong 





to neglect. Piracy, the press, and the suppression 











. 518 








of the slave trade in the early part of the nineteenth 
century are matters which have usually come in for 
very sober literary treatment. Students of naval 
affairs who are more interested in small ship actions 
than in great naval encounters have dealt at length 
with the Algerine pirates ; as a rule their researches 
have been productive of very strong evidence 
that convoy in the Mediterranean was a strategi- 
cal necessity. When they have marshalled their 
evidence, and drgwn their conclusions, the authors 
have assumed that the subject is exhausted. In 
the same way students of naval administration have 
discussed the press in learned monographs upon 
man-power problems of the eighteenth century 
campaigns. When they have shown that men-of- 
war were very often below complement, and that 
attempts to improve the position were not always 
successful, they, like the students of the Algerine 
pirates, have considered that they have given their 
subject adequate treatment. Mr. Senior is not 
content to follow the bureaucratic highroads of 
history, and has carried his researches deeper. 
Each of these questions: piracy, the press, and the 
slave traffic, were brought to the notice of the 
responsible authorities by concrete instances of 
piracy, or press-gang encounters, before they became 
problems of high policy and domestic administra- 
tion. Mr. Senior has diligently searched for these 
concrete instances in old legal records. The cases 
that he describes are drawn in fairly equal propor- 
tions from three centuries of legal history ; he opens 
his book with the story of Drake at the suit of John 
Doughty ; he ends it with a description of how and 
why Sir Edward Belcher, a naval officer in the 
hydrographic service, put in a claim upon the 
Treasury for killing 350 pirates in the Moluccas, at 
twenty pounds apiece, and 980 others at five pounds 
apiece. A few years previously, it would seem, the 
British Government had, very unwisely, passed an 
Act “‘for encouraging the capture and destruction 
of piratical ships or vessels,” and had offered 
bounties of 20/. per head for pirates taken or killed 
in action, and 5l. per head for pirates present at 
the action but not party to it. 

Naval officers are very much inclined to regard 
law courts with great mistrust; their experiences 
of legal proceedings are often obtained by attend- 
ance at prize cases in the Court of Admiralty. 
They generally leave the Court with a vague 
apprehension that the long and conscientious 
proceedings were unnecessary, and have deprived 
them of a very substantial sum of prize money. 
Mr. Senior has at last assisted to a reconsideration 
of this rather general prejudice. Stout-hearted 
naval officers may be indignant that the Brazilian 
slave traders who killed midshipman Palmer in the 
Felicidade were subsequently acquitted; but at 
least they should be grateful to the high legal au- 
thorities who came to the assistance of Captain 
Denman. In November, 1840, this officer, with 
three ships under his command, was patrolling off 
the mouth of the Gallinas River, on the west coast 
of Africa, to suppress the slave traffic. Several 
large factories owned by Spaniards stood near the 
moutlt of the river; the territory was ruled by a 
negro king called Siacca, who, being old and infirm, 
had appointed his son Manna to act as regent. 
Acting under orders from the Governor of Sierra 
Leone, Captain Denman landed with a party of 
armed bluejackets and demanded the release of a 
negro washerwoman whom Manna had unlawfully 
detained. Manna denied that the negress was any 
longer in his possession; but even whilst he was 
denying it “another scion of the royal house of 
Dombocorro, who was evidently a weaker brother, 
appeared with the woman and her child and 
delivered them up to Denman.” The British 
captain now pressed his advantage and negotiated 
a treaty for the suppression of slavery. The 
Spanish slave factories were to be burned, and the 
cotton and spirits in them forfeited to King Manna. 
‘Tt is unlikely,” says Mr. Senior, “‘ that Mr. Manna 
and his relatives ever had again so unique an 
experience of hunting with the hare and the hounds.” 
Representatives of the royal family put their thumb- 
marks at the bottom of this international instru- 
ment; the eight factories were duly burned, and 
nearly: nine hundred slaves were released and 
transported to Sierra Leone. Shortly after his 
return home, the three Spanish owners of the 





trespass to the tune of 180,000/., 150,000/. and 
40,000/., respectively.’’ The case was brought before 
the four Barons of the Exchequer in a court 
‘““crowded to suffocation,” and there learnedly 
argued by some of the most eminent counsel of the 
day. The treaty with King Siacca was deemed to 
have been ratified by His Majesty’s Government, 
and the jury was instructed to find for Captain 
Denman in that he had acted in accordance with 
that treaty. 

The reviewer has no wish to question the pro. 
priety of this learned judgment; but a doubt 
arises in his mind. Were the Barons of the 
Exchequer justified in assuming that the Treaty 
of Dombocorro was properly ratified? Every 
diplomatist knows that an exchange of ratifications 
is one of the most important things in treaty pro- 
cedure. Unilateral ratification is of no use. In 
what manner and at what place were ratifications 
exchanged between Queen Victoria and the royal 
house of Dombocorro ? 

In spite of his self-denying ordinance, the reviewer 
has been trespassing upon Mr. Senior’s literary 
property. His excuse is that he has only told part 
of one story—which Mr. Senior tells much better— 
and (more important) that Mr. Senior has told 
nine other stories, all equally good. 








BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 
1882 and 1890, official inquiries have recently been 
conducted by Board of Trade officials into a number of 
explosions. Of some of these we give brief summaries 
below :— 

Rupture of a Steam Stop Valve.—The explosion of a 
brass screw-down stop valve at a wool-manufacturing 
mill in Batley formed the subject of a recent inquiry. 
The valve was a master valve to a range, some 200 ft. 
in length, supplying heating steam to wool-washing and 
oil-recovery plants. The explosion was apparently 
due to the fact that the screw thread securing the cover 
to the chest was a bad fit. When the valve was being 
closed, the screw thread stripped and the cover was 
blown off, the reaction of the escaping steam fracturing 
the chest at the outlet branch. Another defect in the 
valve was the uneven thickness of the metal at the 
branch which fractured ; this varied between } in. and 
yy in. Furthermore, the valve was of very light 
construction. 

Explosion of a Cast-Iron Steam Pipe at a Colliery.— 
The fracture of a cast-iron steam pipe at Kingshill 
Colliery, Allanton, Lanarkshire, was recently investi- 
gated. The pipe was 5 ft. 10 in. in length, and had an 
inside diameter of 18 in. ; it was nominally about 1 in. 
thick and was in the main connected with five 
Lancashire boilers working at a pressure of 100 lb. 
per square inch. The explosion, which was attended 
with fatal results, was caused by the development 
of a defect in the pipe, due initially to porous 
metal and to differences in the thickness of the cast 
material. This resulted in unequal stresses in the 
metal, which, in time, led to fatigue failure under the 
ordinary working loads. 

Fracture of a Boiler Stop-Valve Chest on the S.S. 
“ Empirestar.’—The explosion of a cast-iron stop- 
valve chest, bolted direct to a pad on one of the four 
boilers of the chilled-meat carrying steamer Empire- 
star, formed the subject of a recent inquiry. The valve 
chest was connected to the range supplying steam to the 
refrigerating engine. The forward boiler, on which the 
stop-valve stood, had not been in use for upwards 
of a month prior to the accident. The arrangement of 
the steam pipes was such that it was possible for water 
of condensation to collect in the horizontal pipe linking 
up the two forward boilers, if either of these were out 
of action. Drain-cocks were fitted, but these were too 
high to be of much value. Apparently water did 
collect in.the tube, and this, coupled with the fact 
that the vessel gave a sudden list, set up water-hammer 
action which fractured the chest. 

Explosion of a Feed-Water Heater.—The rupture 
of a surface-type feed-water heater on board the 
8.8. Montclare, while it was being cleaned out, was 
investigated recently. The heater was a rectangular 
cast-iron vessel of triangular cross-section and was 
worked in series with a contact heater, to which the 
feed water passed on its way to the feed pumps. Feed 
water was circulated through a series of tubes in the 
surface heater, and the temperature was raised by 
exhaust steam, from the auxiliary machinery, passing 
over the outside of the tubes. The maximum pressure 
to which the heater was subjected, under working 
conditions, was 15 lb. per square inch. Insufficient 
provision, however, was made to avoid excessive 
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being cleaned by boiling out with caustic-soda solution 
and it is probable that the explosion occurred because 
the casing was being subjected to a high pressure when 
completely filled with water. A heater of similar 
design has since been installed, and a relief valve, set 
to work at 15 lb. per square inch, fitted. 

Explosion of a Stop-Valve Chest on Board the 8.8. 
“ Bellview.”—The rupture of a cast-iron main steam 
stop-valve chest on the starboard boiler of the 
8.8. Bellview, which accident was attended with fatal 
results, has formed the subject of an inquiry. The 
Bellview is a 4,677-ton cargo vessel fitted with three 
single-ended main boilers. When the vessel was lying 
off Philadelphia, U.S.A., where the accident occurred, 
steam was retained on the port and centre main boilers 
for auxiliary purposes, and the starboard main boiler 
was closed down. The steam stop valves on the three 
boilers and the steam regulating valve on the main 
engines were also shut down, and remained in this 
position for several days. The weather was very 
cold at the time. The vessel was about to move to 
the coal-loading berth when the accident occurred ; 
the steam stop valves on the port and centre boilers 
had just been eased and the steam regulating valves 
on the main engines opened slightly. The explosion 
appears to have been due to water-hammer action, and 
it seems probable that slight leakages of steam past 
the stop valves of the working boilers had caused water 
of condensation to accumulate in the pipe range. The 
provisions made for draining the pipes were not suffi. 
cient, and the conditions for water-hammer action had 
developed. 

Failure of Main Steam Pipes of the S.S. “‘ Egyptian 
Transport.”—A recent investigation dealt with the 
fracture of the solid-drawn copper main steam pipes 
on board the 4,648-ton steamer Egyptian Transport, 
which vessel is fitted with three single-ended boilers. 
Each of the main steam pipes from these boilers is 
suspended from the deck overhead by means of two 
screwed stays, and a stout helical spring is inserted to 
counteract vibration. On three separate occasions, 
occurring within short intervals of time, circumferential 
fractures developed close to flanges in the pipes and 
allowed steam to escape from the boilers. These 
fractures were attributed to the fact that the excep- 
tionally heavy weather encountered by the vessel 
caused the main engines to race and set up excessive 
vibration in the steam pipes. This circumstance is 
thought to have so fatigued the material that fracture 
ensued. 








THE MANUFACTURE OF ARROWROOT FLOUR IN Natal, 
—His Majesty’s Senior Trade Commissioner in South 
Africa reports that the question of the manufacture of 
arrowroot flour from the tuber is engaging the attention 
of certain firms in Natal, and that they are anxious to 
obtain the names of manufacturers of machinery for that 
purpose, together with other useful information regarding 
the plant required, cost, &c. Further particulars may 
be obtained by firms desirous of offering material of 
British manufacture, on application to the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 
Reference number B.X.-4384 should be quoted. 





CONSTRUCTION OF A BRIDGE OVER THE ST. LAWRENCE. 
—It is reported by His Majesty’s Acting Senior Trade 
Commissioner in Canada that, according to an announce- 
ment which appeared in The Gazette, Montreal, on 
March 21, a Bill has been introduced in the Quebec 
Legislative Assembly, which provides for the construc- 
tion of a bridge connecting the north and south shores 
of the St. Lawrence, opposite the Caughnawaga reservoir 
on Lake St. Louis. Firms interested in the supply of 
British materials likely to be required, can obtain further 
information on application to the Department of Over- 
seas Trade, 35, Old Queen-street, London, 8.W.1. (Ref. 
No. A.X. 6198.) Another bridge is contemplated, 
connecting Halifax and Dartmouth across Halifax 
Harbour. Further particulars will be forwarded by 
the Trade Commissioner. (Ref. No. A. 6199.) 





Tue Royat Sanrrary InstituTe.—As already 
announced in our columns, the thirty-ninth congress 
of the Royal Sanitary Institute will be held, from 
July 16 to 21 next, at Plymouth. Some 500 delegates 
are likely to attend the congress, the principal meetings 
of which will take place in jtheaGuildhall, Law Courts 
and the Council Chamber, Municipal Buildings. — 
president of Section B of the Congress, which is devote 
to engineering and architecture, is Mr. J. D. W a“ 
M.Inst.C.E., and the recording secretary is Mr. W. b. 
Jenkins, Borough Engineer and Surveyor, West —_ 
Seven conferences are being arranged, and that intone 
for engineers and surveyors will be presided over Dy 
Mr. Edward Willis, the recording secretary being 
Mr. H. M. Lawson, Borough Engineer and a 
Deptford. Among the subjects for discussion in the 
sections and conferences are: Health Condition iD 
Factories, Industrial Hygiene in Relation to & Nationa: 
Health Policy, Falling Clifis and Coast “ee 
Tunnelling, Smoke Abatement, Sew e Dis osal, Wok 
cation of Reinforced Concrete to Public Health .. = 
The Effect of Improved Road Surfaces on ¢" be 
Health, Boiler Equipment and Management for Smok 
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SILICEOUS ABRASIVES IN CANADA. 


In view of the importance of the abrasive industry, 
and the fact that information has hitherto been con- 
fined to brief references and descriptions of isolated 
deposits in Government reports and other periodicals, 
the Canadian Department of Mines undertook to collect 
and revise all available data, confirming and supple- 
menting these, where necessary, by local inquiries and 
field investigations. The results of this work, which 
was carried out by Mr. V. L. Eardley- Wilmot, are being 
published in a series of bulletins, of which Parts II and 
II, relating to corundum and garnet were issued first, 
and have atready been referred to in these columns.* 

Part I deals with siliceous abrasives which include 
sandstones, quartz, tripoli, pumice and volcanic dust, 
and covers brief descriptions of the principal deposits, 
production and methods of treatment of these materials 
in foreign countries as well as Canada. We propose, 
however, to confine ourselves at the moment to the 
aspect of the industry as it affects the Dominion. 

Natural grindstones are made from a special quality 
of sandstone which must be selected according to the 
use for which it is intended. The grindstone industry 
reached its height during the latter part of last century ; 
but since then there has been a gradual decline in 
production, due principally to the increasing use of 
artificial grinding wheels which offer certain advantages 
over the natural stones, such as superior cutting quali- 
ties, uniformity, ease of manipulation, and all-round 
efficiency. The demand now is only for larger stones 
of over 5 ft. in diameter, which limits the production 
to deposits of large, thick and uniform beds. The 
original cause of the decline in Canada was due to com- 
petition in the United States where large quarries were 
opened in Ohio and elsewhere, situated comparatively 
close to the larger markets ; and further to the intro- 
duction of adverse tariffs. Nevertheless the good 
qualities of some of the Canadian stones have enabled 
them to retain part of the market—especially those of 
Stonehaven, New Brunswick. Since workmen prefer 
to work with the new artificial type of grinding wheels, 
owing to their greater freedom from danger and dirt, 
it seems unlikely that natural grindstones will ever 
fully recover the position on the market which they 
formerly held. But natural stones are still used in 
making saws and thin-edged tools. 

The quality of stones is largely dependent on the 
bond or cement which consolidates the sand particles. 
The cements are usually limonite, clay, calcite, quartz, 
and may occur individually or mixed in various 
proportions forming an argillaceous matter. The more 
highly coloured sandstones are usually cemented with 
limonite. Too great a clay content causes stones to 
crumble and absorb water, too readily producing 
“mud.” Sandstones cemented with calcite weather 
quickly and disintegrate owing to the carbon dioxide 
in the atmosphere dissolving the calcite. On the other 
hand, an excess of silica in the cement may result in 
the stone being too hard. 

Although deposits of sandstone are very numerous, 
few are suitable for the production of grindstones. 
Carboniferous sandstones are probably the most 
productive formations ; examples of producing quarries 
located in formations of carboniferous age are found in 
the maritime provinces of Canada, Ohio in the United 
States, and the Newcastle area in England. Most of 
the Canadian stones are quarried from the Upper or 
Permo-Carboniferous of the Pictou area, Nova Scotia. 

The methods of quarrying sandstones for grindstones 
and pulpstones vary somewhat according to the 
nature of the sandstone, the ease with which it splits, 
bedding and joint planes, and the size of stone required. 
After removing the overburden, the usual practice is 
to drill a series of short holes and blast them with a 
light charge of black powder so as to break the beds 
into blocks which are then raised by means of special 
wedges or “‘ gads”” which are driven about 4 in. apart 
to split the blocks into the requisite size. Rough 
shaping is then made by pick and chisel either before 
or after removal to a prepared site or to a flat car. 
Channels or cuts of almost any desired length or depth 
ate made either with rock drills by drilling a series of 
closely connected holes along a line, or by diamond 
boring machines travelling on an adjustable track. The 
direct-acting channeling machine consists essentially 
ofa truck travelling on rails and carrying a number 
of specially designed air or steam drills which deliver 
4 series of powerful blows as the machine slowly moves 
backwards and forwards on the rails. Usually the 
drills are mounted on a swivel joint which enables them 

0 cut at any angle. The drills, which are single 
bitted, are placed so that the outer and middle bits 
are at right angles to the channel, and the intermediate 
ones, diagonal. 

Grindstones are manufactured either by hand-shaping 
the rough blocks or by cutting a circular stone directly 
ttom the face of the bedrock by means of a channeller ; 
‘0 either case the stones are dressed on lathes. The 
— 
* See ENGINEERING, vol. cxxv, page 29. 
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simple, and has varied only very slightly during the 
past hundred years. The dressing tool consists of a 
long iron bar having a broad curved end, through 
which is inserted a short, square, chisel-edged bit. 
The rough stone block is mounted on a revolving 
shaft, and the bit brought to bear against it. The 
bar is inserted between two of a series of pins mounted 
on a wooden frame, close to, and parallel to the centre 
plane of the block, thus gauging the diameter of 
the stone. By this means a channel is cut on either 
side of the stone, and the outer pieces are broken off 
with hammers while the stone is at rest. The same 
tool is then used, but with a different bit for dressing 
both side and face of the stone. 

The Miramichi Quarry Company, of Quarryville, New 
Brunswick, uses a cutting machine consisting of iron 
blades 12 ft. long, 18 in. in depth, and % in. thick, 
placed at intervals in a heavy frame, which is operated 
by a special device for régulating the swing and length 
of stroke. Steel shot is used as an abrasive and the 
machine cuts about 12 in. an hour irrespective of length 
of stroke. The blocks are roughly squared by a 
straight-cut reciprocating, diamond-tooth saw having 
a 3-ft. stroke. The squared blocks are placed on a 
travelling platform and surfaced by means of planers 
having two adjustable bits and a 16-ft. movement 
with quick-return motion. The centre hole and out- 
side of the pulpstones or grindstones are then cut by 
means of cylindrical diamond-tooth saws, an opera- 
tion which takes about three-quarters of an hour for 
a 5-ft. stone. The trimming of the grindstones is 
done by a bar and bit lathe. 

The quarrying and manufacture of grindstones is 
one of the oldest industries in Canada. In north- 
western Nova Scotia and South-eastern and North- 
eastern New Brunswick there are probably over a 
hundred old sandstone quarries which have at some 
time been worked for grindstones. The industry was, 
started at the head of Chignecto Bay, near Minudie, 
Cumberland county, Nova Scotia, about the year 
1750, when the sandstone beds were worked by the 
French. For a number of years activities were confined 
to the coast at ‘‘ The Joggins,” now called Lower Cove, 
6 miles to the south of Minudie. These quarries, 
which were first worked by the English in 1790, eventu- 
ally became the largest on the Bay of Fundy, and were 
operated almost continuously until 1906. 

In the early days advantage was taken of the great 
tides in the Bay of Fundy, which bared ledges of rock 
twice daily. At low tide large slabs of rock were 
loosened and fastened to barges (‘‘ Joggins boats ’’) 
by chains, so that when the tide rose the barges lifted 
up the blocks of sandstone and floated them to con- 
venient coves, where after the tide had fallen enough, 
workmen shaped the stones by hand into the sizes 
required. When sufficient completed stone had 
accumulated at any place, they were fetched by a vessel 
which would be grounded in a prepared berth close 
by, and the grindstones loaded by hand. Owing to 
the crude methods, the larger stones could only be 
handled with great difficulty, but later horses and oxen 
were employed. The first plant to employ lathes for 
turning grindstones was erected about 1850 by a 
man named Bevere, on the Scadouc river, about 
5 miles south of Shediac, Westmoreland county, New 
Brunswick. 

Sandstones suitable for making pulpstones are of a 
somewhat similar texture to those used for grindstones, 
and in some places are obtained in the same quarry, 
but invariably from different beds. The sandstone 
bed must be at least 3 ft. thick to make even the 
smallest pulpstones. As the stones revolve at 200 
to 225 r.p.m. with a feed pressure of 60 to 125 lb. per 
square inch, and on an average the stones used weigh 
from 2 to 4 tons each, the greatest care in the selection 
of the type of stone is necessary. 

A good pulpstone should cut fast, produce fibres 
neither too coarse nor too fine, be of medium hardness, 
possess a long life, wear evenly and withstand the 
strain. The stone should tear and not cut, so as to 
produce the long thin fibres, hence sandstones composed 
of sub-angular grains are desirable. If the grains are 
too rounded there is a tendency to glazing of the stone, 
thus producing inferior fibre. Coarse-grained stones 
cut faster, but produce a coarse pulp of poor quality. 
The cementing material must be soft enough to wear 
away so as to leave the harder silica grains protruding. 

Pulpstones have been produced in Canada since 
1891, but the output is small, although there is a large 
demand in the Canadian pulp mills which consume 
about 4,500 tons of pulpstones annually. Only about 
10 per cent. of these, however, are supplied from 
Canadian sources. It is stated that Canadian stones are 
considered to be too soft and of fine grit, many having 
flaws and mud cracks and therefore being liable to break. 
Burrstones were originally used as_ horizontal, 
circular “‘ millstones” for grinding grain, but are now 
used also for a variety of other purposes such as in 
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methods employed for dressing grindstones is very] preparation of graphite or other minerals. Their 


use is, however, declining, especially on the American 
continent where they are largely being replaced by 
artificial wheels and more modern types of grinding 
equipment. The true burrstone, of chalcedonic 
silica, has a coarse cellular structure, the holes being 
frequently due to the dissolving out of calcareous 
fossils. It has about the same hardness as flint, and 
is formed by the precipitation of silica from solution, 
presumably through the action of organic matter. 
Its sharp cutting power is due to the toughness of the 
rock and its numerous pores and cavities. 

A true burrstone or cellular chert occurs in Quebec in 
the Argenteuil district, Grenville township. The deposit 
consists of two parallel veins, 4 ft. to 6 ft. wide, about 
100 yards apart. Over 60 years ago two or three small 
pits were dug in the chert, andsome small burrstones of 
excellent quality are said to have been made from the 
cellular part of the vein. The best burrstone is pro- 
duced in France. It is a freshwater cellular quartzite 
or flint of Tertiary age, possessing great strength and 
toughness, and is said to be a limestone which has been 
replaced by silica. 

Rounded pebbles, extremely hard and tough, usually 
of flint, are used in cylindrical or conical mills for 
grinding ores and minerals, but their use has now 
largely been replaced by steel balls. Granite grinding 
pebbles have been produced for many years by the 
Canadian Pebble Company, Limited, and latterly by 
C. W. Todesco from the vicinity of Santoy near Jackfish 
on the north shore of lake Superior. In 1920, the amount 
produced reached 560 tons, but during the last two 
years a total of about 170 tons was shipped. These 
pebbles are largely used for grinding clinker and cement. 
During 1922, the Hedley Gold Mining Company used 
pebbles from the Hedley, Similkameen district B.C., 
which are stated to have cost 4 dols. per ton, as against 
35 dols. for those imported from Denmark. 

Under the general heading of sharpening stones, are 
included whetstones, scythestones, honestones, razor 
hones, oilstones, and waterstones. Their nomen- 
clature is rather confusing as the difference between 
these stones is not clearly marked and they grade from 
one into another. The demand for natural scythe- 
stones has decreased owing to increased competition 
from artificial abrasives, and to the increased use of 
agricultural machinery over hand tools. 

The principal types of machines employed in the 
manufacture of whetstones are the band saw, which is 
used to cut the crude blocks of stone into strips, 
and the rubbing bed on which the strips are ground 
down to the required dimensions. In Canada the 
only producer of scythestones is the Read Stone Com- 
pany, of Stonehaven, New Brunswick. The crude 
blocks are cut by multiple-blade gang saws, which 
consist of malleable iron strips } in. to } in. thick, 
10 in. wide and about 12 ft. long. A number of 
these blades are set at various intervals in a heavy 
frame, which reciprocates under regulated pressure 
against the surface of the stone. Local sand from 
Pokeshaw, or sometimes steel shot, is used as the 
abrasive. The rate of cutting is from 10 in. to 12 in. 
per hour. The slabs, which are 1} in. in thickness, 
are then cut into pieces 1} in. by 1 in., and about 
10 in. long. The pieces are then placed on the rubbing 
bed and rubbed to a smooth finish, the oval stones 
being finished by hand. 

Diatomite, which embraces tripolite, kieselguhr, 
diatomaceous earth, &c., is used as a soft abrasive, 
as well as for a number of other purposes. It occurs 
extensively in Canada, particularly in the Maritime 
Provinces as deposits in lakes or marshes, which 
rarely attain a thickness of more than 6 ft. The 


‘largest deposits found hitherto are in British Columbia, 


where in the vicinity of Quesnel it occurs over many 
square miles in compact beds 40 ft. thick, in some places 
hundreds of feet above the present rivers, but the 
substance is only mined by one firm in Canada, namely, 
the Oxford Tripoli Company, Oxford, Nova Scotia. 
Most of the material consumed in Canada is obtained 
from the large Californian deposits. Over 100,000 tons 
are produced annually in the United States, and the 
uses and demands for it are continually increasing. 
Lump pumice occurs in the Bridge River district, 
Lillooet mining division, British Columbia. It con- 
tains less silica than the imported pumice. No use 
has been made of the material except locally, for insu- 
lating buildings. The difficulties of transportation 
and the shallowness of the deposits are somewhat 
detrimental to its commercial development. 

Volcanic dust is a natural glass or silicate, atomised 
by volcanic explosions and thrown into the air in 
clouds. The composition and the uses of volcanic 
dust are very similar to those of pumice. A good 
grade material contains about 70 per cent. silica, 13 to 
15 per cent. alumina and a little iron. In central 
and western Canada there are many localities where 
volcanic dust is found; some of these deposits are 
being exploited by manufacturers of cleansers, scouring 





grinding paint, cement, fertilisers, &c., and in the 





compounds, etc. 
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LABOUR NOTES. 


An interesting discussion on the subject of means 
ofjregulating wages took place at last week’s meeting 
in Perth of the Scottish Trades Union Congress. It 
arose on*a resolution proposed by Mr. Joseph Duncan 
(Scottish Farm Servants’ Union), on behalf of the 
General Council, to the effect that the report of the 
‘Council on methods of regulating wages and working 
conditions be received, and the incoming General 
Council be instructed to continue the inquiry to which 
it related. The time had arrived, Mr. Duncan said, 
to consider whether the present methods of fixing 
wages were efficient. It was all very well to talk about 
revolution, but, as trade union officials, they knew that 
their members wanted improved wages and conditions. 
At the same time they had to keep their ultimate aim 
in view. Unless they proved themselves efficient and 
competent in dealing with wages and conditions in 
industry, they could not expect the general public 
to have confidence in them in dealing with the affairs 
of Government. The General Council invited officials 
attending the Congress to express their opinions, and 
to give power to the General Council to continue investi- 
gations, with a view to preparing another report which 
would help to fix new methods for dealing with the 
altered conditions in industry. 





Dealing, in a final speech, with points raised in the 
discussion, Mr. Duncan said that the line that they 
ought to take was to improve their machinery of 
negotiation, after they had considered statements from 
trade unions. The miners alone of their great trade 
unions had stuck rigidly to the delegate method during 
disputes, under which negotiators were referred back 
continually to the man in the workshop. When they 
came to large scale production, large scale negotiations, 
national agreements, and the necessity looming ahead 
of international agreements, they could not conduct 
them by the delegate method. They must face the fact 
that they must have machinery as mobile as that of 
the people they were meeting. Their problem was to 
set up machinery to negotiate the type of agreement 
that the ordinary worker would understand. The 
resolution was carried unanimously. 





During the discussion, a delegate expressed the 
opinion that piecework and other systems of payment 
by results created jealousy, suspicion and complications 
amongst the workers. Mr. J. T. Brownlie, the president 
of the Amalgamated Engineering Union, took excep- 
tion to that view, which was, he declared, falsified by 
experience. The Boilermakers’ Society and the Iron 
and Steel Trades Confederation had been built up, he 
said, on systems of payment by results, and he doubted 
if either would be prepared to go back to the old 
system. In his union they had been compelled to 
adapt themselves to payment by results, and in many 
cases that system had been working satisfactorily and 
had enabled their members to obtain increased wages. 





A resolution, proposed by the Dundee Trades and 
Labour Party, was to the effect that experience had 
shown that campaigns for industrial peace were used 
to demand fresh sacrifices from the workers, in order 
to increase the profits of capitalism. Congress should 
make itself responsible, the resolution went on to declare, 
for a campaign against peace in industry on the lines 
of 100 per cent. trade unionism, the setting up of 
factory committees, and the advancement of amalga- 
mations as a step towards industrial unionism. In the 
course of the discussion which followed, Mr. Brownlie 
invited the Congress to hesitate before doing something 
that would ultimately make it look ridiculous. They 
had no right, he saic, by resolution, to censure directly 
or by implication people over whom they had no direct 
control. He stood for peace in industry, but he was 
satisfied that peace in industry would not be super- 
imposed upon the people. It must come from the 
workshops. He was prepared to negotiate with all 
sorts and conditions of people in order to get what 
he wanted, and he would always use the strike weapon 
when absolutely necessary. He had no desire for strikes 
however, ard would do «ll he could to avoid them. 


In a statement on the new Unemployment Insurance 
Act, the Ministry of Labour points out that there are 
two main conditions governing the receipt of benefit :— 
(a) From April 19, for a transitional period varying 
from one to two years in individual cases, claimants 
will be required to prove payment of eight contribu- 
tions in the last two years, or 30 contributions at 
any time. After that transitional period, claimants 
must prove the payment of 30 contributions during the 
two years preceding the claim for benefit. Special 
provisions apply to ex-Service disabled men, in whose 
case the requirement will be 10 contributions instead 
of 30. (b) The claimant must be genuinely seeking 





work. A claimant for benefit is allowed to stand out 
for a reasonable interval for employment in his usual 
occupation, but thereafter employment of another kind 
may be regarded as suitable. 





There are also, it is added, some modifications of 
the disqualification for benefit, based on the loss of 
employment owing to a trade dispute. The maximum 
period of employment after which a fresh waiting 
period is not required is extended from six weeks to 
ten weeks. From the beginning of July next, reduced 
rates of contributions and benefits will be payable in 
respect of young men and young women, aged 18-20. 





The reasons which have induced the National 
Executive of the National Union of Scottish Mine 
Workers further to postpone the calling of the Annual 
Conference, are given in a memorandum which has 
been sent to members in Lanarkshire, Fife, Clack- 
mannan and Kinross, Ayrshire, Mid and East Lothian, 
West Lothian and Stirlingshire. After pointing out 
that the financial position is worse so far as the pay- 
ment of levies and arrears by district is concerned, 
than it was when the year began, the Executive explain 
that lapsing to this extent makes it impossible to 
define the voting power of the membership in each 
district for the purposes of a national Conference. 





The real trouble is, of course, the success in certain 
areas of National Minority Movement candidates for 
office. On this subject the memorandum says :— 
“This so-called Minority Movement, while outwardly 
proclaiming the desire to further the interests of 
trade unionism, is in reality part and parcel of, and 
the willing tools of their parent, the Communist Party, 
who brought them into being. Their obedience and 
subservience to their masters, the Executive of the 
Red International, is only surpassed by their desire to 
be elected to the positions of those officials whom they 
have systematically traduced, misrepresented, and 
abused. We refuse to take our instructions from this, 
or any, other outside body. We ask you to do your 
part in purging your organisation of this evil, disruptive 
influence. Communism seeks to displace Consti- 
tutional Trade Unionism by unconstitutional means. 
These two forces cannot, in the nature of the case 
exist in one big organisation. The Communists are 
endeavouring to capture the executive authority of 
the National Union of Scottish Mine Workers, with the 
settled intention of using the machinery and prestige 
of your National Union to further their own sinister 
purpose. You cannot, in your own interests, allow 
them to succeed.” 





At a meeting in Manchester last week, the Executive 
Committee of the eight trade unions of workers in the 
spinning and weaving sections of the Lancashire cotton 
industry, considered the report of the recent joint 
Conference—especially the speeches made on _ behalf 
of the employers by Messrs. F. A. Hargreaves, F. Mills, 
H. 8. Butterworth, and John H. Grey. Subsequently, 
it was officially stated that a sub-committee had been 
appointed to draft a reply and submit it to another 
meeting of the full Executive Committee, to be held 
before the joint Conference with the employers is 
resumed on Monday next. 





Writing in the April issue of The Industrial Review, 
an organ of the Trades Union Congress General Council, 
Mr. Citrine says that the position of the unions is 
steadily improving, membership and funds are in- 
creasing, and soon any loss sustained as a result of the 
industrial difficulties of 1926 will be more than com- 
pensated. Once more, he adds, the policy of the 
General Council in regard to the National Minority 
Movement has been supported and approved, the 
Shop Assistants’ Union having taken a very definite 
stand in connection with the methods adopted by the 
Minority Movement to influence the election of officers 
within the union. There is plenty of evidence, he says, 
that the trade union movement as a whole has become 
aware of the mischievous activities of the Minority 
Movement. It has done a good deal to retard the 
revival of trade unionism, and it is not without signi- 
ficance that the recovery of the unions, as revealed in 
the Easter conferences, coincides with the exposure 
of the intimate organic relations between the Minority 
Movement and the Communist Party. 





The General Council of the Trades Union Congress 
have decided that it isin the best interests of the trade 
unions that no further action should be taken in con- 
nection with the proposed Parliamentary Bill for the 
legalisation of voluntary agreements. Certain difficul- 
ties from the point of view of the organised trade 
union movement still remain in the amended draft 
put forward by the Association of Joint Industrial 
Councils, and the advice given by the General Council 





to affiliated societies last year, not to identify themselves 
with a request for the introduction of such legislation 
is held to be still relevant to the issue. s 





The Ministry of Labour states thatYon April 16, 
1928, the number of unemployed persons on the regis- 
ters of Employment Exchanges in Great Britain was 
1,083,800, of whom 760,500 were wholly unemployed, 
256,900 were temporarily stopped, and 66,400 were 
persons normally in casual employment. Of the total 
number, 872,900 were men, 36,200 boys, 142,600 
women and 32,100 girls. On April 2, 1928, the number 
of unemployed persons was 1,041,935. Of these, 
744,189 were wholly unemployed, 230,187 were tempo- 
rarily stopped, and 67,559 were persons normally in 
casual employment ; 843,910 were men, 30,474 boys, 
139,245 women, and 28,306 girls. On April 19, 1927, 
the number of unemployed persons was 1,106,440, of 
whom 881,980 were men, 30,015 boys, 163,850 women, 
and 30,595 girls. 





At the end of March, 11,022 members of the Boiler- 
makers and Iron and Steel Shipbuilders’ Society were 
“signing the books,” as compared with 10,414 at the 
end of February. The number of members in receipt 
of superannuation benefit was 4,338 as compared with 
4,264, and the number in receipt of sick benefit 2,986 
as compared with 2,943. In February, the expenses 
amounted to 10,439]. 16s. 4d.; in March, when there 
were five weeks’ outlays, they were 12,692]. lls. 6d. 
Commenting on the increase in the unemployment 
figures, Mr. Hill, the general secretary, states that 
it is partly accounted for by inclement weather and 
a slight falling-off in the amount of repair work. A 
year ago, he points out, there was also an increase of 
unemployment in March. But in March, 1928, there 
were 6,400 fewer unemployed than there were in March, 
1927, and the figure for February, 1928, was only half 
that for February, 1927. ‘It will, therefore, be 
seen,” he says, “ that, taking a longer view, there has 
been a very considerable trade improvement.” 





The Times correspondent at Berlin states that on 
Monday, Herr Brauns, the Reich Minister of Labour, 
declared the award in the Ruhr coal dispute to be bind- 
ing on both parties, ‘in the public interest.” This 
award gives the miners a wage increase of 8 per cent., or 
half their demand, and reduces working hours on the 
surface. The Ministry of Economic Affairs, as well as 
the employers, estimates the consequent addition to 
costs of production at about 80 pfennigs (94d.) per ton. 





According to The Ministry of Labour Gazette, the 
changes in rates of wages reported to the Department 
in 1927, resulted in an aggregate net decrease of 388,5001. 
in the weekly full-time rates of wages of 1,855,000 work- 
people, and a net increase of 30,700I. in those of 282,000 
workpeople. Changes affecting agricultural labourers, 
Government employees, domestic servants, shop- 
assistants and clerks are not included in that reckoning. 
The wages of workpeople engaged in the manufacture 
of pig-iron and finished iron and steel, which fluctuate 
in nearly all the principal districts under sliding scales 
dependent on the selling price of pig-iron or of manu- 
factured iron and steel, were reduced in nearly all 
districts in 1927, the principal exception being blast- 
furnace workers in South Staffordshire, whose wages 
were increased and reduced by equal amounts. 





In the engineering industry and certain other metal 
industries, including railway carriage and wagon build- 
ing (except railway companies), bridge building, sheet- 
metal working, and weighing-machine making, in 
various districts in Great Britain, and ammunition, 
small arms, cycle, axle and spring, cast-iron hollow- 
ware, tube, etc., making in the Birmingham and Wolver- 
hampton districts, adult male time-workers were 
granted a special bonus of 2s. a week in August. No 
general change in wages occurred during the year in 
the shipbuilding industry or in the tinplate industry. 
The principal reductions in wages in this group occurred 
in electric cable, chain, and bobbin making. 





The total number of workpeople whose normal hours 
of labour were changed in 1927, so far as reported to 
the Department, was 20,400. Of these, 18,700 had 
their hours increased by an average of about 36 hours 
per head per week, and 1,700 had their working time 
reduced by about 4-6 hours per week. The principal 
increases in hours were alterations from 7 to 8 per shift 
in the case of underground workers, and from 46} to 
49 per week for surface workers at shale mines In 
Scotland ; from 44 to 48 per week for thread workers 
in Scotland; and from 44 to 47 per week for the 
employees of certain Local Authorities in igaden. 
The hours of coal tippers and trimmers at the Bristol 
Channel ports were increased from 43 to 45 per week 
on the first shift, and from 37} to 40 on the second. 
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GRINDING MACHINES FOR 
LOCOMOTIVE WORK. 


Tue grinding machine has long established itself 
48a machine tool of great usefulness in a variety of 
directions. The following description relates to three 
machines of this class just introduced by Messrs. Beyer, 
eacock and Company, Limited, Gorton, Manchester, 
and essentially intended for the economical internal 
Eining and surfacing of locomotive parts. Of the 

nee machines, we reproduce photographs of two in 
ae 1 and 2, which show respectively a double head 
Reg ve hole and internal grinder, and a single 
third It-driven hole and expansion link grinder. The 
> pe a is a vertical spindle belt-driven machine 

€ internal grinding of cylinders and other parts, 





the head of course being fixed. All the machines have 


HoLe AND EXpANSION-LINK GRINDER. 


certain valuable characteristics in common. For 
example, a simple form of mechanism has been adopted 
for the spindle feed which embodies a stationary hand- 
wheel for control. The vertical power traverse may be 
instantaneously released, an improvement on previous 
machines and one which permits gauging operations 
to be rapidly carried out. Rigidity of the wheel when 
engaged on cylinder or other deep internal grinding 
is assured by the use of sturdy snout bearings to 
support the arbor close to the wheel. Heavy cuts may 
be taken without unduly stressing the machines. 
Thus a thickness of 0-005-in. may be removed from a 
hole 3 in. in diameter by 4} in. long. in case-hardened 
steel in less than five minutes. 

The machine shown in Fig. 1, with its ample table 
16 ft. 2 in. long by 1 ft. 3 in. wide, and its bed of the 
same length, is specially adapted for such operations 
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as the surface grinding of coupling rod jaws and others 
involving the handling of long parts, as well as internal 
grinding. The grinding heads have, in consequence & 
large range of movement, and are capable of being set 
& minimum distance apart of 16 in. centre to centre, 
and a maximum distance of 12 ft. 6 in. The nature of 
the frame carrying the bed and table is well shown in 
the figure, the four heavy standards providing short 
stiff spans. The main driving shaft is carried on 
brackets at the rear of the bed. The reversing gear- 
boxes are situated at each end and are driven from the 
driving shafts by 2-speed cone pulleys. These are 
controlled by stop rods at the front of the bed and so 
determine the automatic traverse of each head along 
the bed, which may be set to operate up to 5 ft. 7 in. 
The slides are provided, of course, with hand adjust- 
ment longitudinally, independent of the automatic 
traverse. 

Each head is fitted with the spindle slide at the front. 
The spindle has a vertical movement of 1 ft. 6 in. The 
method adopted for regulating the feed has already 
been referred to, but it may be mentioned that there 
are three vertical traverse speeds. Independent driving 
of the heads is obtained from a common driving 
pulley by means of separate friction clutches. Trans- 
verse hand adjustment of the slide to the extent of 
6 in. is provided. The spindle is of tool steel and is 
mounted in ball bearings. The bearing is of bronze 
of the adjustable taper type. There are two grinding- 
wheel speeds and three planetary speeds for the 
spindle. The maximum eccentric stroke of the spindle 
is 2in. The minimum size of hole that can be ground 
is ? in. in diameter. The depth may be from 3 in. 
upwards. 

A set of wheel arbors is provided with the machine, 
and two sets of grinding wheels, each set consisting of 
one wheeleach of #} in. 1 in., 1} in., 2 in., 24 in., 3 in., 
| 34 in., 4 in., and 44 in., and also one 1? in., in diameter 
| for surface grinding. As will be seen from the left-hand 
| head in Fig. 1, snout bearings are used for the arbors ; 
| these are intended for the support of the larger wheels. 
| This figure may also be referred to for the other features 
| of the machine, the arrangement of the table with a 
surrounding trough, the provision of a flexible cutting- 
medium supply, and soforth. All gearing is machine-cut 
and guarded. The normal equipment includes the neces- 
sary handles and spanners, all internal belting, and a 
diamond dressing tool. The motor requires 10 brake 
horse-power, and the floor space occupied is 19 ft. 2 in. 
by 6 ft. 10 in., approximate weight about 133 cwt. 

In Fig. 2 is shown the single head machine for grinding 
radius links and blocks. The bed and main table in this 
case are both 7 ft; 6 in. long, and the latter is 1 ft. 3 in. 
wide. The general construction is very similar to that 
of the double machine, particularly as regards the 
details of the grinding head and slide. There is, 
however, no automatic longitudinal traverse reverse 
for the head, the main driving shaft being provided 
with fast and loose pulleys and strap shifting gear. 
The longitudinal traverse of the head is 5 ft. and the 
transverse traverse and the vertical travel of the spindle 
are the same as in the double machine. The capacity 
as regards the range of an individual head is also the 
same, speeds and feeds being identical. 

The cardinal difference in the two machines lies in 
the subsidiary, or link, table. This has a surface 
2 ft. by 8} in. wide, with a traverse of 1 ft. 4 in., and 
two traverse speeds, the mechanism for the latter being 
situated at the end of the main table. The link table is 
carried in a slide on the main table, and, when radius 
links are being ground, is connected to a radius bar, the 
fulcrum of which is bolted to the main table. The 
limits of radius for the link are 2 ft. and6ft. The power 
required to drive this machine is 5 h.p., the floor space 
occupied is 10 ft. 6 in. by 7 ft., and it weighs about 
75 cwt. 

The third machine, which is provided with a fixed 
head and is adapted for internal grinding only, is also 
exactly similar as regards the capacity of the head 
as the double machine, and the same wheels are pro- 
vided, but without that 1} in. in diameter for surfacing. 
The table is 3 ft. by 1 ft. 3 in., and is capable of being 
traversed by screw gear and hand wheel longitudinally a 
distance of 2 ft.4in. Transverse adjustment is secured 
by moving the grinding head, the traverse in this 
direction being 6 in. The power required to drive the 
machine is the same as for the radius link grinder. The 











floor space occupied is 7 ft. by 6 ft. and the approximate 
weight 484 cwt. None of the machines require counter- 
shafts, and in all special attention has been given to the 
means for lubrication. 








TRIAL Trip oF THE §.S. ‘ Maraco.’”—The twin-screw 
tug Mataco, the fourth vessel completed this year by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, for the Argentine Government, ran successful 
trials off the Tyne during last month. The vessel is 
137 ft. long and is designed for ocean-going service. 
The main machinery consists of triple-expansion engines, 
supplied with steam by two boilers fitted to burn oil- 





fuel. 
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WIRE ROPES RESEARCH.* 
Third Report of the Wire Ropes Research Committee. 
By Dr. W. A. ScoBLe. 


Introduction.—The First Reportt of the Committee 
reviewed the literature relating to wire ropes, with 
special reference to the repeated bending of wire ropes 
over pulleys, sheaves, drums, &c. Very little data were 


Fig.1. 








the machines can only be run at a low speed on account 
of the inertia of the moving parts; therefore it was 
desirable to have several specimens under test at the 
same time. A machine to test several large ropes 
would have taken a long time to build, and, although 
full-scale tests appeal to engineers, in most instances 
reliable results can be obtained from small-scale 
experiments, so it was decided to make the bulk of the 
tests on ropes of the smallest catalogued size, namely, 

of 1 in. circumference. 

Machines were built to 














new set of ropes are compared with those recorded in 
the Second Report for the cables of lower tensile 
strength. The relative performance of ropes of different 
constructions can be judged and compared with the 
conclusions in the earlier report. Certain duplicate 
ropes were supplied by another maker and serve to 
show the order of the variation which is found amongst 
wire ropes made to the same specification. The machine 
employed for the repeated bending tests was illustrated 
diagrammatically in the Second Report. 

The scheme of the earlier experiments was not 






























































































































































“y make simultaneous tests of | generally understood, so will be described again. 
Me eight ropes. The ratio of the rope strength to the working tension, 
I \ A set of ropes was made | mistakenly called the factor of safety, and the pulley 
NY by Messrs. Bullivant and} or drum diameter as a multiple of the rope circum- 
\ was presented to the Com- | ference, are usually quoted to define the conditions of 
3000 ie mittee for comparative | service. Sometimes the rope diameter is taken instead 
Mig tests. All specimens were | of the circumference. The pulley diameter should 
\ ae of 80 tons to 90 tons per | depend primarily on the wire diameter in order to keep 
<A square inch tenacity, four | the bending stress small, so it was necessary to choose 
NG. being made of 0-021 in., | between the usual and the ideal practice when the pulley 
\ and three of 0-036 in.| diameters for these tests were fixed. Each rope was 
Aud diameter wire. The ropes | tested on pulleys of at least three different diameters, 
‘ were made in pairs, one of | and by simple interpolation it was possible to determine 
a which was of Lang’s and|the performance on a pulley of any other diameter 
me the other of ordinary lay. | within the range used. Pulleys turned to 6, 10, 14 and 
2 a The first pair had strands | 18 in. diameter at the bottoms of the grooves were 
“La of 12 wires laid on a fibre | used, the rope circumference being 1 in., and these 
<a 2 ae core, and the next had all | enabled a useful range of the ratio pulley diameter/rope 
‘\ Z tis wire strands with 19 wires | circumference to be covered by equal steps. A rope 
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available concerning the actual performance of ropes 
working over pulleys and drums. Few experiments 
had been made, and in the performance of ropes in 
service the conditions were not clearly and fully defined. 
The Committee arranged for experiments to be made to 
supply the data required, and the Second Report} 
recorded the results of the first series of tests. Endurance 
tests of ropes require a long time to complete because 





* Presented at the meeting of the Institution of Mech- 
anical Engineers, on Friday, April 20, 1928. Abridged. 

+ Proc. I. Mech. E., 1920, page 835. 

t}Proc. I. Mech. E., 1924, page 1193. ENGINEERING, 
exviii,t{page 856. 


per strand, 12 on 6 on 1. The strands of ropes Nos. 7 
and 8 had seven wires of 0-036 in. diameter, and No. 6 
differed from No.7 only by the replacement of the 
centre wire of the strand by a soft wire of 0-038 in. 
diameter. The rope which should have been No. 5 was 
not supplied. 

Repeated Bending Tests of Camplete Ropes.—The 
main results recorded here relate to repeated bending 
tests over pulleys of a set of ropes similar to the above, 
but made of wire having a tensile strength of 100 tons 
to 110 tons per square inch. The effect of the higher 
tensile strength is the chief object of the investigation, 








and to enable this to be estimated the data from the 


was tested on a pulley under a given tension, after 
which other tests were made of pieces of the same rope 
over the same pulley under different tensions. The only 
variable was the tension on the rope. Sufficient tests 
were carried out to enable an endurance curve, con 
necting tension and number of bends to cause failure, 
to be plotted for the rope when working on & pulley 
of that diameter. The life of the rope at any other 
tension could be read from the curve. The working 
tensions were adjusted to give points spread along 
the endurance curve and so-were not simply re- 
lated to the so-called factors of safety. The tension 
which gave a life near the maximum selected was 
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not usually the rope strength divided by a whole 
number. 

Having completed the curve for a 6-in. pulley, 
similar tests were made, and curves were drawn for 
other pieces of the same rope working on the pulleys 
of different diameters. Each curve showed the effect 
of the load alone on the number of bends to cause 
failure, and a comparison of the different curves demon- 
strated the influence of the pulley diameter. A similar 
series of curves was drawn from corresponding tests of 
the other ropes on the same pulleys, so a comparison of 
the curves for the different specimens when working 
over the¥same size pulley enabled the effect of the 
different rope constructions to be estimated over a wide 
range of conditions which were identical for all the 
cables. 

The New Tests of Ropes by Repeated Bending.—Par- 
ticulars of the main batch of specimens are given in 
Table I. All the ropes had a circumference of 1 in., 
and were made of wire with a tenacity of 100 tons to 110 
tons per square inch. All pulleys were accurately 
grooved to fit the rope, and the flanges were flared and 
made tangential to the bottom portion of the groove, 


sectional area of the wire, and to this is added the 
bending stress calculated from Ed/D, where E is the 
modulus of elasticity of the steel, and D and d are the 
diameters of the pulley and wire respectively. The 
curves for rope No. 10 show a decrease of the stress for 
larger pulleys and indicate that the bending stress is 
overestimated, but the resulting error does not affect 
comparison of data from the larger pulleys. The 
results from the 14 and 18-in. pulleys only are shown 
for the other ropes. Practically all the stresses for an 
endurance of half a million bends lie between 28 tons 
and 38 tons per square inch. The fibre core to the 
strands with Lang’s lay appears to relieve the sharp 
bend in some degree, and the stresses for rope No. 11 are 
high compared with the others. The calculated stresses 
are known to be overestimated, yet they are only 
about one-third of the strength of the wire. The 
stresses at half a million bends agree reasonably well 
with those found for the 80-ton to 90-ton ropes, Nos. 
1-8, in the curves in the Second Report. For ropes Nos. 
1 and 11 the stresses are practically the same, but with 
the other constructions the ropes of higher tensile 





strength show slight increases. 


lay, and a rope is as good with a soft centre wire in 
the strand as when all the wires are of the full tensile 
strength. Lang’s lay with the soft centre wire is the 
best on the largest (18-in.) pulley. This affords further 
confirmation of a view expressed in the earlier Report, 
that a superior cable will often only show to advantage 
if it be used on a pulley of sufficiently large diameter. 
It should be noted that the experiments on similar 
ropes of 80 tons to 90 tons per square inch tensile strength 
indicated that Lang’s lay was best for large pulleys, 
and that the soft core wire in the strand reduced the 
tension carried by about one-seventh. The soft 
core wire to the strands weakened the rope and offered 
no advantage in compensation. The maximum calcu- 
lated stresses in these ropes, Fig. 4, have about the 
same range, but the mean is smaller than for the 
80-ton to 90-ton samples. The lowest stress to allow half 
a million bends was 42 tons per square inch, whereas it 
fell below 30 tons per square inch for the ropes con- 
structed of smaller wire. 

Comparison of all the Ropes of Both Tensile Strengths. 
—It is necessary to make a more detailed comparison 





of all the present batch of ropes and of those of 
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the section of which was the arc of a circle. Speci- TaBLE I.—Particulars of Specimens. different tensile strengths. All ropes were of 1-in. 
mens were soaked in heavy cylinder oil before they circumference, but the sectional area of the total 
were put on the machine, and there were frequent] Rope| ,, Strand wire differed appreciably. The best rope ~f 0-021-in. 
applications of oil during a test. One million bends| No, | Construction. Lay. — Steel. wire of 80 tons to 90 tons per square inch tensile 
was taken as the maximum number at the failure of a : strength, was the 6 x 12 with fibre core to the 
rope for the previous tests, but, following the dis- strands, except on the smallest (6-in.) pulley of 
cussion on the Second Report, this was reduced to| 10 | 6x19x0-021 in.| Ordinary | 12/6/1_ ..| Swedish acid. | 286 wire diameters, in which case it was likely that 
half a million for the present series. The cable | 1! | %12%0-021in.| Lang's ..) 1% wifes | Acid quality. | the rope suffered by crushing. The 100-ton to 110-ton 
tension for the small wire ropes has been plotted| 12 | 6x12 x0-02Lin.| Ordinary | 12 wires a specimen confirmed this superiority and stood up 
against the number of bends to cause failure in Fig. 1. is ale , = — better on the 6-in. pulley. In all cases the fibre core 
The curves may be studied to compare the performance | }? | 8190-021 ll ot . to the strands showed no advantage with ordinary 
of ropes in Lang’s and ordinary lays, of the twelve-| 15 | 6x7x0-036in. | Lang’s ..| 6 on soft 3 lay. Lang’s lay was best for a 6 x 19 rope on a 
wire on fibre-core and the nineteen-wire strand con- | core wire large pulley of 860 wire diameters, but for smaller 
structions, and of two ropes of the same construction. | pM ™. diameters it was not clear that a better performance 
Although rope No. 11 had only 12 wires per strand, it was| 16 | 6x7%0-036in. | Ordinary | 6 on soft Pp could be anticipated than with ordinary lay. In 
the best on each pulley, and it must be concluded that core wire all cases the ropes of higher tensile strength carried 
the association of Lang’s lay with the fibre core to the p Mtg &. a greater load than those of lower tensile strength 
strands gave the best endurance of all the combina-| 17 | 6x7»0-034in. | Lang’s ..| 6/1 ey — in the corresponding test. The results for the cable 
tions tested ; the earlier tests of the 80 tons to 90 tons with seven wires per strand were not so consistent, 
per square inch cables led to a similar conclusion.| Notr.—All the ropes, except Nos. 10 and 17, were from the | and were probably affected by the variations found 
The fibre core did not appear to offer any advantage | same maker. in ropes made to the same specification, differences 
in the ordinary lay. For the nineteen-wire strand} The ropes with seven wires per strand have to be|of the character demonstrated by the comparison 


topes the results were somewhat contradictory, Lang’s 
lay being best on the largest pulley only, from which 
it may be inferred that the ordinary lay is generally 
most suitable for this strand construction. Ropes Nos. 
10 and 14 were both of 6 Xx 19 ordinary lay, No. 14 
being better .on each pulley. The differences were 
small on 6 and 10-in. diameter pulleys, but they were 
considerable with larger diameters, No. 14 withstanding 
about double the number of bends that caused No. 10 
to fail under the same test conditions. 

_ The maximum calculated stress in the rope is plotted 
in Fig. 2 against the bends at failure. The tensile 





Stress is taken as the tension divided by the total 








considered next, and the corresponding curves in Figs. 
3and4. It is seen from Fig. 2 that No. 17 was the only 
specimen which showed a large endurance on the 
smallest (10-in.) pulley under even a low tension, which 
indicates that a soft central wire in the strand is not 
good practice for a rope which has to work on a small 
pulley. This statement applies only to ropes with 
seven-wire strands of the higher tensile strength, 
because those made of 80 tons to 90 tons per square inch 
wire did not show this peculiarity. For the 14-in. 
pulley the curves cross, but on the whole there is not 
much to choose between the three ropes. This means 
that Lang’s shows to no advantage over ordinary 








of ropes Nos. 10 and 14. 

The different constructions have been compared, 
and it is only necessary to remark that the advantage 
of wire of higher as compared with lower tensile 
strength is not clearly shown. In the 80-ton to 90-ton 
quality the 6 x 7 construction was better than the 
6 x 6 Lang’s lay, on the 18-in. and 10-in. diameter 
pulleys, -with the position reversed on the 14-in. 
Ordinary lay, 6 x 7, was inferior ‘on the largest 
pulley only. Considering the 100-ton to 110-ton 
ropes, the 6 x 6 is better than the 6 x 7, and Lang’s 
is superior to ordinary lay ‘only when the pulley 
diameter is sufficiently large. In comparing the 
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béhaviour of all the ropes tested it should be kept in 
mind that the pulley diameter is relatively smaller 
compared with the wire of a 6 x 6 or 6 X 7 rope 
than of a 6 x 12 or 6 x 19 construction. The basis 
of the comparison is the tension taken by a cable 
on a pulley of definite diameter. On the 18-in. 
pulley the highest tensions were carried by the 
6 x 12 and 6 x 6 ropes, both Lang’s lay and 100 tons 
to 110 tons per square inch. The 6 x 7 Lang’s lay 
in 80-ton to 90-ton wire gave results nearly as good. 
The 6 x 19, Lang’s, 100 to 110; 6 x 6, Lang’s, 
80 to 90; and 6 x 6, ordinary lay, 100 tons to 110 tons 
per square inch ropes, group together next in order. 
On the 14-in. pulley the 6 x 12 Lang’s lay, with 
fibre core to the strands, is easily the best. But 
the 6x6 and 6x7 in both tensile strengths 
compare remarkably well with the 6 x 19 Lang’s 
lay in 100 tons to 110 tons per square inch wire. 
The 10-in. pulley, about 280 wire diameters, is too 
small for the seven-wire strand ropes, and the smaller 
wire cables, for which the ratio is 476, all carry 
higher tensions. 

Results Presented according to Current Practice.—The 
results for most of the ropes of both 80 tons to 90 tons 
and 100 tons to 110 tons per square inch tensile strength 
are now presented in a different manner, which it 
is hoped will be found convenient in practice. It is 
usual to specify the pulley or drum diameter in 
terms of the rope diameter or circumference, or, 
which is generally better, as a multiple of the wire 
diameter. <A factor of safety is given for the rope 
which, used as a divisor of the tensile strength, gives 
the maximum working tension on the rope. In 
Figs. 5 and 6, the pulley diameter, expressed as a 
multiple of the wire or rope diameter, is plotted 
against the tension (taken as a decimal fraction of 
the ultimate strength of the rope) which causes failure 
after a specified number of bends. Fig. 5 relates 
to the 0-02l-inch wire cables, and Fig. 6 to the 
seven-wire strand ropes of 0-036-in. wire. Curves 
for ropes of both tensile strengths have not been 
plotted together in the earlier diagrams, so comparison 
may conveniently be made here. A few curves have 
been omitted. Referring first to Fig. 5, the use of 
the diagram may be illustrated by an example. 
Suppose that cable No. 1 is used with a factor of safety 
of 6, and that it is required to stand half a million 
bends to complete failure, then the pulley diameter 
should be 470, or 26 times that of the wire or rope re- 
spectively. Of course, the safe number of bends would 
be less than half a million. Or, using Fig. 6, if cable 
No. 6 has to work on a pulley of 300 wire diameters, 
or about 27 rope diameters, with a factor of safety 
of 8, the point on the diagram comes between the 
100,000 and 250,000 curves and interpolation shows 
that the rope will probably fracture after about 
160,000 bends. 

Returning to Fig. 5, the 6 x 12 Lang’s lay ropes, 
Nos. 1 and 11, with fibre core to the strands, are much 
superior to the others, and there is little to choose 
between them. The rope with lower tensile strength, 
No. 1, is the better on large pulleys and under condi- 
tions which allow a large number of bends. No. 2, 
6 X 12 ordinary lay, shows up well here because the 
strength of the rope is low with only 12 wires per 
strand. Taken as a whole, corresponding ropes of the 
different tensile strengths give similar results when 
the tensions are expressed as decimal fractions of the 
rope strengths, and in consequence the use of 100-ton 
to 110-ton cables is justified. When the reverse is the 
case it may be advisable to inquire whether the rope 
is being so severely treated that it calls for ductility 
of the wire rather than fatigue strength. No. 6 was 
the best of the seven-wire strand ropes, and was of 
80 tons to 90 tons per square inch strength, Lang’s 
lay, with a soft core wire in the strands. The curves 
in Fig. 6 are so steep that it is not advisable to use the 
seven-wire strands on small pulleys. The pulley 
diameter should be at least 300 wire or 33 rope diameters, 
and then the tension and number of bends are small. 
But the performance of these cables improves rapidly 
with increase of pulley diameter, and when this exceeds 
50 rope diameters the seven-wire strand ropes, of 
0-036-in. wire, compete with the 0-021-in. wire ropes 
on the same pulleys. 

Reversed Bending of Ropes.—Some tests of complete 
ropes were made on the Vaughan—Epton machine. 
The rope is bent from the straight on to a pulley, 
off that pulley and straightened, and then on to another 
pulley with the bend in the opposite direction. The 
return stroke of the machine reverses the operations. 
To facilitate comparison with the other tests, a bend 
was defined as bending from the straight on to the 
pulley and into the straight again. The number of 
bends was three times the revolutions of the machine 
for the arrangement described above. The _perfor- 
mances of the ropes under simple and reversed bending 
are compared in Table II. Rope No. 10 gave low results 
in the earlier experiments, but it shows to better ad- 
vantage here. It is nominally similar to rope No. 14, 





but its behaviour seems to be abnormal. Neglecting 
No. 10, the other three ropes under reversed bending 
carry from 0-71 to 0-76 of the tension under simple 
bending, when failure takes place after 250,000 bends 
in each case. The last column shows that reverse 
bending may halve the number of bends to cause failure 
as compared with bends all in the same direction. 


Taste II.—Comparison of Performances under Simple 
and Reversed Bending. 


| 





Tension, 14}-in. | Number of reversed 
pulleys, reversed | bends at tension 
bends for } mil- | giving } million 
| lion bends, Ib. simple bends. 


| Tension, single 

Rope | 14-in. pulley for 

No. | } million bends, 
1 


| b. 











10 1,110 | 1,120 _— 

12 930 | 660 130,000 
13 1,180 | 865 170,000 
14 1,730 1,310 120,000 


| 


Trulay Ropes.—Two ropes of Trulay construction 
were presented by Mr. Brunton. The special feature 
of the process of manufacture of these ropes is that 
the wires and the strands are preformed before they 
are laid up, with the result that there is no tendency 
to unlay when the rope is cut. It is claimed that 
tension is more evenly distributed amongst the. wires 
of Trulay ropes than is the case with those of the usual 
type of manufacture, and that in consequence the life 





usually repeated by increasing the tension to a quarter 
of the breaking strength of the rope, at which point 
another crushing test was made. The experiment was 
admittedly arbitrary, but the results may be regarded 
as comparable. Considering first the reduction of 
diameter under tension, rope No. 11, with 12 wires on 
a hemp core to the strand and Lang’s lay, contracts 
rather more than the others, between which the differ- 
ences are very small. In the worst case, No. 11, the 
reduction of diameter is less than 4 per cent. when the 
tension on the rope is one-quarter of its breaking 
strength. The rate of contraction under lateral 
pressure is much the same for all the ropes tested, 
Nos. 14 and 15 being slightly “harder” than the 
rest. The absolute values at any pressure vary appre- 
ciably because some of the ropes compress more at the 
commencement of lateral loading. The differences 


| between the two curves for the same rope give an 


indication of accidental errors in the tests. Taking 
the results as they are plotted, without any attempt 
at correction, a comparison of the two Lang’s lay ropes, 
Nos. 11 and 13, with strands of twelve wires on a fibre 
core and 12/6/1 constructions, when the lateral pressure 
was severe and equal to one-tenth of the strength 
of the rope in each case, the changes in diameter were 
0-061 and 0-048 in. respectively, the former 27 per 
cent. greater than the other. The difference is less 
than that between Lang’s and ordinary-lay ropes of 





the same construction, Nos. 13 and 14, so that 


Fig.7. COMPARISON OF TRULAY AND ORDINARY WIRE ROPES, 
BOTH 6x19 ORDINARY LAY. 100 TO/IO TONS PER SQ.INCH. 
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in service is materially improved. The specimens were 
presented when Messrs. Brunton had just commenced 
the manufacture of the new type of rope, and only a 
small size was available. The tests were made on 
pulleys of proportionately smaller diameter, to corre- 
spond with those employed for the 1-in. circumference 
cables. The test data for the Trulay specimens are 
plotted for comparison with those from ropes of normal 
construction and the same make-up in Fig. 7, from 
which it is seen that on pulleys of corresponding diameter 
Trulay ropes are distinctly superior in 6 X 19 ordinary 
lay ropes, particularly under the severe conditions 
imposed by the use of small pulleys. For 6 x 7 ropes 
the difference is very marked, the endurance of Trulay 
ropes being of the same order as that of the normal 
rope on the next larger pulley. 

Reduction of Diameter of Ropes by Tension and by 
Crushing.—The superior performance of Lang’s lay 
ropes constructed of twelve wires with a fibre core to 
the strands (with the 80-ton to 90-ton wire) was shown 
to be very marked by the results given in the Second 
Report of the Committee. The present series of experi- 
ments confirm the excellent behaviour of ropes in this 
construction, particularly when a reasonably large 
pulley is used. Against this it is urged that the fibre 
core to the strands diminishes the “‘ hardness ”’ of the 
rope to such an extent that it cannot be used when 
subjected to severe crushing, which may be caused 
by over-riding turns on a drum. An attempt was made 
to obtain some exact data relating to the crushing 
of ropes by putting them under lateral compression 
whilst under tension. The opportunity was taken to 


record also the reduction in diameter of a rope as the | 


tension on it was increased. A sample of rope was put 
under increasing tension to about one-eighth of its 
ultimate strength and the new diameter was measured 
at intervals. A pair of flat clamps was then fitted on the 
rope and bore against 1} in. of its length. Measured 
pressures were applied to the clamps and the reductions 
in diameter were again recorded. The experiment was 
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there is nothing here to support the prejudice against 
the fibre-cored strand. With pulleys and drums 
sufficiently large to ensure the superior endurance of 
this 6 x 12 construction, no difficulty should be met 
with due to crushing of the rope. 


EXPERIMENTS WITH SINGLE WIRES. 


Experiments on single wires may have one of 
two principal objects, either to ascertain some funda- 
mental property with a view to improvement or to 
ensure correct usage, or to determine the behaviour 
of the wire under special conditions which operate 
in service. Tests of both types are represented in 
those recorded below. 

The Effect of Lateral Pressure on a Wire.—It is now 
generally conceded that a ductile material, e.g., rope 
wire fails at a definite shear stress, or stress difference. 
According to this view the strength of a wire in tension 
should be reduced by a lateral pressure. The theory 
applies at the elastic failure of the metal (the elastic 
limit or yield point), but the well-known examples 
of the breaking of a wire or rope under tension at @ 
grip, or at the last contact with a pulley, indicate 
that the same conclusion may be applied at fracture, 
which in the case of rope wire is not far removed from 
the yield point. An experiment was made to give more 
definite information on the effect of lateral pressure. 


|The wire was 0-065 in. diameter, galvanised, and 


rated at 90 tons per square inch. It could be broken 
by tension and at the same time compressed between 
steel grips of 0-5 in. radius in a plane through the axis 
of the wire. The results found were :— 


Lateral pressure, P,lb._... 0 100 200 300 400 
Tension on wire at fracture, ae 
lb. wee ame .. 648 615 558 532 524 


The tensile strength of the wire is reduced as the 
lateral pressure is increased, more rapidly at first, but 
slowly at high compression. No doubt the compres- 
sive stress reaches an almost steady value because 





the grips bite into the wire under a high compression 
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force and increase the area of wire which takes the 
pressure. The maximum reduction of tensile strength 
by lateral compression was about 18 per cent. 

“Tests of Single Wires on the Vaughan-Epton Machine. 
—Messrs. Joshua Buckton and Company of Leeds, 
have extended the loan to the Committee of the Vau- 
ghan-Epton wire-testing machine. A wire is held 
between grips and is put in tension by means of a 
hydraulic cylinder. A pump on the machine main- 
tains a supply of oil to the cylinder, at a pressure deter- 
mined by the dead load placed on an auxiliary ram 
in a cylinder fitted with an overflow. The grip remote 
from the hydraulic cylinder can be rotated and locked 
to put any desired twist in the wire. The wire may be 
passed over three pulleys which rotate on pins fixed 
on a slide. The slide is moved to and fro on the bed 
of the machine by a connecting-rod and rocking 
lever, thus giving reversed bends to the wire as it 
passes from the straight, over a pulley, straight, and 
over the next pulley, with reversed curvature. For 
the present tests, certain slight modifications were 
made to the machine. The wire used throughout 
the tests was black, 0-064 inch diameter, and of 102 
tons per square inch tensile strength. It had good 
ductility, and a fixed twist of as much as 1 turn per 
inch did not affect the load-extension curve to fracture. 
A fixed torque of 5 lb.-in., reduced both the strength 
and the elongation. The reduction of strength would 
be expected if it be supposed that the shear stress or 
stress difference determines failure. The elongation 
is then diminished under a high torque because the 
wire fails by torsion instead of tension. It is probable 
that the actual torque on the wire was nearer 3 than 
5 Ib.-in. because the friction of the heavy gear must 
have been large compared with the small applied torque. 
An important fact here is that the calculated twist 
on the wire under a torque of 3 lb.-in. is about one- 
twentieth of a turn per inch, yet this torque had a 
material effect on the wire, whereas the influence 
of a fixed twist of one turn per inch was negligible. 
A fixed twist did not provide a torque which could 
continue to operate and fracture the wire, because it 
was eliminated by yield. 

In the later tests, the wire passed over the pulleys 
and was given reversed bends whilst it was being 
stretched. The reversed bending produced a consi- 
derable increase of wire extension. But the bending 
stress on the wire tended to reduce the tension at 
fracture, and the ultimate strength was further dimi- 
nished by the use of smaller pulleys. The increased 
extension of the wire was not maintained when the 
rate of extension was slowed down to permit of more 
than 1,000 revolutions of the machine, or 3,000 bending 
cycles, before the wire fractured. Increased bending 
stress by the use of smaller pulleys reduced the tensile 
strength of the wire when the bending and tension 
operated simultaneously. The addition of a fixed 
twist to the tension and bending fatigue had no marked 
effect on the stretch of the wire, although the strength 
was slightly reduced. Another experiment was con- 
ducted in a different manner to determine whether 
twist on a wire affected its endurance. The wire 
employed was 0-064 in. in diameter, black, and had a 
breaking load of 7251b. It was broken in the Vaughan- 
Epton machine, under a fixed tension of 300 lb., by 
repeated bending over 12-in. pulleys. The cycles 
endured in three tests were 7,161, 9,599, and 8,823. 
Another sample was tested in a similar manner with 
the addition of a twist of one turn per inch in the wire, 
when it fractured after 8,930 cycles. Under these 
severe conditions, the additional twist did not promote 
failure of the wire. 

Fatigue Tests of Wire-—The Second Report of the 
Committee included the results of experiments on 
the repeated bending over pulleys of single wires 
from the test ropes. Such tests were not always 
satisfactory, and it was difficult to obtain reliable or 
consistent results because the wire was liable to twist | 
during a test and so alter the plane of bending. Another | 
method was adopted for the present series of fatigue 
tests of single wires. The wire was held in a self- 
centring chuck, which could be rotated by an electric 
motor; a split-brass bush, slightly bell-mouthed, was 
gripped by the chuck and obviated severe local crushing 
of the wire. The specimen was horizontal and the outer 
end was loaded by dead weights. The scale-pan 
was carried on a stirrup attached to a small ball-bearing 
which titted on a bush, clamped on the outer end of the 
wire. The wire was tested by repeated bending as 
4 rotating cantilever, a miniature of the usual method 
of breaking materials under reversed stresses. The 
steel was most heavily stressed at the chuck end, where 
the bending moment was a maximum, and during a 
revolution the stress at the periphery changed according 
to a sine law, from maximum tensile to maximum 
compressive, and returned to the maximum tensile 
stress. This treatment was more severe than that 
of a rope wire when it passes over a single pulley ; 
1t corresponded more nearly to reversed bends, but 
it sufficed for preliminary tests of single wires and 





investigated the fundamental property of fatigue 
strength. 

Engineers must surely be confused by the trade 
descriptions of wire. There are three qualities of 
each tensile strength, basic, acid, and special acid, yet 
each quality has to satisfy precisely the same test 
requirements. Then an increase of 10 tons per square 
inch in the tensile strength is shown by the addition 
of a further adjective. For these experiments, ordinary 
stock wire was taken of different tensile strengths 
and in each of the three qualities, and each was tested 
to give an endurance curve to a million reversals. The 
wires were also tested after annealing. The most 
impressive fact brought out is the very low values 
of the fatigue stresses under reversed bending. These 
fatigue stresses on the basis of a million reversals 
are tabulated to facilitate comparison, in the order of 
ascending quality, according to the rope-maker’s 











description. 
Fatigue Fatigue 
Tensile stress wire 
Diam. of | strength, Quality. as received, | annealed, 
Wire, in. | tons per tons per tons per 
square wee square inch. 
0-071 80 to 90 | Basic. +21°6 +13°6 
0-096 80 to 90 | Acid. +15°6 +138:-9 
0-079 80 to 90 | Special acid. +17-2 +14-7 
0-071 90 to 100} Basic. +19-2 +14-8 
0-065 90 to 100) Acid. +17:1 +13-1 
0-095 | 100 to 110) Acid. +16-9 +14°6 
0-079 | 100 to 110) Special acid. +16°4 +14:4 














In all cases, up to one million bends, the fatigue 
limit of the wire is reduced by annealing, but treatment 
of the wire during drawing has an effect which appears 
even under these test conditions. Nevertheless, 


the large increase given to the static tensile strength | 


by drawing has no counterpart here. The order of 
quality—basic, acid, special acid—is reversed; at 
least, the basic wire proved best in each group in which 
it was represented. It might be concluded, lacking 
further experiments, that acid wire would have an 
average range of 0 to 34 tons per square inch, which 
is in fair agreement with the results of the pulley 
tests of complete ropes. In this instance, wires of 
higher tensile strength had, on the whole, rather lower 
fatigue ranges. This supports the results of the main 
series of tests, which show that the 100-ton to 110-ton 
ropes only carry about the same loads as those of 
80 tons to 90 tons per square inch tensile strength. 
The present method for determining the working 
tension on a rope working over a drum or pulley is 
fundamentally incorrect. The pulley diameter should 
be made as large as the other considerations will allow, 
but often is limited by the conditions. The error 
arises by the adoption of a factor of safety which is 
usually taken as the breaking strength divided by 


the tension on the rope. Both these terms are wrongly | 


used in this connection. In the present state of 
knowledge it appears that stresses must be employed, 
the direct tensile stress being calculated by dividing 
the rope tension by the total section of the main wires, 
i.e., excluding soft core wires, and the bending stress 
from 13,000 d/D, or 13,000 divided by the ratio of 
pulley to largest wire diameter. The sum of these 
stresses gives the maximum stress operating in the 
wire, which should be kept under the fatigue limit for 
the wire. The latter is not simply related to the ultimate 
tensile strength, but appears rather to remain nearly 
constant for wire of all grades and strengths. When 
the maximum stress is kept within the fatigue limit 
the factor of safety will be ample unless a very large 
pulley ratio, D/d, be employed, although the term 
‘factor of safety”’ is unfortunate in this connection, 
because it is entirely misleading. 
that endurance curves become nearly horizontal even 
at one-half or a million cycles; consequently, the 





pulley, a stress of 50 tons per square inch was not 
reached in the tests because the number of bends to 
cause fracture would have been absurdly small. 


SumMMARY. 

Twelve wires to a strand with a fibre core was the 
| best construction when associated with Lang’s lay. 
| Ordinary lay was best for 19-wire strands, 12 on 6 on 1, 
|except on the pulley of 850 wire diameters. A soft 
| core wire in a 7-wire strand proved to be undesirable 
for a rope of high-tensile wire which was used on a 
small pulley. A Lang’s lay rope with strands of six 
100-ton to 110-ton wires Jaid on a soft core wire was 
best on a large pulley of 500 wire diameters, but even 
on this pulley the soft core wire was a weakness in the 
80-ton to 90-ton rope. The higher tensile wire ropes, of 
the smaller 0-021l-in. wire, worked under somewhat 
higher tensions than the corresponding 80-ton to 90-ton 
ropes, but there was no distinct superiority with the 
7-wire strand ropes. 6 X 6 and 6 x 7 ropes compared 
|favourably with 6 x 12 and 6 x 19 on the same 





stress wire | pulley, when its diameter equalled 500 diameters of 


| the larger wire, or 18 circumferences of either rope. A 


square inch. | pulley of less than 300 wire diameters misused a rope 


| which lasted only whilst the ductility of the wire was 
| being destroyed. When a rope failed after a quarter 
| of a million bends, the load carried with reversed bends 
| was less than three-quarters the tension when the 
| bends were all in the same direction, or, alternatively, 
| the number of bends was halved at the same tension 
| on the rope. 
| Trulay ropes were superior to those made by the 
usual method of manufacture particularly on small 
pulleys and in 6 X 7 constructions. The Lang’s 
| lay ropes with 12 wires to the strand on a fibre core 
| gave particularly good results on pulleys of 500 wire 
iameters and larger, and under these conditions the 
alleged deformation of this form of rope will not 
occur. The tensile strength of a wire was reduced 
18 per cent. by severe lateral pressure. A considerable 
number of twists did not affect the behaviour of a 
wire under tension or tension with repeated bending 
over pulleys, but a maintained torque weakened a 
wire in tension. Repeated bending over pulleys, of a 
wire under increasing tension, caused a much greater 
elongation at fracture, but the excess became less with 
more bends. The fatigue strength of acid wires had 
always the mean value of approximately + 17 tons 
per square inch by repeated bending as a cantilever. 
Annealing the wires caused only a small reduction to a 
mean value of about + 144 tons per square inch. 
The high tensile strength given to wire by drawing 
had little effect on its fatigue strength. The condi- 
tions of rope service may best be considered on the 
basis of the sum of the tensile and bending stresses 
being within the fatigue range of the wire. The factor 
of safety need only be used as an additional check when 
the pulley or drum used is exceptionally large. 

Work in Progress.—A beginning has been made 
towards checking the results from the 1-in. circum- 
ference ropes by tests of larger specimens. A machine 
is at work which takes two 2-in. circumference ropes 
and another is under construction to bring the total 
to four. It will be possible to examine still more 
flexible constructions in the larger size which can now 
be handled. 
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It should be noted | pleted her trials. 


| 


| 


THE MOTOR SHIP ‘“ ZEALANDIC.”’ 


Tue Zealandic, the first of two twin-screw cargo 
vessels under construction by Messrs. Swan, Hunter 
and Wigham Richardson, Limited, Wallsend-on-Tyne, 
for the Shaw Savill and Albion line, was launched 
in November last, and has now successfully com- 
The vessel has an overall length of 
481 ft., and is of the complete superstructure type, 
with a long bridgehouse amidships and _ top-gallant 


lift of a rope is diminished very considerably when the | forecastle forward. The capacity of the holds is 


maximum stress exceeds the fatigue limit by even a | 666,000 cub. ft. 


small amount. 


In many instances, ropes are worked over pulleys; total insulated capacity being 404,000 cub. ft. 


Five of the holds are insulated for 
the carriage of meat, dairy produce, and fruit, the 
All 


and drums which are so small that the wire is damaged | the holds are fitted with cylindrical pillars, widely 


from the commencement of its use. 


The rope does not | spaced for convenience in stowing cargo. 


The loading 


fracture immediately, but the malleability of the wire | and discharge gear includes 20 electric winches of the 
is being destroyed and only endures for a number of | latest design, working a similar number of steel derricks 


bends as in the repeated bending test of wire held in| attached to the masts. 
Great care should be exer- | lifts of 7 to 10 tons, a special heavy-duty derrick 


a vice with curved jaws. 
cised when a rope is thus used, and the probable life 
should be noted by reference to the test results, as 
in Figs. 2, 4, 5, and 6. For example, in crane prac- 
tice the minimum pulley has 22 rope diameters, and the 
factor of safety is 8. 


If the rope be of 6 x 19 con- | double-berth 


These winches can deal with 


being provided in addition for handling exceptional 
loads such as machinery. The vessel will have limited 
passenger accommodation, a saloon house being built 
on the forward end of the bridge deck, with four 
staterooms and a smoking saloon. 


struction, the pulley-wire ratio is 330, and the direct | Accommodation is provided for the captain in a steel 
tensile stress is at least 10 tons per square inch. The| house adjoining the chart room, while the officers are 
bending stress is 39-4, so that the maximum stress| berthed on the lower bridge deaqk. The engineers’ 
may be taken as 50 tons per square inch. Reference | accommodation adjoins the engine room, the crew 


to Fig. 2 shows that the rope will break after at most | being berthed in the forecastle. 


150,000 bends on 6-in. pulleys, but conditions are 


The total deadweight, 
including the weight of the refrigerating plant, is 


dangerous when the wire is so severely stressed, which | about 11,190 tons, and the vessel is built to Lloyd’s 








is proved by the fact that with rope No. 10 on the 8-in. | highest class. She will be certificated for the Suez 
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and Panama canals, and complies with the latest Fac- 
tory Act requirements. 

The main engines and their ancillary plant have been 
supplied by Messrs. The Wallsend Slipway and Engi- 
neering Company, Limited, Wallsend. There are two 
main engines of the Wallsend-Sulzer type, each driving 
a separate propeller, the two sets developing a total 
of 7,450 brake horse-power. A photograph of one of 
the main engines in the builders’ works is reproduced 
above. The design of the Sulzer engine has been dealt 
with repeatedly in our columns, and is so well known 
that it is unnecessary to describe the engines installed 
in the Zealandic in any detail. Each engine has six 
cylinders with a bore of 31 in., the stroke being 43 in. 
The output of 3,725 brake horse-power per engine is that 
required for regular service at sea, and each engine actu- 
ally developed over 4,000 brake horse-power on the test 
bed. As in the case of the larger Sulzer engine, des- 
cribed recently in ENGINEERING (page 412, ante), the 
main injection-air compressor is at the forward end 
of the engine, and is driven by a crank, forming an 
extension of the main crankshaft. The compressor is 
of the three-stage type, and has a surplus capacity which 
is utilised for supplementing the supply to the air 
reservoirs. 

The only pumps driven by the main engines are a 
lubricating pump worked from the end of the air- 
compressor crankshaft, and the fuel supply pumps, both 
these pumps being of small dimensions. Each main 
engine is provided with a flywheel secured to a collar 
forming part of the thrust shaft. The flywheel also 
serves as the turning wheel, gear teeth being formed 
on the periphery. The turning gear is operated 
by a reversible enclosed electric motor of ample 
power, provided with a control panel of the tramway 
type. The thrust bearing is of the single collar type, 
the block being attached to the main engine bed plate. 
The whole of the crank, thrust, intermediate and 
propeller shafting is of forged ingot steel, and is of a 
strength well in excess of the survey requirements. 
The fuel and starting valves, together with their 
operating gear, and also the reversing arrangements, 
are generally in accordance with normal Sulzer design. 
The power for operating the reversing mechanism is 
provided by a Weir compressed-air servo-motor on each 
main engine. Atl the controlling gear for manceuvring 
the main engines has been grouped together near the 
after end of each engine on the lower platform. 

The auxiliary machinery is operated electrically 
with the exception of a few units for emergency 
or starting-up purposes. The auxiliary machinery 
includes two rotary scavenging blowers, driven by 
a direct-current motor, supplied by Messrs. The 
British Thomson—Houston Company, Limited. Either 
blower is of sufficient capacity to supply air at full 











load for the two main engines, the second blower 
constituting a reserve unit. The blowers take their 
air supply through ventilators led up to, and ter- 
minating in, specially constructed weather-resisting 
cowls at the deck casings. The blowers deliver into 
the scavenging air trunks attached to the main engines. 

Salt-water cooling is used both for the cylinder 
jackets and the pistons, and is supplied by three separate 
Drysdale vertical pumps. The bulk of the water from 
these pumps is utilised for the cylinder-jackets and 
is supplied at a comparatively low pressure, while that 
for the piston cooling is delivered at a much higher 
pressure. The pump casings and impellers are of 
gunmetal, with spindles of stainless steel. Each pump 
is driven by an enclosed, shunt-wound, variable-speed 
motor. The piston-cooling pumps take their water 
supply through a duplex sea-water strainer comprising 
two sections, each of which is capable of dealing with 
330 tons of water per hour. These strainers are 
connected by piping to high and low sea inlet valves. 
The cooling water from the piston-cooling system is 
led through funnels into a collecting tank, from which 
it is discharged overboard by an electrically driven 
pump. 

For ballast duty, there is a motor-driven pump 
having a capacity of 200 tons of salt water per hour, 
while for bilge purposes there are two motor-driven 
pumps each capable of dealing with 110 tons of water 
per hour. The sanitary pump has a capacity of 
80 tons of salt water per hour. The circulating 
pump for the refrigerating plant is placed in the 
engine-room, and is capable of dealing with 250 tons of 
water per hour. In addition to the pumps mentioned, 
there is a general service pump capable of delivering 
75 tons of water per hour, a fresh-water pump of 
30 tons capacity, two oil-fuel transfer pumps each 
suitable for delivering 30 tons of oil per hour, and three 
forced-lubrication pumps each having a capacity of 
35 tons of oil per hour. Finally, there is a crosshead 
lubrication pump of 4 tons per hour capacity, this 
pump being cross-connected with the pumps worked 
by the main engines. The whole of the last-named 
auxiliary units are of the vertical two-throw type and 
are electrically driven. 

Among the remaining units in the engine-room, 
mention should be made of the auxiliary and emergency 
air compressors and of the lighting sets. The auxiliary 
air compressors consist of two three-stage, single-crank, 
enclosed-type Brotherhood machines, each capable of 
compressing not less than 400 cub. ft. of free air per 
minute to a pressure of 1,000 Ib. per square inch. 
For storing the compressed air three reservoirs, built 
up of steel plates, are provided, each of 215 cub. ft. 
capacity and suitable for a pressure of 600 lb. per 
square inch. In addition, there is another reservoir 
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of about the same capacity, for storing air at a pressure 
of 420 lb. per square inch for starting and manceuvring 
purposes. These reservoirs are placed two at either 
side of the engine-room close up under the deck. The 
air for injection purposes is stored in two small bottles, 
placed in close proximity to the main engines and 
connected with two stand-by bottles of larger capacity 
situated near the engine-room aft bulkhead. 

The emergency air compressor is a steam-drivea 
machine, and is of the Weir two-stage tandem type 
with intercooling and after-cooling. It is capable of 
compressing 20 cub. ft. of free air per minute to a 
pressure of 1,000 lb. per square inch. The compressor 
is driven by a vertical single-cylinder, enclosed, double- 
acting steam engine running at a speed of 500 r.p.m. 

The electric generators include four six-cylinder, 
four-stroke cycle, Diesel-engine generators made by 
Messrs. Mirrlees, Bickerton and Day, Limited. Each 
engine is capable of developing 400 brake horse-power, 
and is direct-coupled to a 275-kw. dynamo, the voltage 
being 220. The units have been designed to permit of 
an overload of 10 per cent. for one or two hours. 
Each unit is self-contained, and the engine and 
dynamo are mounted on a common bedplate. 








THE VERIFICATION AND STAMPING OF PETROL PUMPs.- 
Under the powers granted them by Section 2 of the Weights 
and Measures (Amendment) Act, 1926, the Board of 
Trade have prepared draft regulations dealing with the 
verification and stamping of liquid fuel and lubricating- 
oil measuring instruments. Copies of the draft regula- 
tions may be purchased from H.M. Stationery Office, 
Adastral House, Kingsway, London, W.C.2, or through 
any bookseller, price 3d. net. Any representations 
regarding the proposed regulations should be addresse 
to the Deputy Warden, Standards Department, ‘, Old 
Palace Yard, London, S.W.1, before June 1 next. 





Moror VEHICLES IN IRAQ.—According to the figures 
quoted in a report received recently, from the author- 
ities in Iraq, regarding the motor vehicles registered in 
that area during the month of December, 1927, it would 
seem that this possible market for vehicles manufactured 
in Great Britain is not being worked with any degree of 
thoroughness. The products of only four well-known 
English firms are included, each firm having supplied 
one vehicle. The total number of vehicles registered 
during this particular month was 92, about twenty 
different makes being represented. The Ford touring 
model heads the list as favourite; 22 of these were 
registered, in addition to five other types of vehicle; 
Chevrolet comes second with 19 motor-cars and nine 
lorries. The majority of the trade is in the hands ot 
American firms, and it is essential to success that British 
firms should understand the conditions under which the 
cars are called upon to operate, and to design bom 
chassis and engine to meet the requirements of (ne 
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THE ROYAL TWEED BRIDGE, 
BERWICK. 


Tue Great North Road, on the stretch between 
Newcastle-on-Tyne and Edinburgh, passes through 
Berwick, where it crosses the River Tweed by 
means of an old masonry bridge, erected in the 
Seventeenth Century. Though still in a fairly good 
state of preservation, this bridge has long since 
proved too narrow for modern traffic conditions. 
Moreover, the approaches are very bad, the gradient 
being in places as much as 1 in 11, whilst the road- 
way is also very narrow, and winding, with several 
awkward corners, as clearly shown in the sketch 
plan reproduced in Fig. 1. The character of these 
approaches made it undesirable to enlarge or 
reconstruct the old bridge, the disappearance or 
modification of which would, moreover, have been 
regrettable, in view of its historic character. 

There was, however, an urgent need for improved 
facilities for road traffic over the Tweed, and 
various proposals were accordingly considered by 
the Ministry of Transport, the Northumberland 
County Council and the Corporation of Berwick, 
which were the road authorities concerned. It was 
decided to appoint as executive engineers Messrs. 
L. G. Mouchel and Partners, Limited, of 38, Victoria- 
street, S.W.1, who prepared a design for a Ferro- 
concrete bridge crossing the river from south-west 
to north-east, as represented in Fig. 1, the site 
selected being on an average about 100 yards 
upstream of the existing structure. 

















are continued across the pier so that the opposing 
thrusts are transmitted directly from one to the 
other, and only the difference between the two is 
transferred to the pier. The main reinforcing rods 
are, however, carried well down into the mass of 
the pier. 

The inner ribs in the case of the main span, 
are 5 ft. wide overall, and measure 7 ft. in depth 
at the crown and 10 ft. 6 in. at the springings. 
The hollow side walls of the rib are 8 in. thick, 
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the main part of the bridge. An expansion joint in 
the decking and longitudinals is provided over each 
pier as indicated in Fig. 5, and similar provision in 
the form of a rebated joint is made for each para- 
pet. The ducts under the side walks are covered with 
concrete slabs and Carpave 2 in. thick has been 
adopted for the surface of the roadway. Sections 
through the masonry parapets are shown in Figs. 
14 and 15. These parapets are built of sandstone 
obtained from the Birds’ Nest Quarry, Walker-on- 
Tyne, the colour of which harmonises well with that 
the concrete used for the arches. 

The same general type of construction has been 
adopted for the shorter spans, save that the ribs 
for the 167 ft. spans are solid throughout. In this 
case, the rise is 29-8 ft., the external ribs are 25-in. 
wide, with a depth of 6 ft. at the springings, and of 
4 ft. at the crown. The internal ribs are similar in 
depth, but are 42 in. wide. The 248 ft. span has 
a rise of 35-39 ft. The external ribs measure 34 in. 
in width, and range in depth from 8 ft. 9 in. at the 
springing to 5 ft. 6 in. at the crown. The inner ribs 
are 4 ft. wide. In the case of the 285 ft. span, the 
rise is 40-107 ft. The ribs are of the same width as 
those of 248 ft. span, but the depth at springings is 
9 ft. 6 in., and at crown 6 ft. 

The approach viaducts consist of longitudinal 
beams, cross beams and decking, similar to that of 
the main spans, and are supported by reinforced 
concrete columns which transmit the load to the 
ground through the usual type of foundation slabs. 
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With the exception of that used for the piling 
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As shown by the elevation and longitudinal sec- 
tions reproduced in Figs. 2 and 3, the bridge consists 
of asouthern approach, 192 ft. long, which is followed 
by a series of four arches, having, respectively, spans 
of] 167 ft., 248 ft., 265 ft., and 361 ft. 6 in., whilst 
the northern approach viaduct is 144 ft. 6 in. long. 
The total length, inclusive of the approach viaducts, 
is 1,378ft. The variation in the spans of the arches 
was adopted because the difference in the road levels 
on the two sides of the river made it necessary to 
give the roadway a gradient of 1 in 51, and this was 
conveniently and pleasingly provided for by adopt- 
ing the constant level for the springings of 9 ft. 5 in. 
above ordnance datum, and a nearly constant 
tatio of rise to span, while increasing the rise pro- 
gressively from span to span, in accordance with the 
increasing level of the roadway. As shown in the 
cross-section, Fig. 4, the total width of the bridge 
between parapets is 46 ft., the carriageway is 30 ft. 
wide, and there are two 8-ft. pathways, under which 
ducts are provided for pipes and mains. The 
approach roads have been given a width of 60 ft. 
between fences, but the carriageway is of the same 
width as on the bridge. 

The main span of 361 ft. 6 in., with a rise of 
45-445 ft., is the largest ferro-concrete span yet 
built in this country. It is designed to carry a total 
load of about 1,000 tons. Each arch consists of 
four ribs, which are hollow for a distance of one- 
third span from each abutment, but are solid at the 
crown. Over the haunches the roadway is sup- 
ported on spandrel columns, which are monolithic 
both with the roadway and with the main ribs. 
A longitudinal section of one of the two internal 
tibs is reproduced in Fig. 5, Plate XLVIII, and 
<foss-sections at the crown and springings are 
Tepresented in Figs. 7 and 8. In Fig. 6 is shown 
the central portion of one of the external ribs, 
and sectional drawings of this rib are given in Figs. 9 
and 10. A cross-section through one of the piers 
1§ shown in Fig. 16, and a part plan in Fig. 17. 
From the latter drawings it will be seen that the ribs 
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whilst the top 
thick. 

The external ribs being much less heavily loaded, 
are 3 ft. 2 in. wide, but are throughout of the same 
depth as their fellows. The centre line of each rib 
is parabolic. 

The columns supporting the roadway vary in 
dimensions in accordance with the loads carried by 
them. At the piers a system of raking struts tie 
the columns together and serve to transfer wind 
loads directly to the substructure. The roadway 
has been designed for the standard loads of the 
Ministry of Transport, and also to take a 50-ton 
load on four wheels. The outer main longitudinal 
beams under the roadway are 48 in. deep by 10 in. 
wide, the corresponding dimensions of the two 
inner beams being 36 in. by 10 in. These beams are 
connected together by reinforced concrete cross- 
girders, monolithic with them and with the roadway 
decking. These cross beams are spaced at approxi- 
mate 44-ft. centres and are 20 in. deep by 10 in. 
wide. The decking is 8 in. thick and is formed to the 
camber of the roadway. Sections through the road- 
way at the crown are represented in Figs. 11 and 12, 
Plate XLVIII, whilst Fig. 13 shows the decking of 


and bottom walls are 2 ft. 




















required at one of the foundations, Portland cement 
was used exclusively for the concrete. Careful 
tests were made of the sands available, as the result 
of which a mixture of two parts of coarse to one of 
fine sand was adopted and used throughout. The 
aggregate was made up of 50 per cent. of whin- 
stone broken to pass a {-in. screen and to be 
retained by an }-in. screen. The remainder of 
the aggregate was of Scremerston gravel, half of 
which passed a {-in. screen and was retained by a 
#-in. screen, whilst the other half passed a }4-in. 
screen and was also retained by an }4-in. screen. 
These proportions were arrived at after a series of 
comprehensive 14 and 28 day tests. 

Borings taken across the river, indicated that the 
underlying strata were rock and gravel, and that 
good foundations would be secured for each pier 
at a depth of 15 ft. to 20 ft. These indications proved 
correct save for the river pier of the main span 
where the excavation disclosed that’ a thick stratum 
of peat and running sand underlay about one half 
of the whole area required for the pier. This stratum 
lay only a few feet west of the trial boring. Its 
discovery made it necessary to re-design the whole 
of the foundation and led to considerable delay in 
the progress of the works. It was decided to extend 
the base of the pier as indicated in Figs. 18 and 19, 
Plate XLVIII, and to drive 14in. by 14 in, rein- 
forced concrete piles over the whole area. In order 
to save time the concrete for these piles was made 
with Ciment Fondu and Ferrocrete. 

The abutment on the Tweedmouth side has a 
width of 28 ft., a height of 22 ft. and is 55 ft. long. 
It was founded on gravel. Proceeding riverwards, 
the next pier is 37 ft. 6 in. wide, 58 ft. long, and 
18 ft. high. In this case the foundation stratum 
was a sandy gravel. The succeeding pier had the 
same width but its length was increased to 82 ft. 
and its height to 28 ft., and like the Tweedmouth 
abutment is founded on gravel. As already men- 
tioned, the river pier of the main span had to be 
founded on piling. It has a width of 42 ft., a 
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height of 28 ft., and is 83 ft. long. The Berwick 
abutment is founded on shale and rock. It is 
44 ft. wide, 62 ft. long, and 38 ft. 6 in. high. Both 
piers and abutments are monolithic with the super- 
structure, and they have been given a certain 
amount of reinforcement. The concrete at the 
faces is somewhat richer than that used in the body 
of the work. 

A general view of the partly completed bridge, 
taken from the north side of the river looking down 
stream is given in Fig. 20. This shows the main part 
of the bridge completed, but the centreing for two of 
the large spans still in place. An early stage of the 
work is represented in Fig. 29, page 542. Here the 
centreing for the 167 ft. and 248 ft. spans is already 
erected, and the piling for that of the 285-ft. span 
is approaching completion. The viaduct shown in 
the background carries the tracks of the London 
and North Eastern Railway over the Tweed. The 
view reproduced in Fig. 30 was taken from the 
existing road bridge and shows work proceeding 
on the 285 ft. span. The staging for the 361-ft. 6-in. 
span is represented in Fig. 31. The piers had been by 
then already completed and the reinforcing rods, by 
which the arch ribs were ultimately tied into the 
Berwick abutment, are clearly visible. Another view 
of this arch, at a later stage of the work and taken from 
the opposite side is shown in Fig. 21. Plate XLIX, 
whilst below it, Fig. 22 gives a view of an early stage 
in the erection of the 167 ft. span on the opposite bank. 
In this case it was necessary to provide a clear passage- 
way through the centreing for road traffic. Later 
stages in the construction of this 167 ft. span are 
represented in Fig. 23 and 24, Plate L. In the latter 
view, the arch is practically complete, but the 
columns which support the adjacent end of the 
approach span are still enclosed in their forms. 

Work on the 285-ft. span is represented in Fig. 25. 
where the main reinforcement of the ribs is already 
in place, as are the “ cores ” for the hollow portions 
of these ribs. The outer forms have however, still 
to be erected. Another view of the reinforcement of 
these ribs is shown in Fig. 27, opposite. A photo- 
graph of the curved steel reinforcement by which 
the ribs are tied into the piers is reproduced in 
Fig. 26, and the same steel work as viewed along 
the axis of the bridge is shown in Fig. 28. The 

















View OF BripGE PARTLY CoMPLETED; JUNE, 1927. 


contractors for the construction of the bridge, now 
shortly to be opened,were Messrs. Holloway Brothers, 
Limited, London. Colonel C. H. Bressey, O.B.E., 
Chief Engineer of the Ministry of Transport and 
Mr. J. A. Bean, County Surveyor of Northumber- 
land, acted in the joint capacity of Consulting 
Engineers. Mr. P. I. Payne, A.M.Inst.C.E., was 
resident engineer in charge of the work. 
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Vertical Shaft Sinking. By E. O. Forster Brown, 

London: Ernest Benn, Limited. Price 52s, 6d. net, 
OnE of the more important operations involved 
in mining, and one which provides the engineer 
with some difficult problems is that of shaft 
sinking. That it does not form part of the everyday 
routine of mining and is indeed to be regarded as 
“‘deadwork,” inasmuch as shaft sinking provides 
no revenue like other mine openings which are made 
in the mineral deposit, accentuates the tendency 
for shaft sinking to be considered as a specialised 
branch of mining. 

It is therefore quite logical and in accordance 
with the precepts of modern practice that this 
important subject should be treated in a separate 
volume, and not relegated to a few odd chapters in 
the body of an already overcrowded ‘“ handbook ”’ 
such as was until comparatively recently the inade- 
quate treatment which it often received. In 
Vertical Shaft Sinking by E. O. Forster Brown, 
which is the most recent addition to Messrs. Benn’s 
admirable series of works on mining, full scope has 
been given to this essential branch of mining 
engineering. 

Part I is devoted to the general principles of 
shaft sinking in which British standard colliery 
practice is described in detail and forms a basis 
for comparison with special methods which are 
dealt with in Part II, and alternative methods of 
carrying out the various operations involved, 
described in Part III. A final chapter is devoted 
to economic and general considerations. 

The general arrangement of the book has much 
to commend it; for the student or the practical 





engineer who wishes to obtain information on any 
particular method of shaft sinking can find a com- 
plete and consecutive account free from those 
irritating interpolations and cross references which 
so often distract the reader’s attention in many 
technical works. Methods which are no longer 
employed or which have only an historical interest 
have been omitted, and thus the Kind-Chaudron 
system which occupied so much space in the older 
text books now disappears, making way for de- 
scriptions of more modern practice. 

The freezing system was the first of the modern 
methods which enabled sinking to be made through 
ground carrying excessive water. It was originated 
by Poetsch towards the end of last century, but in 
the early days of its employment many failures 
were experienced, especially when it was tried in 
the deeper shafts. This was due in most part to 
deviation in the boreholes which caused a gap in the 
ice wall formed round the shaft. In more recent 
practice this defect has been overcome by the em- 
ployment of improved methods of boring and by the 
use of apparatus which enables boreholes to be 
surveyed at any depth, and their exact position 
ascertained. By this means holes which deviate 
too greatly may be rectified, by deflecting or rebor- 
ing, or if necessary by boring an additional hole to 
fill the gap. As is known, the usual procedure 
consists in putting down a number of boreholes 
from the surface in such manner as to encircle the 
ground through which the shaft is to be sunk ; 
freezing solution is then circulated by means of 
tubes through the bore holes for a length of time 
sufficient to form an ice wall of predetermined 
strength round the shaft area; sinking then pro- 
ceeds whilst the ice wall prevents the influx of 
water from the surrounding strata; and after the 
shaft has been lined down to impervious ground, 
the shaft and the frost wall are thawed out. 

In simpler cases, especially near the surface, 
shaft sinking in unstable ground or where excessive 
water is encountered, may be successfully accom- 
plished either by piling, pumping, drop shaft, or 
caisson sinking. The application of these methods 
is, however, limited, and under certain conditions, 
not only less certain of success, but more expensive 





than freezing. This is especially the case in sinking. 
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Fig. 22. CENTREING AND SHUTTERING FOR THE 167-Ft. SPAN ON THE TWEEDMOUTH SIDE OF RIVER. 
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at depth through water-bearing ground which is 
loose. In water-bearing ground which is fissured 
but stable, the cementation process is usually more 
advantageously adopted. 
The employment of cement for sealing off water 
in leaky shaft linings was used as long ago as 1864 
by Poitier in France, and also at the Rhein Preussen 
pits in Germany, where it was run in behind the 
linings in the form of cement grout. But it was 
not until the beginning of the present century that 
the use of cement was successfully applied on a large 
scale by M. Albert Francois for sealing fissures in 
the strata, and thereby eliminating or reducing the 
flow of water into the block of ground through 
which the shaft was subsequently to be sunk. 
Similarly to the freezing methods, the cementa- 
tion process consists essentially in putting down 
boreholes, but differs from the former in that 
instead of tubes being placed in the boreholes to 
circulate a cooling liquid, the cement solution is 
injected under pressure through the boreholes into 
the fissures or pores of the water-bearing rocks. 
Stable rocks of the sandstone, shale, igneous or 
limestone type are the most suitable for treatment 
by cementation, and stable rocks which contain a 
quantity of water in the pores can also be treated 
Successfully by a modification of the process in 
which preliminary injections of alternate chemical 
solutions are made before introducing the cement. 
Clean gravel has been cemented successfully, but 
other unstable rocks of this type such as sands and 
impure gravels although they may be strengthened 
and rendered less permeable cannot yet be treated 
with certainty of success. 
_The cementation process may be carried out 
either by sinking boreholes from the surface outside 
the shaft area; from near the surface inside the 
shaft; or in stages from inside the shaft. The 
method of boring holes round the outside of the 
shaft—or within it—and thus sealing off the water 
fore commencing sinking operations, would appear 
to be the most advantageous, but in practice this 
'S Rot always found to be the case. Usually the 
shaft site is higher than the natural level of the 
incoming water, and in many cases the depth of the 
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able. When boreholes are made from below water 
level, the occurrence of a water-bearing fissure is 
indicated by an increase in the flow of water from 
the mouth of the hole being bored. When this 
occurs, cement may be at once injected into the 
fissure before further boring is undertaken. But 
when boring is done from above water level the posi- 
tion of fissures cannot be located with the same 
accuracy, the borehole must be injected at frequent 
intervals, and the cement thus introduced must 
be bored out after each injection. Further, if 
deep boreholes are injected in one operation, there 
is a risk that the thin fissures will be only super- 
ficially blocked, owing to the cement following the 
line of least resistance and filling only the large 
fissures. The original cementation of the ground 
is normally made before the shaft is sunk, and is 
followed by a second injection behind the shaft 
lining after the latter has been completed, to seal 
off any residual water. 

Occasionally, it is necessary to employ alternate 
methods in the same shaft at different depths to 
overcome special difficulties. The author quotes 
one interesting case from Continental practice where 
the cementation and the freezing methods actually 
overlapped. Sinking was commenced on the drop- 
shaft system, and it was intended to continue 
sinking later with the Kind-Chaudron boring method. 
Difficulties were encountered, however, in getting 
the drop-shaft down, and there were indications 
that the ground near the surface which was unstable 
would not support the foundations for the heavy 
machinery. The freezing process was, therefore, 
resorted to, and successfully carried out to a depth 
of 113 metres, when water broke into the shaft 
and filled it. Additional freezing plant was erected 
to bring the temperature down to — 40 deg. C. 
The shaft was being sunk down to a bed of salt, and 
when a depth of 173 metres had been reached, it 
was found that brine feeders in the surrounding 
gypsum beds were not yielding to the freezing 
treatment. It was then decided to inject cement 
into the gypsum, and the most interesting feature 
of this was that pure magnesite was employed as 
cementing agent mixed with a solution of magnesium 
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in the fissures of rock at a temperature of — 40 deg. 
C. The maximum injecting pressure employed was 
180 atmospheres (2,646 lb. per square inch). This 
process met with complete success, the fissures in 
the gypsum and also in a deposit of plastic clay 
lying above it being sealed with solid cement. The 
shaft was carried down to the rock salt deposit 
without further difficulty. 

It should not be inferred from the foregoing that 
the book is devoted solely to the freezing and 
cementation processes ; although these receive the 
comprehensive treatment due to their importance, 
other aspects of shaft sinking are by no means 
neglected, as will be realised by a glance at other 
chapter headings: Excavation; shaft linings ; 
shaft transport and equipment; drainage ; light- 
ing, ventilation and labour. An interesting and 
instructive feature is the description of Continental 
methods and their comparison by the author with 
British practice. 

It is, perhaps, a pity—from one point of view— 
that the scope of the work is restricted to vertical 
shafts, since inclined and “compound” shafts 
form an integral and important branch of the 
subject, which however, scarcely merits a separate 
volume being devoted to it. 

This, however, in no way detracts from the 
excellence of Mr. Brown’s work, who covers in a most 
able manner the entire subject as set out in his 
title. The book is one which will receive an assured 
welcome by all mine managers and mining engi- 
neers, but especially those engaged in colliery 
work. The production is a credit to the publishers, 
The printing and the illustrations, which are very 
numerous, are excellent. 





Thermodynamics Applied to Engineering. By A. F, 
Macconocuiz. London: Longmans Green and Com- 
pany, Limited. [Price 12s. 6d. net.] 

Tue author of this work, whose training and experi- 
ence as student and teacher were first obtained in 
this country, is now Associate Professor of Mech- 
anical Engineering in the University of Virginia. 
He states that: “The purpose of this text is to 
present the principles of engineering thermodynamics 








Water-bearing ground to be cemented is consider- 


chloride in order to secure the setting of the cement 
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conceptions by reference to the best British and 
American practice in the major fields of their 
application.” In a book of 200 demy 8vo pages 
printed in fairly large type, it is, however, doubtful 
if so much space can be devoted to mere descrip- 
tion without the risk of sacrificing clearness and 
completeness of treatment in regard to fundamental 
principles. On closer examination, the “ blend of 
theory and practice’ is hardly so attractive as it 
looks. For instance, with only 34 pages of des- 
cription are included three figures in the text, 
three plates from photographs, and one large folding 
plate to a very small scale, showing the engines of 
the M.S. Swanley, by the North British Diesel 
Engine Company, Limited. It is evident that the 
reader will obtain at best only a very superficial 
impression regarding the construction of these 
engines, and the requirements of the student of 
thermo-dynamics would have been better served 
by introducing a few line diagrams to explain 
principles rather than workshop details. 

The author has introduced several new features 
of interest, notably the section on the Gas Turbine, 
in which he follows Professor Marks, and gives six 
full-page tables showing the calculated efficiencies 
of gas turbines working on various cycles. The 
results do not appear to be very favourable to the 
new form of prime mover, and the author concludes 
that “‘ even with an increase in compressor and tur- 
bine efficiencies which may be expected to result 
from further developments, it seems highly improb- 
able that brake thermal efficiencies as high as 25 per 
cent. could be obtained. The maximum which 
has been claimed up to the present is only 13 per 
cent., a figure which compares ill with brake thermal 
efficiencies of about 34 per cent. obtained with 
Diesel engines, and about 38 per cent. with the Still 
engine.” In the section on boilers, some con- 
sideration of the properties of mercury and mercury 
vapour leads to a discussion of turbine cycles for 
mercury and steam, which, under the name of the 
Emmet mercury vapour process, has received con- 
siderable attention in the United States. The 
author considers that several important gains are 
to be anticipated from the use of a mercury 
turbine in association with a steam prime-mover, 
and that the early development of this process on 
a manufacturing basis is to be expected. 

The book is well produced and illustrated, and the 
“topics for discussion ” introduced in each section 
constitute a valuable feature. 





American Society for Testing Materials. Proceedings of 
the Thirtieth Annual Meeting held at French Lick, 
Indiana, June, 1927. vol. 27. Part I. Committee 
Reports, New and Revised Standards, 1142 pages. 
[Price (paper covers), 6 dols.] Part II. Technical 
Papers, 564 pages [Price (paper covers), 6 dols.] 
A.S.T.M. Tentative Standards, 1927, 824 pages [Price 
(paper covers), 7 dols.] Published at Headquarters of 
the Society, 1315 Spruce-street, Philadelphia. 

THESE volumes, having a total of two thousand and 

five hundred pages, represent a vast amount of 

painstaking labour. The efforts of the American 

Society for Testing Materials, so well known in the 

United States, should be better known in this 

country than is perhaps the case. Similarly, it is 

not improbable that the work of our own technical 
societies and research departments is not so well 
studied overseas as it might be—a mutual loss. 

In reviewing the three issues particularised it will 
be convenient first to comment upon the Society’s 
work as indicated in the address of the President, 
Mr. J. H. Gibboney, at the annual gathering 
(Part I). It is recorded that after some years of 
preliminary work the Society was incorporated 
under its present name in 1902 and has been 
engaged in the intervening years in the subject of 
testing materials and standardising results. The 
membership of the society now exceeds four 
thousand. The president emphasised amongst other 
things the importance of studies in connection with 
the failure of materials to serve desired ends. There 
follow the reports of forty-eight standing and 
other committees upon such matters as ferrous 
metals, effects of temperature on the properties of 
metals, non-ferrous metals, cement, ceramics, 
concrete, drain tile, gypsum, lime, preservative 
coatings, petroleum products, road materials, coal 
and coke, and others. Methods of testing, nomen- 
clature and definitions are also reported upon, and 


the correlation of research. The tentative standards 
in Part I will be referred to later. 

Part II of the proceedings contains technical 
papers read at the meeting, together with the 
discussions thereupon, and includes papers of much 
interest, such as on the X-ray examination of 
materials in industry, with a description of the 
apparatus used and of methods adopted; the 
embrittlement of boiler plate, with an historic 
account of such enquiries; tests on chrome-nickel 
steel at high temperatures ; tests of the endurance 
of gray cast iron under repeated stress at tempera- 
tures ranging 70 deg. F. to 1,400 deg. F.; the 
corrosion-fatigue of non-ferrous metals, corrosion- 
fatigue being a result of the joint and coincident 
effect of corrosion and fatigue. There are papers 
also on the wear-testing of metals, and rate of 
elongation in tension tests, this, relating to hot- 
rolled, cold-rolled and cold-drawn steel is of much 
interest. Many papers deal with cement and 
concrete, more particularly in connection with 
field-control. The discussions upon these are only 
now available. The papers themselves were con- 
sidered in some detail in our issue of February 3, 
1927. A useful feature of the technical papers is 
that, when dealing with experimental work, the 
methods adopted and the apparatus used are 
fully described. 

Reverting now to the Tentative Standards, 
accounting altogether for about one thousand 
pages, it should be explained for the benefit of those 
not already familiar with what has been done by the 
American Society, that these standards or speci- 
fications have been in course of development during 
many years. They are, when first issued, offered 
for criticism and, being perhaps amended, are 
reproduced from year to year, finally to be accepted 
as authoritative. The first volume contains 88 of 
such standards in the “‘ tentative’ form, either as 
new items, or as items under amendment which have 
received provisional approval by letter-ballot of the 
society's members. 

The third volume under review contains the whole 
of the current tentative standards for 1927, including 
those which have most recently been approved, with 
also a list of over 300 standards already adopted. 
An earlier issue for 1925 was noticed in ENGINEERING 
of February 26, 1926. The ground covered is 
wide, ranging from metals—ferrous and non-ferrous, 
cements, clay products, preservative coatings, road 
materials, waterproofing and roofing materials, to 
timber and miscellaneous materials. Some of the 
tentative standards relate to methods of conducting 
tests for determining strength, chemical or electrical 
properties. There are 188 separate items. In this 
short notice no more can be said of these than that 
they will repay close study. Much space would be 
required to do them justice. 

The aggregate amount of information furnished 
by these volumes is considerable, and should be 
welcomed by engineers as a useful addition to the 
commonwealth o fknowledge. 





By Professor 


Physikalisch-technische Elektrizitdtslehre. 
Brunswick: F., 


F. F. Martens. Second edition. 

Vieweg and Son. [Price 42 marks.] 
THE first edition of this work appeared under the 
title Physikalische Grundlagen der Elektrotechnik. 
The change in title represents, broadly, the change 
in treatment, the subject being now considered 
from a more theoretical aspect. As a textbook 
the work is remarkable for the range of subjects 
dealt with: on the one hand, electrical machinery 
and power transmission ; on the other hand, electro- 
magnetic phenomena as met with in modern 
developments. Whether it is desirable or feasible 
to include heavy and light electrical engineering in 
the same textbook—even of 800 pages—may well 
be questioned ; certainly, special treatises seem 
to be the modern trend. Indeed, it may be said 
that it is unusual to find an authority who has 
specialised in two such widely different branches. 

The book is divided into 14 sections. The first 
three sections deal with the fundamentals of elec- 
tricity and magnetism, with numerous practical 
applications. The fourth section, of some one 
hundred pages, is devoted to machines and trans- 
formers. Except to a student taking a course in 








electrical technology, this section is too general ; 


it closes with a short chapter on transmission, and 
diagrams are given of the large linked-up areas in 
Central Germany and Bavaria. 

The passage of an electric current through con. 
ductors is reached in the fifth section, which com. 
prises rheostats, lamps, insulators, Switchgear, 
telegraphy and telephony, and rectifiers; while 
measurements and instruments are dealt with in 
the sixth section. This brings us to the middle of 
the book. 

The second half of the work deals with electro. 
magnetic oscillations and radiation, structure of the 
atom, physical rays, electrolytic conduction, produc- 
tion of short wave-lengths, physical properties, and 
a mathematical supplement. For those interested 
in modern work, such as wireless transmission, 
X-rays and theories on the constitution of matter, 
there is much valuable information in the later 
chapters. The treatment becomes highly mathe- 
matical in places, but this is largely unavoidable. 
Moreover, in this part of the work depth does not 
appear to have been sacrificed so much to breadth. 

To readers with a leaning towards mathematics 
and higher physics the volume should prove a 
valuable textbook, but we doubt whether engineers 
engaged in the heavy side would use it widely. 





Hydraulics. By Ernest W. ScHoper and Francis M. 
Dawson. London: McGraw-Hill Publishing Company, 
Limited. [Price 17s. 6d. net.] 

Tus book has been written to serve as a reference 
book on everyday hydraulic problems, and as an 
introductory course for students who intend to 
specialise later in some branch of water-power or 
water-supply engineering. The authors have laid 
particular stress on the development of the funda- 
mental laws into useful formule, and have demon- 
strated their application by presenting numerous 
examples showing good form in the analysis and 
methods of solution of typical problems from current 
practice. 

In most respects the book has been written on the 
usual orthodox lines. The section on hydrostatics 
includes a full chapter on the stability of gravity 
dams, and another on the problems of buoyancy 
and flotation. Eleven chapters are devoted to 
hydraulic flow, six of these being concerned with 
flow in pipes and channels. Finally, a chapter is 
allotted to each of the subjects of impulse wheels, 
reaction turbines, and centrifugal pumps. 

As a text-book, so much has been subordinated 
to the problems of application that the treatment of 
first principles appears somewhat sketchy and 
unconvincing from the standpoint of the English 
student. Much new data from experiments on 
orifices, weirs, and pipes form a useful addition to 
the store of empirical information which is imparted, 
but can hardly be said to improve the balance of 
the work as a textbook. The flow of water in pipes 
is discussed at some length, and the authors intro- 
duce several new types of diagrams to facilitate 
computation, but the collection of a large number 
of dimensionally impossible ‘‘ exponential formule” 
suggests an entire disregard of the scientific advances 
of the last twenty years. The section on water 
turbines and centrifugal pumps is descriptive rather 
than analytical, and it is doubtful if the student 
will derive from it such a clear conception of funda- 
mental principles as will equip him for the specialised 
study of water-power problems. é 

Throughout the book, calculus notation 18 
generally avoided, and only an elementary know- 
ledge of Newton’s laws is presupposed. Even in 
the chapter on turbines the principle of angular 
momentum is circumvented. A detailed explana- 
tion of logarithmic plotting and the exponential 
laws of variation are given in short chapters, and 
graphical charts are a special feature of the book. 

The examples throughout the text, the solution 
of which is clearly explained, and the questions at 
the end of each chapter are in most cases we 
chosen and of a practical nature. The diagrams 
and general production of the work are excellent. 








CANADIAN IRON AND STEEL Propuction.—The aed 
duction of pig iron in Canada, during February, tot ad 
64,691 tons, an increase of 28 per cent. over the figure 10 
February, 1927, while output of steel ingots and castings, 
during Sean. was 98,820 tons, as against 55,620 ton 
in February, 1927. 
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THE ACCURACY OF LARGE HOB-CUT 
HELICAL GEARS. 


By G. A. TomLInson. 
(Continued from page 466.) 


The Number of Hob Teeth Engaged.—Each tooth 
.of the hob, as shown in this and in the following 
section, has a particular cut to make, which it 
repeats on every tooth of the gear. It is important, 
therefore, to appreciate the work done by each 
tooth and by each helix of the hob. 

In the first place, a calculation is made of the 
number of teeth engaged when the cut is made very 
small, or of the number of helices of the full worm 
which engage the gear. It will be assumed that 
the hob is replaced by the ideal plane rack, and that 


or the number of hob teeth engaged when the cut is 
very small is 


m (OP + OQ) 
pee - 
In the example, these results have values :— 
Pinion Wheel 
Helices engaged oes ecw «=—s BOD 2-3 
Teeth engaged sac fen 23 27 


Thus, with a fine cut, only slightly more than the 
central two helices of the hob come into contact 
with the gear. An actual finishing cut may remove 


from 0-01 in. to 0-02 in. of metal, and with such a 
cut more of the teeth come into action, the cutting 
extending beyond the theoretical line of action at 


Then, assuming QR to be small compared with PQ, 
p? = (r—b)? + DR? 
= (r—b)? + (b cot g + x)? nearly. 

From the value of p, the angle 6, can be readily 
found by the well-known geometrical properties of 
the involute. 

Then 

RN =a 6p 
The corresponding angle @’ for the point P’ can 
be found from 
P’M=a& =PM—-2zcos@ 
Hence 
ob = 6, 7 9’, 
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27 Teeth 


F g. 4, page 465 ante, is a section by a plane square 
with the gear axis. It is required to find the length 
of OP and OQ, since these points define the limits of 
tooth action as already described. 
let p = linear pitch, 
6 = addendum of gear and hob, 
gear pitch circle radius, 
pressure angle of tooth. 


r 


p 


CQ?= CO? + OQ? — 200. OQ cos COQ 
(r + 6)? = 2 ; 
Hones ) r+ OQ? + 2r x OQsing 


I ou tl 


Then 





a JPsinrtg ++ 2rb—rsing . (20) 
an 


OP - beosec@ . “ 5 « (33) 


Along the line of action, the tooth pitch is 
. POG af -4 x % 4D 
—— the number of rack teeth engaged, or the 
umber of helices of the worm that make contact 
With the gear teeth, is 
OP+0Q 
Pp cos d 


’ . ° + (23) 





The actual finishing to shape is still performed by 
the central 23 or 27 teeth, however, the teeth out- 
side this range only assisting by making preliminary 
roughing cuts. 

It is clear, from the above, that a hob may be per- 
mitted to have larger tooth errors towards either 
end than in the central region without affecting the 
accuracy of the gear produced. 

Hob Tooth Clearance.—The amount of clearance 
between the hob and gear teeth of the hob teeth 
which are outside the line of action is determined 
below for a very small cut. 

In Fig. 7, let PA be a hob tooth just on the point 
of engaging with a tooth OP of the gear, the point 
P being the intersection of the hob addendum line 
with the line of action. 

A tooth QB, farther from the centre of the hob, 
if produced would be tangential to an involute 
O'P!, and the point Q of this tooth therefore clears 
the involute by an amount QR, which may be found 
as follows :— 

Let 
PQ =z. 


and 
TL= P’Lsecy 
= (P’M + ML)sec y 
= (pM + atan : ) sec y, 
and 


TN= (TL +aten ?) 


RT=TN—RN, 
and finally 
QR _ snQTR _ sin (90 — yp) 
RT sinTQR_ sin (90 — 9) 
__ cos pb 
COS @ 
The clearance of the left-hand flank of the hob 
tooth, not shown in Fig. 7, isthe same as that of the 
right-hand flank at positions beyond the point Q of 
Fig. 8, the other limit of contact on the line of 
action. 
This clearance can be calculated rather more 
directly, as shown in Fig. 8. Let QA be a hob tooth 
touching the gear tooth OQ at the gear addendum, 
and just about to separate. Let SB be a tooth 
beyond this, which, if continued, would touch an 
involute O’ Q’ at Q’ on the line of action. Then SR 
is the actual clearance between the hob tooth and 
the tip of the gear tooth. 








. . . - (25) 











Then 
O’R=0Q= == by equation (10) 
and : 
_QVR= Q’ MF — QM QQ’ (2QM+ QQ’) 
2a 2a 


As the part of the involute now concerned has a 
comparatively large radius of curvature, which 
varies only slightly over a short length of the curve, 
the mean radius of curvature of Q’ R is 


RN+QM_QM+QM_2QM+QQ, 
9 = 9 ie 9 


4 4 « 








and, to a close approximation, 
Q’ R? 





SR= 2QM+ QQ sec b 
_ YE (2QM + QQ’) s0c g 
-_ 4 a® ‘ 


The above results have been applied to the given 
example, and the clearances of the various hob teeth 
are shown by the curve of Fig. 9. In the case of 
the wheel, 27 teeth are engaged in the line of action 
and have zero clearance. Outside this range, at 
each end, the clearance increases: very nearly in 
proportion to the square of the distance from the 
points P and Q. The curve shows clearly how the 
importace to be attached to the accuracy of form 
and position of any hob tooth diminishes towards 
the ends of the hob. 

The diagram also shows what portion of the hob 
is cutting for any particular depth of cut measured 
in the direction parallel to the hob axis. Thus, for 
a cut of 0-01 in., the hob teeth between Q and R are 
effective, to the right of R the clearance exceeding 
the cut. The teeth to the left of Q do no cutting 
at all, since, by the time Q is reached, the gear 
tooth has been completely formed. 

In the case of the pinion, the clearance increases 
very rapidly on account of the greater curvature. 
Distribution of the Cutting Work.—The results of 





the preceding section can be used to obtain some 
interesting information as to the actual amount of 
cutting done by the various teeth of the hob, which 
has a bearing on the question of the wear of the teeth 





and its effects. 


It is assumed that the hob is taking 
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a finishing cut of depth 0-015 in. in the direction 
of the hob axis. Fig. 10 shows a gear tooth PB 
which is to be cut down from P’ B’. 

The hob flank is shown in contact with the tooth 
at P at the commencement of the line of action, that 
is, taking the first of the 27 actual forming cuts. 
The area PP’B’A has already been cut by preceding 
teeth outside the line of action, and the area PAB 
remains to be cut. Using the same example, the 
curvature of the wheel tooth can be assumed, with 
only a small error, to be constant with a mean radius, 
23-18 in., which is the radius of curvature at the 
pitch line. AB is then equal to 0-0088 in. Fig. 10a 
shows the total area of cross-section to be cut by the 
rectangle PP’B’B and the area already cut by the 
shaded part. 

The area PBC is cut by 27 teeth with cuts assumed 
for this purpose to be equally spaced. Hence, if 
PB is divided into 27 equal parts such as BD, the 
area remaining to be cut after the first forming | 
cut at P will be PDE. The area cut at P is therefore 
that of the strip BDEC, and so on. 

The curve PC is very closely a parabola, from 
which the cross-section of metal removed by each 
tooth B to P can be easily found. 

The first tooth cutting at P (Fig. 10) removes an | 
area of metal 





0-64 
0 -0088 in. x 
af 


= 0-00021 sq. in. 

In Fig. 11, the area of cut for those teeth cutting | 
within the line of action is shown by the curve QR. 
Teeth of the hob to the left of Q do not cut at all, | 
but pass clear of the finished gear tooth. 

Consider next the hob teeth to the right of P 
in Fig. 11. The tooth preceding PA in Fig. 10 will 
have a position LM relative to the gear tooth, the 
point L being clear of the finished involute PB by 
the amount already determined. 

During the rotation of the hob by one cutting 
land, the gear rotates about its axis by an angle 

= 

mr 
Where p = cire. pitch, 

m == number of hob lands, 

and r = pitch radius of gear. 
Hence LM and PA, being drawn in their positions 
relative to the tooth PB, are not quite parallel. 
The area of the wedge LPAM then represents the 
cross section of metal cut by this tooth, which 
can be calculated for each tooth up to the point at 
which the hob flank begins to intersect the initial 
tooth profile P’B’ at B’. 

The curve RS in Fig. 11 shows the calculated areas 
of these cuts. Beyond the point S, a further 
number of teeth will make cuts rapidly diminishing 
to zero as shown by the dotted part of the curve. 
This part has not been calculated, but the first 
tooth to make a cut is known to be the tooth at T 
having a clearance, in Fig. 9, of just under 0-015 in. 

The curve shows that, even with a light finishing 
cut of only 0-015 in., the greater part of the work 
is done by a group of teeth between P and T which 
lie outside the range of those teeth responsible for 
producing the final involute shape. Also if a 
heavier cut had been taken, the cutting work falling 
on the teeth from Q to P would be unaffected, the 
effect being to shift the peak of the curve to the 
right as shown by S8’T”. 

Thus it is possible for a certain amount of wear 
to occur on those teeth which do the heaviest work 
without any effect on the finished tooth. 


THE EFFECTS OF ERRORS IN THE Hos. 
Error in Pitch Diameter.—The effect produced on 





the gear tooth by various possible errors in the hob | 
can now be considered. An error in the hob pitch | 
diameter is simply equivalent to an incorrect setting | 
of the normal distance between the hob and gear | 
axes, and the effect is to cut either thick or thin | 


teeth. | 


Let 

r = hob pitch radius, 

« = pressure angle, 

@ = hob helix angle, 

and p = linear pitch of hob. 


Then an error § r produces an error in tooth thickness | 
equal to 


2 (dr) tana 


. (26) | 





There is also a secondary effect owing to an error 
being introduced into the accepted value of the 
helix angle of the hob, 





tan @ = 





2 ar 
tan @ S 
5¢= Feng” P i «@97) 


The effect of such an error is considered below, 
and its magnitude, due to any reasonable error in 
pitch radius, is likely to be quite negligible. 

Error in Helix Angle.—An error in the helix 
angle of the hob, or an error in setting the angle of 
the hob arbor, have substantially the same effect 
within the probable limits likely to occur in 
either. 

The hob can be regarded as a full worm which 
is placed slightly askew between the gear teeth by 


att’ 


of 10° 


Fig.10. 
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a small angle y. The worm thread will then pene- 
trate one tooth flank to some extent above the line 
AB in Fig. 1, on page 465 ante, and on the other 
flank similarly below AB. 

The calculation of this interference has already 
been made and is given by Equation 7 in which 
must be substituted for (8’—§8). In the present 
case, since the interference arises from a bodily 
rotation of the whole hob, the value will be the 
same at all parts of the tooth except for the 
small variation in the value of a. The effect is 
therefore a thinning of the gear tooth, nearly uniform 
but with slightly more metal removed at the root 
than at the top. 

This effect is unlikely to be appreciable in practice. 
Thus, in the previous example where the inter- 
ference was found to be 0-00024 in., the values of 

and §’ were 3° 10’ and 3° 34’, or (8’—8) had a 
value 0° 24’ which is much in excess of any probable 
error in helix angle or setting up. The interference 
error also diminishes in proportion to the square of 
the angle error. 

Linear Pitch Error—The hob is next supposed 
to have a uniform error in linear pitch. Since the 


|hob and gear blank are geared together, one 


revolution of the hob will correspond to the proper 
nominal angular pitch of the gear, whatever the 
linear pitch of the hob may be. 





Hence, with a positive error, the virtual linear 
speed of the hob rack will be too large. The pitch- 
line speed of the gear, being necessarily equal to 
that of the hob, will therefore also be large, or the 
pitch-circle radius will be large. The gear-tooth 
pressure angle is determined entirely by that of the 
hob tooth, and will therefore be of correct nominal 
value ; hence the base circle of the gear will be 
large in the same proportion as the pitch circle. 

Periodic Pitch Error.—The periodic error, to be 
next considered, recurs every revolution of the hob, 
and amounts to a drunken error in the hob helix 
with respect to the axis of the bore. An accurate 
hob can also be mounted askew on its arbor, so 
as to give rise to an identical effect. 

The effect of such an error will be clearly shown 
by the results illustrated in Fig. 5, on page 466 ante. 

The successive cuts of the hob teeth will vary 
in depth, and undulations will be produced in the 
involute profile. The undulations will have a 
uniformly increasing “ wave length” from root to 
top of the tooth, hardly perceptible in the wheel 
but marked in the pinion, as shown diagrammati- 
cally by the end view of Fig. 5. 

The number of complete undulations depends on 
the number of hob helices engaged in the final 
forming cuts, and will generally be 2 to 2}. 

Any hob tooth always cuts every one of the gear 
teeth at the same part of the involute ; hence, the 
phase of the undulations will be constant all round 
the gear. As regards the feed of the hob through 
the length of the gear, this is a purely relative 
motion and is equivalent to a stationary hob feeding 
along the gear, the latter having an appropriate 
angular motion to form the tooth helix. The periodic 
error, therefore, is constant in phase along the 
length of the tooth. 

Angle Errors.—An error in the hob-tooth angle 
has the simple effect of producing a corresponding 
error in the pressure angle of the gear tooth. 

Since the pitch-circle radius is controlled by the 
hob pitch and the gear train between the motions 
of the hob and gear, it follows that the base circle 
radius of the gear will be incorrect. An error in 
alignment of the hob tooth with respect to a line 
perpendicular to the hob axis has the same effect, 
producing one gear-tooth face with a large base 
circle and the other face small. 

Errors in hob-tooth angle should receive careful 
consideration, because the mating wheel and pinion, 
being right and left hand, respectively, are each cut 
with hobs of the corresponding ‘“‘ hand.” There is 
thus a possibility of angle errors in the pair of hobs 
acting additively. 

Eccentricity and Ellipticity—The effect of eccen- 
tricity of the hob teeth can be regarded, as far as 
the rack-generating action is concerned, as a periodic 
spacing error, differing from a real periodic error 
in one respect, the periodic displacement of the 
two flanks of the rack being half a period out of 
phase. The effect, as regards the driving flanks, is 
identical, but eccentricity gives rise to a tooth with 
undulations, the crests of which occur at the same 
part of the involute on both faces of the tooth. 

In a similar manner, ellipticity in the hob is 
equivalent to a periodic spacing error having twice 
the frequency of the speed of rotation of the hob. 


(To be continued.) 
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(Continued from page 502.) 


Borer PLant—(continued.) 

In our last article we carried the description of 
the boiler house plant so far as to cover the boilers, 
and ash-handling arrangements. Mention was made 
of the fact that, on leaving the boiler, the gases of 
combustion pass in two streams to economisers 
above the boiler unit. There are two economusers 
placed back to back for each boiler, with partitions 
dividing each into sections. Four pockets are Pro- 
vided under the two economisers of each boiler 
unit. The economisers are of 2-in. diameter stee 
tubes in steel headers, providing 9,492 sq. !t. each, 
or for each boiler about 0-622 sq. ft. of surface for 
each sq. ft. of total boiler heating surface. T he ae 
perature of the gases is reduced some 240 deg. ¥. 
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SECTION A-A. 
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and 6 ft. wide, and are placed 8 in. apart and parallel | of these rods becomes severed, it drops at once into | junction with the stack. One of the more recent 
with the flow of the gases. The negative electrodes | the hopper below. precipitators added to the plant is shown under 
are of the same size of rod as before, but arehung| Fig. 67, on Plate LI, is a view on the boiler | construction in Fig. 68, on the same Plate. !t w 

vertically and weighted at the lower end. If any | house roof, showing the precipitator housing and its | be seen that there are three gas passages. Any one 
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of these can be closed off for cleaning, without 
interfering with the operation of the boilers. An 
illustration of the latest arrangement of electrodes 
is given in Fig. 74, on page 534, in which accumulated 
dust may be seen on the concrete slabs. 

Each precipitator is furnished with two rectifier 
units housed in a small sub-station; one of these 
is shown in Fig. 69, on Plate LI. Each unit is of 
25 kv.-a. capacity and consists of a control panel, a 
25 kv.-a. transformer and a motor-driven rectifier. 
The supply to the rectifier unit is 3-phase 60 cycle, 
240-volt current, transformed up to between 35,000 
and 50,000 volts according to adjustment through the 
control panel of an auto-transformer interposed in 
the primary circuit of the transformer. The rectifier 
consists of a 3-h.p. synchronous motor working 
on the 240-volt supply, 3-phase at 60 cycles. The 
commutators of the rectifier are fitted to arms on an 
extension of the motor shaft, and revolve past the 
dise, the discharge being visible in Fig 69. 

The Cottrell system of dust precipitation has 
been fully described in ENGINEERING,* and it will 
suffice to state here that its operation depends upon 
the small particles of solid matter becoming charged 
in their passage between the electrodes with a 
hegative potential, so that they are attracted to 
and collect on the positive electrodes. When a 
certain quantity collects in this way, it falls off 
into pockets placed below. The dust is also removed 
by scrapers every eight hours, the precipitators being 
arranged, as stated above, in sections so that parts 
can be cleaned without shutting down the whole. 
The fine ash removed is found by tests to amount 
to well over 85 per cent. of that passing through the 
precipiiator, in normal working. From the pockets, 
the ash is run through chutes down to the basement 
Where it is dealt with, with the furnace ashes. The 
accumulations in the economiser hoppers are dis- 
posed of in the same way. Water jets are fitted in 
these chutes to facilitate the movement down to the 
basement. 

This completes the description of the boiler plant 
Proper. We will conclude this section with some 





* See ENGINEERING, vol. cxi, page 94. 
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reference to the piping system, and the control of 
the boilers. Each boiler of each set of three in a 
range is connected with a main steam collector. 
Steam is taken first of all from the main steam drum 
of each boiler, through 10-in. inverted U-pipes to 
the superheaters. These connections to the 
superheaters are the black tees visible in Fig. 71, on 
Plate LII. On the discharge side each superheater 
feeds into a 12-in. pipe, which is carried, as may 
be seen in Fig. 70, on Plate LII, down to a Y¥ and 
elbow casting, shown in Figs. 76 to 78, on page 534, 
below the boiler room floor and joined, by large 
horizontal and vertical loops struck at 43 ft. and 
5 ft. radius, to a collector on the pipe gallery 
27 ft. 10 in. below., The Y casting is 9 ft. 5 in. 
overall, and has a wall thickness of 12 in., the flanges 
being 2 in. thick. The loops joining this to the col- 
lector are about 30 ft. long. Each main collector 
is made up of two lengths of 14-in. pipe, and three 
large steel castings, one at each end, and one in the 
centre. In the horizontal plane all the central 
castings are T-shaped, and the same in the vertical 
plane, that is they have four pipe connections, all 
centred on one point as shown in Figs. 79 to 81. The 
corner castings of the whole layout are L-shaped in 
both planes, and thus have three limbs centred 
on one point. One of these is shown in Fig. 72, 
on Plate LII. The corner and outside castings of 
each range of three castings have, however, a small 
additional connection extending vertically from the 
limb forming part of the main collector. The largest 
inside diameter of these castings is 2ft. 6 in., and 
the wall thickness here is 3 in., reduced to 1 in. 
and 1? in. at the branch ends. The whole steam 
supply fed into the collector is passed into a 
16-in. main, coupled to the vertical limb of the 








| 


central casting in the collector. This 16-in. main 
rises to the ceiling of the pipe gallery, and, with a 
| 7-ft. 3-in. radius bend, is run off in the direction of 
|the turbine house. While still inside the boiler 
house, however, it is carried up vertically a distance 
of about 64 ft., and then offset, again with 7-ft. 3-in. 
bends, for distances up to about 24 ft., in a direction 
at right angles to its first run. This distance varies 
actually with the relative position of the genera- 
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ting units and boilers. It then drops vertically 
and is carried through the wall into the turbine 
room. The arrangement allows a large degree of 
flexibility. It was adopted in order to keep the 
horizontal thrust imposed by the piping, on the 
turbine throttle, below 1,000 lb. In addition, the 
collector of each range of three boilers is intercon- 
nected with the neighbouring collectors by two runs 
of 14-in. pipe arranged in large spiral loops measur- 
ing about 25 ft. long by 22 ft. high, the bends of 
which are struck at 7 ft. 3in. radius. The main legs of 
the collector castings are fitted with motor-operated 
valves ; the other valves are hand-operated. The 
interconnecting loops are also provided with motor- 
operated valves. The valves are remote-controlled 
as regards closing, but can only be opened by hand 
at the valve itself. The remote contro! station for 
these main steam pipe valves is situated near the 
offices. The room contains a board, of which a view 
is given in Fig. 82, on this page, on which is a repre- 
sentation of the main lines of piping, connecting the 
boilers, &c. 

It may be added that the central casting of each 
main collector is fixed, the others being allowed 
free movement in line with the main collector 
casting ; movement in other directions is restrained 
by heavy guide rails. Fig. 72 shows the expansion 
slide on which one of the castings is mounted. At 
other parts they are allowed freedom for expan- 
sion. The layout above described is subjected to 
slight modifications for the sets of boilers installed 
at different dates, and also, as stated above, due 
to the position of particular boilers with regard to 
surrounding plant or structures, but the general 
lines have been maintained, the offsets having been 
run in directions as best suited the particular posi- 
tions. The main piping is seamless steel tubing, 
1 in. thick, with heavy flanges to withstand bolting 
up to be tight under 400 lb. pressure, the joints 
being of the Van Stone gasket type. 

The small additional legs on the collector castings 
tap off steam for auxiliaries. Each collector is tapped 
at two points, and the 6-in. piping forms a loop, the 
end of which is in the turbine room. Here each loop 
is fitted with a manifold, supplying two auxiliary 
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generating sets, the boiler feed pump and oil pump. 
Fig. 83, on page 535, shows one of the auxiliary 
manifolds, while Fig. 84, above, illustrates generally 
how the piping is suspended. For the most part it 
is hung by long rods from brackets of double channel 
some distance overhead. In many cases, the rods 
carrying the pipe have each a spring stirrup, as may 
be seen, for instance, in Fig. 60, on page 512 ante. 
In some cases two suspension rods are coupled to 
an equalising beam, as shown in Fig. 85. The high- 
pressure gate-valves, blow-off valves, and most of 
the steam traps were supplied by Messrs. John 
Hopkinson and Company, Limited. The lagging on 
the high-pressure steam lines is 3$ in. to 4 in. 
thick, depending on the size of the pipe. 


the extreme right (all ammeters) are for the eight 
coal feeders to the burners. A similar sector- 
shaped meter over the left-hand handwheel is for the 
induced draught fan. Two other sector indicators 
on the right show the primary air for the two sets 
of eight burners each. The three handles are 
switch handles for the controls. Of these, the one 
in the centre is a reversing switch for the economiser 
damper motor, the others controlling the primary 
air to each set of eight burners. The later boards 
have a main feed indicator in the top row, instead 
of indicators for the screens, and on the left below, 
| indicators and controls for the secondary air. The 
| air and steam flow-meters, and multi-pointer draught 





Next to | gauges are by the Bailey Meter Company, whose 


the pipe is a 2-in. layer of high-temperature insu- | semi-automatic control has, as stated, been installed 


lation, outside which is a layer of 85 per cent. | in one case. 


magnesia block. 

Steam for many auxiliary purposes, such as soot 
blowers, &c., is reduced from saturated boiler steam 
to 200 lb. pressure. 
typical reducing station. Reduction of pressure is 
carried out by throttling, and the low-pressure 
steam has about 15 deg. superheat. There are five 
of these stations in the plant each taking steam 
from three boilers, by means of a collector pipe 
fitted with stop and check valves. The 2-inch 
reducing valves are each equipped with by-pass and 
relief valves. 

The control of the boiler output is by hand, though 
semi-automatic control is installed in one instance. 
A control panel is located at each boiler on the 
operating floor. One may be seen in the aisle shown 
in Fig. 61, on page 512 anfe, and another is shown in 
Fig. 71, on Plate LIT. A view of one of the boards is 
given in Fig. 75, on page 534. 
ments, &c., are as follows :—In the top row, on the 
extreme left, is a draught indicator for two boiler 
dampers and the economiser damper. 
are two pressure gauges for the two water screens of 


the boiler in question. The third and fourth gauges | 


give, respectively, the saturated and superheated 
steam pressures. The next two are the main and 
auxiliary feeds to the screens, and the last is an 
indicator for giving two primary air pressures. 


In the line below comes first on the left, an indicator | 
ss | 
giving superheated steam temperature, and tem- | 


rature of feed from the two economisers. p | - 
ae << - prlhenger Became si The | and only 190,000 tons were Chile saltpetre. Germany 


| alone required, in 1925-26, for agricultural purposes, 


next gives the steam flow, two air flows, and furnace 


draught. The third gives steam flow only, and the 
fourth flue-gas temperatures. In the next line | 
the four small instruments to the left and four to 





The various instru- | 


Next to this | 


On all of the boilers, output is con- 
trolled so as to keep the steam-flow and air-flow 


| pens on the same line on the chart. This is adjusted 


to suit the conditions of the plant, to give a good 


Fig. 73, on Plate LII, shows a | CO, figure, and is considered the simplest method 
| in operation. The regulation of the air is effected 
| by means of dampers in the secondary air inlet 
| ports, and by the speed of the induced-draught fan. 


The latter is altered by means of the left-hand 


| hand wheel on the board, connected at the back 
| of the board by chain drive to a rheostat controlling 
| the fan motor. 
| wheel on the right, which is connected in a similar 
| way with a multiple rheostat controlling the 
| sixteen feeder motors. 


The fuel is regulated by the hand 


In the Bailey semi-auto- 
matic system the fuel supply is regulated by hand, 


| after which the automatic action comes into play 
| and adjusts the speed of the induced draught fan 


to suit. 
(To be continued.) 
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Fie. 85. EQuaLISED SPRING SUSPENSION FOR 
PIPING. 


were 185,000, 555,000 and!490,000 tons. Eighty-five 
per cent. of the nitrogen and ammonia products of 
that year had been obtained by synthetic processes. 
Germany now exports artificial nitrogen products of 
an approximate value of 200,000,000 marks, whilst it 
imported 166,000,000 marks of saltpetre before the 
war. Up tillfa few years ago the synthetic nitrogen 
product industry was practically the speciality of the 
big dyes works, notably the Badische Anilin-und 
Soda Fabrik. Of late, the large collieries have 
almost been driven to take up nitrogen fixation in 
order to make the best of the gas and coke works 
with which they are now combined. Those works 
give one of the raw materials of ammonia prepara- 
tion, the hydrogen, in a fairly pure condition. The 
other raw material, the nitrogen, is obtained by the 
liquefaction of air, mostly by the Concordia-Linde- 
Bronn modification of the original Linde process. 
Several processes are applied for the synthesis of 
ammonia. The Haber-Bosch process of the Badische 
firm starts from water gas and generator gas and uses 
catalysts and pressures of 200 atmospheres at 550 deg. C. 
The Claude process goes up to pressures of 900 atmo- 
spheres at the same high temperature ; a Claude plant 
for 15,000 tons of ammonia per year is now being built 
by the Kléckner concern and the Kaliindustrie A.G. 
at the Victor colliery near Rauxel. A plant of the 
same or larger capacity, on the Casale system, which 
applies a pressure of 700 tons, is being erected by 
a group of Rhenish-Westphalian collieries and 











SYNTHETIC AMMONIA. 


From a report, compiled by Dr.-Ing. F. Miller, of 
Bochum, on behalf of the German Coke Committee, we | 


| see that in 1926-27, more than half the world’s demand 


for manure was satisfied by the production of ammonia, 


| or by some one or other nitrogen fixation process. 


Of a total of 1,237,500 tons of nitrogen products, it is 
estimated that 514,000 tons consisted of synthetic 
ammonia and 180,000 tons of cyanamide ; 343,000 tons 
came as ammonium sulphate from gas and coke works, 


330,000 tons of fixed nitrogen, together with 330,000 
tons of phosphoric acid, and 609,000 tons of potash 
salts ; the corresponding figures for the year 1913-14 


metallurgical works. The process already in use at 
the Mont-Cenis colliery starts with pressures of only 
90 atmospheres and a temperature of 450 deg. U.; 
this plant produces 18,000 tons of ammonia per year, 
and another plant on the same system for 20,000 ions 
is being erected by the Hibernia company. 








AERIAL SURVEYING IN CanapA.—An area of 45,350 
square miles, larger than the whole of Cuba, was _— 
graphed in Canada from the air in 1927, by the Royal 
Canadian Air Force, for the Topographical Survey 
Branch, Department of the Interior. Photographs of t 113 
wide stretch of territory, taken for map making and other 
purposes, numbered 62,586. Of the 45,850 square 1 il 
26,650 «square miles were photographed obliquely an 
17,200 square miles by vertical photography. The one 
photographs taken numbered 16,246, and the vertical, 
46,340. 
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LABOUR NOTES. 


Ar a conference in London last week, between repre- 
sentatives of the Engineering and Allied Employers 
National Federation and representatives of the engi- 
neering trade unions, Sir Allan Smith intimated that, 
having regard to the present state and prospects of 
industry, the employers saw “absolutely no reason 
why any increase in wages should be granted.” In 
supporting the original demand of the unions at an 
earlier conference, for an advance of 8s. per week, Mr. 
Brownlie and one or two of his colleagues had sub- 
mitted twelve points which, in their opinion, justified 
the application. Sir Allan Smith dealt with the whole 
of these points in his speech at last week’s meeting, 
prefacing his observations with a statement to the 
effect that the employers had given this particular 
wages application closer and more extended considera- 
tion than any similar question had received for many 


years. 





One of the points made by Mr. Brownlie was that the 
state of the industry was such that it could safely 
be asked to bear the proposed increase of its wages 
costs. In the light of figures submitted by Sir Allan 
Smith, the industry is, on the contrary, barely able to 
stand the wages costs which it at present is expected 
to bear. It will be recalled that when the question 
of an increase first arose, the Employers Federation 
employed chartered accountants to analyse returns 
made by firms in order to show the margin that was 
available on a year’s output after actual manufacturing 
costs had been deducted. No capital charges were 
included in the reckoning—only actual manufacturing 
costs. It was found that on an output, whose selling 
value was 188,000,000/., the net balance was 2-82 per 
cent. The investigation has been continued annually 
since, the total selling value of the output being 
190,000,000/. in the second year, 196,000,000/. in the 
third year ; it was 187,000,000/. in the fourth year, and 
188,000,000/. in the fifth year. In the second year, the 
balance remaining, after deducting actual manufac- 
turing costs, was 1-85 per cent., in the third year 
2-85 per cent., in the fourth year—this was the year 
in which the coal stoppage occurred—2-04 per cent., 
and in the fifth year 2-7 per cent. As, out of these 
balances, capital charges fall to be met, the final 
reckonings probably disclosed losses instead of gains. 





Another point made on behalf of the operatives, at 
the earlier conference, was that the wages now being 
paid were much too low considering the skill of the 
men in receipt of them, and unfairly low compared with 
those paid in the sheltered trades. Figures relating 
to real wages submitted by Sir Allan Smith did not 
bear out that contention. Taking 1914 as the basis, 
he pointed out that the figure for fitters was now 
104-7 per cent., that for labourers 120-4 per cent., 
and that for all classes employed 113-6 per cent. The 
position as between engineering and the sheltered 
trades was described by Sir Allan as not so bad as it 
appeared to be. The earnings of fitters were now, he 
said, 1s, 5-7d. per hour, and those of labourers 1s. per 
hour, and these figures compared with ls. 7-5d. and 
ls, 2-75d. respectively in the building trades. On 
payment by results, fitters in engineering were earning 
ls. 7-4d. per hour as against the building trade crafts- 
man’s 1s. 7-5d. per hour, and labourers 1s. 1-8d. as 
against 1s, 2-75d. 





A second joint conference of cotton trade employers 
and operatives’ representatives, took place at Manchester 
on Monday, but failed to bring the parties any nearer 
to each other on the differences which disturb their 
industry, The men’s representatives definitely refused 
the appeal of the employers to enter into negotiations 
with the object of bringing about a reduction of wages, 
and on the second issue—“ giving full productive effect 
to the 48 hours’ working week ”—submitted that they 
Were not a competent tribunal to decide. The second 
issue concerns, it may be explained, the making of 
hew arrangements about the time required within the 
48 hours’ week for the necessary cleaning of machinery. 
Only the Operative Spinners’ Amalgamation and the 
Master Spinners’ Federation are concerned in agree- 
ments for oiling and cleaning machinery; hence the 
submission of the men’s representatives at Monday’s 
conference that it was not a competent tribunal to deal 
with the matter. 





In the course of their considered reply to the em- 
Ployers proposals, the operatives’ delegates said :— 
p aling with production inside the period ofa 

“hour week, we are. . . . forced to ask the question, 


Why all this talk about increased production ? Now 
your policy for a long time has been to reduce produc- 
tion, and there does not seem to be any agreement 
mong yourselves as to which policy is the best—an 
ierease or a decrease in production. You could have 
worked longer hours had you desired ; you could have 


comed the opportunity to work for 48 hours, but they 
had no choice in the matter. Short time has been your 
policy, and in one section a worse evil than short- 
time—namely, under-employment, with full-time 
service without full-time wages—is often resorted to.” 





On the subject of wages they said :—‘‘We do not 
believe that the wages paid have anything to do with 
the present position, neither can we believe that a 
reduction of the wages will provide any remedy. A 
reduction of wages never has brought about an im- 
provement in trade, in spite of all the promises that 
you have held out to us, and even if you succeeded in 
obtaining a reduction in order, as you say, to enable 
you to compete with firms abroad, you can give no 
guarantee that the foreign employers would not follow 
your bad example and reduce the wages of their work- 
people still further, with the result that the purchasing 
power would be further reduced and your position would 
again be exactly the same as now in the markets of the 
world. It is a vicious circle in which a reduction in 
one country would be followed by a reduction in 
others. We see no hope in that direction. We there- 
fore desire to make it quite clear that we are not pre- 
pared to enter into negotiations with you in order to 
bring about a reduction of the wages of those we repre- 
sent.” 





The executive councils of the engineering trade 
unions are to be asked to empower their district com- 
mittees affiliated to the London Joint Committee, to 
make application to the London Engineering Employ- 
ers’ Association for an advance of 2$d. per hour on 
basic rates for all grades of engineering workers in 
the London area. 





The British Government’s proposal that the Wash- 
ington Eight Hours’ Convention should be revised 
was on the agenda for discussion at last Saturday’s 
meeting, in Geneva, of the Governing Body of the Inter- 
national Labour Office, but when it came up Mr. 
Humbert Wolfe, the British Government delegate, 
asked that consideration of the matter should be deferred 
until a later date. According to The Times correspon- 
dent, he made it clear that the request did not indicate 
any change of attitude by the British Government 
towards a revision of the Convention. Attacks which 
had been made on Great Britain were, he said, unjust 
and unjustifiable. The British Government had no 
intention of attacking the International Labour 
Organisation or the legitimate interests of the workers. 
On the contrary, it was a sincere friend of the Inter- 
national Labour Organisation, and considered that its 
proposal would result in a clearing up of the present 
situation. The adjournment of the discussion was 
agreed to. 





Serious trouble is threatened in the dyeing and 
finishing industry of Lancashire, Yorkshire, Cheshire 
and Scotland. Some time ago, the operatives proposed 
that compulsory collective piecework should be estab- 
lished throughout the industry, and the employers’ 
organisation, the Allied Association of Dyers, Bleachers, 
Finishers, and Printers, replied that they could not 
compel the various sections or individual members, 
who did not wish to do so, to follow the course indicated. 
The unions then approached the employers side of each 
of the sectional reference boards, but with as little 
success. The employers’ sectional representatives 
intimated that they were not prepared to carry on any 
negotiations unless discussions took place concerning 
juvenile wages and the system of paying adolescents ; 
nor would they be parties, it was stated, to the enforce- 
ment of piecework rates where firms were not willing 
to make the change. A definite policy has been decided 
on by the joint executives of the trade unions, and a 
communication defining it was to be presented to the 
employers yesterday. 





In the course of an address delivered at Cinderford 
on Sunday last, Mr. C. T. Cramp, the Industrial 
Secretary of the National Union of Railwaymen, 
said that the ills of our industrial life could not all 
be cured solely by meetings between employers and 
employed. With the best possible will in the world, 
we could not recover at one bound our former 
industrial prosperity. We should never be able to 
regain our former prosperity as an industrial nation 
until there was a greater spirit of collective responsi- 
bility among those concerned with the conduct of 
industries. If they could not realise their responsi- 
bility by ordinary educational methods, some outside 
and powerful body, namely, the people, must make 
them realise it. 


At a meeting in London last week, of the General 
Council of the Trades Union Congress, Mr. John Hill, 
the General Secretary of the Boilermakers’ and Iron 
and Steel Ship Builders’ Society, moved “that we 
decide our attitude to the Communist and Minority 








Produced more, and our members would have wel- 


Movements, and that we advise our affiliated trade 


unions in accordance therewith.” The opinion of 
the Council appeared to be that the Standing Orders 
enabled it to deal with any particular matter that 
might arise. The view was also expressed that this 
question was one for each affiliated union to decide 
for itself, and the resolution was withdrawn, it is 
stated, mainly on that ground. 





The votes cast by the colonial branches of the 
Amalgamated Engineering Union in the election of 
a president for the ensuing three years have now been 
scrutinised. Mr. Brownlie is definitely re-elected by 
a substantial margin over the aggregate poll of his 
four opponents, the final figures being Mr. J. T. 
Brownlie 26,784, Mr. J. Tanner 13,159, Mr. H. E. 
Hisee 3,865, Mr. R. J. Low 2,721, and Mr. G. T. 
Roberts 2,231. 


At a meeting in Paris, the National Committee 
of the French Communist Confederation of Labour 
passed an interesting resolution on the subject of 
strike tactics. In it, it called on local unions and 
federations, in view of the experience gained in 1927, 
to maintain close touch with other organisations for 
the following objects:—(1) A rapid recognition of 
signs of agitation in undertakings and districts, even 
though the communist unions are not responsible 
for the movement in question ; (2) psychological and 
numerical strengthening of trade union organisations, 
which interpret the aspirations of the workers and 
translate them into direct action; (3) the spreading 
of propaganda and agitation in all forms among 
different classes of workers, young persons, women 
workers, and foreign and colonial labour ; (4) promotion 
of the setting up of local trade unions: on the basis 
defined by the Bordeaux Congress, in order to give 
the greatest possible extent and force to organised 
demands. 








As a result of the refusal of the Australian Council 
of Trade Unions to appoint delegates to the proposed 
industrial peace conference, Mr. Bruce has informed 
the House of Representatives that he has decided 
to abandon the project for the present. 





A Decree, which is to come into force on October 1 
next, has been issued in Italy giving details of new 
regulations for the hearing of labour disputes. The 
arbitration boards and private employment commissions 
are abolished. In future, justices of the peace or the 
ordinary courts (according to the amount involved) 
will deal with individual litigation connected with 
relations regulated by an individual or collective labour 
agreement or by some other method equivalent to a 
collective agreement. They will also deal with actions 
brought against employers or workers by legally 
recognised associations. In hearing these cases, the 
justices of the peace and courts may be assisted by 
expert representatives of employers and workers, 
chosen from lists compiled for that purpose. The 
attendance of these experts is not allowed, except on the 
application at the first hearing of one of the parties 
concerned ; a breach of this provision will render the 
sentence void. The list of experts will be revised every 
two years by the Labour and Social Welfare Sections 
of the provincial councils, on the recommendation of 
legally recognised trade associations and with due 
regard to the industries carried on in each province. 





Officials of trade associations may not be included 
in the lists. Provision is also made for the exclusion 
in any case of experts who may be presumed to be 
materially interested in the dispute, either on the ground 
that they employ, hire, or represent one of the parties, 
or on account of relationship by birth or by marriage 
to one of the parties. The first lists are to be drawn 
up by September 30. Disputes are to be brought 
before the justice of the peace or court of the district 
in which the undertaking concerned is situated. If the 
action is brought before a justice of the peace and the 
plaintiff does not specify the amount of damages claimed, 
the damages may not exceed the maximum within 
the jurisdiction of a justice of the peace. Actions 
arising out of failure to observe the provisions of a 
collective agreement may not be brought, unless the 
plaintiff has first registered a protest with the legally 
recognised association, representing the class of pro- 
ducers to which the plaintiff belongs. 








Export CREDITS GUARANTEE DEPARTMENT.—In view 
of the great increase in the volume of business which 
the Export Credits Guarantee Department is insuring 
for Lancashire exporters, it has been decided to appoint 
a local representative, of the Department of Overseas 
Trade, in Manchester. Mr. G. Judson, of the Export 
Credits Guarantee Department, will act in this capacity, 
and took up his duties in Manchester on May 1. He may 
be communicated with at the offices of the Manchester 





Chamber of Commerce. 
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TRACTION DYNAMOMETER FOR 
PLOUGHING. 


THE measurement of the forces involved in ploughing 
is of use, not only in connection with the design of | 
cat ccc 

ploughs and tractors, but also in investigating both | 
the permanent and variable characteristics of the soil. | 
Much information on the latter point can be obtained | 
from a continuous record of the drawbar pull exerted | 
by a tractor drawing a plough, since such erase 
as the chemical and mechanical analyses of the soil, | 
the moisture and organic matter present, &c., all | 
influence the properties of cohesion, plasticity and | 
surface friction on which the force required to draw | 
the plough depends. To obtain such a continuous | 
record, the apparatus illustrated on this and the} 
opposite pages has been designed and constructed | 
by the Cambridge Instrument Company, Limited, | 
45, Grosvenor-place, London, 8.W.1, in conjunction | 
with Drs. B. A. Keen and W. B. Haines, of the | 
Rothamsted Experimental Station, where it has | 
now been in use for some considerable time with | 
satisfactory results. | 
The complete equipment, which we propose to | 
describe in detail, is illustrated in Fig. 1, and its | 
use enables a record of the tractive force exerted | 
on the plough to be obtained in the form of a fine | 
groove on a strip of celluloid, on which can also be | 
marked the time and any special information which | 
the operator may need, such as a change in the 
character of the soil through which the plough is 
being drawn. It is also possible to obtain, for| 
demonstration purposes, a single indication of the | 
tractive force exerted, if a continuous record is not | 
required. The particular advantages of the apparatus | 
illustrated over that previously employed for the 
same purpose at Rothamsted, are that it can readily | 
be adapted for the widest range of work, is strong | 
and simple to use, and can be easily and —| 
| 


| 
| 
| 
| 
| 
| 
| 





dismantled, transported and re-assembled for a fresh 
series of tests. 

The equipment includes a component known as | 
a hydraulic link, shown resting on a leather box | 
on the left of Fig. 1, and containing a hydraulic | 
cylinder and plunger, the function of which is to 
transform the varying pull exerted by the tractor | 
into a correspondingly fluctuating hydraulic pressure. 
Drawings of a hydraulic link, of a slightly different 
design from that shown in Fig. 1, are reproduced 
in Figs. 2 to 5. This link is inserted in the hitch 
connecting the plough vo the horse or tractor drawing 
it, and the pull applied to the eyebolt on the left 
of Fig. 2 is transmitted through two links at the top 
and bottom, respectively, to a vertical pin on the} 
right of Fig. 2: 
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Fig. 6. 
Angle of Cone 60° 


Hard ~ 
Soldered hi 


Normal Working Position 


The plunger is ground and lapped to make a good 


On this pin is fitted the plunger of | working fit in the cylinder, which is filled with oil, 


the hydraulic cylinder, and in the end of the latter| through the plug shown in Fig. 7, and it will be 
is fitted a horizontal pin connected by two links at| evident that, with the arrangements described, a 
the sides to the horizontal pin shown in section on/ pull exerted on the eyebolt and resisted by the 
the right of Fig. 2, and also in the plan Fig. 5. The} horizontal pin on the right of Fig. 2 will tend to 


“> 


cylinder and plunger are shown separately in Figs.|force the plunger into the cylinder and thereby 


6 and 7, and are indicated by chain-dotted lines in| increase the pressure of the oil. 


The pressure is 


Figs. 2, 4 and 5. Projections from the cylinder and | transmitted through a copper pipe, the inlet to which 
plunger, it should be noticed, are formed with grooves} is controlled by a needle valve, shown in Fig. 7, 
which fit on the links at the top, bottom and sides,|to a form of Bourdon tube, on which is mounted 


and thus serve as guides, 


|a Cambridge stress recorder, the arrangements being 
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shown on the right of Fig. 1, but more clearly illus- 
trated in Fig. 11. Any increase of pressure in the 
Bourdon tube, which, together with the connecting 
pipe is completely filled with oil, will cause the tube 
to straighten and thus increase the distance between 
the ends. The variations in the length of the Bourdon 
tube are recorded by the stress recorder, the action 
of which will be explained below, and as these are 
proportional to the variations in the internal pressure, 
and therefore to the pull transmitted by the hydraulic 
link, a record of the tractive effort applied to the 
plough is obtained. A pressure gauge fitted in the 
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Fig. 12. 


copper connecting pipe, and graduated to read directly 
in pounds, gives an indication of the tractive effort 
at any time, as previously mentioned. 

Sectional drawings of the stress recorder are repro- 
duced in Figs. 8 to 11. Normally, the instrument is 
clamped on to a structural member, and used to record 
the Strains in the member caused by variations in the 
loading. For this purpose, the main casting of the 
instrument is provided at one end with two hardened- 
steel points, while at the other end, i.e., the right- 
hand end in Figs. 8 and 11, a similar point is carried 
by a plate which is connected to the main casting by 
three steel pillars. Two of these pillars are shown in 
Fig. 1], and all three can be seen in section in Fig. 8. 

tom the former illustration, it will be noticed that 
they are reduced in diameter near the ends, thus form- 
Ing planes of flexure which permit the plate carrying 
the steel point to move slightly in a direction parallel 
to the length of the instrument. Such a movement 
will, of course, be caused by the extension or com- 
Pression of the part of the structural member between 








the steel points resulting from a variation in the stress 
to which it.is subjected. By an arrangement of 
knife edges, carried partly by the movable plate and 
partly by the main casting, any relative movement 
between the latter and the plate causes a vertical arm 
to tilt. This arm, which is most clearly shown in 
Figs. 9 and 11, carries at its upper end a fine steel 
style, with a slightly rounded point, which bears 
against a strip of celluloid moved by clockwork over 
a roller at a uniform speed. The relative movement 
of the fixed and moving parts is thus recorded in the 
form of a groove on the celluloid strip, the movement 
being greatly magnified owing to the fact that the 
length of the arm is many times that of the vertical 
distance between the fixed and moving knife edges. 
The style is kept in contact with the celluloid strip 
by means of a spring, and a knurled screw, shown on 
the right in Fig. 11, is provided for adjusting the zero 
position. , 

This method of recording on celluloid, which is due 
to Mr. W. G. Collins of the Cambridge Instrument 


Company, is employed on many of the firm’s products, 
and has been referred to in our columns on several 
previous occasions, so that we need not discuss its 
many advantages here. In applying the stress 
recorder for use in the traction dynamometer, with 
| which we are now concerned, the ends of the Bourdon 
tube are screwed to the fixed and movable parts of the 
instrument, using the tapped holes in which the steel 
points are normally inserted. One of the steel points 
is shown in position in Fig. 9, while Fig. 11 shows the 
Bourdon tube in place. These tubes, it may be 
mentioned, are supplied in different thicknesses, and 
can easily be changed to suit various classes of work. 

In addition to the style which records the tractive 
effort, as already explained, two other styles, operated 
by electromagnets, are also provided. These mark on 
the back of the celluloid strip, so as not to interfere 
with the movement of the first-mentioned style. One 
of them is used to mark definite time intervals, usually 
of 10 seconds, and the other to record notes for identifi- 
cation purposes. The former is worked by a clock 
carried by the operator, who walks by the side of the 
plough, and the latter is controlled by a Morse signalling 
key mounted on the side of the case in which the 
clock is carried, as shown in the centre of Fig. 1. A 
switch is also provided on the case to enable the 
clockwork mechanism driving the celluloid strip to 
be started and stopped at will. In use, the recorder 
is mounted on the beam of the plough, or in any other 
convenient position, resting on a thick roll of felt 
and held in place by a leather strap, the box containing 
the clock, &c., which is carried by the operator, as 
already stated, being connected to the recorder by 
lightly-armoured telephone cable. Current is supplied 
by a 6-volt accumulator, which can be carried in any 
convenient position. 

A portion of an actual record obtained with a single- 

furrow plough drawn by a pair of horses is reproduced 
in Fig. 12, on a scale about 16 times that of the 
original, the actual width of the celluloid strip being 
0:45 in. As reproduced, the force scale is such that 
1 in. represents a tractive force of 190 lb., and the 
zero line, not shown in the illustration, is at a distance 
of about 1-55 in. below the time line seen near the centre 
of the figure. The kinks in this line represent time 
intervals of 10 secs. The portion of the record on the 
left was obtained with the plough moving through 
stubble land very foul with weeds, while that on the 
right was obtained from loose soil fallowed and culti- 
vated. The boundary between the two classes of 
land is indicated by the two dots in the line near the 
bottom of the illustration, and to the right of these the 
Morse letters “‘ FALL ”’ can be distinguished, indicating 
the character of the change. The actual records can 
be examined immediately after they are taken by a 
portable microscope, or enlargements can be obtained 
photographically or by optical projection and tracing ; 
the mean tractive effort can then be obtained by inte- 
grating the record with a planimeter. In practice, by 
selecting a suitable oil and adjusting the needle valve 
on the hydraulic cylinder, the right degree of damping 
can be obtained to smooth out the minor fluctuations 
in soil resistance, which do not affect the average value 
of the tractive effort to any appreciable extent. Using 
a thin oil, however, and a comparatively high speed 
for the celluloid film, i.e., about 30 mm. per minute, the 
fluctuations are recorded in detail. For horse traction, 
a film speed of about 15 mm. per minute is generally 
suitable, this speed being about ;,1,, of the speed of 
travel of the plough through the soil, and about a 
yard of film being used to obtain a complete record 
of the tractive effort exerted in ploughing a length 
of 24 miles. 
In conclusion, we may mention that it has been 
found possible, with the instrument described, to 
prepare a form of contour map of soil resistance for 
a level field which, on visual inspection, appeared to be 
quite uniform in character. Actually the tractive 
effort required varied from 1,200 lb, to 1,700 lb., from 
place to place, and by connecting the points of equal 
resistance by smooth lines on a plan, an “ isodyne ” 
map was obtained showing at a glance the resistance in 
any part of the field. It has been proved that these 
variations in resistance persist, practically unchanged, 
from season to season, so that a dynamometer survey 
of the type referred to is of great value in selecting 
plots for testing new implements and other similar 
experimental work. 


Roap ConstRuCTION IN POLAND.—A short confiden- 
tial report, on the present situation of road construction 
in Poland, has been prepared by the Department of 
Overseas Trade from information furnished by the com- 
mercial secretary at Warsaw, and issued to firms whose 
names are entered on its special register. The memo- 
randum refers particularly to the possible demand for 
asphalt, bitumin and tar derivatives. United Kingdom 
firms desirous of receiving a copy of this report, together 
with particulars of the special register service of infor- 
mation, should communicate with the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 
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LETTER TO THE EDITOR. 


HEAVY-OIL ENGINES IN POWER 
STATIONS. 
To THE Eprror oF ENGINEERING. 


Sir,—In the ,leading article, in your issue of 
April 27, on ‘“‘ Heavy-Oil Engines in Power Stations,” 
no reference to the most important point of possible 
savings in distribution is made. It has been my con- 
tention from the earliest days of electric lighting that, 
given a prime mover that could be economically fixed 
and worked close to the house distributing main, pit 
mouth supply is no longer worth considering. As 
recently as 1922, when bulk supply was being definitely 
foisted on us, I pointed out that we now had both gas 
and oil engines that would do this at a cost below that 
of any steam station at that time, and that it was the 
duty of the local authorities to take the matter up at 
once and prevent any more wasteful distribution by 
bulk supply companies. 

Assuming that steam plant may be equal to gas or 
oil plant for generation, in the former case we have 
three transformations and two very long transmissions 
between E.H.T. and the sub-station, while in the latter 
we connect our low tension generation plant direct to 
the house main in that sub-station. The saving by 
elimination of all the redundant plant and mains 
is so obvious that it would be superfluous to go into 
details. 

Fortunately the matter is being taken up by both 
gas and oil interests, and my purpose in drawing 
attention to it is to try and gain the attention of those 
who may think it too big and difficult to realise without 
more time and trouble than they may feel willing to 
give. Further the cooling water and exhaust gases 
of the gas and oil plants may be utilised by central 
heating systems, and as they represent some 60 per 
cent. of the thermal value of the fuel used should be a 
very useful factor in fuel economy. 

Yours faithfully, 
Ernest G. PINK. 
76a, Lea-road, 
Blackheath, 8.E.3. 
April 30, 1928. 








THE ROYAL METEOROLOGICAL 
SOCIETY. 


Ar the usual monthly meeting of this society, held on 
Wednesday, April 18, in the society’s rooms Cromwell- 
road, South Kensington, Sir Richard Gregory, LL.D., 
President, being in the chair, a paper entitled Some 
Alpine Cloud Forms was read by Mr. C. K. M. Douglas. 
In it photographs were reproduced showing the dis- 
tinction between the ‘“‘ banner clouds” and lenticular 
caps or “ féhn clouds.” The author stated that the 
first were formed as the result of an eddy drawing 
air up the lee side of a steep mountain in a strong 
wind, and were very turbulent. The caps on the other 
hand were smooth in appearance, and were formed in a 
damp current crossing the mountain top with vertical 
displacements which did not seem to be large as a 
rule, most of the air apparently flowing round the 
mountain. Banner clouds appeared to draw their 
moisture from lower down than caps, so that the two 
forms often existed independently, though both were 
produced by strong winds. The existence of caps, but 
no banners, might be attributed to a damp layer with 
dry air below, a condition known frequently to exist. 

A paper entitled A Strong Wind of Small Gustiness 
was read by Mr. N. K. Johnson. The paper discussed 
the records of wind velocity and direction obtained at 
Leafield, Oxen, on two days in December, 1926. On 
the first of these days the weather was that correspond- 
ing to equatorial air, with overcast sky, slight rain and 
a strong wind. The autographic traces of wind 
velocity and direction possessed considerable width, 
although the mean values of both were nearly constant. 
The second occasion related to polar air, the sky being 
practically clear but the wind velocity being approxi- 
mately equal to that on the first occasion. The records 
of wind velocity and direction in this case were charac- 
terised by the extreme narrowness of the traces, thus 
indicating a degree of atmospheric turbulence unex- 
pectedly low in view of the strong wind. Whilst polar 
air normally gave somewhat narrower traces than 
equatorial it was shown that the great difference 
found in the present examples was to be attributed to 
the difference in the lapse rates obtaining on the two 
occasions, records of which were available. Attention 
was directed to the fact that during the clear night an 
inversion of nearly 3 deg. F. existed between heights 
of 1 m. and 87 m. in spite of the wind velocity being 
18 m./sec. (40 m./hr.). 

The third paper presented A Statistical Analysis of 
the Daily Observations of the Maximum and Minimum 


Hoblyn. It gave an account of the work carried out on 
48 years temperature records at Rothamsted. The 
labour entailed where so large a mass of data had 
accumulated was considerable, and the method adopted 
to reduce these data to a more convenient form was 
given in some detail in a hope that it might be of some 
value to other stations where records of a similar nature 
existed. It was pointed out that the interest in the 
temperature occurrence in this country lay chiefly 
in its variation at different periods of the year, not only 
from day to day but also from year to year. It was 
shown that at this station both maximum and minimum 
temperatures did vary significantly from year to year 
at all periods of the year, although this variation was 
much greater in some months than in others. The 
variation of the different measures of temperature was 
demonstrated by a number of smooth curves. The 
correlation between the different measures was also 
considered and was shown to differ quite definitely in 
the various months. 
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THE Late Mr. G. Ransome.—It is with regret that 
we have to record the death, on April 15 last, of Mr. 
Geoffrey Ransome, chairman and managing director 
of Messrs. A. Ransome and Company, Limited, Stanley 
Works, Newark-on-Trent. Mr. Ransome was born in 
1867, and was educated at Richmond School, Yorks., 
and at Trinity Hall, Cambridge. He served his appren- 
ticeship in his father’s firm, Messrs. A. Ransome and 
Company, and was also for a time with Messrs. Marshall, 
Sons and Company, Limited, of Gainsborough, and 
Messrs. Ransomes, Sims and Jefferies, Limited, of 
Ipswich. After spending some years in various parts 
of the East, notably Sumatra, and India, erecting wood- 
working machinery, he joined the staff of the Assam 
Railways and Trading Company, at Dibrugarh, and 
remained with the firm for six years. Afterwards, Mr. 
Ransome spent some time in South America, chiefly 
in the Argentine, studying woodworking machinery 
conditions. Some years ago he explored a large tract 
of forest land in N.E. Madagascar. He rejoined the staff 
of Messrs. A. Ransome and Company in 1900, was made 
a director in 1902 and, on the death of his brother in 
1922, became chairman and managing director. He was 
also a director of Messrs, Ransome and Marles Bearing 





Thermometers at Rothamsted and was by Mr. T. N, 


Company, Limited, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday, 

The Cleveland Iron Trade.—While Cleveland piz-iron 
sales are small, the make is not quite sufficient to meet 
current needs in fulfilment of running contracts, and 
the increase of production by the change over of a furnace 
at the Tees Ironworks from hematite to Cleveland pig is 
very welcome. Buyers are unsuccessful in their endeavour 
to obtain price concessions. Ironmasters hope to make 
further sales to home firms and to consumers in Scotland, 
but there seems little likelihood of much early expansion 
in overseas trade. Fixed quotations remain: No, |] 
quality, 68s. 6d.; No. 3 g.m.b., 668.; No. 4 foundry, 
65s. ; and No. 4 forge, 64s. 6d. 


Hematite—Home and Continental inquiries for East 
Coast hematite continue to circulate, and a few more 
contracts have been arranged both for home use and 
for shipment abroad. Makers’ hands are strengthened 
somewhat by the curtailment of output, but orders «.¢ 
still obtainable, only at unremunerative figures. Nomi- 
nally, market rates are on the level of mixed numbers at 
70s., but prices actually paid vary rather considerably, 

Foreign Ore.—The foreign ore branch of trade is 
without new feature. Thestrike of ore miners in Sweden, 
begun in January last, continues, and there seems little 
likelihood of work being resumed this week. 


Blast-Furnace Coke.—Prices of blast-furnace coke are 
weak. Durham good average kinds are offered freely 
at 17s. 9d., delivered here. 


Manufactured Iron and Steel.—Aggregate output of 
finished iron and steel is large, but early improvement 
in demand for several descriptions of material is essential 
to enable producers to maintain machinery in its present 
state of activity. Common iron bars are 10l. 5s.; best 
bars, 10/. 15s.; double best bars, 117. 5s.; iron rivets, 
111. 5s. ; packing (parallel), 77. 10s. ; packing (tapered), 
101. ; steel billets (soft), 62. 15s. ; steel billets (medium), 
7l. 2s. 6d. ; steel billets (hard), 71. 12s. 6d. ; steel rivets, 
111. ; steel ship plates, 8. 7s. 6d. ; steel angles, 71. 17s. 6d.; 
steel joists, 7/. 17s. 6d.; heavy steel rails, 8/. 10s.; and 
galvanised corrugated sheets, 13/. 2s. 6d 

Shipments of Iron and Steel.—April shipments of iron 
and steel from the Tees were 1,000 tons below the 
clearances for March. Last month’s aggregate loadings 
were 81,801 tons, of which 24,085 tons went coastwise 
and 57,716 tons went to foreign destinations. Of the 
20,427 tons of pig-iron shipped, Scotland and Wales 
were the heaviest buyers, the former accepting 8,654 
tons and the latter 3,350 tons. Natal, with an import 
of 512 tons, was the largest customer out of the 4,102 tons 
of manufactured iron cleared. Of the 57,272 tons of steel 
despatched, the Argentine took 11,452 tons; India, 
10,646 tons ; Australia, 5,211 tons ; and Anglo-Egyptian 
Sudan, 4,084 tons, 








THe Sypney Harsour Bripce: Erratum.—On 
Plate XLIV, illustrating the Sydney Harbour Bridge, 
which accompanied our issue of April 20, a misprint 
occurs in the title to Fig. 7. This should read “ May, 
1927 ” instead of ‘‘ September, 1927.’’ Comparison with 
Fig. 5 will probably have suggested to many readers 
that the date given was inaccurate. 





CuemicaL INDUSTRY CONFERENCE.—In reply to what 
was regarded as a friendly challenge issued by the Rt. 
Hon. The Earl of Balfour, K.G., in the course of his 
March Memorial Lecture in July, 1926, when he expressed 
his apprehension as regards the ability of British 
chemists to apply scientific knowledge to industry, a 
Chemical Industry Conference, organised by the Society 
of Chemical Industry in co-operation with its London 
Section and Chemical Engineering group, and the 
Institution of Chemical Engineers, is to be held shortly 
in London. The conference will open on Friday, May 11, 
with the Annual Meeting of the Chemical Engineering 
Group at Les Goblins Restaurant, 1, Heddon-street, 
Regent-street, W.1. A business meeting for group 
members only will be held at 6 p.m., which will be 
followed by the annual dinner, the chairman being Mr. 
H. Talbot, and at 8.30 p.m. an address will be given by 
Mr. F. H. Carr on “‘ Some Chemical Engineering Aspects 
of the Fine Chemical Industry.” On Saturday, May 12, 
a visit has been arranged to the Rothamsted Experi- 
mental Station, Harpenden. A conference will be held, 
on Monday, May 14, in the Hall of the Institution of 
Civil Engineers, Great George-street, Westminster, 8.W 4b 
The chairman in the morning will be Sir Hugo Hirst, 
and the first paper, starting at 10.30, is “The Fuel 
Industries and the Work of the Chemical Engineer,” by 
Sir Arthur Duckhan, the first president of the Institution 
of Chemical Engineers, and the second paper will be re 
by Professor G. T. Morgan, F.R.S., and is entitled ‘‘ The 
Chemical Study of Low-Temperature Tar.” The Rt. 
Hon. Lord Desborough, G.C.V.O., is the chairman of the 
afternoon session, which is to commence at 2.30 p.m, 
and the first paper is ‘ Water Purification,” by Sit 
Alexander Houston, and the second, ‘‘ The Pollution of 
Tidal and Non-Tidal Streams,” by Mr. J. H. Caste. 
dinner will be held at 7.30 p.m. the same evening, at the 
Connaught Rooms, Great Queen-street, W.C.2. On 
Tuesday, May 15, the conference will again be held in 
the Hall of the Institution of Civil Engineers, starting at 
10.30 a.m., the first two papers being “ Scientific Resear 
as applied to Industry,” by the Rt. Hon. Sir Alfred Mon ’ 
M.P., president of the British Science Guild, and “ The 
Part Played by the British Workers in the Applicata? 
of Fixed Nitrogen to the Soil,” -by Sir John Raat 
F.R.S., and Lieutenant-Colonel G. P. Pollitt, D.S.O., os 
read a paper in the afternoon on ‘“‘ Developments 11 the 





Heavy Chemical Industry.” 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—If gross output is to be relied upon, 
the Sheffield steel, engineering and machinery trades 
are making steady progress. Though the position is 
not without its encouraging features, revival is slow. 
Orders are not coming forward at the rate desired, 
but the number of inquiries in circulation gives hope 
for the near future. The basis of production is widening, 
though the major portion of the business taken is of 
an unremunerative character. The steel-producing 
sections are gradually consolidating their position 
despite the fact that foreign competition is still an 
important factor to be contended with. Makers of 
railway rolling-stock and furnishings are accounting 
for an improved output. India, South Africa, and 
South America are good customers, and have placed 
orders in this locality for axles, tyres, springs, buffers 
and other products. The recent improvement in ship- 
building steel has not been maintained. Automobile 
steel and fittings provide a contrast. Production has 
reached a high level, big quantities being transported 
for use in the Midlands, while foreign users, despite 
tariff barriers, are also taking large supplies. Producers 
of stainless steel and rustless iron are similarly placed. 
The chemical and general engineering trades are growing 
users, while the latest tramcars and motor omnibuses 
are all fitted with rust-resisting materials which remain 
bright in all weathers. Road-making and irrigation 
tools and machinery are good lines. The season for 
farming and garden implements promises well. 


South Yorkshire Coal Trade.—The market generally 
is featureless. Consumers still adopt a ‘‘ wait-and-see ” 
policy, despite the fact that the coal-marketing scheme 
has been in operation about a month. The output 
of pits is limited, many working short time. Industrial 
fuel is steady, with the demand showing a tendency 
to improve. The house-coal position has weakened. 
Early improvement is unlikely. A bigger tonnage of 
foundry and furnace coke is being shipped abroad, 
but home requirements are not so substantial. Gas 
coke continues firm. Quotations: Best hand-picked 
branch, 27s, 6d. to 29s. 6d.; Derbyshire best brights, 
20s. 6d. to 21s. 6d.; best house, 19s. to 20s. 6d.; 
screened house, 16s. to 17s. 6d.; screened nuts, 15s. 
to 16s.; Yorkshire hards, 15s. to 16s.; Derbyshire 
hards, 15s. to 16s.; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 6s. to 7s.; smalls, 3s. to 4s, 








NOTES FROM THE SOUTH-WEST. 


CarpiFrF, Wednesday. 

The Coal Trade.—Steadier conditions are in evidence 
in the Welsh steam coal trade than has been the case 
for some weeks past. There is a steady flow of business, 
and there is a fair general inquiry. In fact, some col- 
lieries are booked up for the next fortnight or three weeks, 
and buyers of certain kinds of coal are finding it difficult 
to stem cargoes. The improved conditions are re- 
flected in the foreign shipments for the past week, 
which amounted to 500,550 tons. This represents the 
highest total since the beginning of March and an 
increase of 61,000 tons on the clearances made in the pre- 
ceding six days. Exports to Argentina, for instance, 
were increased from 43,550 tons to 61,050 tons, to Egypt 
from 27,600 tons to 40,450 tons, and to Italy from 66,910 
tons to 88,280 tons. At Cardiff, shipments were raised 
from 260,940 tons to 341,880 tons, and, at Llanelly, 
from 9,150 tons to 13,200 tons. The stabilisation scheme 
is to all intents and purposes in operation so far as 
large and small steam coals are concerned. The scheme 
is being operated on a purely voluntary basis, as it is 
felt that the collieries are in such an impoverished state 
that it is not practical to insist on penalties for selling 
below the minima which was at first proposed. Condi- 
tions at present are such that the best classes of large 
and small are in some cases able to command 3d. above 
the schedule. Buyers are still sceptical of the value 
of the minima schedule, which they say must stand the 
test of a poor demand and the prospect of collieries having 
to loose time because of a scarcity of orders. The 
minmum figures for Admiralty large coal vary from 
lis. 3d. to 19s. per ton f.o.b., with dry large from 
I7s. to 17s. 9d., Monmouthshire large from 16s. to 
I7s, 6d., and steam smalls from 10s. to 12s. 6d. A 
schedule has not yet been arranged for sized products, 
but it is expected that these classes will be brought 
under its scope next week< 


Tron and Steel.—Exports of iron and steel goods in the 
past week amounted to 26,484 tons, compared with 
32,164 tons in the previous week, when record shipments 
were made. Shipments of tinplates and terneplates 
were reduced from 14,720 tons to 6,786 tons, galvanised 
sheets from 4,173 tons to 3,065 tons, and other iron and 
Steel goods from 10,791 tons to 10,178 tons. On the 
other hand, those of blackplates and sheets were raised 
from 2,480 tons to 6,455 tons. 








Personat.—Mr. F, Gill has been appointed vice- 
president, and Mr. G. Deakin first assistant chief engineer, 
: the international Telephone and Telegraph Corpora- 
-_ Connaught House, 63, Aldwych, London, W.C.2. 
Mr. G. H. Nash has been appointed European chief 
er Mr. P. E. Erikson assistant vice-president, and 
- - E, 8. Byng European director of installation, of the 
- érnational Standard Electric Corporation, also of 

Onnavght House, Aldwych.—Mr. W. McCormick has 
we { his position as Pittsburg sales manager of the 
— ‘ool Works Company and the Pratt and Whitney 
mpany, and is now western sales representative of Leeds, 

ozzer and Company, Inc., 65, West-street, New York. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—In the steel trade of Scotland a 
dull tone continues, and in most instances makers are still 
finding difficulty in securing a sufficient number of 
specifications to keep their plant running the full week. 
The trouble is that consumers themselves cannot see 
very far ahead at the present moment, and are unwilling 
to commit themselves any distance forward. Buying 
generally is therefore mostly confined to actual or near 
date requirements. During recent days a more hopeful 
feeling has made its appearance, and the prospects of some 
relief—even ahead—from the Chancellor of the Exchequer 
has cheered up the industry alittle. But it is the present 
which is of most concern, and the firming up of prices 
on the Continent has given the local trade a better outlook, 
as it is expected that competition will not be quite so 
severe as it has been in recent times. One item of interest 
this week is the statement that Messrs. William Beard- 
more and Company, Limited, have rekindled several 
furnaces at their Mossend Steel Works, which have been 
lying idle for some considerable time. A large order has 
been booked, and it is expected that the sectional rolling 
departments will be kept busy for a long time. In the 
black sheet trade, the heavier gauges move slowly, but light 
sheets are in better request. Galvanised sorts continue 
a fairly good market. Prices all round are unchanged 
and are as follows :—Boiler plates, 10/. 10s. per ton ; 
ship plates, 8/. 7s. 6d. per ton; sections, 7/. 17s. 6d. per 
ton; sheets, } in., 8/. 12s. 6d. per ton; and galvanised 
corrugated sheets, 24 g., 131. 5s. to 131. 7s. 6d. per ton, all 
delivered Glasgow stations. 


Malleable-Iron Trade.—Conditions in the West of 
Scotland malleable-iron trade show no improvement this 
week. Orders are scarce and plant is only being kept 
going from day-to-day. Not only is bar iron in poor 
demand, but the re-rolled steel departments are also 
rather quiet. Prices are unchanged as under :—Crown 
bars, 10/. 5s. per ton for home delivery, and 91. 15s. per 
ton for export; re-rolled steel bars, 7/. 15s. per ton for 
home delivery and 7/. per ton for export. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron trade 

there is little enthusiasm at present, as the demand is of a 
very restricted nature. The small number of furnaces in 
blast seem more than equal to all calls, and inquiries do 
not show any sign of improving. The export trade is 
featureless. The current prices keep firm and are as 
follows :—Hematite 74s. per ton, delivered at the steel 
works; foundry iron No. 1, 75s. to 76s. per ton, and 
No. 3, 70s. to 71s. per ton, both on trucks at makers’ 
yards, 
Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, April 28, was only 175 tons. Of 
that total 75 tons went overseas and 100 tons coastwise. 
For the corresponding week of last year the figures were 
209 tons overseas and 144 tons coastwise, making a total 
shipment of 353 tons. 


Shipbuilding.—The features of note in the ship- 
building industry during the past month have been the 
good output and the small number of new contracts 
placed. In the latter connection only some ten were 
reported as fixed up during April, and at the present 
rate of launching new tonnage, that is inadequate to 
ensure any improvement at the yards. As a matter 
of fact, unless orders increase considerably in the near 
future, the number of shipyard workers will be much 
reduced before the summer is very far advanced. The 
high cost of production is the trouble, and there seems 
little prospect of that easing in the meantime, and some 
are of opinion that costs will rise further before they 
are reduced. The output during April was very satis- 
factory, and totalled 26 vessels of 32,723 tons, but that 
was nevertheless just over half the average of the three 
previous months. The’ figures for April were as under: 





Vessels. Tons. 

The Clyde ee ans nee 18 28,374 
The Forth ces xe Pee 4 2,890 
The Tay mas es waa 1 1,150 
The Dee and Moray Firth ... 3 309 
26 32,723 


The Clyde total is the lowest for the month of April 
for several years, but it brings up the total for the year 
to date to 59 vessels of 191,271 tons. That figure is 
well over the average for the same period in recent 
times, and has only been bettered on three occasions, 
namely in 1912, 1913, and 1925, 








THE InstiTuTION oF LocoMoTIVE ENGINEERS.—The 
members of the Institution of Locomotive Engineers 
(London) are proposing to visit Cologne, Cassel and 
Berlin to inspect some of the principal works relating to 
railways in these cities. It is intended to leave London 
on the evening of June 9 and to return on June 17. 
Members are asked to inform, as soon as_ possible, 
Mr. F. Burtt, Chief Mechanical Engineer’s Depart- 
ment, Southern Railway, Brighton, of their intention of 
participating in the visit. 





Contracts.—Messrs. The General Electric Company, 
Limited, Queen’s House, Kingsway, W.C.2, have received 
an order from the West Ham Corporation for a turbine- 
driven electric generator set, to run at 3,000 r.p.m., 
developing 30,000 kw. We understand that this will 
be the largest set of its type in the country. The 
Leicester Corporation has placed an order with the same 
firm for the construction of a 25,000-kw. steam turbine 
and alternator. These two contracts haye a total 
value of about 200,000. 


NOTICES OF MEETINGS. 


JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. Lecture: ‘“ The 
Application of Electricity to Domestic Purposes,” by 
Mr. F. C. Dain. Friday, May 11, 7.30 p.m. ‘“* Notes on 
the Drying of Industrial Products,” by Mr. A. T. Henley, 


INSTITUTION OF MUNICIPAL AND COUNTY ENGINEERS.— 
North-Eastern District: Saturday, May 5, 10.45 a.m. 
Town Hall, Thornaby-on-Tees. ‘* Municipal Administra- 
tion, &c.,” by Mr. G. H. Connor. Irish District : Thurs- 
day, May 10 to Saturday, May 12. Institution of Civil 
Engineers of Ireland, 35, Dawson-street, Dublin. Thurs- 
day, May 10, 10 a.m., addresses by General R. J. Mulcahy 
and Mr. S. G. Gallagher. Friday, May 11, 11 a.m., 
Address by Mr. E. Willis. Discussion on “ British and 
American Practice in Rapid Sand Filtration,” by Mr. 
8S. W. Farrington. ‘‘ Road Outlook in the Irish Free 
State,” by Mr. R. J. Kerwan. ‘‘ Some Aspects of Dublin 
Housing,” by Mr. P. Mathews. Saturday, May 12, 
11 am. Visit Guinness’s Brewery. South-Eastern 
District : Saturday, May 12, 1.30 p.m., Council Offices, 
Malden-road, New Malden. ‘‘ Notes on Some Municipal 
Undertakings of the Maldens and Coombe U.D.C.,” by 
Mr. R. H. Jeffes. South-Western District: Saturday, 
May 12, 2 p.m., Temperance Hall, High-street, Totnes. 
Paper by Mr. J. L. Davies. 


InstTItTUTE OF British FounpRYMEN.—Lancashire 
Branch : Saturday, May 5, 4 p.m., College of Technology, 
Sackville-street, Manchester. ‘‘ Modern Blast Furnace 
Practice,” by Mr. R. Sharp. 


Socrrty oF ENGINEERS.—Monday, May 7, 6 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
‘** Technical Education in Relation to Industrial Develop- 
ment in India,” by Mr. J. N. H. Duke. 


INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
May 7, 8 p.m., Engineers’ Club, Coventry-street, W.1. 
‘** Band Tyres,”’ by Mr. T. S. Gardner. 


INSTITUTION oF PETROLEUM TECHNOLOGISTS.—Tues- 
day, May 8, 5.30 p.m., Royal Society of Arts, John 
Street, Adelphi, W.C.2. ‘‘ Experiments in Viscometry,”’ 
by Mr. H. S. Rowell and Mr. D. Finlayson. 


INSTITUTION oF CiviL ENGINEERS.—Tuesday, May 8, 
6 p.m., Great George Street, Westminster, S.W.1. 
Annual General Meeting. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, May 8, 
6.30 p.m., 85-88, The Minories, Tower Hill, E.l. “A 
Non-Chemical Method for the Prevention of Scale Accumu- 
lation in Boilers, Diesel-jackets and Water-Circulating 
Systems in General,” by Mr. A. T. Ridout. 


InstTITUTE oF MetTats.—Tuesday, May 8, 8 p.m., 
Institution of Mechanical Engineers, Storey’s Gate, 8.W.1. 
Annual May Lecture: ‘‘ The Chemical Properties of 
Crystals,’’ by Professor C. H. Desch. 


INSTITUTE OF FuEL.—Wednesday, May 9, 6 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
‘The Engineer in Industry,”’ by Mr. A. J. T. Taylor. 


INSTITUTION OF RartLway SIGNAL ENGINEERS.— 
Wednesday, May 9, 6 p.m., Institution of Electrical 
Engineers, Victoria Embankment, W.C.2. ‘‘ Square 
Sheet Interlocking Tables,” by Mr. A. C. Rose. 


RoyaL AERONAUTICAL Socrety.—Thursday, May 10, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘Design and Construction of Modern Rigid 
Airships,” by Mr. B. N. Wallis. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
May 10, 8 p.m., 10, Upper Belgrave-street, S.W.1. 
Annual General Meeting. ‘‘ Some Points Concerning the 
Design of Concrete Tanks,” by Mr. E. C. Snelgrove. 


ASSOCIATION OF ENGINEERING AND SHIPBUILDING 
DRAUGHTSMEN.—Birmingham Area: Friday, May 11, 
7.30 p.m., Chamber of Commerce, New-street, Birming- 
ham. ‘The Limits of Turbo-Generator Design,” by 
Mr. W. Sharp. 








Listproor Boat Davits: ADDENDUM.—We are in- 
formed that the makers of the Listproof boat davits, of 
which we gave an account on page 505 of our last week’s 
issue, are Messrs. C. Van der Giessen’s Werktuigenfabriek, 
Krimpen-on-Yssel, Holland. It may also be pointed 
out that the balance weights in the main frame are not 
sufficiently heavy to balance the weight of the empty boat 
and davits, their primary object being to keep the check 
ropes of the davits taut when hoisting the latter inboard. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries.’ Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—It is reported from Melbourne that the Victorian 
Government Railways Commissioners are inviting 
tenders for the supply and delivery of one 7-ton and one 
5-ton travelling crane, either steam- or oil-operated. 
Tenders should reach Melbourne by June 20. Local 
representation is essential. (Ref. No. A.X. 6230.) The 
South African Railways and Harbours are inviting 
tenders, to reach Johannesburg by June 14, for the 
supply and delivery only of structural steelwork, &c., 
for new coach shops, and one locomotive boiler for 
“16D” class engine. Local representation is in prac- 
tice essential. (Ref. No. A.X. 6235 and 6236.) The 
commercial secretary of Cairo reports that tenders, 
for the construction of a steel bridge over the Nile at 
Benha, will be received until August 14. Local repre- 





sentation is essential, (Ref, No. A.X. 6243.) 
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THE ROYAL TWEED BRIDGE, BERWICK. 
CONSTRUCTED TO THE DESIGNS OF MESSRS. L. G. MOUCHEL AND PARTNERS, LIMITED, WESTMINSTER. 


(For Description, see Page 527.) 














Fic. 29. FALSEWORK IN CouRSE OF ERECTION AT AN EARLY STAGE OF WorK. 

















- 








SERS BB? €] 
’ 


‘EAN AN Aa 3 "Yo 


4 
¥ 


v4) 
\ 
| 
Hi Ww 





Bis LL | 


oa 
yes 
’ 


ae AST; 
pes 





my 





* 





” 
4 














CONSTRUCTION OF THE 285-Fr. Span. 

















FALSEWORK FOR THE 36]-Fr. 6-In. SPAN. 
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WIRE ROPES. 


Dr. Witt1aAM Poe, who joined the Institution 
of Civil Engineers in its earlier years and was for 
long its honorary secretary, was, we believe, the 
first to draw attention to the extraordinarily high 
working stresses which were, in certain conditions, 
safely carried by steel wires. Dr. Pole being keenly 
interested in music, and also a capable mathemati- 
cian, was led to calculate the tension necessary to 
give piano wires their observed periodicities, and to 
his astonishment found that these working stresses 
must be of the order of 100 tons per square inch. 
These were so far outside of his experience as an 
engineer, that he considered it advisable to confirm 
his calculations by actual experiment. Dr. Pole 
noted that, in spite of the remarkable strength of 
these wires, they were nevertheless sufficiently 
ductile to withstand bending round their pins. 

The constituent wires of lifting and hauling ropes 
are credited with an ultimate strength of anything 
between 90 tons and 120 tons per square inch, 
but unlike pianoforte wires they cannot, in service, 
carry working stresses approaching the ultimate 
strength, and a large factor of safety is invariably 
necessary. In the past, this has been fixed solely 
by experience, a method: which, whilst ultimately 
effective, is not in all cases free from risk, and 
which suffers, moreover, from the additional dis- 
advantage that experience is essentially personal 
to the experiment and is not easily transferred from 
man to man. Moreover, it is frequently qualitative 
rather than quantitative in character, and one of 
the objects of the Institution of Mechanical 
Engineers in appointing a committee to investigate 
the working strength of wire ropes, was to secure 
definite numerical data as to what service might 
fairly be expected from wires in various working 
conditions. The report discussed at the meeting 
of the Institution on April 20, shows that steady 


progress is being made towards the attainment of 
this desideratum, and the curve given in Dr. Scoble’s 
report will undoubtedly prove of great practical 
value. These emphasise once again the importance 
of employing the largest possible pulleys that it 
is commercially practicable to adopt. Moreover, 
one of the most interesting points established by 
Dr. Scoble’s experiments is that if a small pulley 
has perforce to be adopted, it is worse than useless 
to employ the better qualities of rope, as these will 


;| give worse service than a nominally inferior class. 


The higher qualities, in fact, demand easy working 
conditions, if their superiority is to be demonstrated 
in practice. This result is, of course, paralleled 
by experience in other fields, since mild and rela- 
tively weak steels are invariably specified for 
services in which the metal will be liable to large 
distortions. The harder steels always resent ill- 
treatment, which might be imposed without 
danger, on the milder qualities. 

The Home Office Inspectors have frequently 
called attention to this matter, and have urged 
that, in the case of crane ropes, pulley diameters 
should never be less than 200 times the wire dia- 
meter, and should preferably be more than twice the 
above figure. In none of Dr. Scoble’s experiments 
did the working strength approach the tensile 
strength of the steel. In one case the rope lasted 
for half a million bends round an 18-in. pulley under 
a calculated stress of nearly 60 tons per square inch, 
but the curve in which stress was plotted against 
the number of bends still appeared to be falling, so 
that the stress in question must have been well 
above the true endurance limit. 

Whilst the bending stresses depend mainly on the 
wire diameter, it has become customary to use the 
rope diameter as the basis for fixing pulley dia- 
meters. In the case of colliery winding ropes the 
drum and pulleys are generally given a diameter 
equal to from 100 to 140 times the rope diameter, 
whilst pulleys for haulage ropes may be half as 
large. 

Winding ropes may be exposed to very heavy 
inertia forces, which it would not be easy to duplicate 
experimentally. In a recent report* the Safety 
in Mines Research Board quote some interesting 
figures as to the intensity of such stresses, as observed 
in South Africa and in the United States. At a 
Kimberley mine, the maximum shaft speed of 
3,770 ft. per second was attained in 16 seconds, and 
the accelerating forces amounted to nearly 20 per 
cent. of those due to the weight. Still higher 
stresses may arise on the stoppage of a cage. Calcu- 
lations by Vaughan and by Boomslitter indicate that, 
in some such cases, the stresses thus arising may be 
thrice the normal static stress, and, in one experi- 
ment made to test this calculation, the figure 
recorded on stopping the ascending cage was 2-29 
times the normal static stress. A table published 
by the United States Bureau of Mines provides, 
in the case of shafts less than 750 ft. in depth, for 
a maximum acceleration of 4-19 ft. per sec./per sec. 
This figure is doubled when the shaft is more than 
2,000 ft. deep. With the lower limit of depth the 
maximum winding speed is taken as 1,200 ft. per 
minute, whilst it may be three times this in the 
case of shafts of 4,500 ft. to 5,000 ft. in depth. 

In Great Britain, the nominal factor of safety for 
winding ropes is 7. In South Africa, the regulations 
are somewhat more detailed, and a rope must not be 
used even for winding minerals only, when the 
factor of safety falls below 6, and it must be about 
7 if personnel is to be wound. The United States 
regulations specify a nominal factor of safety of 
6 for new ropes used in shafts less than 3,000 ft. 
deep, and the rope must be discarded when the 
factor falls to 44. 

The British Coal Mines Act require a daily 
inspection of all ropes (including guide ropes) used 
in the raising or lowering of workmen. In the 
Transvaal, an additional weekly examination is 





recommended. This is made by slowly winding the 
rope through the hand of the examiner which is 
protected by a thick glove or by a piece of waste. 
Whilst broken wires are thus felt for, the moving 
rope is closely watched to detect any sign of excessive 





* Wire Ropes for Mines, Some Notes Regarding their 
Manufacture and Use. H.M. Stationery Office, 1928. 
[Price 1s. net.] 


















wear, loosening of the strands or other defects. The 
regulations also provide for a still more thorough 
monthly examination, with the object of determining 
the rate of wear and for assessing the remaining 
strength of the rope. Opinions differ as to the im- 
portance of broken wires. A single defect might be 
fatal to the wire used as an aeroplane stay, whilst 
many may be needed to ruin a rope. The French 
regulations condemn a rope if in any 2-m. length the 
number of broken wires exceeds one-tenth of the 
total. Broken wires are, however, a less common 
defect than deterioration by fatigue or corrosion. 

Ropes almost invariably break near the load. 
Probably this has some relation to the phenomena 
investigated by the late Bertram Hopkinson, who 
made many experiments on wires strained by the 
momentary stresses produced by freely falling 
weights. In such cases, when the weight is arrested 
a wave of deformation passes up the wire to the 
point of support and is reflected there. The conse- 
quent stress at this point is just double of what it 
is anywhere else, Vaughan again holds that in 
ordinary winding practice, retardation takes place 
in a series of jerks, at each of which a wave of stress 
is sent along the rope and this will, of course, be 
reflected at the cage end. 

Many ropes suffer seriously from corrosion which 
is especially prevalent in wet shafts, but is also 
promoted if the rope is used in a shaft where 
the temperature is markedly higher than at the 
pithead. The report is very guarded in dealing 
with galvanised ropes. Such ropes, in some cases, 
have shown remarkable resistance to corrosion, 
whilst in other cases they have proved little, or any 
better, than the ordinary type. Accelerated acid 
tests, it is stated, are apt to be misleading. 

Much useful information is given in the regard to 
the capping of ropes, many alternative methods 
being illustrated and described. 

The quality of a rope is primarily dependent on 
the quality of the wire used in it, and this in its 
turn depends upon its composition and mode of 
manufacture. Nearly one-half of the report has, 
accordingly been devoted to this subject. A 
remarkably lucid and comprehensive summary is 
given of present methods of steel making. The 
essential characteristics of the basic and acid 
processes are very clearly explained, both for the 
Bessemer and open hearth processes. The effects 
of the constituents and impurities found in steel are 
ably summarised and the rationale of heat treatment 
is explained by reference to a simplified equilibrium 
diagram. It is but very seldom that we have met 
with so exceptional a feat of lucid condensation 
as is to be found in the first thirty pages of this 
report, which gives, what is in effect, a bird’s-eye- 
view of the whole process of steel manufacture. 








SELF-PURIFICATION OF POLLUTED 
RIVERS. 


Tue popular belief in the rapid self-purifying 
power of polluted running water courses, was ac- 
corded small support by early scientific investi- 
gators. B. Brodie stated, before the Royal Sewage 
Commission of 1865, that an infinitesimally small 
quantity of decayed matter in the water could be 
injurious to health, and it was absurd to think that 
short exposure of the water to air would get rid of 
organic matter. Edward Frankland, who proposed, 
in 1870, to study stream pollution by watching the 
gradual diminution in the amount of oxygen dis- 
solved in water samples contained in stoppered 
bottles—practically the method still in use—was 
afraid that there was no river in the United King- 
dom long enough tc effect the destruction of sewage 
by oxidation and clarification. Buta great deal of ex- 
perimental work was done, and commissions dealing 
with the risks of river pollution, apart from sewage- 
purification- plants, followed one after the other. 
Berlin had a sewage commission in 1872, and the 
oxygen demand test was later advocated in Germany 
by Spitta, Pleisser and A. Miiller. Gérardin observed, 
in 1875, that the Seine water continued to lose its 
free oxygen while flowing from Paris a distance of 
30 km. downstream. In this country, another Royal 
Commission on Sewage Disposal was appointed in 
1898. The tenth final report of that Commission, 
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presented in 1913, and these reports, to which many 
experts contributed, remain to this day the classics 
on the subject, in spite of the large amount of re- 
search work done since and the necessarily un- 
certain character of the conclusions drawn. There 
is now-a-days general agreement as to the need for 
scientific control of river pollution, but little as to 
the nature of the essentially biochemical reactions. 
In the United States, official investigations, 
initiated in 1910 in the Great Lakes Basin, soon 
brought the authorities into touch with an Inter- 
national Commission on the pollution of the 
boundary waters between the United States and 
Canada. Another particular problem studied at 
the same time, was the influence of the tidal waters 
on the sewage of Washington, which was carried 
down the Potomac River and endangered the shell- 
fish beds in the estuary. In 1913, not less than 
85 or 90 per cent. of the sewage of the cities of 
the United States was being discharged into any 
convenient river without previous treatment. This, 
we observe according to Public Health Report 
No. 1063, was still the case in 1926. When the 
investigation, interrupted during the war, was 
resumed at the end of 1919, the inquiry, though 
extended over many types of settlements, con- 
centrated upon the Illinois River and upon a survey 
of representative municipal sewage-disposal plants.* 

The selection of the Illinois River was made 
for good reasons. Chicago, situated on Lake 
Michigan and the Chicago River, is not on the 
Illinois River, but the city was, and is, discharging 
some of its sewage into that river. Chicago takes 
its water from the lake into which its sewage had 
also been discharged until the Drainage Canal, 
decided upon in 1889 and opened in 1900, provided 
a less dangerous method of disposal. The canal cuts 
through the watershed divide west of the lake 
towards the city of Joliet on the Des Plaines River. 
The canal has a length of 28 miles, a width of 
160 ft. to 200 ft., and a capacity of 14,000 cub. ft. per 
second, which is rarely utilised to the full extent ; 
there are also branch channels. Below Joliet, the 
Des Plaines River is joined by the Kankakee River, 
the two forming the Illinois River, which flows 
into the Mississippi 287 miles lower down, near 
Grafton. The basin of the Illinois River covers 
an area of 28,340 sq. miles, which is more than half 
the area of England and Wales. The watershed 
is within a few miles of the western shores of 
Lake Michigan, and the slope of the river is very 
steep at first, 47 in. and even 84 in. per mile, but 
becomes very slight in the middle course and 
amounts only to 33 ft. over the whole lower range 
of 223 miles, in which the river ‘bottom is liable to 
be covered with sludge. 

Not all of the Chicago sewage passes down the 
drainage canal. The sewered section of the city 
represented, in 1920, a population of 2,569,319, and 
the sewered districts for all the Illinois basin 
represented something like 3,390,500 people, the 
amount of sewage being passed into the canal 
accounting for about 2,834,350 people. Practically 
none of this sewage had undergone previous 
treatment. The Des Plaines activated-sludge 
sewage plant was opened in 1923, and serves only 
40,000 people. What made the question of the 
Chicago sewage so important, however, was the in- 
dustrial waste from the slaughter houses, tanneries, 
breweries, canneries and creameries. During 1922, 
the number of slaughtered animals (cattle, sheep, 
hogs, and horses) averaged 36,867 per day. The 
average sewage equivalent per animal was estimated 
at 27 persons, and the equivalent in free ammonia 
at 1:26 persons ; on the average each animal was 
estimated to contribute as much as 16 persons to 
the pollution of the river. 

Observations and tests—hydrometrical, chemical 
and bacteriological—were made for more than 
a year in 1921 and 1922, at many points and 
stations, 25 miles and less apart, on the Illinois 
River, during which the flow in the main 
Drainage Canal was kept fairly constant, at more 
than 30 per cent. of the discharge of the Illinois 





* “A Study of the Pollution and Natural Purification 
of the Illinois River.” By J. K. Hoskins, C. C. Ruchhoft 
and L. G. Williams. ‘The Oxygen Demand of Polluted 
Rivers.” By E. J. Theriault. Public Health Bulletins, 
Nos. 171 and 173, pages 208 and 285. Washington: 
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River, which receives several large tributaries, 
near its junction with the Mississippi. About 
eight parts of sewage were diluted with 92 parts 
of lake water. The idea underlying the oxygen test 
is the following :—In its process of self-purification, 
polluted water uses up the oxygen which jg 
dissolved in it for the oxidation of the organic 
matter with the gid of bacteria. The amount of 
oxygen consumed for the complete stabilisation 
of a polluted water may therefore be taken as a 
measure of its purification. If two bottles are filled 
with the water, and the oxygen in the one sample be 
determined at once, and in the other after an incu. 
bation period (generally of five days at 20 deg. (.), 
there will be found to be less oxygen in the second 
sample, and this deficiency (of the oxygen excess test) 
is called the oxygen demand of the sample at 
20 deg. Now water can only dissolve nine parts 
per million of oxygen at that temperature and normal 
pressure, and the nine parts per million represent 
the five days’ oxygen demand of a highly-purified 
effluent as well as of a highly-polluted water. For 
raw sewage, the five days’ demand figure rises to 100 
parts in tannery and bad trade waste, to 10,000 parts 
and even 50,000 parts, whilst in tap water it is only 
0-5 part per million. To obtain comparable data, 
strong sewage has to be diluted, for which purpose 
lake water is suitable if free from nitrites, ferrous 
salts, sulphuretted hydrogen, &c. Other chemical 
tests proposed are less simple and characteristic. 
When the oxygen demand is plotted against the 
incubation period as abscissa, the curve rises fairly 
steadily for 20 days or more, sometimes at an 
accelerated rate, and the ordinates are greater for 
higher than for lower temperatures, even when 
the water is kept fully aerated by other means. 
The rate of deoxidation of the water would thus 
appear to be independent of the amount of oxygen 
present, and that would accord with the view of 
Adeney and others, that the biochemical reactions 
take place in two stages. First, the carbonaceous 
matter is supposed to be oxidised; this requires 
aerobic conditions involving the presence of oxygen. 
Afterwards, the nitrites are attacked by other bac- 
teria. Some biochemists consider the two stages to 
be simultaneous, and a sharp distinction cannot be 
drawn between aerobic bacteria, i.e. those capable 
of living only in the presence of oxygen, and 
anaerobic bacteria, which thrive in the absence of 
oxygen. ‘These reactions do not all depend upon 
oxygen ; the bacteria may acquire their oxygen by 
reducing other compounds. Yeast, for example, 
multiplies in an oxygen atmosphere, but does not, 
under such conditions, act as a ferment; it 
ferments sugar solution in the absence of oxygen. 
Putrefying proteins, organic nitrogen compounds, 
which generally contain sulphur as well, are said 
to be oxidised by the aerobic bacteria which occupy 
the surface layer and, by using up the oxygen, 
prepare the conditions for the development of 
anaerobic bacteria in the lower stratum. The bio- 
chemical reactions are certainly complex. In river 
water, moreover, the oxygen consumed is constantly 
being replenished in various ways, by absorption 
from the atmosphere, by the evolution of oxygen by 
certain aquatic plants, and by the oxygen brought 
in by tributaries, which, however, also feed the 
river with the organic matter of the run-off. While 
progressive deoxidation on a rising demand curve 
is very marked below the outfall of the Chicago 
Drainage Canal, a falling curve was observed when 
ice prevented re-aeration. On the other hand, ice 
sheets do not always stop self purification. 

On the whole, fairly constant test values are 
observed and definite deoxidation and re-aeration 
coefficients have been deduced by E. B. Phelps. The 
zone of greatest bacterial density is generally not 
close to the sewage inlet, but some 10 km. or 30 km. 
lower down stream; it is farther removed during 
the winter than in the summer. The bacteria pro- 
bably multiply before they are killed by their own 
excreta. As regards the oxygen demand, the char- 
acter of the sewage is the dominating factor. For 
purely domestic sewage and dry-weather conditions, 
the average weight of oxygen required per head of 
population per day was found to amount to 0-171b.; 
in certain districts of Minnesota the weight was 
only 0:14 Ib., a figure which was confirmed by 
J. A. Childs,. in 1926, For combined sewage 
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relatively free from trade waste, the daily oxygen 
demand goes up to about 0-24 lb. per head, 
in Baltimore, Cincinnati, Columbus, Peoria, and 
Washington; in Chicago it was 0-27 Ib. (0-25 to 
0-32 lb.) in 1924. When industrial waste is very 
bad, the demand may even amount to 0-5 lb. per 
day. Sea water restricts nitrification ; soft water is 
better for self-purification than hard water; mag- 
nesium and ferrous carbonate are generally injurious. 

The oxygen-demand test recommended by the 
United States Public Health Service is not the 
volumetric test of Adeney, but the method of L. H. 
Winkler, who described an improved oxygen bottle 
in 1912. Winkler treats the sample with a small 
volume of manganous-chloride solution and adds 
caustic soda and potassium iodide. 
ganous hydrate precipitated is oxidised by the oxy- 


gen present, and when this precipitate is dissolved 


in hydrochloric acid, an amount of iodine corres- 
ponding to the dissolved oxygen is liberated. This 
iodine is determined by titration with thiosulphate. 
The reactions would be disturbed by the presence of 
nitrites, ferrous salts and other easily oxidisable 
compounds, some of which will commonly be present. 
In such cases, it is reeommended that the test should 
be applied as modified by S. Rideal and C. G. 
Stewart in 1901, potassium permanganate being 
added to the sample before the test is commenced. 
The other chief tests relied upon are bacteriological ; 
they also gave fairly concordant results. Both the 
methods involve the determination of the rate of 
water flow, and the interpretation of the observed 
data always calls for caution. 








OVERHEAD LINES DESIGN. 


THE mileage of overhead electrical transmission 
lines in use in this country, though steadily increas- 
ing, is still, both absolutely and relatively, less than 
that employed on the Continent and in the United 
States. The reason for this backwardness is not 
far to seek. From the earliest days Parliament 
and local authorities set themselves rigidly against 
the erection of such lines in urban areas. In this 
they were probably right, since experience has 
shown that the conversion to cables, which is sub- 
sequently essential, is both costly and difficult. 
Unfortunately the same aesthetic conservatism and 
exaggerated regard for public safety have with less 
rectitude prevented the free employment of over- 
head lines in country districts. This has been an 
obstacle to progress. It may be laid down as 
axiomatic that it would not at present be possible, 
either technically or economically, to transmit large 
blocks of power for long distances at pressures above 
33,000 volts, except by overhead lines, while to a 
modified extent the same is true of low-tension 
distribution in sparsely populated areas. 

This embargo has been fortified not only by 
the objections of the Post Office to any infringement 
of what they regard as their prior right to use the 
countryside and by the desire of landowners to 
obtain as much compensation as possible for real 
or supposed disturbances of their amenities, but also, 
it is extraordinary to relate, by electrical engineers 
themsel ves, who in council have promulgated regu- 
lations of a stringency unequalled in any other 
country. 

This last point is worth emphasis. For the Over- 
head Line Regulations, which have probably been 
the cause of more expenditure, and been a greater 
obstacle to development than all the other factors 
mentioned above put together, though issued by 
the Electricity Commissioners, were framed in con- 
sultation with the Institution of Electrical Engi- 
heers and other interested bodies. Comment, both 
facetious and serious, is often made about the re- 
strictions with which the use of electricity is hedged 
about, compared with the freedom which other and 
more dangerous public services enjoy. The reason 
Probably is that with the best of intentions an 

attempt has been made to achieve an unnecessarily 
high, and certainly an uneconomic, degree of safety, 
an explanation which is implicit in the epigram 
that every industry has the regulations it deserves. 

This fact has recently been recognised by the more 


enterprising of the supply authorities, and first the} engineers and the supply authorities to fix the 


Incorporated Municipal Electrical Association, and 


The man- 


pressure to bear on the Electricity Commissioners 
to secure some relaxation of the stricter provisions 
in the rules. If they have not yet altogether 
succeeded the revised Code of Overhead Line 
Regulations (El. C 53), which was issued by H.M. 
Stationery Office last week (price 2d.), shows that 
their persistence is having some effect, though there 
is still a long road to travel before entire re-mould- 
ing to their heart’s desire will have been accom- 
plished. It is only fair to add that the Commis- 
sioners are not altogether blameworthy for the 
slow progress that has been made. The new rules 
are also the result of conferences and probably 
represent the extent, to which the more conserva- 
tive of electrical engineers feel they can go at 
present. 
To give some idea of the changes now authorised 
we may first compare the new code with certain 
proposals made by Mr. W. Fennell, chief engineer 
of the Mid-Cheshire Electricity Supply Company, 
in a paper read before the Overhead Lines Associa- 
tion on November 30 last. His text was that 
instead of considering what regulations could be 
devised to establish a perfect standard of safety, 
regardless of cost, it would be in the public interest 
to see what restrictions could be removed. That 
view the Electricity Commissioners have not 
accepted in its entirety. Perhaps, considering the 
number of interests involved such acceptance was 
hardly to be expected. For instance, there is no 
reduction in the factors of safety permitted either 
for supports or for conductors. The result is that 
the factor of safety for reinforced concrete poles 
still remains at 3°5, that is the same as for wood, 
and the employment of that useful material is 
therefore prevented largely on the grounds of cost. 
Mr. Fennell also pointed out that, as regards 
conductors, the existing factors of safety for 
pressures up to 250 volts alternating current had 
proved ample to prevent lines falling, and that 
there was no justification for requiring higher values 
on high pressure lines traversing unfrequented 
places. To adopt the low pressure factor of safety 
for all pressures would, he considered, greatly 
simplify line construction. This view also has not 
been adopted in its entirety, though as will appear 
hereafter, certain modifications have been made. 
Whether these will satisfy Mr. Fennell, still more 
those who demanded yet more drastic concessions, 
remains to be seen. Again, Mr. Fennell suggested 
that the height of the lines need not be uniform, 
and that grading from 20 ft. to 10 ft. should be 
allowed, depending on the character of the country 
traversed and the state of the traffic. The Com- 
missioners have, we think rightly, ignored the 
principle underlying this proposal, though they 
have made concessions, which should materially 
reduce the cost of lines erected in sparsely populated 
areas. The suggestion that line conductors should 
be deemed inaccessible, when placed 4 ft. away 
from a building has not been accepted and the old 
and vague requirement of inaccessibility therefore 
still remains. 
Passing from what the new regulations do not 
allow to what they do, the most important point is 
the relaxation by the Post Office of their require- 
ments with regard to earth wires. The minimum 
height from the ground of a low voltage lines (i.e., 
one the pressure of which does not exceed 650 volts 
direct-current and 325 volts alternating current) 
has been reduced from 20 ft. to 19 ft. across public 
roads, to 17 ft. along such roads and to 15 ft. in 
situations inaccessible to vehicular traffic. This 
reduction will enable many lines to pass beneath 
the Post Office wires, and in such cases the guard 
wires may consist of a single earthed wire run above 
the power line for the length of the span. The Post 
Office has further agreed to a modification of the 
present requirement of 4 ft. clearance between low 
and medium pressure power lines and telegraph 
lines to the extent of allowing a minimum of 2 ft., 
if the power line supports are placed in such a 
position that there is no danger to men working on 
the Post Office poles, and no appreciable difference 
in sag occurs under different conditions of loading. 
It is still left to negotiation between the Post Office 


route of a power line, which runs for an appreciable 


avoid inductive interference. In the past there has 
been a certain arbitrariness in this matter and the 
opportunity for the exercise of this quality still 
remains. The Post Office is also left in the privileged 
position of being able to require alterations to 
existing power lines, when it subsequently appears 
on the scene. The situation will therefore continue 
to give rise to possibilities of injustice, such as 
cannot be discussed here, except to say that they 
cannot be allowed to remain indefinitely. 

Perhaps the soundest criticism of the old regula- 
tions was that the factor of safety, wind pressure, 
and ice loading of the conductors laid down in them 
were based on conditions likely never to be met. 
This criticism has now been partially met. The 
assumed ice loading on the lower voltage lines 
has been reduced from } in. to ¥ in., a concession, 
which, it is considered, will permit conductors to be 
strung to a tension, at least as high as can profitably 
be used, and consistent with the tension when 
the line, without the assumed ice loading, is sub- 
jected to a wind pressure of 20 lb. per square inch. 
This will enable less expensive supports to be used, 
in spite of the fact that these supports must now 
withstand the specified ice loading and wind pressures 
without movement in the ground. The latter pro- 
viso will necessitate the addition of cross members 
or kicking blocks to wooden poles, in order that 
the foundation may be as strong as the pole itself. 
The ice loading on the higher voltage lines has 
been reduced from } in. to % in:, again without any 
alterations in the wind pressure or factor of safety. 
And though the minimum height of these lines 
above the ground has not been reduced, the height 
of the earth wire may now be not less than that 
specified for the lower voltage live wires. 

The combined effect of the relaxations allowed 
on the lower voltage lines will enable supports both 
of reduced diameter and reduced length to be used. 
For instance, a wooden pole of only 7} in. diameter, 
at a distance of 5 ft. from the butt, will be needed 
where previously a diameter of 8} in. was necessary. 
In addition, in special cases the voltage variation 
allowed may be from + 4 to — 8 per cent. of 
the declared voltage, though this concession is 
only temporary, pending the completion of the 
distribution system and its full measure of inter- 
connection. Notice of this concession appears in 
the Explanatory Memorandum, and not in the 
Regulations proper. Duplicate insulators, a device 
for putting the conductor to earth if it falls, or 
other approved safety methods, have to be used 
wherever a line is erected within 50 ft. of a public 
road. Where the line crosses such a road both the 
first two of these devices or some other approved 
arrangement must be used. Mr. Fennell, it may be 
noted, advocated the use of double insulators 
throughout to the exclusion of earthing guards and 
other devices, “‘ which cause more accidents than 
they prevent.’’ The Commissioners do not hold this 
view, still less the opinion that in the light of 
practice in other countries all such refinements are 
unnecessary. 

Though it is hardly to be expected that the 
new Regulations will receive universal acceptance, 
they go a long way to meet the case for the revision 
of the old code and to absolve the Commissioners 
from the charge that they are careless of the needs 
of the industry. They should assist in rural 
development and aid the erection of those secondary 
arteries, which are essential to the ultimate success 
of the “ grid.” The problems of wayleaves, of the 
whims of surveyors and of the intricacies of Post 
Office procedure remain to be tackled. But these 
are, perhaps, matters rather for negotiation and 
education than for regulation. 








NOTES. 
Dreset Enornzs ror Peak Loans. 
The annual returns of the Electricity Com- 
missioners* show that, both as regards fuel con- 
sumption and thermal efficiency, there is little to 
choose between the largest steam turbine and the 
internal-combustion engine of much smaller output. 
The natural deduction from this, as we sug- 
gested last week, is that much more use might be 
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made of the latter form of prime mover, especially 
for dealing with peak loads. This point of view was 
very ably put forward by Mr. M. Gercke, technical 
adviser on power station practice of the Mas- 
chinenfabrik Augsburg-Niirnberg A.-G., in a paper, 
which he read before the Diesel Engine Users’ 
Association on Tuesday last. This communica- 
tion contains a great deal of detailed information, 
which is worth study, but the main argument is 
that 95 per cent. of the total output of a public 
generating station is now supplied from 50 per 
cent. of the plant installed therein, and that the 
other 50 per cent. is thus being used more or 
less uneconomically to provide the remaining 5 
per cent. The technical and financial results of 
these operating conditions, are well-known, but the 
best way of dealing with them has not yet been 
discovered with certainty. Solutions that have 
been suggested include the use of peak load steam 
turbines, Diesel engines and gas or waste heat 
plant, or, again, steam or hydraulic accumulators 
and even storage batteries. The disadvantages of 
the three last alternatives are that they are storers 
rather than generators of energy, that their capa- 
city is limited, so that they may not be available 
when required, and that they depend too greatly on 
the satisfactory operation of the main plant which 
it is their business to supplement. On the other 
hand the remaining alternatives are self-contained, 
independent, and need not be installed at the base 
load power stations. Such plant must, however, 
be capable of starting immediately, and be un- 
affected by load fluctuations. No steam-operated 
plant fulfilling these conditions is yet in existence, 
and Mr. Gercke naturally, therefore, advocates 
the use of the high-powered Diesel engine for 
this purpose. This procedure has been adopted at 
many places in Germany, notably at Hamburg,* and 
he is thus able to give some interesting figures in 
support of his views. At the Hamburg plant, for 
instance, the peak load is generated at a cost of 
from 0-53d. to 0-58d. per kw.-hour, with an annual 
plant load factor of 9 per cent., and it is expected 
that the economies thus obtained will pay for the 
10,000-kw. set used for this purpose in from 5 to 
6 years. Mr. Gercke advances other arguments in 
support of his views, the most important of which 
is that the electricity generated in the peak load 
stations, which will come into being as a result of 
the reorganisation now in progress in this country, 
will cost from 1-57d. to 5-67d. per kw.-hour, 
compared with the 0-895d. that would be obtain- 
able by using Diesel engines. He therefore makes 
out a case which is deserving of the closest con- 
sideration. But there is another side. The Central 
Electricity Board is not starting de novo, and to 
do as Mr. Gercke suggests would therefore mean 
writing off a large capital sum, which otherwise 
would continue to be productive for some time, 
and the expenditure of fresh capital. Again, elec- 
tricity supply is not static, but dynamic. New 
plant will be necessary from time to time, and its 
provision might be complicated by the existence 
of two types of prime mover, especially as the 
centre of gravity of the load alters and other con- 
ditions change. These points must be born in 
mind and weighed before any decision is made. 


British TRADE. 


On the occasion of his retirement from the 
Presidentship of the Federation of British Industries, 
on April 25, Lord Gainford gave a complete survey 
of the present industrial conditions. First, he sug- 
gested that the statistics of unemployment con- 
veyed a false impression of the state of British 
trade. These returns remained high because of the 
industrial changes tat had been in progress. 
In coal mining, an industry which had reached the 
peak of its capacity to absorb labour, no inclination 
was shown by the excess to seek employment else- 
where. Since the European War, trade has tended 
to pass from export goods to those catering for the 
home market. Formerly, the accumulation of 
savings was utilised for capital construction and 
investments in projects in far countries. Nowa- 
days, some of this remains, but much capital is now 
employed in extending home consumption. It 
was customary to speak in a deprecating manner 





* See ENGINEERING, vol. cxxii, page 117 and 555. 





of our decreased export trade, and to refer to the 
decline as due to inefficiency. This was not the case. 
The more important factors were the complete 
disorganisation of the machinery of international 
trade by the war, and the instability which it left. 
Nor were these the sole factors, for one of almost 
equal importance was invention. The cotton and 
woollen industries had been disturbed by the develop- 
ment of artificial silk ; the extension of use of elec- 
tricity and oil had had a marked effect on coal mining, 
and the cheapening of motor car construction and 
road transport development had affected the rail- 
ways. While new developments went ahead, it must 
not be accepted that they could be relied on entirely 
to absorb the unemployed population, or to be 
capable of causing a steady raising of the standard 
of living. The recent appearance of trade depres- 
sion and unemployment in America testified that 
there were limits to the one-sided expansion of the 
home market. 


Norta West Mipianps Evectricity District. 


The widespread and sometimes spectacular 
alterations in the electricity supply organisation of 
this country, which have recently been taking place 
under the Electricity (Supply) Act, 1926, tend to 
obscure the fact that the Electricity (Supply) Act, 
1919, is still in being, and may still be utilised when 
that course is considered desirable. An important 
provision in the latter statute permitted the estab- 
lishment of Joint Electricity Authorities with powers 
over a wide area, and consisting of representatives of 
the authorities in that area. Though unfortunately 
the procedure thus envisaged has not been as suc- 
cessful as it deserved, a few such authorities have 
been established and are working well under special 
conditions, even though they have been unkindly 
compared to the fifth wheel of a coach. We are 
therefore interested to see that the Commissioners 
propose to continue constituting Joint Authorities, 
and that they have formulated a scheme based on 
such a body for the North West Midlands Electricity 
District, which was provisionally delimited in 1924. 
This district is comparatively small, comprising 
parts of the counties of Chester, Salop and Stafford, 
the principal towns in which are Stoke-on-Trent, 
Congleton, Newcastle-under-Lyme, and Stafford. 
The Joint Authority will consist of 13 members, 
four of whom will be appointed by Stoke-on-Trent, 
two by Stafford, and one each by Newcastle-under- 
Lyme, Leek, the Market Drayton Electric Light and 
Power Company, and the Potteries Electric Traction 
Company. The local authorities, which are not author- 
ised undertakers will appoint a member jointly, 
as will the Great Western and London Midland 
and Scottish Railway Companies. A member will 
also be appointed by ‘ the workers in the industry.” 
The Authority will take over the generating stations 
now belonging to the Stoke and Stafford Corpora- 
tions, and will be responsible for the erection of a 
number of transmission lines in the district. An 
inquiry into the scheme will be held by the Com- 
missioners at Stoke-on-Trent on Tuesday, May 15, 
at 10.30.a.m., at which any body or person interested 
may attend. Representations or objections to the 
scheme should be submitted in writing to the 
Electricity Commissioners not later than Thursday, 
May 10. 


CARRIERS OF ELECTRICITY IN THE ATMOSPHERE. 


In his Royal Institution discourse of April 27, 
on “Carriers of Electricity in the Atmosphere,” 
Professor Arthur M. Tyndall, D.Sc., of Bristol, ex- 
plained the discharge of an electroscope by the ions 
in the atmosphere in a very lucid way, and pro- 
ceeded to show how the nature of these ions and 
the intensity of the ionisation current are being 
investigated by the study of the motion of the 
ions. The lower atmosphere, he said, contained 
ions of different sizes. Under ordinary conditions, 
their motion was analogous to the fall of spheres 
through a viscous medium, similar ions of the 
same charge travelling slower as their size in- 
creased. Small ions became large and impeded 
in their motion by attaching themselves to gaseous 
molecules, dust, etc., in the air. The presence 
of water vapour retarded their motion and also 
the discharge of an electroscope. Dr. Tyndall had 
found, in conjunction with Mr. L. R. Phillips, 
that alcohols had a still greater effect, which in- 








creased in the series of the ordinary alcohols 
(methyl, ethyl, butyl, anyl, &c.), with the length of 
the hydrocarbon chain. Those chains or rods were 
not symmetrical, but the OH group (« dipole) 
contained a negative oxygen atom at one end: 
that group would attach itself to a negative ion and 
would weight it the more, the longer the chain. 
Thus, 0-3 per cent. of amyl alcohol in the air would 
reduce the mobility of negative ions by 40 per cent. 
The effect on positive ions was much less marked, 
because the bond between the dipole and the 
positive ion was weaker. When water vapour was 
added to air already contaminated with some 
alcohol, the short water molecules replaced the 
long heavier alcohol molecules round the ion, and 
the ionisation current increased. A further confir- 
mation of the correctness of this argument was 
obtained by experiments with hydrocarbons not con- 
taining any OH group; decane, for example, had 
hardly any effect, though its chain was twice as long 
as that of amyl alcohol. How readily ions clung to 
dust and smoke particles Dr. Tyndall demonstrated 
by a striking experiment. The air in an ionisation 
chamber was sufficiently ionised to carry a distinct 
ionisation current. When cigarette smoke was blown 
into the chamber, the current stopped, but started 
again as soon as the chamber was filled with fresh 
air. The splashing of water drops, rain and dust 
storms, also gave rise to large ions, which strongly 
influenced the local distribution of the potential 
gradient in the lower atmosphere and its variation 
with the time of the day, weather and season. How 
the potential gradient and the normal (small) ionisa- 
tion currents of the atmosphere were maintained 
was still obscure. The well-known phenomenon 
of the electric wind had, however, long since been 
explained by the motion of the ions. When a 
needle connected to a Wimshurst machine was in- 
serted in a jar charged with fumes of ammonium 
chloride, or with smoke, the fine particles were 
violently agitated by the intense ionisation currents 
from the point; the particles coalesced and then 
settled on the walls of the jar. The large ions 
dragged the air with them, thus causing the 
wind which cleared the atmosphere. Those pheno- 
mena formed the basis of the early methods of 
measuring the mobility of the ions and also of the 
Cottrell method of precipitating fumes and dust by 
high-tension electric discharges. 


THE Cost AND PROFITS OF RESEARCH. 

When such a severely practical body of men as 
the Institution of Engineers-in-Charge issues what 
amounts to a polite challenge to the scientist to 
explain his utility to it, as was the case at the 
twenty-eighth annual dinner of this organisation 
last Friday, it might have been expected that the 
latter would be rather short of facts of a sufficiently 
concrete nature. The array of figures presented by 
Sir Frank Heath was, however, though unofficial, a 
striking justification for the existence of what some 
may perhaps consider a somewhat theoretical organi- 
sation, the Department of Scientific and Industrial 
Research. Replying to the toast, “ Industrial 
Research,” Sir Frank Heath said that there were 
now some twenty-four associations co-operating with 
the Department in research work, and in a period of 
about eight years roughly 1,000,000/. had been spent. 
This had been provided by the Government and in- 
dustrial associations on an approximately half-and- 
half basis. The results were so far-reaching as to be 
difficult to assess. The work of the British Electrical 
and Allied Manufacturers’ Association in conjunc- 
tion with that of the National Physical Laboratory, 
on the subject of the capacity of buried cables, had 
added a value to the existing cables of no less than 
4,000,0001., and the annual saving was estimated 
at 300,0001. The financial equivalent of such parti- 
cular investigations, to which the Government had 
contributed 54,0001., including those in dielectrics, 
switchgear, &c., could be estimated, on the basis of 
work already done, at over 1,000,000/. a year. The 
income available for such work was about 20,0001. 
It should be possible for the particular group con- 
cerned to do better than this. Activities in cast-iron 
research and those in connection with non-ferrous 
metals, the latter a particularly fruitful field in 
view of the recent increases in working temperatures 
and pressures, were equally striking. There should 
be a strong research association connected with the 
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railway companies, and a laboratory set up by 
these corporations, in which they could find out 
something about their locomotives before they were 
put on the road, was a real want. The dinner 
throughout was an unusually interesting function. 
The President, Mr. Loughnan St. L. Pendred, 
occupied the chair, and speeches by Mr. R. W. 
Allen, President of the Institution of Mechanical 
Engineers, Mr. H. G. Burford, Mr. 8S. Carter, Mr. H. 
King, and Dr. W. R. Ormandy, in connection with 
various toasts, were distinguished by humour as 
well as by appositeness. 


THE FAILURE OF THE St. Francis Dam, 
CALIFORNIA. 


IMMEDIATELY following upon the recent failure 
of the St. Francis dam, near Los Angeles, California, 
a number of Commissions were appointed, as 
reported in our issue of April 6 (page 422 ante), 
to investigate the cause of the disaster. One of these 
bodies reported thirteen days after the failure, and 
an advance copy of the findings was available for 
publication in the issue of April 5 of our contem- 
porary, the Engineering News-Record of New York. 
From this we extract the following information. 
The Commission in question was one appointed by 
the Governor of California. Its findings in two 
respects are important from the technical point of 
view. The first point made is that the failure was 
due to faulty foundations, while the second is to the 
effect that there is nothing to show that the accepted 
theory of gravity dam design is at fault, nor that 
there is any question of the safety of concrete dams 
built in accordance with that theory, when built 
on sound foundations. A third finding is not 
unnaturally added, being to the effect that such 
structures should be erected and maintained under 
State supervision. It will be remembered that 
measures somewhat on these lines were recently 
introduced in this country. Regarding the circum- 
stances of the failure, the report is interesting. As 
already noted, the dam was placed across a fault 
where schist made contact with reddish conglo- 
merate. This conglomerate when dry is reported 
to be hard and to ring when struck by a hammer. 
When wetted, however, the material apparently 
disintegrates with startling rapidity. From this 
material fact and the location of various dislodged 
parts of the structure, it is concluded that the portion 
of the dam founded on the hillside on which this 
conglomerate occurred failed first, possibly due to 
preliminary percolation on the line of the fault 
between the schist and conglomerate. The report 
disposes of the idea that failure may have been due 
to earth movement. 








THE IRON AND STEEL INSTITUTE. 


Tue fifty-ninth annual general meeting of the 
Tron and Steel Institute commenced yesterday, and 
is being continued to-day in the hall of the Institution 
of Civil Engineers, Great George-street, West- 
minster, London, 8.W.1. Mr. F. W. Harbord, the 
retiring president, occupied the chair at the opening 
proceedings yesterday. 


REPORT OF THE COUNCIL. 


The usual preliminary business having been 
transacted, the annual report of the Council was 
presented to the meeting and taken as read. This 
stated that the total membership of the Institute on 
December 31, 1927, was 1,983. News of the death 
of 29 members had been received during the year 
1927, and the Council specially wished to place on 
record their sense of the great loss to the Institute 
Incurred through the death of Mr. E. Steer, Mr. 
Elbert H. Gary and Mr. C. F. Rand. In the past 
year, one honorary member had been elected, 
namely, Mr. J. T. Milton, late Chief Engineer 
Surveyor and now Consultant Engineer to Lloyd’s 
Register of Shipping. Further sections of the 
report dealt with appointments of honour and dis- 
tinetion conferred upon members, and with last 
year's meetings in London and Glasgow. The report 
also recorded the grants made by the Council, 
uring the year, to various research workers, on the 
‘commendation of the Carnegie Research Com- 
mittee. Reference was made to the award of 


F. Bainbridge, and A. L. Curtis, and of the Williams 
Prize to Messrs. E. A. Atkins and C. S. Gill. The 
activities of the various technical committees of the 
Institute were also outlined, and the report con- 
cluded by mentioning the different bodies on which 
various members had acted as representatives, and 
by recording changes in the membership of the 
Council. 

In presenting the statement of accounts, Professor 
H. C. H. Carpenter, F.R.S., the honorary treasurer, 
pointed out that the income for the year 1927, 
apart from that of the Carnegie Scholarship Fund 
and of the Special Purposes Fund, was 7,8311. ; 
the expenditure for the year under review was 8,7101. 
The adverse balance of 8791. in the accounts was 
chiefly due to the increased cost of the publications 
of the Institute. 

Mr. Harbord then inducted into the chair the 
newly-elected president, Mr. Benjamin Talbot, 
whose first duty was to present the Bessemer Gold 
Medal to Mr. Charles M. Schwab, of New York, 
chairman of the Bethlehem Steel Corporation, and 
president of the American Iron and Steel Institute. 


PRESIDENTIAL ADDRESS. 


Mr. B. Talbot then delivered his presidential 
address, which dealt with the history and latest 
development of the basic open-hearth process. He 
stated that the world’s output of steel in 1878 was 
some 2,780,000 tons. Out of this total Great Britain 
supplied 980,000 tons, the United States, 730,000 
tons, Germany, 460,000 tons, France, 280,000 tons, 
Belgium 120,000 tons, and Russia 100,000 tons. 
The British output for 1878, had been made up of 
806,208 tons of acid Bessemer steel, and 175,438 
tons of acid open-hearth steel. The world’s pro- 
duction of open-hearth steel. in 1878, was 300,000 
tons, which was all acid. The world production of 
steel ingots and castings, during 1927, had been 
estimated to be 99,090,000 tons, of which 12,100,000 
tons were acid and 83,880,000 tons were basic, the 
remainder being steel made in the electric furnace 
or in small converters. Of the 83,880,000 tons of 
basic steel, 64,180,000 tons had been made in 
the basic open-hearth. Among the pioneers of the 
development of the modern basic open-hearth 
process were to be found such men as 8. G. Thomas, 
Wailes, Hackney, Dick, Riley, Gillott, and J. H. 
Darby. He himself had become interested in the 
process and commenced work with it in 1887. At the 
outset he had found that Staffordshire common 
cinder pig was a very difficult metal to employ, as 
several hours were required to reduce the phosphorus 
and sulphur to satisfactory limits. To overcome 
this, he had used two furnaces, the first to melt the 
pig iron, de-siliconise, and remove some of the phos- 
phorus; the second to finish off the heat. The 
furnaces were small, being of only 2 tons to 3 tons 
capacity. The steel was tapped two hours after 
pouring the refined metal into the second furnace. 
By working in this way it was found that heats were 
made in less time, the heavy expenditure on repairs 
was greatly reduced, and the steel produced was of 
better quality. 

Good work was being done at this period in 
several works in England, where the basic open- 
hearth process had been introduced. About 1889- 
1890, Mr. Mannaberg started the process on a con- 
siderable scale at the new steelworks put down by 
the Frodingham Iron Company and erected under 
his supervision. The pig iron made from Lincoln- 
shire ores was very suitable for the process, and steel 
of excellent quality was produced, which did much 
to convince engineers that basic open-hearth steel 
was a reliable and satisfactory material for general 
engineering purposes. These works were the first 
in England to erect a tilting furnace to operate on 
the continuous process. 

In 1890 he (Mr. Talbot) went to America to 
introduce the manufacture of basic open-hearth 
steel in the Southern States. In the development of 
the acid open-hearth process, United States steel- 
makers were fortunate in possessing a pioneer of 
such ability and practical experience as the late 
S. T. Wellman. What Holley had been to the acid 
Bessemer, Wellman was to the open-hearth. In 
1887, he built a 15-ton acid furnace at the Otis 
Steelworks, Cleveland, Ohio. In this he departed 
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a great advance by arranging cinder chambers 
under the uptakes of the ports, and by moving the 
regenerators forward, so that the slag could not 
drop amongst, and rapidly clog up, the spaces be- 
tween the checker bricks. Another improvement 
was the carrying of the weight of the furnace body 
on girders, supported on brick columns indepen- 
dently of the regenerator arches. Shortly after- 
wards basic open-hearth furnaces were built in the 
United States on similar lines. In fact, it might 
be said that this furnace became a new standard 
design, and very little alteration was made in the 
lines of fixed basic open-hearth furnaces from about 
1895 until comparatively recently, except in the 
arrangement of the ports. Wellman’s greatest 
invention was perhaps the charging machine. This 
machine made it possible for furnaces of much 
larger capacity to be charged easily and rapidly, 
and did away with a large amount of manual 
labour. At this time the small electric motor 
was coming into use at steelworks for all secondary 
power, superseding small steam engines and hydrau- 
lic power. In fact, those who witnessed these 
changes in the decade of 1890-1900 would say that 
the electric drive for charging machines, overhead 
cranes, roller tables, machines, and tools in steel- 
works, was largely responsible for increasing output 
and decreasing costs. 

H. H. Campbell was the first to use tilting open- 
hearth furnaces, having put them into operation at 
Steelton, Pennsylvania, in 1889. A large number 
of tilting furnaces, gradually increasing in size up 
to 250 tons capacity, and of different designs, with 
and without sloping sides, both centrally tilting and 
rolling forward, had been built in many steel-making 
countries, and opinions varied as to which design 
was the better, the tilting or the rolling furnace, 
as they both gave satisfactory results. In his 
own most recent design of open-hearth furnace, 
three of which were now at work, auxiliary hearths 
had been included. The latter were mounted on 
a frame with wheels, so as to give a longitudinal 
movement for the double purpose of opening the 
joint of the furnace when tilting, and also for the 
rapid removal and exchange, when desired, of the 
movable, water-cooled throat section, which con- 
tained both the gas and air ports. The objects aimed 
at in the design, were the enlargement of the hearth 
area in one unit, to increase output, to decrease 
repairs, and to reduce costs. A radical departure 
had been made from the standard furnace in use 
to-day, by the introduction of auxiliary hearths, 
which were used to melt the solid pig iron of the 
charge, when cold pig was used. In furnaces 
utilising a large percentage of scrap, say, 60 per cent., 
the 40 per cent. of pig iron was melted in the auxiliary 
hearths, and when required it was tapped and poured 
into the heated scrap charge in the main hearth. 
In those works where liquid blast furnace metal was 
available, it was poured into the auxiliary hearths, 
partially refined, the temperature increased, and 
the metal was then tapped and poured into the 
main hearth to be worked down into finished steel. 
In order to augment the heat available from the 
main hearth, in the auxiliary hearths, gas jets were 
used when melting or refining liquid pig iron. 
When employed, these gas jets were preferably 
reversed with the furnace, so that all the gas streams 
ran in the same direction. 

The results obtained during the past few months 
were considered satisfactory, as, without increasing 
the area of the centre or main hearth, the output 
had already been increased by at least 50 per cent., 
in those furnaces which were making the same mix- 
ture of cold pig iron and scrap as they were before. 
The furnace which was being supplied with liquid 
blast-furnace metal had increased its output by 
more than 33 per cent., and a greater increase was 
expected as soon as a larger area in the auxiliary 
hearths was available. Of course, these auxiliary 
hearths could be added to large fixed furnaces when 
there was sufficient space between them. It was 
hoped that further experience with this new design 
of furnace would show that it was a distinct advance 
upon present types. No doubt opportunities 
would be given in the future thoroughly to discuss 
its merits or criticise its shortcomings. 

In conclusion, emphasis might be laid on the fact 
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last year by the basic open-hearth process. This 
conclusively proved that the material was in every 
way suitable for general engineering purposes, other- 
wise it would not be accepted by engineers all over 
the world. 

The discussions taking place during the morning 
and afternoon sessions on Thursday and to-day 
will be dealt with in our next and subsequent 
issues. 


(To be continued.) 








NOTES ON NEW BOOKS. 


Running, Maintenance and Repairs of Diesel Engines 
is the comprehensive title of a new volume in the hand- 
book series of Practical Manuals for Practical Men, by 
Messrs. Constable and Company, Limited, 10-12 Orange- 
street, W.C., edited by James Smith, B.Sc., A.M.I. 
Mech.E., and priced uniformly 3s. 6d., net. The author 
of the present volume is Mr. Philip H. Smith, who 
claims to have a nearly twenty-five years’ experience 
of Diesel engines. He has produced a useful and 
practical handbook of nearly 160 pages, and has in- 
cluded anindex. Though the land type of Diesel engine 
is mainly discussed in the twenty-one short chapters 
of the book, only the first, second, and seventeenth 
chapters have a limited reference, the remainder being 
applicable to Diesel engines ashore and afloat. Chapter 1 
discusses the suitability and limits of the four and two- 
stroke cycle engine for land conditions and require- 
ments. For such an installation, the author considers 
that three-cylinder units, of 150 to 350 brake horse- 
power, can be usefully employed and run without 
cooling the pistons. Six-cylinder sets, up to 700 brake 
horse-power, can be run without cooling the pistons, 
and for larger outputs, up to 1,300 brake horse-power, 
he considers the six-cylinder unit, with cooled pistons, 
to be best adapted for ordinarily prevalent conditions. 
Higher powered units should have four or five cylinders 
on the two-stroke cycle. Referring to the comparative 
merits of the Diesel system against steam plant, the 
author is satisfied that a standard Diesel engine in 
charge of a trained Diesel staff is at least as reliable 
as a good class reciprocating steam plant including the 
boilers and auxiliaries. The intermediate chapters 
deal with the various organs of a Diesel installation, 
and much of the matter embodies the standard practice 
of a good class fitting and erecting shop. A number of 
drawings and diagrams are given, but the references 
on some of them might well be more legible. Chap- 
ter XIX, which deals with indicating Diesel engines, 
should be useful, because it deals with the peculiarities 
of indicator mechanisms; the explanations of charac- 
teristic Diesel indicator diagrams will be appreciated 
by students. Another useful feature is the compen- 
dium of the components, dimensions, and character- 
istics of a typical high-speed engine. The last chapter 
deals with the compressor, which is cited as ‘‘ being 
usually the weakest link in the chain” and “liable 
for a multitude of failures.” Unsuitable lubricating 
oil is mentioned as a source of trouble, and in view of 
the increasing importance attached to filtration of fuel 
and lubricating oils for combustion engines, this 
topic might be dealt with in a special chapter in a 
future edition. 





To the student preparing himself for examination, 
the study of text-books is important, but it is only 
when he sets himself to work examples of the standard 
required that his limitations become evident. An 
understanding of the theories in any branch of engineer- 
ing is of little use if those theories cannot be success- 
fully applied to practical cases. Only by working 
numerous examples can a student familiarise himself 
with his subject and gain the confidence necessary to 
attain his end. In practically every branch of engineer- 
ing, a knowledge of the strength of materials is required, 
and many text-books on this subject devote most of 
their matter to theory and fail to impress the reader 
with the importance of the application of those theories. 
In the volume under notice, Examples in the Strength 
and Elasticity of Materials, by G. W. Bird (London: 
tdward Arnold and Company, price 10s. 6d., net), 
the author has collected a large number of examples 
which should help to fill this gap. The questions are 
all of the standard for the B.Sc. degree, and, indeed, 
a large number of them are taken from the examination 
papers of the University of London. The majority 
are fully worked out and the derivation of the formule 
used has been given, so that the book, while not fully 
discussing the various theories, is quite a text-book in 
itself. Its value will be much increased, however, if 
used in conjunction with an ordinary standard text- 
book. In addition to the worked examples, a series 
of questions, with the answers, is given at the end of 
each chapter. There are no examples given on the 
deflection of beams of varying cross-section or on the 
stresses set up by rotation, and the inclusion of tables 


of constants at the end of the book would have been 
helpful. 





A useful series of articles, entitled Constructional Steel- 
work Simply Explained, by Dr. Oscar Faber, has been 
issued by the Oxford University Press (Humphrey Mil- 
ford), price 6s., net. Intended, as it apparently is, for 
those engaged in the layout of buildings involving the use 
of steelwork, it may be regarded as a useful introduction 
to the matter, or as giving just such an acquaintance 
with the subject as it is desirable that any architect 
should have. Simplicity in the statement of principles 
is aimed at, with considerable success. The more 
common cases of beams, cantilevers, stanchions, 
bases and grillages are dealt with, including relevant 
questions of shear in webs, riveted connections, and 
the like. The development of bending moments in 
stanchions, due to particular forms of beam attachment, 
is well explained, and methods of reducing or modi- 
fying these moments are discussed. It is to be noted 
that the author recommends somewhat low shear 
stresses in the webs of plate girders for all but those 
having a liberal thickness ratio. The fact, perhaps, is 
that no simple diagram, such as that presented, can 
be made to cover completely all the complications of 
web-plate design. The author appears, indeed, gene- 
rally to favour very moderate stresses in all cases 
in which there is any ambiguity as to the actual stresses 
developed ; where adequate experience is lacking this is a 
wise precaution, though it may involve some waste. 

This book is well suited to those who claim no more 
than a competent knowledge of arithmetical operations, 
and shows that, even with this modest equipment 
and a clear head, much may be done in solving the 
simpler structural problems. 





Though the control of the work of the British 
Rainfall Organisation has for the last two or three 
years been undertaken by the Meteorological Office, 
the remarkable fulness with which the rainfall of the 
British Isles is recorded depends to a large extent on 
purely voluntary work. A small part of the observa- 
tions are made by the official observers of the Meteoro- 
logical Office, and of the remainder a part are furnished 
by the officials of various public bodies, who supply 
voluntarily copies of their records. The rest form- 
ing probably the majority of the total observations, 
are supplied by private observers, and the total amount 
of material of which the results have to be handled every 
year is derived from the observations made by a total 
staff of some five thousand persons. The record for 1926, 
published as British Rainfall, 1926, (H.M. Stationery 
Office, 15s. net), which is the sixty-sixth of the series, 
contains the usual full account of the rainfall in the 
year under review, giving not only the records of 
individual stations, but also collecting the results in 
maps and tables, to show the distribution of rainfall 
in each month and for the whole year and its relation 
to the average. As usual, studies are made of the dis- 
tribution on individual days of particular interest, 
of abnormally heavy fall of rain in short periods, the 
number of days with rain, the spells of dry or wet 
weather, the duration of rainfalls, and the extent of 
evaporation and percolation through the soil. While 
in 1925 the year showed a rainfall only slightly above 
the average, both in the total and in the wet and dry 
seasons, the distribution in time was very erratic, 
showing the wettest January since 1877, and the wettest 
November and the driest December since before 1870. 
A feature of these publications is that the general 
records are supplemented by studies of special subjects 
of meteorological interest. In the present issue, Dr. 
J. Glasspoole investigates the distribution over the 
British Isles of the annual number of days with rain, 
both in respect to the time and the district affected, 
distinguishing rain days, on which 0-01 in. or more of 
rain is recorded (measurements of 0-005-in. and up- 
wards being counted as 0-01-in.), from wet days, on 
which not less than 0-04-in. isrecorded. The results are 
illustrated by tables and maps, and go to show that, 
both at individual stations and for the British Isles 
as a whole, the amount of rainfall varies appreciably 
more than the number of rain days and wet days. 
Among other results it appears, moreover, that if the 
British Isles are divided into two regions on either side 
of a line running north-west and south-east, the 
variations in the total rainfall from place to place show 
little relation to that in the number of rain days, 
but that the variations shown in rainfall and in the 
number of rain days seem to stand in some relation 
to the geographical position of the station. Studies 
are also recorded by Mr. F. Hudlestone, M.Inst.C.E. 
and others, on the exposure of rain gauges in windy 
localities. These have long been known as the pro- 
bable source of discrepancies, in one instance, for 
example, giving differences of 40 per cent. between the 
readings of gauges less than two miles apart. Some 
light is being thrown on the means of avoiding dis- 
turbances of readings in such conditions, and experi- 
ments on the subject are being continued. 








THE RESOURCES AND TRADE OF 
CHILE. 


During the last three years, so many changes have 
been made in the constitution of the Republic of Chile, 
in legislation regarding the control of finance there, 
and in the public administration, that it is no exaggera- 
tion to say that the outlook of the people has aitered 
entirely. A new political constitution was promulgated 
towards the end of the year 1925, the gold standard was 
introduced on the recommendation of Mr. Kemmerer, 
the American authority on finance, and new legislation 
was passed regarding State finance and banking. So 
great have been the changes that resulted, that Mr. 
W. F. Vaughan Scott, Commercial Secretary to His 
Majesty’s Legation at Santiago, has reported in the 
following terms :—“‘ The Chile of to-day is an entirely 
different Chile from that of even a few years ago, 
although very few have yet realised to the full the 
varied and radical changes which the country, its 
people and its commerce have undergone.” Using the 
report quoted from, ‘‘ The Industrial and Economic 
Situation in Chile,” prepared for the Department of 
Overseas Trade and recently published by H.M. 
Stationery Office, at a price of 3s. 6d. net, we propose 
to refer to some of these changes and to consider the 
position of British trade with the Republic. 

The administration of Chile has undergone a complete 
reform, and energetic efforts are now apparent in the 
study of the potential resources of the country. While 
the actions of the Government reveal the general 
tendency of a desire to stimulate their own national 
activities and develop home industry, the need for 
foreign capital is appreciated. The country cannot 
supply its own wants in many different spheres, and 
this matter deserves earnest consideration by British 
producers. In the year 1913, the United Kingdom 
supplied 30 per cent. of the total imports of Chile, 
which were then 24,714,0001. sterling, but in 1926 the 
percentage had dropped to 23, while the total importa- 
tion had risen in value to 32,316,000/. The exports 
from the Republic also showed a marked change in the 
British figures ; from 39 per cent. in 1913 to 26 per cent. 
in 1926. 

Nitrate is one of the principal natural resources 
of Chile, but the demand for it has diminished 
through the development of the synthetic-fertiliser 
industry in various parts of the world. How far- 
reaching has been the effect of this is obvious from the 
fact that, in the trade year 1926 to 1927, the number 
of works in operation varied between 25 and 49, out of 
a total of 152. Normally, the industry employs about 
65,000 workers, and has a monthly production of 
200,000 tons. In February, 1927, the figures were 
30,000 hands and 70,000 tons. To prevent a complete 
collapse of the industry, free-selling, that is non- 
association selling, was introduced last year, and a 


great drop in prices was caused. The demand for 


natural nitrate then increased, but even now many of 
the works cannot be reopened and the present sale 
prices of Chilean nitrate do not permit it to take any- 
thing like its old place in the supplies for the world’s 
consumption. It is still hoped to build up once more 
the trade in natural nitrate, by the advocacy of its 
superiority over sulphate of ammonia, its principal 
competitor. Meanwhile, a new process of treating the 
raw material is being experimented with in Chile by a 
wealthy American organisation. One feature that 
should be noted is the marked decline of direct British 
interest in the nitrate companies and the passage of 
control to other nationalities. These actions are having 
a markedly adverse effect upon British trade. 

Little development can be reported regarding the 
older copper mines and plants, but a new installation, 
consisting of a 12,000-ton concentrator and a smelter 
for the treatment of concentrates, was started up 
at the beginning of 1927, at Potrerillos. Low prices 
for the metal caused the restriction of other activities. 
Over a million tons of iron ore are now exported every 
year from Tofo, Coquimbo, and there are possibilities of 
this being extended. The Algarobo deposits will soon 
be opened up, now the ownership, which has been in 
dispute for fourteen years, has been established. These 
are expected to yield over 200 million tons of iron ore; 
indeed, some estimates place the possibilities at double 
that figure. The preliminary arrangements for ex- 
ploitation are now being made. Congress 18 assisting 
other mining propositions having potentialities, 
through the establishment of a credit bank with a 
Government guaranteed capital of 1,000,000/., to 
lend money for the building of plants. Coal mining 
is entirely in the control of Chileans. The industry 
is depressed, but efforts are being made, by the taxation 
of the alternative fuels, and in other ways, to exten 
the use of the national coal resources. Few new public 
works have been constructed, and no new rail ays 
have been built, but some electrification has been 
completed. : ied 

Much effort on the part of the Government rest" : 
in the stamping out of communistic endeavour, an 
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industrial unrest, greatly intensified by the nitrate 
crisis, is not the trouble that it was. Although Govern- 
ment administrations have changed hands, gener- 
ally with good results, the defects of nationalisation 
seem impossible to eradicate. Cheap transport appears 
to be essential, but, although the State Railways have 
been re-organised, the resulting benefit to the com- 
mercial community is but small. Reductions in the 
number of employees have been made, but still the 
ition is unsatisfactory. Practically one-half of 
the Chilean railways are privately owned, and they 
are run by one-third of the personnel thought to be 
necessary on the State Railways. Roughly, one-third 
of the 5,600 miles of line are under British control. 
This, as well as the extensive electric tramways, which 
are all British, should provide a good market for 
equipment. In value, however, the American trade 
in this field is two-and-a-half times as much as our 
own. It is a matter for satisfaction that the order for 
six destroyers was given by the Chilean Government 
to Messrs. John I. Thornycroft and Company, Limited, 
and for the armament to Messrs. Vickers, Limited. 
In agricultural machinery, the importation is large. 
America has 60 per cent. of the trade, Germany 
24 per cent., and the United Kingdom only 14 per 
cent. It is practically only in the heavier classes of 
machinery that any British business is done. The 
Americans supply throughout the entire range, and 
German trade is confined to the lighter implements. 
Competition in manufactured iron and steel is very 
obvious, especialy in galvanised sheets. It is also 
very apparent in the market for machine tools and 
cutlery. Between the years 1921 and 1926, the 
American participation in the supply of electrical 
plant rose from 40 to 65 per cent., while the United 
Kingdom, in the same period, suffered a reduction from 
24 to 10 per cent. Telephone apparatus was supplied 
by Great Britain in the last trade year to an extent of 
one-third of the total needs of Chile, and the United 
States then had no position at all in the market. What 
was formerly a British concern, the Chile Telephone 
Company, Limited, has since passed into American 
control, and the probability is, therefore, that a smaller 
amount of telephone apparatus will be supplied by this 
country. Mining machinery is an important part of 
the trade of the Republic, and the requirements of this 
market deserve careful study by our manufacturers. 
Chile now has a safe port, that of San Antonio, and 
its advantages are so great that they caused a consider- 
able deflection of trade from the older port of Valparaiso, 
which was thereby reduced from its early status as a 
major port. The differences between the two shipping 
centres which caused the change, are that ships enter- 
ing San Antonio go into a protected harbour and dis- 
charge direct on to the wharf, whereas the port of 
Valparaiso is not protected, and most of the vessels 
must discharge, in the open, into lighters. The 
distance by rail to the capital, Santiago, is also much 
less if the new port is used. To prevent the con- 
tinuance of congestion, drastic measures have been 
taken. Not only has San Antonio been reduced 
officially to be a minor port, necessitating special 
permits for the discharge of cargo, but the railway 
freights between the two ports and the capital, despite 
the difference in distance, have been made the same. 








® British Propuction or Pig IRoN AND STEEL.— 
According to the monthly report of the National Federa- 
tion of Iron and Steel Manufacturers, Caxton House 
(East), Tothill-street, London, S.W.1, the number of 
blast furnaces in operation at the end of March was 150, 
an increase of two since the beginning of the month. 
The production of pig iron during March amounted to 
592,600 tons, as compared with 550,800 tons during 
February, and 671,800 tons during March, 1927. The 
output of steel ingots and castings totalled 793,300 tons 
during March, as against 764,400 tons during February, 
and 949,600 tons during March, 1927. 





° Tae Junior InstrruTIoN oF ENGINEERS.—The annual 
dinner of the Junior Institution of Engineers was held 
on Thursday, April 26, at the Monico Restaurant, 
Piccadilly Circus, W., when the Institution was honoured 
by the presence of a number of distinguished guests. 
The toast of the Institution was proposed by Mr. E. 8. C. 


Trench, President of the Institution of Civil Engi- 
neers, who, in the course of his remarks, said that he 
confidently looked forward to better things in the 
future for the engineering industry, since times just as 


as the present had been experienced in the past. 
Mr. W. M. Hurrell, Chairman of the Institution, re- 
sponded. The toast of the Engineering Industry was 
proposed hy Mr. W. J. Tennant, Vice-President of the 
hstitution, who emphasised the necessity for preserving 
reputation for quality. Sir Murdoch 
Macdonald, M.P., President of the Institution, responded, 
and called attention to the great scope for young engi- 
heers in the British Dominions and Colonies. Mr. 8. H. 


ole proposed the toast of the guests, to which response | The Franklin was the first boat built by the Champlain 


was made by Brig.-General Magnus Mowat, Secretary 
: the Institution of Mechanical Engineers, and Lieut.- 
olonel J. 'T. C, Moore-Brabazon, M.C., President Elect 


of the Institution. Mr. C. E, Atkinson proposed the 
toast of the Chairman, Sir Murdoch Macdonald, M.P. 


EARLY AMERICAN STEAMBOATS. 


open sea under steam. 
Fitch, who in 1786 formed a company at Philadelphia, 
led to no immediate development in steam navigation, 
but it was the voyage of Fulton’s Clermont from New 
York to Albany on the Hudson River in August, 1807, 
that inaugurated steam navigation as a practical 
means of transport, while the adventurous passage of. 
Steven’s Phoenix from New York to the Delaware in 
1809 marked yet another advance. The Clermont 
began running on the Hudson five years before Bell’s 
Comet made her appearance on the Clyde. 
With their far-flung borders, their sparsely-peopled 
territory, and their widely-separated towns, it was but 
natural that the citizens of the United States should 
find in their great rivers their principal lines of com- 
munication, and it was not long after Fulton’s success 
that steam vessels began to ply on both rivers and lakes. 
These craft, small and insignificant as they were, were 
the forerunners of the palatial river steamers of 
to-day which are the admiration of every traveller 
in the United States, and afford some of the finest 
examples of American shipbuilding and marine engi- 
neering. For the history of the development of the 
steamboat in America, search has to be made in many 
directions, but one interesting chapter was that 
dealt with recently by Mr. L. F. Loree, who in a paper 
read on the same day, April 25, to the members of the 
Newcomen Society in London and in New York, 
sketched the story of the “‘ Steamboats of Lake Cham- 
plain.” Mr. Loree is the chairman of The Cham- 
plain Transportation Company, which came into 
existence as long ago as 1826, and is one of the oldest 
steamboat companies in the world. 
Situated between the States of Vermont and New 
York, forming, as it were, a prolongation of the 
Hudson River and giving access in the north to the 
province of Quebec, Lake Champlain is a waterway of 
great commercial and strategic importance. Among 
the first to recognise the commercial advantage of 
the steamboat over the sailing-boat were the business 
men of Burlington, Vermont, and it fell to the brothers 
John and James Winans of that town to construct the 
first steamboat seen on the lake and the second steam- 
boat in the world to be operated on a regular route. 
Built in 1808, the Vermont, as she was called, was 
ready for service the following summer, and ran till 
wrecked through a curious accident in 1815. A note 
in the Vermont Centinel of Burlington, on June 30, 
1809, said :— 
“The Vermont Steam Boat has been built and fitted 
up at great expense for the convenient accommodation 
of Ladies and Gentlemen who wish to pass Lake Cham- 
plain with safety and despatch. She will make the 
passage of the Lake, 150 miles, in the short time of 
24 hours; and her arrival and departure has been 
so arranged to meet the Southern stage at Whitehall, 
and complete the line to St. Johns, L.C. The Steam 
Boat will sail from St. Johns every Saturday morning 
exactly at 9 o’clock; will pass Cumberland Head 
about 5 o’clock on the same day, and arrive at Burling- 
ton at 8 o’clock in the evening. Leave Burlington 
at 9 the same evening and arrive at Whitehall at 9 
next morning. Leave Whitehall every Wednesday at 
9 a.m.” * 
The Vermont was 120 ft. long, 20 ft. beam, 8 ft. 
deep, and 167 tons burden. Her machinery included 
a second-hand 20-h.p. engine of the side-lever, bell- 
crank type, with a cylinder 20 in. in diameter and 3 ft. 
stroke. Steam-engine building was then an entirely 
new industry in the United States, and the engines 
available, said Mr. Loree, “‘ were neither dependable 
nor properly machined for smooth and efficient opera- 
tion.” Her career was somewhat interfered with by 
the war of 1812, but she afterwards resumed her 
regular passages to St. Johns until October 15, 1815, 
on which day, “while steaming up the Richelieu 
River, on her way southward from St. Johns, the 
connecting rod became detached from the crank, 
and before the engine could be stopped it was forced 
through the bottom of the boat, and she sank near 
Ash Island, about 3} miles north of the International 
Boundary Line.” Her engine and boiler were, however, 
recovered, and were used in another vessel. 
The next steamboat on the lake was the Phenix, a 
somewhat larger vessel, the description of which 
includes the mention of a barber’s shop and a bar at 
the bottom of the stairway, and she was followed by 
others, the largest of which, the Franklin, was 162 ft. 
long, of 350 tons burden, of 75 h.p., and cost 50,000 dols. 


Transportation Company. Eleven years later, in 1837, 
came the Burlington, showing a notable advance in size, 
power, speed and accommodation. 


fitted with an engine of 200 h.p., giving her a speed of 
15 m.p.h. In the course of her career, lasting 17 years, 


To the pioneers of the steamboat in America belongs | the Burlington carried many famous passengers, among 
the credit of being the first to form a steamboat com- 
pany, of first establishing regular communication by | to Whitehall, and sang her praises in his ‘ American 
steamboats, and of making the first voyage in the] Notes.” 


whom was Dickens, who travelled in her from St. Johns 


“This steamboat, which is called the 


It is true that the efforts of | Burlington,” he wrote, “is a perfectly exquisite 


achievement of neatness, elegance, and order. The 
decks are drawing rooms; the cabins are boudoirs, 
choicely furnished and adorned with prints, pictures 
and musical instruments; every nook and corner in 
the vessel is a perfect curiosity of graceful comfort and 
‘| beautiful contrivance.” 

The Burlington was followed by the Whitehall, of 
215 ft. and 460 tons, but though all the other vessels 
of the Champlain Transportation Company are men- 
tioned down to the Chateaugay, which has accom- 
modation for 600 passengers and 50 automobiles, and 
during the season of operation transports from 200 to 
300 automobiles daily between Burlington and Port 
Kent, New York, the author did not give any details 
regarding them. As a small, but interesting, chapter in 
the history of the steamboat in America, the account of 
the activities of the Champlain Transportation Com- 
pany is worth the telling, but Mr. Loree’s paper would 
gain in value if he appended a tabulated statement of 
the 33 steamboats he mentioned. This would enable 
his readers to visualise the steady growth in size of 
the boats in question. In concluding his paper, 
Mr. Loree said that Captain Ell. B. Rockwell, of the 
Company, is still an active navigator, though he began 
his career on the Lake in 1842, became captain of a 
schooner in 1847, changed over to steam in 1853, and 
now, at the age of 98, is in command of the third 
Vermont. 








NEW REFUSE POWER PLANT AT 
GOVAN. 


THE disposal and utilisation of Glasgow’s refuse 
will be much facilitated by the new plant at Helen- 
street, Govan, which was formally opened by H.R.H. 
Prince George on Friday, April 27. These works 
occupy a site of 15} acres, and are bounded by main 
roads on two sides and by a railway on a third. They 
are designed to deal with a maximum of 640 tons of 
refuse a day, and it is intended that they shall be in 
operation for six days a week. 

The crude refuse is collected and conveyed to the 
plant by a fleet of electric vehicles, which were 
built by Messrs. Richard Garrett and Sons, Limited, 
of Leiston, and have the unusually large capacity of 
5 tons. On drrival at the works, their contents are 
weighed and they are then run up a slope which brings 
them on to the upper floor of the receiving house. 
Here the refuse is discharged by electrically-operated 
blocks, which raise the body of the vehicle, into one of 
four hoppers, whence it falls by gravity into the grading 
equipment. This consists of four revolving screens, 
which separate the refuse into screenings and tailings. 
The latter are next passed under magnetic separators 
to extract the tins and other ferrous material, which is 
deposited in skips and subsequently either baled in 
presses or passed to a de-tinning furnace. The tailings 
are, in turn, conveyed to pulverising machines of the 
swinging-hammer type, where they are reduced to a 
size not exceeding that of the largest screenings. The 
whole of the material thus obtained is next taken by 
conveyors to the incinerator house, where it is delivered 
through storage bunkers into the furnaces by hydraulic- 
ally-operated chargers. The furnaces are divided into 
eight units, each consisting of five cells, and are fitted 
with hydraulically-worked oscillating grates. The 
clinker is deposited on an auxiliary grate, where it is 
exposed to the forced-draught air, and is finally dis- 
charged down a chute into wagons, which are handled 
by electric locomotives. Six of the boilers are of the 
Babcock and Wilcox and two of the Vickers water-tube 
type ; four of the former are arranged for coal firing in 
case of emergency. 

The steam thus produced is used for operating two 

5,000-kw. Fraser and Chalmers—General Electric turbo- 

alternators. As these will supply three-phase current 
at 6,500 volts and 50 cycles, they will be of great use 

during the period of frequency standardisation in 

the Central Scotland area. The condensing plant is 

of the surface type, and the cooling water is dealt 

with in a bank of three cooling towers. At present, 

the current from the alternators is passed through two 

Bruce-Peebles frequency changers, where it is con- 

verted to 25 cycles and then stepped up to 22,000 volts 

for use in the Corporation network. The frequency 

converters are, however, designed for inverted opera- 

tion, and will thus be able, in case of need, to supply 

25-cycle current. The refuse plant, already described, 

is electrically operated, the direct current for the 

magnetic separators, emergency lighting, and certain 


She was 190 ft.| other services, being obtained from a motor-generator 





long, 25 ft. beam, 9 ft. deep, 405 tons burden, and was 











at 250 volts, or from the public mains. The alternating- 
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current supply, from which most of the motors are 
operated, is on the three-phase system at 440 volts and 
50 cycles. 

An interesting feature of the equipment, of which 
we hope to give further details later, is the dual system 
of push-button control. The whole of the plant can 
be stopped immediately from certain strategic positions 
in cases of emergency, or it can be shut down “in 
sequence,’ so as to avoid the piling up of material 
at any one place. This system has been devised by 
Messrs. Electric Control, Limited, of Glasgow, to the 
designs of Mr. W. M. Selvey, consulting engineer, of 
London, who was also responsible for the electrical 
portion of the plant. The general design of the works 
and their equipment is due to Messrs. Heenan and 
Froude, Limited, of Worcester, the same firm also 
acting as the main contractors. 

After leaving the furnaces, the clinker is crushed and 
graded, and is then converted into concrete slabs in 
presses supplied by Messrs. Fielding and Platt, Limited, 
of Gloucester. 








CHROMIUM PLATING. 


Two years after Bunsen, in 1854, had first deposited 
metallic chromium by electrolysis of its chloride 
solution, Geuther found solutions of chromic acid 
preferable for this purpose, and his method, more 
or less, has been used ever since. Many investigators, 
however, reported that the chromic bath became 
unworkable in long runs, and the extensive literature 
on the subject is sufficiently controversial to account 
for the fact that chromium plating has only quite 
recently developed into a commercial process. A com- 
prehensive study of the problems was published by 
Carveth and Curry, of the Cornell University, New York, 
in 1905, and G. I. Sargent, took the matter up again, 
in the same college, in 1920. After Sargent, it became 
customary to distinguish three kinds of chromic- 
acid baths:—the acid bath, containing chromic acid 
and sulphuric acid; the neutral bath of Sargent, 
containing chromium sulphate in addition to chromic 
acid ; and the basic bath, containing chromium chromate. 
As the chromic acid is generally prepared by decom- 
posing a chromate or dichromate by means of sulphuric 
acid, and as some chromate is formed in the course 
of the electrolysis, the three processes do not appear 
to be very different. According to Technologic Paper 
No. 346 of the United States Bureau of Standards on 
Electrodeposition of Chromium from Chromic Acid 
Baths, drawn up by H. E. Haring and W. P. Barrows, 
there is, in fact, but little difference, and the baths, 
operated under the same conditions, give the same 
final results. But various modifications have been 
proposed, alkali sulphates have been added, and a 
great deal has been written on the theory of the 
complex electrolysis and on the difficulties of com- 
mercial chromium plating, especially in the case of 
wares baving irregular recessed surfaces. As a review 
of the problems, the paper by Messrs. Haring and 
Barrows is rather one-sided; it does not mention 
many recent non-American researches or the Méller and 
Street and the Salzer industrial processes. It gives 
useful information to electroplaters, however, on the 
control of the electrolysis, and success seems to depend 
more upon control than upon bath improvements. 

The essential constituents for the bath are the 
chromic acid, which as anhydride has the formula 
CrO,, and some anion, which is not decomposed 
by the deposited metal in any of its valencies.* The 
best anion is SO,, supplied as sulphuric acid or as 
chromic sulphate. Good commercial chromic acid, 
of 98 per cent., with 2 per cent. or 3 per cent. of 
sulphuric acid, has been found suitable in the Bureau 
and in engraving works. Chromium chromate or 
carbonate are not recommended; the former is apt 
to yield a troublesome colloid. The CrO, being 
depleted during the electrolysis, has to be replenished. 
This might be done by using anodes of chromium, but 
that they give colloidal chromium solutions; anodes 
of iron are subject to the same and other objections, 
and insoluble anodes of lead have proved most satis- 
factory. The anode surface should be large. The 
acid baths may corrode the cathodes of steel, iron, 
nickel, copper, brass &c., which are to be protected 
by an electrolytic coating of chromium. In order 
to prevent this corrusion, the plating circuit should 
be closed by the introduction of the cathode into 
the bath, and not before, and the cathode, i.e., the 
work, should, if necessary, receive an initial deposit of 
copper. Protective films of cadmium, which E. A. 
Ollard recommends for the chromium deposition on 
steel, are not mentioned. For the usual bath, con- 
taining 250 grammes of CrO, and 2-5 grammes of 
sulphuric acid per litre, electrolysed at about 50 deg. C., 
the average current density recommended is 16 amperes 

r square decimetre (149 amperes per square foot) 

or steel and nickel, and 25 amperes for copper or 








* Chromium may be deposited with the valencies 6 
and 3 ; possibly also 2. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
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Notr.—In the diagrams, the figures plotted for tin and copper are the officias closing cash quotations of 
the London Metal Exchange for “fine foreign ” and ‘“‘ standard ” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 

plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each, 


Middlesbrough prices are plotted 
The prices given in the case of steel 











brass. The best density and bath temperature for 
bright deposits will have to be determined by experi- 
ment, low chromium concentration and high tem- 
perature being, on the whole, advisable. When the 
objects to be plated are of irregular shape, the work 
and racks should be arranged for ensuring, as far as 
possible, uniform current density all over the work 
surface. The bath tanks are made of stoneware, 
or iron, and are provided with water jackets for 
uniform heating of the electrolyte. Chromium plating 
should not be more expensive than nickel plating. 








FIRE AND SALVAGE Boat FoR RANGOON.—Messrs. 
Merryweather and Sons, Limited, Greenwich, are build- 


order of the Municipality of Rangoon. She will be 
75 ft. in length, and will be fitted with two internal- 
combustion engines, each capable of developing 200 b.h.p., 
which have been designed for a speed of about 10} knots. 
Two fire and salvage pumps of the latest Merryweather 
turbine type will be fitted, each of which will have a 
capacity of 1,250 gallons per minute for fire duty and 
2,000 gallons per minute for salvage duty. The vessel 
will be equipped with a double-swivelling monitor to 
throw a jet of 3}-in. diameter, and a portable monitor 
for use on land, as well as a marine searchlight of 20-in. 





diameter. 





ing a powerful twin-screw fire and salvage boat to the | 





Motor Cyctrs IN PALESTINE.—<As appears to be the 
case in the majority of districts for which reliable 
statistics are obtainable, English manufacturers of motor 
cycles are predominant in the list of machines registered 
in Palestine on December 31, 1927, according to a report 
from the Director of the Department of Customs, Excise 
and Trade at Jerusalem. The number of Triumph 
machines easily heads the list, with a total of 129, 
Peugeot, the well-known French firm, comes next with a 
total of 27, Indian machines are third with a total of 19, 
and B.S.A. fourth, with a total of 18. The total number 
of registered machines was 256, out of which well-known 
English firms supplied 167. 


ForeIGn Buyers’ DirEctory.—The British Engineers 
Association, 32, Victoria-street, London, S.W.1, has 
recently undertaken the publication of a “ Foreign 


Buyers’ Directory of British Engineering and Allied 
Industries,’ in four languages, English, French, German 
and Spanish. The directory will embrace iron and steel, 
non-ferrous metals, shipbuilding, engineering, and 
engineering supplies and accessories, and will be divided 
into four sections, namely: alphabetical list of firms 
and companies; index to classification of engincering 
products, in each of the four languages ; classification 
of engineering and allied products, in the four languages ; 
and page announcements. Engineering firms are asked 
to assist the Association in the work of compiling the 
volume, and full particulars may be obtained from the 
secretary at the address given above. 
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NEW PLANT OF THE APPLEBY IRON 
COMPANY, LIMITED.* 
By A. Crooxs and T. THomson. 


Tse works of the Appleby Iron Company are 
situated near Scunthorpe, in North Lincolnshire. 
The selection of the site was due to the presence of 
the bed of ironstone known as the Frodingham bed, 
a deposit which was known and worked in the time 
of the, Roman occupation of Britain, as is shown by 
tracestof their smelting operations. Blast-furnaces, 
however, were not built until about 1860. The 
Frodingham bed is situated in the upper part of the 
lower Lias, and dips to the east. Fig. 14 shows the 
area known to be workable. At present only outcrop 
stone is worked, and the deepest cover removed is 
about 50 ft. Fig. 1B is a section through the ore 
field. Towards the east, where the Frodingham bed 
is under deep cover, there exist two other ironstone 
beds, which are, however, too poor in iron to be work- 
able. The relative positions of the three beds are the 


Fig.1A. SKETCH MAP OF FRODINGHAM ORE FIEID 
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Cleveland Main seam, 155 ft. from surface, 7 ft. 9 in. 
thick, containing iron 5-5 per cent. and insolubles 
47°2 per cent.; the Pecten bed, 236 ft. from surface, 
2 ft. 10 in. thick, containing iron 15-9 per cent. and 
insolubles 13 per cent.; the Frodingham bed, 337 ft. 
from the surface, 10 to 20 ft. thick, containing iron 
24 per cent. and insolubles 11°7 per cent. 

The Appleby Iron Company, Limited, formed in 
1874, blew in their first furnace about 1877, and 
carried on the manufacture of pig iron until 1910, 
when the plant was closed down. At that time it 
consisted of four blast furnaces, one 62 ft., one 65 ft., 
and two 75 ft. high. In 1912, this plant was acquired 
by the Frodingham Iron and Steel Company, Limited, 
which had for many years carried on successfully the 
manufacture of steel sections. It was desired to extend 
operations to include the manufacture of steel plates, 
in the belief that the sale of these two products would 
thereby be mutually promoted. Preparations were 
made for additions to the blast-furnace plant and for 
new steclworks in 1914, but it was not until 1917 
that the work was actually put in hand. Unfor- 
tunately the shortage of men and materials at that 
time was so great that the works were not completed 
before the trade slump in 1921. 
to be suspended and were not resumed till 1926. 
The first of the new blast-furnaces was blown in during 
January, 1927, and at the same time the first steel 
was made and the first slabs and plates rolled. 

Blast-1 urnaces.—The arrangement of the blast- 
furnace plant is shown in Fig. 2. Four blast-furnaces 
Were taken over from the original Appleby Company, 
with their equipment of stoves, calcining kilns, blow- 
ing plant, &e. These furnaces are hand-charged. 
Two blast-furnaces of modern design, Nos. 5 and 6, 

















Sy Paper read before the Iron and Steel Institute, 
ndon, on Thursday, May 3, 1928. Abridged. 





Operations then had | h° 


were added. These are 80 ft. high, and the charging 
gear is of the inclined hoist and bucket type, as shown 
in Fig. 3. They have ten 6-in. hearth tuyeres and five 
4-in. bosh tuyeres, four rows of copper coolers, a steel 
bosh jacket which is sprayed with water, and 10 rows 
of cast-iron stack coolers, which are shown in Fig. 4. 
Three transfer cars, each carrying two buckets, run 
in a straight line under ore bins, coke bins, and calcin- 
ing kilns. The ironstone from the crushing plant is 
dumped from wagons on the top of the ore bins and 
kilns, the wagons being pushed on to the bins by a 
locomotive up a long inclined embankment. The coke 
bins are built into the sides of the ore bins, but the coke 
is dumped from a lower level than the ore. Large 
screens are provided at each bin; the screenings are 
collected by belt conveyor and passed on to an elevator, 
which delivers them through grading screens into 
wagons. All the bins and kilns are fitted with gates 
operated by the transfer car driver. 

The hoisting mechanism is operated by a direct- 
current motor taking current from an alternating- 





power plant, supplying the electrical requirements of 
both the blast-furnaces and the steel works. The 
installation comprises five gas engines, each coupled 
to a 1,500 kv.-a. alternatorrunning at 100r.p.m., and 
one 3,750 kv.-a. turbo-alternator. The steam turbine 
is suppled with superheated steam at 150 lb. per square 
inch pressure from water-tube and Lancashire boilers, 
all fired by blast-furnace gas. The clean gas for the 
gas engines is supplied by a cleaning plant of the Hal- 
berg-Beth type. This has four units, each capable of 
cleaning 1} million cub. ft. of gas per hour. The 
auxiliary plant for the gas engines, consisting of air 
compressors and receivers for starting, and the circulat- 
ing pumps for cooling, is placed on the basement floor 
level on one side of the engine house, and is easy of 
access from the main engine-house floor. The cooling 
water circulates in a closed system, the water being 
first forced by centrifugal pumps through the jackets 
and pistons of the gas engines, then pumped over a 
cooling tower and thence through filters back to the 
centrifugal pumps. 





Fig. 1B. SECTION THROUGH FRODINGHAM ORE FIELD. 
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current supply fed through a motor generator. The 
stove equipment for the two furnaces consists of six 
stoves, each 20 ft. in diameter by 100 ft. in height, 
of the two-pass Cowper type. 

The gas is taken from the top of each furnace by two 
downcomers into a large plain dust-catcher. It is 
then passed through a gas cleaner of the steel mattress 
type, consisting of five units, capable of rough cleaning 
60,000 cub. ft. of gas per minute. The gas from this 
plant is used at the stoves and boilers. The cooling 
water for the furnaces is supplied from an overhead 
ferro-concrete tank of 75,000 gallons capacity, which 
also supplies the cooling water for the old furnaces. 

In the ore crushing plant, the ironstone is brought 
from the mines and tipped into a hopper which feeds 
through a grizzly conveyor into a large rotary screen, 
which in turn feeds into a jaw crusher. A belt con- 
veyor collects the stone from the grizzly, screen, and 
crusher, and delivers into aroll crusher. A second belt 
conveyor collects the broken stone again, and delivers 
into a rotary screen, where it is graded into three sizes. 
The capacity of the plant is from 200 to 250 tons per 


ur. 
Blowing Plant.—This consists of two vertical steam 
blowing engines, each capable of blowing 18,000 cub. ft. 
per minute at 10 lb. pressure, and two steam turbo- 
blowers, each capable of blowing 28,000 cub. ft. per 
minute at 124 1b. These, with their necessary Lanca- 
shire boilers, are situated together, and may be termed 
the old plant, although the turbo-blowers have been 
installed since 1915. The gas-driven blowing plant 
consists of two gas engines, each capable of blowing 
28,000 cub. ft. per min. at 12} lb. pressure, and two gas 
engines, each capable of blowing 40,000 cub. ft. per 
minute at 134 lb. pressure. 

Power Plant.—In the same house is placed the 





The current generated by the power plant is alter- 
nating three-phase, 50 periods, 6,600 volts, and the gas 
engines are designed to run in parallel with each other 
and with the steam turbo set. The alternator rotors 
are keyed to the crankshaft alongside the flywheels, 
a flange on the boss of the motor being brought against 
and bolted to a flange on the boss of the flywheel. The 
weight of the flywheel on each engine is 56 tons. The 
switch house is built on one side of the power house, 
the main switches being of the remote control type 
operated electrically by low tension, direct-current 
supplied from a battery charged from an exciter set. 
A certain amount of the current generated is here 
reduced by static transformers to 440 volts, and forms 
the main supply for the blast-furnace plant. The re- 
mainder is transmitted at the voltage generated to the 
steelworks at a distance of upwards of a mile from the 
power station. A part of the blast-furnace gas cleaned 
in the Halberg-Beth cleaning plant is passed through 
boosting fans and transmitted through an overhead 
steel tube 4 ft. in diameter and about 1,800 yards long 
to the steelworks. This steel tube is used as the sup- 
port for the insulated electric cables between the 
power house and the steelworks. 

Open-Hearth Plant.—The open-hearth plant, a plan 
of which is shown in Fig. 6, consists of one mixer of 
500 tons capacity, and four tilting furnaces, three of 
250 tons and one of 300 tons capacity. These are in 
one line, the mixer being placed between two pairs of 
furnaces. The building, a cross-section of which is 
shown in. Fig. 7, consists of three bays—namely, 
stockyard bay, charging bay, and casting bay, each 
being 60 ft. between crane rails. The stockyard, which 
is completely covered in, has two 20-ton overhead 
box lifting and magnet cranes. The charger boxes 
are handled in special containers, each holding} five 








352 


ENGINEERING. 





[May 4, 1928. 








boxes. The boxes, having been filled on the floor, 
are lifted on to an extension of the furnace platform 
projecting into the stockyard. The furnaces are 
served by two 4-ton low-ground revolving type open- 
hearth chargers. 

The hot metal is charged into the mixer in the casting 
bay, and is tapped in the charging bay, the metal being 


Fig.3. 






(735.0.) 


distributed to the furnaces by two 50-ton hot metal | 
cranes. A section through the mixer is shown in| 
Fig. 8. The slag is taken from the furnaces on the | 
charging side, the slag ladles being run into position | 
from the casting bay side under and at right angies to | 
the furnaces, there being two tracks to each furnace, 

Two 100-ton and one 125-ton casting cranes are .pro- | 
vided. The ingots are cast from the ladles in moulds | 
set on cars, which run on a standard gauge line longi- | 
tudinally through the building. The furnaces are | 
fired by producer-gas generated by a battery of Kerpely 

revolving-grate producers, fitted with automatic | 
feeders and levellers and separately blown by turbo- | 
blowers. They are fed by a grab crane from a central | 
coal bunker. The chimney flues from the furnaces 

are carried under the stockyard to the brick-built 

chimneys, which are 7 ft. in diameter at the top and | 
180 ft. high, and are placed outside the stockyard | 
building. At each furnace a waste-heat tubular boiler | 
is installed, each with a heating surface of 8,320 sq. ft. | 
and fitted with an induced draught fan and super- 
heaters. 

At the end of the open-hearth building is located a | 
plant for grinding the burnt dolomite and other minerals 
for fettling and repairing the furnaces. The cooling | 
water for the furnace chills is supplied from a ferro- | 
concrete overhead tank of 75,000 gallons capacity fed 
by two centrifugal pumps. The return water is 
pumped over a wooden cooling tower attached to a large 
reservoir of 750,000 gallons capacity. Adjacent to | 
this reservoir is a smaller reservoir filled from a water- 
softening plant, the soft water being used to feed the 
waste-heat boilers. 

Basic Slag Plant.—A basic slag grinding plant of 
modern design is in course of construction. This plant 
is designed to reduce Jabour to a minimum, and it has a | 
capacity of 100,000 tens per annum. 

Rolling Mills.—The rolling mills, a plan of which is 
shown in Fig. 9, consist of a slabbing mill, a 10-ft. 
plate mill, and a 7-ft. plate mill. The ingots on cars 
are shunted by a locomotive into a building where | 
they are stripped by an electrical overhead crane. | 
The stripped ingots on the cars are pushed through | 
into the soaking pit bay. In this bay are three gas- | 
fired soakers, each having an ingot capacity of 100 tons, 
and three Gjers soaking pits without heating, each | 
having an ingot capacity of 160 tons. The ingots are | 
charged by two overhead cranes, each capable of hand- | 
ling ingots up to 20 tons in weight. These cranes also 
draw the soakers and deposit the ingot direct on to the 
a rack, which is extended into the soaking 
pit bay. 


|A separate hydraulic accumulator is provided in a 


| steam hydraulic intensifier, the steam being taken 


|inclined duct into a large catch pit and afterwards 





Slabbing Mill.—The slabbing mill is an electrically 
driven reversing mill, with rolls 42 in. in diameter 
and 9 ft. 6 in. long. The mill is driven through 
machine-cut helical pinions and spindles having 
universal coupling boxes, by a motor capable of exerting 
a torque of 20,000,000 in.-lb. up to 48 r.p.m., and with 
a rating of 15,200 h.p. from 48 r.p.m. to 100 r.p.m. 


and stocks slabs. 


Plate Mills.—The run-out rack from the slab shears 
is continued through into the reheating furnace bay, 
There are four reheating furnaces of the vertical soaking 
Three of these fur- 


pit type, with sliding roof doors. 


SECTION THROUGH N°5 BLAST FURNACE,ORE & COKE BINS. 
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K.L.N.O. Steel Furnaces. T. Furnace Charging Bay. Circulating Water Plant. 
M. Mixer. U. Casting Bay. Z. Water Softening Plant. 

P. Gas Producers. V. Basic Grinding Plant. A. Hydraulic Accumulator. 
R. Waste Heat Boilers. W. Laboratory. B. Molten Iron and _ Ingot 
8S. Stockyard Bay. X. Reservoirs. Weighbridge. 


closed circuit with the balancing cylinders. All the 
motions of the manipulators on each side of the mill 
rolls are electrical. The slab shears are capable of 
shearing up to 54 in. by 18 in., and are operated by a 


from the waste-heat boilers at the open-hearth furnaces. 
Beyond the slab shears, hydraulic pushers are installed 
for dealing with crop ends and also slabs to be stocked. 
The scale from the mill is washed by water down an 


loaded up by a grab suspended from a 5-ton overhead 
crane. The slabbing-mill bay is served by a 60-ton 








naces are built to take slabs up to 8 ft. long, and one Is 
made to take slabs up to 12 ft. long. They are served 
by two overhead chargers, one of 15 tons and one of 
5 tons capacity. Leading from the reheating furnace 
bay are three bays, the first two of which contain the 
10-ft. plate mill and the third the 7-ft. plate mill. 
The 10-ft. mill receiving rack extends into the reheating 
furnace bay, and receives the slabs direct from the 
charger. A rope-driven chariot receives slabs from the 
charger and conveys them to the receiving rack of the 
7-ft. mill. : 

The 10-ft. plate mill has two stands with soft rolls 
42 in. in diameter and 12 ft. long, and hard rolls 4> 1. 


overhead crane. The slab shear bay is served by a 
20-ton overhead crane which loads up the crop ends 
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Fig. 7. CROSS-SECTION THROUGH OPEN-HEARTH PLANT 
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Fig.8. SECTION THROUGH MIXER 
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mangle has nine rolls, 18 in. in diameter by 12 ft. 6 in. 
long, and is of specially massive design. The cooling 
bank is 115 ft. long and 95 ft. wide, and has two sets 
of chain conveyor type skids, each set being divided 
into three sections. The skids are arranged so that 
all the plates on one or more sections are moved 
towards the delivery rack at one operation. Inserted 
tween these skids are two hydraulic turnover gears 
for plate inspection. Over the mill stands a 40-ton 
overhead crane is provided. From the cooling bank 
delivery rac k the plates are passed on for shearing. 

The shearing equipment consists of two side-cutting 
“ectrically-operated and one cross-cutting hydrauli- 
cally-operated shears. In front of each side-cutting 

ears are two magnet plate-handling machines of 
asec design (Fig. 11) to manipulate the plate 
in shearing on a dead roller bed, which is a con- 
ee of the cooling bank delivery rack. The 

€-cutting is done first, and the plates are then 
Passed through the cross-cutting shears. After passing 
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in diameter by 10 ft. long. The rolls are driven by a 
reversing motor, which is a duplicate of the slabbing- 
The top hard roll is driven from the 
bottom roll by light gearing and a slipping clutch, 
as shown in Fig. 10, to enable the top roll to be balanced 
A turnover gear for the slabs 
On the front 
of the roughing stand a hydraulic slab turning stool 
Both stands are provided with hydraulic 
The mill 
scale at this mill and also at the 7-ft. plate mill is dealt 
with in a similar manner to that at the slabbing mill. 
The finished plates are passed through a plate mangle 
on to,the receiving side of the cooling bank. The 








through the cross-cut shears the plates pass along 
a rack on which are three throw-off tables, where 
the rectangular plates, being finished, are thrown 
off on to the floor to be sorted out, and loaded by 
magnet cranes. Plates to be cut to sketches pass 
over the above-mentioned rack and over a chain 
conveyor into a cross bay which is common to both 
mills. In this bay are two hydraulically-operated 
sketch shears surrounded with castors, and so arranged 
that plates from either mill can be easily brought to 
either shear. The bay is served by a 15-ton overhead 
crane with a magnet beam. 

The 7-ft. plate mill is a one-stand two-high reversing 
mill with rolls 32 in. in diameter and 7 ft. long. The 
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rolls are driven by a reversing motor, capable of 
exerting a maximum torque of 14,000,000 in.-lb. up 
to 60 r.p.m., which has a maximum rating of 13,500 h.p. 
from 60 r.p.m. to 120 r.p.m. The slabs are fed on 
to the receiving rack by chariot from the reheating 
furnace bay. On each side of the rolls are fitted 
hydraulically-operated centring arms. The finished 
plate is passed through a plate mangle having nine 
rolls 14 in. in diameter by 7 ft. 6 in. long. The plates 
are then passed over either of two sections of the 
cooling bank by ordinary rope-driven skids on to 
a parallel rack, then back over a third section of 
cooling bank on to the original rack, and so on to 
the shears. Each section of cooling bank is 60 ft. 
long by 47 ft. wide. Built into the third section is 
a plate turnover gear. The shearing equipment is 
similar to the 10-ft. mill, but with smaller and faster 
shears and also with faster plate-handling machines. 
This shearing bay is served by two overhead cranes, 


annealing furnace to take plates 50 ft. by 6 ft. 6 in 
is in course of construction. This will be heated by 
blast-furnace gas. A mangle for flattening thin plates 
when cold is also under construction. 

Electric Power Sub-station—The driving motors of 
the two plate mills are placed in the same portion 
of the centre bay of the mill bays. This portion 
is specially closed in, and forms the main electrical 
sub-station of the steelworks, besides housing the 
main mill motors. Here terminate the main cables 
from the power house. The sub-station also contains 
two motor-generator flywheel sets, three motor- 
converter sets, and two banks of static transformers. 
Each motor-generator flywheel set has one 3,000 
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brake horse-power alternating-current motor and four 
direct-current generators, each of 4,500 brake horse- 
power maximum rating, and one flywheel of 36 tons 
weight. The alternating-current motors are fed at 
the voltage generated, 6,600 volts, and the eight 
generators are coupled to the three mill motors in 
such a way as to take advantage of the energy of 
both flywheel sets for any one of the mill motors. 
The three motor-converter sets are each of 750 kw. 
capacity, and provide direct current at 220 volts 
for auxiliary mill and crane reversing motors. The 
static transformers provide alternating current for 
the continuous running motors throughout the steel- 
works plant. The lighting system is entirely separate 
from the power system and operates at a voltage 
of 110. 

Hydraulic and General Water Supply.—The hydraulic 
pressure water required at the open-hearth plant 
and at the mills is supplied by three centrifugal direct 
electrically-driven pumps, each capable of delivering 
600 gallons per minute at 750-lb. pressure when 
running at 2,960 r.p.m. Two hydraulic accumulators 
are provided. The main water supply for the works 
is obtained from the river Ancholme, and a pumping 
station with centrifugal pumps is built there, being 
about 4} miles distant from the steelworks. The 
pumps are capable of supplying 1,500 gallons of 
water per minute. As the water is of a hard nature, 
a water-softening plant is installed to treat the boiler 
water. 

(To be continued.) 








LauncH of the S.S. “‘ BAHARISTAN.”’—The steel screw 
cargo steamer Baharistan, built by Messrs. John Read- 
head and Sons, Limited, West Docks, South Shields, 
for Messrs. Frank C. Strick and Company, Limited, 
London, was successfully launched on Saturday, April 21. 
The vessel, designed for trading in the Far East, is of 
the two-deck type with poop, bridge and top-gallant 
forecastle ; she is designed to carry about 8,500 tons 
on a light draught, the principal dimensions being :— 
length overall 430 ft., breadth 54 ft. 3 in., and depth 
30 ft. lin. She is equipped with 13 double steam winches 
and steel derricks for the rapid handling of the cargo, 
in addition to which there is a 30-ton interchangeable 
heavy steel derrick. Water ballast is carried in the 
cellular double bottom all fore and aft, and also in the 
fore and aft peaks and dip tank. The double bottom is 
also adapted for oil fuel, and No. 3 *tween decks is speci- 
ally constructed for the carriage of benzol. The main 
machinery, also constructed by the builders, consists of a 
triple expansion engine, having cylinders 28 in., 46 in., 
and 77 in. diameter with a stroke of 48 in.; steam is 








both fitted with magnet beams and magnets. An 





supplied by three boilers at a pressure of 200 Ib. sq, in. 
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ROLLING MILLS AT THE APPLEBY IRON COMPANY'S. WORKS. 


Fig.9. ROLLING MILLS. 
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(For Description see Page 551.) 





1. Stripper Building. 10. Reheating Furnaces. 19. Conveyor. 28. Throw-off Tables and Weigh Scale. 

2. re Pits. ? 11. 10-ft. Plate Mill. 20. Substation. 29. Conveyor. 

3. Gjers Pits. 12. Scale Pit. 21. Slab Chariot. 30. Cold Mangle. ; Meri 

4. Slabbing Mill. 13. Mangle. 22. 7-ft. Plate Mill. 31. Sketch Plate-shearing Building. 

5. Slab Shears. 14. Cooling Bank. 23. Scale Pit. 32. Sketch Plate Shears. 

6. Scale Pit. 15. Roll Grinding Machine. 24, Mangle. 33. Castor Beds. 

7. Hydraulic Pumps. 16. Hydraulic Accumulator. 25. Annealing Furnace. 34. Engineer’s Office. 

8. Fitting and Blacksmith’s Shop. 17. Plate Shearing Equipment. 26. Cooling Bank. ; 35. General Stores, 

9. Electrician’s Shop. 18. Throw-off Table and Weigh Scale. 27. Plate-shearing Equipment. 36. Circulating Water Plant. 
Puli. 


Fig.10. SLIPPING DRIVE FOR TOP ROLL. 
10-FT. PLATE MILL. 
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THE EFFECT OF SILICON ON 
TUNGSTEN MAGNET STEEL.* 


By J. Swan, M.Met. 


CONSIDERABLE prominencef has been given recently 
to what Evershed termed the magnetic “ spoiling” of 
tungsten magnet steel. He concluded that the normal 
carbide was decomposed on annealing at temperatures 
between 800 deg. and 1,200 deg. C., and that the steel 
could be restored to its original state by heating to 
about 1,250 deg. C. for a few minutes ; no metallographic 
evidence indicating the nature of the carbide change 
was, however, presented. Hultgren showed that a 
carbide corresponding to the formula WC was formed 
in steels of certain compositions when they were 
annealed at suitable temperatures, that this carbide 
was extremely herd, and that it formed crystals of 
geometrical symmetry which appeared in section as 
rectangles and triangles. 

Preliminary Hxperiments.—Annealings were con- 
ducted on magnet steels of the compositions indicated 
in Table I, and the results confirmed those of Evershed, 
showing that the greatest rate of loss of coercive force 
occurred at 950 deg, to 1,000 deg. C., and, further, that 
this loss was due to the separation of a carbide from 
solid solution having physical characteristics identical 
to those of tungsten curbide, WC. The presence of a 
large amount of tungsten carbide in a polished micro- 
section is indicated by the matt appearance of the 
surface. Prolonged soaking gives rise to a growth or 
segregation of the carbide, which is shown in Figs. 4 
and 5. Steels of varying carbon and low chromium 
contents, W2, W3, MV and MA, were annealed for 
24 hours at 1,000 deg. C., and examined. With the 
exception of MA, which only showed a small amount, 
they all contained a considerable quantity of the carbide. 





* Paper read before the Iron and Steel Institute, 
London, on Thursday, May 3, 1928. Abridged. 

t Journal of the Institution of Electrical Engineers, 
vol. Ixiii, page 725 (1925). 











Fig.11. PLATE HANDLING MACHINE \ 
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TABLE I.—Composition of Steels Tested. 





| Car- Sili- Man- | Sul- | Phos-, Tung-| Chro- |Nickel. 
m. con. ganese. phur. phorus; sten. (mium. 

Mark.| Per | Per | Per Per | Per | Per | Per | Per 
Cent.| Cent. | Cent. | Cent. | Cent. Cent. | Cent. | Cent. 











G 0-85 0-14 | 0-18 | 0-021) 0-017) 5-62 | 0-54 Nil 
B 0-76, 0-14 0-18 | 0-023) 0-018) 5-48 | 0-53, 
23 0-69) 0-12 | 0-04 | 0-015) 0-023) 5-36 | 0-41 o 
20 0-78) 0-13 | 0-06 | 0-015) 0-023) 5-51 | 0-44, 
25 .. 0°74 0-18 | 0-07 | 0-018) 0-021] 5-53 | 0-43, 
VA .., 0°74, 0-25 | 0-09 | 0-027) 0-022) 6-25 , 0-60 ,, 
VS1.. 0°80 0-51 | 0-33 | 0-025) 0-020) 6-98 | 0-54 ” 
VS2.. 0-83, 1-05 | 0-34 | 0-025) 0-020! 6-85 | 0-72 0-02 
Ww2 0-60) 0-16 | 0-27 | 0-044 0-023) 5-91 | 0-09 | Nil 
Ww3 0-64 0-18 | 0-34 | 0-061; 0-022) 6-06 | 0-10) 
MV 0-67, 0-12 | 0-31 | — | — | 6:97/ 0-03 _,, 
MA 0-59) 0-09 | 0-30; — | — | 6-21 | 9-05 0-01 








It is evident, therefore, that less than 1 per cent. of 
chromium has comparatively little effect on the 
formation of the carbide. 

The Effect of Silicon on the Formation of Tungsten 
Carbide.—During the course of experiments on a steel 
made for standard test purposes, it was discovered that 
annealing for a long period did not result in the appear- 
ance of tungsten carbide in the steel. The analysis 
of this steel VA is given in Table I. It will be seen 
that the only significant variable from the preceding 
analyses likely to prevent or retard segregation of 
tungsten carbide is silicon, the percentage of that 
element being nearly doubled—0-25 per cent. as 
compared with 0-13 per cent. The increase does not 
seem very much, but it is apparently quite sufficient 
to retard to a very considerable degree the segregation 
of tungsten carbide, as shown by microscopic examina- 
tion. That retarded segregation, and not an absence 
of tungsten carbide, was produced was proved by the 
magnetic tests, which showed a loss in coercive force 
due to annealing. 

Annealing for five hoursat 1,020 deg. and 1,080 deg. C. 
has reduced the coercive force from 62 to 54 and 57-5, 
respectively, while the same treatment at 1,130 deg. 














and 1,180 deg. C. resulted in an increase to 65-5 and 
67, respectively. It is quite clear, therefore, that 
0-25 per cent. of silicon does not stop the formation of 
tungsten carbide ; it only retards its segregation to 4 
very considerable degree. The highest coercive force 
given by this steel when water-quenched is obtained 
by means of a preliminary high-temperature treatment, 
but such a treatment does not necessarily appear to 
give quite the highest BHmax. The high-temperature 
treatment provides a means of re-dissolving or re- 
combining the free tungsten carbide. An equal or 
even a higher coercive force can be obtained by oil- 
quenching, but the remanence is in general about 
1,000 units lower, with a resulting lower BHmax. 
value. Oil-quenching is, however, often very useful 
where cracking or distortion is liable to occur. 
Samples of this steel were annealed for 30 hours and 
60 hours at 1,000 deg. C., but micro-examination 
revealed no definite indications of tungsten carbide 
segregation. The effect of higher silicon contents was 
next investigated, to discover whether, in addition to 
the retardation of the carbide segregation, the actual 
metastable condition of the carbides could be preserved, 
so as to eliminate the small amount of “ spoiling 
which occurs during the manufacture of tungsten 
magnet steel. Two further steels, VS1 and VS2, 
were made with approximately 0-5 per cent. and 
1 per cent. of silicon respectively. Their full analyses 
are given in Table I, and in some respects it is unfor- 
tunate that the carbon and tungsten contents were 
higher than required. ; 
Table III gives the magnetic test results obtained 
from the 0-5 per cent. silicon steel with varying heat 
treatment. The test bars were, as was the case for 
all three steels, 0-375 in. in diameter by 8 in. long, 
and were machined from }-in. rolled bar. Soaking 
treatments were given to the test-bars before machining 
to the required diameter, so that decarbonisation was 
eliminated. The water-quenched bars were not ground 
after hardening as in the case of the steel VA, although 
grinding, if carefully carried out, does not appreciab ly 
affect the test results. The bars were tested by the 
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ballistic yoke method, and the values of the magnetising 
force Hi were directly measured by means of a differen- 
search coil calibrated in a standard solenoid. 
Tests VS10 to VS15 were made on a second bar rolled 
at the same time as the first bar. The results of the 
soaking treatments show that “‘spoiling”’ still occurs 
on annealing at suitable temperatures. Although the 
BH,wr? values are equal to those obtained from steel 
VA, the remanence figures are not quite as high. 
Table IV gives the magnetic results obtained from the 
third steel in the series, containing 1 per cent. of 
ilicon. 
s will be noted that there is still a loss in coercive 
force due to soaking at 1,000 deg. C., although it is 
not so large as in the case of steel VSI, the decreases 
being 64 -5 to 60 and 67 to 59 respectively. Magnetically 
steels VA and VSI are equally good, but it is quite 
likely that if the latter had had the lower carbon and 
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Fig. 9. Steet VS1, ANNEALED FOR 
30 Hours at 1,000 prac. C. x 250. 


TaBLe III.—Steel VS1. Magnetic Tests after Heat 











Micro-examination of the Silicon Steels.—Figs. 9 
and 10 are micrographs of steel VS1 after annealing 
for 30 hours at 1,000 deg. C., and of steel MV after 
annealing for 20 hours at the same temperature. The 
latter steel is ‘included for comparison, because of its 
equally high tungsten content, but the fact that it 
contains practically no chromium makes little, if 
any, difference to the segregation that has occurred, 
while incidentally it has a lower carbon content than 
the former steel. If resolved under a higher power, 
the dark areas in Fig. 10 are seen to consist entirely 
of collections of tungsten carbide nodules. Fig. 9 also 
shows small dark areas, which to some extent are 
associated with a type of non-metallic inclusion. 
Most of them contain a nodule or crystal of tungsten 
carbide, some of them a collection of small nodules 
of the carbide. The amount of free, visible, tungsten 
carbide in this steel VS1 is much less than in steel MV. 
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Fie. 10. Steet MV, ANNEALED FOR 
20 Hours at 1,000 prea. C. x 250. 


Nott.—THE FIQ@URES HAVE BEEN REDUCED TO TWO-THIRDS LINEAR IN REPRODUCTION. 


TaBLeE I1V.—Steel VS2. Magnetic Tests after Heat 

















Treatment. Treatment. 
| | | 
zat Heat Treatment. ic) 3 | Mili | We | Heat Treatment. | _—-—) >. 
| | 
VS 4| Water-quenched from 785 deg. C.| 10,850 | 62 | $84,000| R4..| Water-quenched from 805 deg. C} 10,500 152-0, 241,000 
V8 1) = y» 805 Pog o| 11100 | 63 | 366,000 | R1 .. Z » 825 deg. C| 10,550 58-0 330,000 
VS6 xs ;, 825 deg. C.| 10,700 | 64 | 380,000| R5.. 3 ‘s 845deg.C) 10,200 61-5 315,000 
V8 7) Oil-quenched from 915 deg.C. | 9,100 | 69 | 316,800| R6.. ” ” 865deg.C 9,700 64-5 309,000 
VS 8 ” “6 0 deg. C. | 9,100 | 70 | 303,600 | R7 Oil-quenched from 915 deg. C. 8,600 67-0 268,000 
VS 9 ‘a », 945 deg. C. 9,300 68 | 303,600| R8.. ” » 935 deg. C. 8,400 66-0 250,000 
V810| Heated for 5 hours at 1,000 | R9.. ” ” 955 deg. C. 8,450 68-0 260,000 
deg. C., normalised at 750 | R2..| Heated for 5 hours at 1,000 deg. | | 
deg. C., water-quenched from | C., normalised at 750 deg. C., 
790 deg. C. oe re ..| 11,000 50 | 304,000 water-quenched from 865 deg. 
VS8l4| Heated for 5 hours at 1,000 | i a a6 a --| 9,400 60-0 286,000 
deg. C., normalised at 750 | R3.. Heated for 5 hours at 1,100 deg. 
deg. C., water-quenched from | C., normalised at 750 deg. C., | 
825 deg.C. _.. = ..| 10,200 | 59 | 287,000 water-quenched from 865 deg. 
V812; Heated for 5 hours at 1,100 Cc. ne ne wa “a 9,750 61-5 301,000 
| deg. C., normalised at 750 | 
deg. C., water-quenched from | : om 
VS15 ected rs ees 10,500 58 | 322,000! Steel VS2, after annealing for 30 hours at 1,000 deg. C., 
deg. C., normalised at 750 | shows a similar structure to VSI, but contains rather 
deg. C., water-quenched from | ‘ asia more visible tungsten carbide. It is considered that the 
S25 deg.C. -« .-| 10,250 69 | 343, isible tungsten carbide in steels VS1 and VS2 is due to 
V813) Water- | visible tung —4 
Whesnsakininiiniaes “ seeseil tah temeiel high carbon and tungsten contents ; on the solidifi- 
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tungsten contents of the former it would have given 
even better results. Steel VS2 gives inferior results 
Compared with the first two, due in part to the higher 
con, but the high carbon, tungsten, and chromium 
contents may also have had some effect in the same 
ction ; consequently the effect of the 1-0 per cent. 
of silicon may have been somewhat masked. 





cation of the steel it either separates as such, or is 
formed subsequently as a decomposition product from 
a complex carbide (Hultgren’s Z2 carbide). 
Theoretical Considerations.—It is not intended to 
consider at length the constitution of the tungsten 
steels dealt with in this paper, for which more evidence 
may be desirable, but some points may be briefly dis- 
cussed. »Considering first the tungsten magnet steels 








with usual silicon contents, 0-13 per cent. and below, 
and carbon above 0°58 per cent., the “ spoiling ’’ of 
such steels on annealing is due to the formation of 
tungsten carbide by the decomposition of either, or 
both, austenite and hyper-eutectoid carbide. The tung- 
sten carbide so formed is insoluble in austenite at 
ordinary hardening temperatures, and consequently 
the steel loses a certain amount of available carbon 
and tungsten. 

As far as the steels containing silicon are concerned, 
the most reasonable explanation of the great retarda- 
tion in the carbide segregation appears to be that the 
solubility of free tungsten carbide in the ferrite-silicon 
solid solution is reduced to a more or less negligible 
extent. Any carbide then produced by annealing is 
formed in situ and does not segregate. Such an annealed 
steel will contain an emulsion of free tungsten carbide, 
which will not be visible under the microscope. If the 
tungsten is increased to about 7 per cent. with a corre- 
sponding rise in carbon from, say, 0 -74 to 0 -80 per cent., 
a certain amount of tungsten carbide appears in isolated 
collections of nodules, and these nodules grow in size 
to some extent on annealing. Such a growth, however, 
can be attributed to further decomposition of the double 
carbide crystallised from the molten phase (Hultgren’s 
Z2 carbide). This carbidei s, of course, distinct from 
the hyper-eutectoid or cementite carbide. 

Heating and cooling curves taken on the steels in the 
normal and annealed states show the magnitude of the 
critical change point to be less in the latter state, 
indicating that there is a smaller amount of soluble 
carbide. Another point of considerable interest is that 
the steels in the normal condition show under-cooling 
to the extent of 30 deg. C. at the Ar change, whereas 
samples previously annealed for 30 hours at 1,000 deg. 
C., only show 1 deg. or 2 deg. C. under-cooling. This 
suggests that in the annealed condition there is an 
abundance of carbide nuclei from which precipitation 
of carbide at the Ar change can commence. 

Conclusion.—When the fact was discovered that a 
relatively small amount of silicon retarded, or, as it 
was at first thought, stopped the formation of tungsten 
carbide, it was hoped that higher percentages would 
possibly eliminate the “ spoiling ” effect produced by 
reheating the steel for rolling or forging. This has not 
proved to be the case, so that it is still necessary for 
magnet steel manufacturers to use a maximum reheat- 
ing temperature for rolling of the order of 1,200 deg. C., 
if the utmost efficiency from tungsten steel is desired. 
It is true that 1 per cent. of silicon reduces the loss 
of coercive force on annealing or soaking by about a 
half, but this is offset by the inferior all-round magnetic 
properties of the steel, although a steel with lower 
carbon, tungsten, and chromium contents than those 
of the author’s test-pieces would be expected to give 
a better result. The results of a few tests suggest that 
in the silicon steels the loss due to ageing is considerably 
less than in steels without an appreciable amount of 
that element. The effect of the silicon in retarding 
tungsten carbide segregation forms a basis for the 
explanation of the larger volume change on hardening 
tungsten die steel, which results in the progressive 
contraction of the bore of circular drawing dies on 
repeated quenching, a property so much desired by 
users. 








Motor Cyctes IN New ZEALAND.—According to 
recent statistics, supplied by the New Zealand Motor 
Trade Association, Inc., showing the number of motor 
cycles, by makes and by districts, registered in New 
Zealand on January 31, 1928, English manufacturers 
hold a creditable and encouraging position. Although 
the two favourite makes are American, i.e., Indian and 
Harley Davidson, with totals of 6,685 and 4,628 machines 
respectively, English firms have supplied 21,320 machines 
out of a grand total of 33,580. The most popular 
English makes, with the number of machines sold, are 
given in the report as follows :—Douglas, 4,564 ; Triumph, 
3,781; B.S.A., 3,490; A.J.S., 1,772. 





CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE. 
—Due to its ever-increasing circulation and interest, 
the steady growth of the Chemical Engineering and 
Chemical Catalogue has been maintained in the 1928 
edition, issued recently. A larger size page has been 
used, and a tab system of sectioning has been adopted 
in order to add to the ease of reference. The defi- 
nite purpose of the work is to provide a text-book 
of condensed information embracing the manufacture 
of all production processes necessarily carried out by 
men having chemical training, and in the development 
of which experimental and laboratory and research 
work are involved. With this object in view, the 
publishers have excluded artistic display, comparative 
claims of quality, &c., and have endeavoured to sub- 
stitute precise data, specifications and other information 
of real value. In addition to a comprehensive index, 
the sections, referred to above, consist of an illustrated 
chemical catalogue, an illustrated plant and machinery 
catalogue, an alphabetical list of trade names, an index 
to industrial applications, while the two final sections 
contain useful data and tables, and a list of books. The 
editor of this catalogue is Dr. D. M. Newitt, A.R.C.S., 
and it is published by Mr. Leonard Hill, 173, Fleet-street, 





London, E.C.4. The annual subscription is 10s. 6d. 
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SCREW CONVEYOR. 
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REFUSE-COLLECTING CART WITH 
SCREW CONVEYOR. 


THE increasing size of our towns and the growing 
congestion of population within their boundaries 
make it essential for more and more attention to be 
paid to the difficult problem of the maintenance of 
public health. Even during recent years great 
advances have been made in this respect, with the 
result that, speaking generally, conditions are better 
now than at any former time. An exception to this 
rule is to be found in the methods employed for the 
collection and disposal of house refuse and other 
similar waste material. In too many towns in this 
country these leave a great deal to be desired, and 
cannot be regarded with pride by anyone who wishes 
to see us holding the foremost place in sanitary science. 
Frequently, for instance, the refuse is carted in open 
vehicles, and even when the carts are provided with 
covers these have to be lifted every time a dustbin is 
emptied, and, further, the dustman has to mount a 
ladder to discharge lis load. Again, there are no 
regulations prescribing that the dustbin itself must be 
covered when not in use. The result of these primitive 
conditions is an unnecessarily unsanitary state of 
affairs, which is deleterious both to the health and 
comfort of the population. It is only fair to add, 
nevertheless, that this problem, the difficulty of which 
is likely to increase as time goes on, is being tackled 
in various ways, and it may assist towards its solution 
if we give some details of a refuse-collecting cart, 
which has recently been built for a number of sanitary 
authorities in Germany, by Messrs. Fried. Krupp 
A.-G., of Essen. 

A sectional elevation of this vehicle is given in 
Fig. 3, while Figs. 1 and 2 are illustrations of two slightly 
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different types, which allow a good idea of its general 
appearance and the method of employing it to be gained. 
The essential novelty about this vehicle is the inclined 
screw conveyor A, visible in Fig.3, the lower end of which 
protrudes through the back of the container, which 
forms the main body. The greater part of this conveyor 
is covered by a light sheet housing, but its lower and 
upper portions are exposed, so that the rubbish can 
be fed in and delivered into the main container of the 
vehicle as described below. This conveyor is operated 
from the engine, which drives the vehicle, through two 
sets of bevel gearing and a dog clutch, as shown in 
Fig. 3 at C, the latter being automatically disengaged 
when the vehicle is tipped for trimming or for the 
purpose of emptying the contents. The conveyor runs 
in bearings at its upper and lower ends, and a certain 
flexibility is obtained by the use of an elbow joint 
at the upper end. Both it and the housing are of 
exceptionally rigid construction, so that resistant 
material, such as tins, cardboard boxes, scrap iron and 
broken crockery need not previously be sorted out 
before the refuse is tipped into the wagon. 

At its lower end the conveyor passes into a hopper, 
a section of which is shown in Fig. 4. This forms an 
extension of the main container, and is about 90 cm. 
(35-5 in.) above the roadway. This hopper is ar- 
ranged in two different ways, depending on whether 
ordinary dustbins or those of standard design are 
used. The arrangement in the former case is shown 
in Fig. 2. The mouth of the hopper is then completely 
covered by a curtain, so as to prevent the dis- 
persal of the contents of the bin, an arrangement 
which, it is stated, does not reduce the rate at which 
the latter can be emptied. When standard bins are in 
use, as shown in Fig. 1, the mouth of the hopper is 
closed by a@ lid in which there is a circulars opening 




















sufficiently large to fit tightly round the mouth of the 
bin. This ensures hygienic conditions, while the loading 
of the dust-cart, being effected from the rear end, 
enables the bins to be emptied, while the vehicle is 
slowly on the move, and does not expose the dustman 
to risks from, or interfere with, other traffic. 

The operation of the conveyor is controlled from the 
driver’s seat, and when it is in action the hopper is 
quickly emptied and the rubbish conveyed to the 
front part of the container, where it gradually accumu- 
lates. When this becomes full the cart is tipped so 
that the contents of the container slide down to the 
rear end anda space is thus cleared for the reception of 
further loads. The container is 3-8 m. long (12+87 ft.) 
by 2-2 m (7-2 ft.) wide, and has a capacity of 12 cub. m. 
(425 cub. ft.). It is built up of sheet iron on 
an angle frame. To fill it to its capacity tipping is 
necessary once or twice during a collecting round, 
depending on the character of the refuse being dealt 
with. In this way from 45 to 50 cub. m. (1,300 to 1,800 
cub. ft.) of rubbish can be collected per working day, 
depending on local conditions. The fuel consumption 
necessary for operating the conveyor is small, so that 
the overall efficiency is not greatly affected. 

Tipping at the dump is effected through the rear 
end of the container, which is provided with two 
doors hinged, so that they swing upwards and down- 
wards respectively. These doors can be retained in 
position by hooks. In this case, as well as when 
tipping is resorted to to distribute the contents, the 
container is raised by a screw jack which is driven 
from the engine through the gearing E, shown in Fig. 3. 
This is operated by an easily-accessible lever at the 
side of the vehicle, and is automatically thrown out 
of action on reaching the end of its travel. The 
maximum angle of tip is 65 deg., so that easy discharge 
is ensured, even when the contents have become 
compressed, while the operation is assisted by making 
the container wedge shaped. Two sprags are used 
to lift the weight of the vehicle off the back axle 
springs, while tipping is taking place. nn 

The chassis employed on this vehicle is 6-4 m. 
(21 ft.) long by 2-2 m. (7-2 ft.) wide, the wheelbase 
being 4-7 m. (15-4 ft.) and the gauge 1-65 m. (5.4 ft.). 
The diameter of the wheels over the rims is 770 mm. 
(30°3 in.), and cushion tyres are used, the thickness 
on the front wheels being 140 mm. (54 in.), and on 
the rear wheels 170 mm. (6}} in.) The turning radius 
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is 6 m. (19°7 ft.). The chassis itself is built up of 
pressed-steel side members, and four cross-members 
of the same material. The front axle is of chrome- 
nickel steel, with the steering arranged behind it. 

The engine has an output 55 h.p., the stroke being 
160 mm. (64%, in.), and the cylinder diameter 120 mm. 
(43 in.). It is carried on a three-point suspension, 
and is fitted with overhead valves. 

Magneto ignition is provided, and electric starting 
and lighting equipment are also fitted. The radi- 
ator, which is of the fin-tube type, is carried 
on rubber blocks, and cooling is assisted by the use 
of both a fan and a pump. Lubrication is on the 
Pressure circulation system, and the cardan joint can 
be fed by pressing a button on the dashboard. 
A single-plate dry clutch connects the engine to the 
gear box, the latter being combined in a single block 
with the crankcase. Four speeds are obtainable, the 
changes being effected by a centrally-mounted ball 
and socket lever. The drive from the gear box B is 
transmitted through a propeller shaft enclosed in a 
dust-proof torque tube and differential D. The driving 
Sears are of the spiral-bevel type, and are of case- 
hardened chrome-nickel steel. They run in ball and 
roller bearings. Two independent brakes are provided, 


40 








a THE Surveyors’ Instrrution.—The celebration of 
pe diamond Jubilee of the Surveyors’ Institution will 
ay place in London from June 13 to 15 next. On the 
P : day, a garden party will be held at Hampton Court 
omen _On the morning of June 14, a paper entitled 
Se ixty Years of the ‘ Institution’ ’’ will be read by the 
+ Hosa The afternoon will be spent sightseeing in 
oan “on, and the Institution dinner will be held in the 
: ning at the Guildhall, Various excursions have been 
need for June 15, Full particulars may be obtained 

m the Secretary, 12, Great George-street, S.W.1. 
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OF MILD STEEL ~ neighbourhood of 400 deg. C. than at air tempera- 
- | ture. 
| In the majority of machines and structures subjected 
| to cycles of stress‘ the mean stresses of the cycles are 
‘usually not zero, but have tensile values. It is, there- 
fore, important to have information concerning the 
effect on the fatigue limit of a variation of the mean 
| stress in a tensile direction, and also to consider the 
practical application of the results obtained at different 
temperatures. The results given by Lea and Bugden, 
include an investigation, made on 0-14 per cent. carbon 
steel in a Haigh fatigue testing machine at 2,000 cycles 
per minute, of the effect of a variation of the mean stress 
at high temperatures. The results indicate that the 
| speed of reversal in fatigue tests at high temperatures 
| has an important effect on the endurance in terms of 
| “ cycles to fracture,’’ due to the simultaneous creeping 
which occurs at high temperatures when the superior 
limit of stress is high. They show that large ranges of 
stress at 400 deg. C. and 500 deg. C. are possible for 
| 107 cycles on a carbon steel, without failure resulting 
| when the cycles occur at 2,000 per minute. They do 
not, however, indicate that the results obtained have 
limited application. 

In order to estimate the practical fatigue limits for 
different temperatures it is necessary to correlate the 
results of tensile, creep, and fatigue tests at the specified 
temperatures. Further work on the subject appeared 
to be desirable, and the tests given in this paper were 
undertaken with this object in view. 

Description of Tests.—The published work carried 
per Sq. In. |out at the National Physical Laboratory includes a 

a | series of fatigue tests under reversed stresses (equal 
TESTS AT 300°C. | plus and minus stresses with zero mean stress) on @ 
40 |0-17 per cent. carbon steel (normalised). The further 


’ _ | results given in this paper were obtained on the same 
|_pUleamante Stress) et 


| steel. The material was in the form of | in. diameter 
BL Lrecp Stress 
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rolled bars, and chemical analysis gave the following 
| composition : 
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Ss 


Per cent. 
Carbon waa aaa wai 0-174 
Silicon aaa +a xs 0-130 
| Sulphur eee eee es =O-O5S 
| Phosphorus ... Sad .- «0025 
Manganese, ... nee bia 0-685 
Nickel ... ror : -. 0-°061 
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20 
pry : 
/ Fatigue limits have been determined at three different 
ee | mean tensile stresses at temperatures of 20 deg. C., 
ae hat H 100 deg. C., 200 deg. C., 300 deg. C., 400 deg. C., and _ 
| | 500 deg. C. The work at the National Physical ~ 
: | Laboratory, to which reference has already been made, 
LA | included determinations of the ordinary tensile properties 
0 and the limiting creep stresses at various temperatures, 
and reference is made to these results in the discussion 
of the further results given in this paper. The fatigue 
A D tests were made in a Haigh alternating stress-testing 
We | machine running at about 2,400 cycles per minute, and, 
10 20 30 wo 
Mean Stress -Tons perSq.In. 
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as is usual for thecase of reversed stresses at air tempera- 
ture, a basis of 107 alternations was adopted. This 
basis was used mainly as a means of comparison between 
| the fatigue limits or the material at different mean 
| stresses and temperatures, and it is shown later that 
endurances at 107 cycles do not indicate that, at all 
wc | temperatures, safe ranges of stress have been applied. 
| An electric furnace was used for heating the test- 
THE FATIGUE-RESISTING PROPER | pieces, and the temperatures were measured by means 
TIES OF MILD STEEL.* of a platinum/platinum-rhodium thermocouple attached 
The Fatigue-Resisting Properties of 0-17 per cent. ‘to a millivoltmeter. The tensile mean stresses were 


Carbon Steel at Different Temperatures and at Different | *Pplied by means of the pull exerted by the calibrated 
Mean Tensile Stresses. springs which were fitted to the Haigh machine. The 


By H. J. Tapsett, A.C.G.I. | test-pieces were subjected to cycles of alternating direct 
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TERE is little published information relating to the Sttesses of the form M + 2?” 
fatigue-resisting properties of steel at high temperatures. | fmax. ~~ fmin. 
Unwint conducted some tests at a temperature of | Where M = mean stress of the cycle = ———j——— 
200 deg. C. and found that “‘ the hot bars stood varia- a Forviis ——- foal 
; ” 
ons of ray rth beter chan the cold ones Lt fam ad Jaana the aupmior an interior init o 
the results of investigations on the fatigue limits at ee 
high temperatures of some metals under conditions of 
reversed stresses (equal plus and minus stresses with 
zero mean stress), and similar tests have been carried 
out at the National Physical Laboratory]|| in connection 
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R = range of stress 


The results of tests in which the mean stress was zero 

= 0, the first value of mean stress used) are repro- 

| duced in the accompanying figures. The second value 
| of the mean stress used was equal to one-half the limiting 


with a series of tests on metals at high temperatures, | "478° of stress obtained for zero mean stress, 1.¢., 
made for the British Non-Ferrous Metals Research | #%™=0 and the third value was equal or close to the 
Association and the Engineering Co-ordinating Research | pen sang sv range, i.c., Ry=o. In Figs. 1 to 3, the 
Board of the Department of Scientific and Industrial | atigue limits based on 10’ cycles are plotted vertically 
Research. The results obtained by the above investi- | pigs a representing the mean stress. a sean 
gators are in agreement, and show that the fatigue pore ey a Pag — = ‘ae teats ho. —_ 
limits for low-carbon steels are considerably higher in | ea to tale ond to the gue te shew Me 
relation between the factors concerned. Fig. 4 has 
* Paper read before the Iron and Steel Institute, | been constructed from information deduced from Figs. 
London, on Thursday, May 3, 1928. Communication to 3. : . 
from the National Physical Laboratory. Abridged. | Discussion of Results.—In the discussion of the results 
¢ Testing of Materials (1910 edition), page 385. | obtained it is well to repeat that the fatigue limits 
t See ENGINEERING, vol. cxviii, pages 500, 532 (1924). | given in the tables and curves are not necessarily 
§ See University of Illinois, Engineering Experiment | the true fatigue limits, but are those limits of stress 


ae Bead oe = ry A pages 614, 648, 746 | which the material will withstand for 10’ alternations 
(1925). and vol. exxi, ‘page 512 (1926). yan ‘Department | ®* 2,400 cycles per minute. Although all the tests 





of Scientific and Industrial Research, 1927. Engineering | Were carried out at a rate of 2,400 cycles per minute, 
| it seems evident that the rate at which alternations 


Research Special Reports, Nos. 1 and 2. 
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of[stress are applied is of great importance, the endur- 
ance of the steel at high temperatures being dependent 
on this rate. It has been found that at air temperature 
the rate of alternation has little, if any, effect on the 
endurance of a mild steel to reversed stresses (mean 
stress = 0). Whether it has any effect at air tempera- 
ture on the endurance of such a steel subjected to 
ranges of stress having tensile mean values, it is not 
possible to say at present. If the limiting creep stress 
for the 0-17 per cent. carbon steel at air temperature 
is less than the ultimate strength, then for high mean 
stresses the rate of alternations may have an important 
effect, although the mean stress in practice is rarely 
so high that the superior limit of the range approaches 
the ultimate strength of a material. 

It will be seen from the figures that large ranges of 
stress can be applied at all temperatures even at high 















































carried out so rapidly that. failure by creep has some- 
times not had time to ensue. The superior limit of 
stress for alternations of stress applied at 2,400 cycles 
per minute can apparently exceed the ordinary ultimate 
strength value of all temperatures. The results show this 
for air temperature and for 300 deg. C. and above, and 
the figures for 100 deg. C. and 200 deg. C. indicate that 
there is not likely to be an exception for this tempera- 
ture range. This result is probably due, at the lower 
temperatures, to the strain-hardening produced. A 
tensile test carried out on one of the fatigue specimens, 
which had withstood 22+ 7-5 tons per square inch for 
11-12 x 10° cycles at air temperature, gave a result 
of 32-5 tons per square inch as the new ultimate 
strength, estimated on the original area, as compared 
with the original strength of 28-5 tons per square 
inch. 





ABC at 400 deg. C. and 500 deg. C. (Fig. 3). This argu, 
ment assumes that if the superior limit of stress oxceeds 
the limiting creep stress, then creeping will commence 
and persist until fracture occurs. The life of tiie stee] 
under these conditions might be expected to be con. 
siderably greater than the life of the same steel when 
subjected only to a steady stress of amount ecual to 
the superior limit of fatigue stress. There is the 
possibility that the creep stress may be raised by 
the cyclical changes occurring in a fatigue test. Under. 
stressing at air temperature under conditions of re. 
versed stresses is known to raise the fatigue strength 
of a low-carbon steel, but it has yet to be shown 
whether the creep limit can be raised by any such 
means. 

On reviewing the results obtained, the following 
conclusions may be drawn :—(1) At temperatures 
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TABLE II.—Summary of Fatigue Tests Results. 





Ordinary Tensile Test Results. 





Limiting 
Estimated | | Creep 
Fatigue Limit. Timitof | yiela Ultimate | Stress. 
Tons per sq. in. tionchit 3 Stress. Stress. Tons 
ao Tons Tons per sq. in. 
per sq. in. per eq. in. | per sq. in. 
Air Temperature. 
0+12 *5) | 
*11 + 11-0 16-0 16-8 28-5 — 
22+ 7:5 


* In these cases the yield stress was exceeded, and permanent 
elongation resulted. The actual fatigue limits based on the 
reduced areas were 11:3-+ 11-3 and 26:2 + 8-9, instead of 
11-0 + 11-0 and 22-0 + 7-5 tons per square inch. 
Temperature, 100 degrees C. 

0 +12°3 { 
*10-5 + 10°5 18-2 18-5 
*21-0+ 8-0 

* The superior limit exceeded the yield stress. The actual 
fatigue limits based on the reduced areas were 10-95 + 10-95 and 
24-5 + 9-3, instead of 10-5+ 10-5 and 21-0 + 8-0 tons per 
square inch. 


30-5 - 


Temperature, 200 deg. C. 
0 +12-38 
11-5 + 11-5 
*23-0 + 11-0) 
* The yield stress was exceeded, and the actual fatigue limits 
based on the reduced areas were 12 + 12 and 24-65 + 11°75, 
instead of 11-5 + 11-5 and 23 + 11 tons per square inch. 


Temperature, 300 deg. C. 


13-5 17-1 37-6 _ 


5 8-65 —_ 34°3 26-0 


* The mean stress of 30 tons per square inch exceeded the 
limiting creep stress of 26-0 tons per square inch, and considerable 
elongation occurred in these tests, mainly during the first few 
hundred thousand cycles. 

Temperature, 400 deg. C. 
0+ 16 8) 
13 + 13-0 
24+ 6-0) 

* Test-pieces subjected to a mean stress of 24 tons per square 

inch broke with tensile (or creep) fractures. No sign of fatigue 


present. 
“as Creep test-piece at 22 tons per square inch failed in less than 
ays. 


65 | — 27-8 tl4-5 


Temperature, 500 deg. C. 
0 +11:7 
8-5+ 8:5 5-0 — 19-4 
*14-0 + 6-0 
* Test pieces subjected to a mean stress of 14 tons per square 


inch broke with tensile fractures. The machine had to be 
continually adjusted to take up the extension due to creep. 
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mean stresses, but it can safely be inferred that at the 
higher temperatures, where the creep stress is well below 
the ultimate strength, the 10’ cycles of stress have been 





failure would have 
occurred eventually 
in these cases had no range at all been applied, purely 
as a result of the mean stress applied. A failure, 
mainly by fatigue, took place at 300 deg. C. at a 
mean stress of 30 tons per square inch, but here again 
failure by creep would have occurred eventually had 
no superimposed range been applied. 

If it be assumed that a 0:17 per cent. carbon steel 
will not be subjected to any range of stress at which 
appreciable permanent set occurs, then the superior 
stress limit must not exceed the yield point, if such 
exists. At temperatures above 250 deg. C., where 
there is no definite yield point, some other criterion 
of permanent set, such as limit of proportionality or 
proof stress, must be adopted. Under these circum- 
stances the ranges of stress possible will be usually 
well within the limits of safety. Considering the tests 
at air temperature, Fig. 1, the practical fatigue limits 
must be such that the yield stress is not exceeded. 
Where the mean stress equals the yield stress the prac- 
tical fatigue limit is zero. It follows that a line 
CD (Fig. 1) can be drawn such that the tangent of 
the angle BCD = 2, and the area ABCDE so obtained 
includes all the practical fatigue limits which can be 
read off as the vertical intercepts of this area at any 
chosen mean stress. Since the fatigue limits for zero 
and small values of tensile mean stress are almost 
identical, the parts AB, DE, of the figure must be 
at nearly 45 deg. to the axis. It is possible, therefore, 
to construct an almost correct diagram of the practical 
fatigue limits of such a steel from a knowledge of the 
yield point and of the limits for reversed stresses. It 
will be seen from the figures that the practical fatigue 
limits remain almost unaltered up to at least 200 deg. C. 

Where the practical conditions are such that no 
permanent strain can be allowed to take effect, then 
the superior limit of stress must be kept below the 
elastic limit or limit of proportionality. To suit 
such cases the limit of proportionality should be 
substituted for the yield point in the above statement. 
At temperatures at which a real yield point does not 
exist, then, as stated previously, a suitable proof 
stress might be used to take the place of the yield 
stress, provided that the proof stress is not greater 
than the limiting creep stress. Unfortunately, no 
measurements of proof stresses were made when the 
ordinary tensile tests were carried out on this steel. 

Above 200 deg. C. (perhaps below this temperature), 
while the practical fatigue limits may be determined 
by yield points or proof stresses, the safe ranges under 
conditions in: which permanent set is allowable are 
apparently determined by the limiting creep stresses. 
These safe ranges are apparently included within the 


area ABCDE at 300 deg. C. (Fig. 2), and within the area | 





practical fatigue limits under different mean tensile 
stresses are dependent on the static limit of propor- 
tionality or yield point of the material for the tem- 
perature considered. (4) The practical fatigue limits 
do not alter appreciably for temperatures up to 200 deg. 
C. (5) Above a temperature of about 200 deg. C., 
(above which a true yield point is not discernible) 
the practical fatigue limits are dependent on a suitable 
proof stress, which takes the place of the yield point, 
or on the limit of proportionality. 








FrencH AERONAUTICAL EXHIBITION.—The eleventh 
French international aeronautical exhibition will be held 
at the Grand Palais, Avenue des Champs-Elysées, Paris, 
from June 29 to July 15 next. Various interesting 
aviation demonstrations will take place during the 
exhibition, at the several airports situated in the suburbs 
of Paris. Full particulars regarding the exhibition may 
be obtained from Monsieur le Commissaire General, 
Chambre Syndicale des Industries Aéronautiques, 9, Rue 
Anatole de la Forge, Paris (17e.), France. 





Tue YEAR Book OF THE BritisH WEST INpIEs, 1928.— 
There is daily less and less excuse for ignorance on the 
part of the general public, of the extent, conditions of 
life and commerce of territories included in the British 
Empire. Possibly, of all the British Colonies, the 
least well-known generally are those situated in the 
Caribbean and on the American Continent. The Year 
Book of the Bermudas, the Bah 8, British Guiana, 
British Honduras, and the British West Indies will 
assuredly help to change this state of affairs. This 
work was first published last year by the Canadian 
Gazette, 330, Gresham House, Old Broad-street, London, 
E.C.2, and 817, Castle Building, Montreal. The 1928 
edition, a copy of which we have received recently, 1s 
slightly larger than its predecessor, further particulars 
being given of the administrative, executive, finance, 
and import and export trade returns, etc., of each colony, 
together with their agricultural and other occupations. 
In addition to being a reliable guide for the traveller, 
the work will prove a valuable reference book for the 
business man, as it is the only one of its kind which com- 
pletely covers all the islands of the British Caribbean, 
the British Colonies on the American Mainland, as well 
as Cuba, Santo Domingo and the Dutch, and French 
West Indies. A very informative historical and statis- 
tical summary is included, and is followed by a section 
devoted to the subject of trade between the West Indies 
and Canada. The text of the 1925 agreement between 
the two countries is given, together with statistical 
tables of the trade between Canada and the various 
colonies, the figures of which indicate clearly the effects 
of the preference granted. Separate sections cover each 
island, and the volume, which contains some 400 page’: 
is profusely illustrated with photographs, whicl: ad 

atly to its interest. It is priced at 7s. 6d. net. or post 
OS 8s. 3d., and 2.00 dols. in Canada and the United 
States of America. 
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THE SYDNEY HARBOUR BRIDGE—II. 


FoLtow1ne on the general description of the 
Sydney Harbour Bridge and the account of the 
progress in the construction of the approaches, 
which appeared in our issue of April 20, we now pro- 
pose to give some account of the location and erec- 
tion of the main bearings for the arch span. These 
bearings, which are four in number, were constructed 
by the Darlington Forge, Limited, of Darlington, for 
Messrs. Dorman, Long and Company, Limited, 
the contractors for the bridge. The bearings 
were described and illustrated in an article in our 
issue of May 20 last year, and we must refer our 
readers to that article for details of their construc- 
tion. It may, however, here be said that each is 
built up of six steel base castings and two forged- 
steel web plates secured together by ten cast-steel 
diaphragms. To this framework, a forged steel saddle 
is bolted, which carries the main pin 144 in. in 
diameter ; on this the upper saddle rides. Each 
complete bearing weighs 296 tons. 

The bearings are bolted to the skewbacks, which 
are formed with special concrete seatings, as 
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described in our previous article. Before erection 
could be begun their exact positions had to be 
determined. To do this, three base lines were 
selected, which are indicated in the site plan given 
in Fig. 1 on this page. Base lines A and B, in the 
Vicinity of Government House Grounds, were 
measured along nearly level lengths of paths and 
lawns, Base Line C, on the workshops site at Milson’s 
Point, was also practically level. At Stations, A, B, 
C, D, E, F, K, J and L, Muntz metal plugs were set in 
concrete blocks covered with cast-iron boxes. At 
Stations G and H, at Mrs. Macquarie’s Point and 
Kirribilli, respectively, the Muntz metal plugs were 
set in solid rock. Each plug was marked with a 
centre punch and transverse line. Station G, at 

rs. Macquarie’s Point, is illustrated in Fig. 2 on 
this page. The surveyor in the figure is sighting on 
to Station H. The levels were determined by a 23-in. 
level, which could be read accurately to jj, of 
4 foot in the distance between centres of main pins 
of 1,650 it. 

The angles were read with an 8-in. Watts’ 
theodolite. This instrument weighs 120 lb., and to 
avoid errors due to settlement, three concrete 
blocks were sunk in the ground at each station 

ving a steel pin embedded in each block to support 
the weight of the instrument. The angles were read 


| level fitted with an internal diaphragm fixed to the 
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24 sets of observations to complete the circle. Each 
set, consisting of four micrometer readings, proved 
satisfactory, as the error in the summation of the 
angles of each triangle was generally less than ;'; 
of asecond. The standard length of the Invar band 
used was 99-999 ft. under a tension of 25 Ib. at 18 deg. 
C. with a coefficient of expansion of —0-0000003 
for a rise of each 1 deg. C. in temperature, the minus 
sign indicating that the tape decreased in length 
as the temperature increased. 

Three different methods of measurement were 
used and may be described briefly :— 

1. Ordinary method adopted by surveyors of 
applying standard pull by hand with a spring 
balance. 

2. Method of chaining in catenary, called the 
Rapid method of base line measurement. The band 
is suspended in the air between two trestles running 
freely over frictionless pulleys with standard weights 
attached at each end, the distance being advanced 
by shifting and measuring to index tripods set in 
line at distances approximately equal to the length 
of the tapes used. The tangent of the angle of slope 
for each bay thus measured is obtained with a special 





line of the bridge, the abutment towers were suitably 
located so that the distance from centre to centre 
of the pins of the main bearings longitudinally 
would be 1,650 ft. 

For the accurate setting of the bearings, an 
instrument tower, built of large concrete slabs 
4 ft. 6 in. square, was erected at the intersection of 
the centre line of the bridge and centre line of the 
pins of the main arch bearings. The distance was 
then measured from the main survey plug C on 
Dawes Point to the centre of the instrument tower 
erected there, and in case the tower should move, 
a reference plug was set in line in the concrete at 
the top of the front masonry apron. Before using 
the instrument tower, this distance, and also the 
line, were always carefully checked. On the Dawes 
Point side, the distance from plug C to the centre of 
the main pin of the bearing is 415-675 ft.; and on 
the Milson’s Point side, from plug D to centre of 
main pin is 202-775 ft., the total distance from 
plug C to plug D being 2,268-45 ft. 

After the concrete in the skewbacks was poured, 
an adjustable steel template was erected to enable 
the 24 44-in. diameter bolts, securing the six base 
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rear index tripod. The tape used for this method 
was 24 m. long, } in. wide, and 7, in. thick. By this 
method minor obstacles are spanned over, but its 
use is only possible when the tapes have been cali- 
brated and a set of tabular corrections made for the 
small differences due to the change of shape in the 
catenary owing to varying slopes. The method is 
illustrated in Fig. 3 on page 560. 

(3) A mechanical method. ‘Tripods and weights 
are used with fixed pulleys, the tape being strained 
over pegs equally spaced at short intervals and 
graded at a minimum height from the ground, the 
end mark in each case being transferred and read 
under a magnifying glass. Levels are then taken 
on the pegs for each 100-ft. bay and reduction to 
the horizontal made. This method has the advan- 
tage of eliminating sag and wind influence. The 
same Invar tape was used throughout, the variation 
of length due to changes of temperature being 
recorded by a thermometer hung on the straining 
tripod. This method is illustrated in Fig. 4 on 
page 560. 

Having determined the angles of the various 
triangles and accurately measured the lengths of 
the base lines A, B and C, the length of the line 
CD on the centre line of the bridge was calculated. 
Using base line— 


A, the calculated length of C D was 2,268-441 ft. 
B, ” ” ” 2,268 -453 ” 
C, ” ” ” 2,268-456 ” 


The average for the three lines was 2,268-45 ft. 


castings to the concrete, to be accurately located. 
This template was set to within } in. of its exact 
position, and the holding-down bolts were placed 
in the adjustable plates attached to the template. 
These plates were adjustable in two directions in 
the’same plane as the template ; there were slotted 
holes in the plates and also in the angles forming the 
top cross member of the template. Movement at 
right angles to the plane of the template was 
obtained by screwing up the nuts of the 44-in. 
diameter holding-down bolts. Fig. 8, on page 574, 
shows the No. 1 concrete as poured in the skew- 
backs in hexagonal sections with a stepped: face. 
This concrete made up the main mass of the skew- 
back, as described in our earlier article. Fig. 9 
shows the steel template in which the 4}-in. holding- 
down bolts were held in position before the No. 2 
special concrete was poured. This concrete was a 
1:1}:3 mixture and formed a layer between the 
main body of the skewback and the special top 
layer of reinforced concrete which formed the 
seating for the bearing. The sandbags shown in 
Fig. 9 were employed to protect the face of the 
finished granite on either side of the bearing 
seating. 

The twelve bolts securing the lower ends of the 
castings, are 9 ft. 24 in. long. These bolts will not 
be subjected to tension at any stage of the work. 
The twelve bolts holding the upper end of the 
castings are 18 ft. long, with steel washers 15 in. 
square, 3 in. thick. These bolts will be subject 
to tension during the early stages of erection of 
the main arch. When the bolts were accurately 








at 15 deg. intervals. This involved the reading of 





Having determined the length C D on the centre 





set in line and level, the No. 2 special concrete was 
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poured to hold the bolts in position during the 
subsequent stages of erection of the main bearings. 
An accuracy of 4 in. was required in setting the 
bolts, for, although the holes in the castings were 
6 in. diameter and the bolts 4} in. diameter, when 
working each segment into position of the }-in. 
clearance on either side of the bolts, } in. was 
required by the key strip on each segment which 
fitted into a corresponding groove on the adjacent 
segment. 

After the No. 2 special concrete had set, the steel 
template was removed and seven steel stools were 
erected to receive the six base castings. These 
frames are each made up of two 6-in. by 3-in. 
angles, laid parallel, and of 1 ft. 6} in. overall width, 
so as to fit between the main holding-down bolts 
of the bearing. These frames were placed at 45 deg. 
similar to the base of the castings, and were suppor- 
ted at the top and bottom by suitable structural 
frames. The lower frame was of solid construction, 
as it had to take the inclined thrust of the bearing. 
The weight of the bearing was transferred to the 
framework by }-in plates, riveted on top of the 
main angles. These frames had to be set accurately, 
as once the castings were laid on them they could 


not be shifted; so they were fixed in position from | 


the instrument tower and carefully checked for 
both line and level. The bases of the frames which 
were resting on the steps of the No. 2 special con- 
crete were moved by means of steel wedges, and 
when the position was finally fixed these bases 
were grouted with cement mortar. The steel 
stools and one of the base castings in position 
are shown in Fig. 10 on page 574. 

Lifting gear to handle the various segments of 
the bearings was specially designed by the manu- 
facturers and sent out with the bearings. The 
four screw shackles had left and right-handed 
threads, and a very nice adjustment of the angle 
of the base of the castings could be made with them, 
so that there was no jarring of the supporting frames 
when the castings were placed on them. Care was 
taken in setting the first casting to keep it in its 
correct lateral position at right angles to the centre 
line of the bridge as the five other segments butted 
against it. The upper and lower edges and the 
ends of the butting face of each casting were 
machined for a width of 3 in., as was also a strip 
12 in. wide along the centre of the face. On one 
casting, the centre portion of the strip was recessed 
4 in. deep for a width of 6 in., and on the adjacent 
casting a corresponding strip was raised 4 in., to 
fit into this recess, and so key the adjacent sections 
together. The machining was most accurately 
done, ensuring a perfect key and butt between 
adjacent castings. The castings were carefully 
worked over the holding-down bolts, and then drawn 
together by fitted bolts through the end cheeks. 
These fitted bolts of 4-in. diameter were very 
accurately machined, and were forced home by 
small jacks until a grip could be obtained by the 
nuts, when box spanners, supplied by the manu- 
facturers, were used for the final tightening, sledge 
hammers being used on the spanners to make 
sure that the machined edges of the castings were 
in close contact. Each inside casting had eight 
holes, four at each end, for these 4-in. fitted bolts, 
as well as eight clearance holes for 3-in. diameter 
bolts on the butting faces. 

With the six base castings in position on the 
stools, the forged steel web plate, weighing 32 tons, 
was next erected in position and held by a bridle 
anchored to the upper ends of the two outer base 
castings. The lower edge of this web plate was kept 
back 5} in. from the shoulder on the base castings 
by means of special spacer pins, so that the 9 in. by 
5}-in. packer bar could be inserted later. The next 
operation was to place in position the 10 cast steel 
diaphragms which serve as transverse bracing 
between the two main web plates. When these 
diaphragms, which weigh about 3 tons each, had 
been attached to the lower web plate by 4-in. 
diameter fitted bolts, the upper web plates were 
placed in position resting upon them. The lower 
saddle, weighing 20 tons, was then erected. 

The six base castings formed a rigid base support- 
ing the main webs, diaphragms and lower saddle, so 
that it was possible to support the work so far 
assembled on four 100-ton jacks placed at the 
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corners of the base. Two additional 100-ton jacks, 
| placed at the two lower corners, took the inclined 
thrust from the bearing, which at this stage weighed 
about 270 tons. The jacks at the upper corners of 
the base were placed normal to the plane of the 
base, whilst at the lower corners one of the two 
jacks was normal, and the other parallel to the plane, 
so that with one working in conjunction with the 
other, it was possible to obtain any desired resultant 
movement. These jacks were fitted with screw 
collars on the rams for locking the jacks at any 
required position of the stroke. All jacks were 
placed outside the limits of the base and were sup- 
ported on special stools, the weight and thrust of 


special cast steel lugs bolted to the faces of the 
two outer base castings. The bearing surfaces on 
the special castings to receive the rams of the jacks 








the work being transmitted to them by means of | 


were of bronze, so as to allow of any necessary | r 
adjustment at right angles to the stroke of the jack | downwards in case of accidents to the jacks. 
to be made as easy as possible. This arrangement | sling consists of two horn plates, which project into 
enabled the seven erection stools underneath the | the core holes in the base of the bedplate, and are 


bearing to be removed, and the steel reinforcing | connected by 2}-in. diameter adjustable bolts to 
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MecuanicaL METHOD OF CHAINING Base LINE A. 


bars to be placed in position. As additional 
temporary supports under the bearing, eight 12 in. 
by 12 in. hardwood struts were introduced ; these 
were removed as the concreting under the bearing 
progressed. The bearing resting on the jacks, 
the seven steel stools having been removed, is 
shown in Fig. 11 on page 574. A closer view of 
the jacks is given in Fig. 5, opposite. These 
were made by Messrs. Tangyes, Limited, of Bir- 
mingham. As already mentioned, the rams are 
screwed and fitted with screw collars, so that when 
the pressure is released, the weight is transferred 
through the screw collar to the body of the jack. 
The arrangement can be seen in Fig. 5. Power was 
supplied by two high-pressure Tangye hand pumps, 
one for each set of three jacks. The piping leading 
to the upper jack can be seen on the figure. Three 
steel slings, which are illustrated in Fig. 6, op- 


posite, were fitted to prevent the bearing -—* 
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Fie. 6. Sarety Stinas SEcurRING BEARINGS DURING ERECTION. 








about 15 hours, each batch of concrete being 
mixed for 3 min. The concrete was placed as dry 
as possible, and required considerable working to 
pack it thoroughly. Six packers were at work . 
continuously, with short intervals for meals and 
rest. Whilst the bearing was on the jacks and the 
concrete setting, the main pin, after being thoroughly 
cleaned and covered with flaked graphite and oil, 
was hoisted into position, the upper saddle placed 
thereon, and the two collar ties forming the end 
washers bolted on to each end of the pin, thus 
completing the assembling. Marks were then made 
on both ends of the pin by careful work from the 
instrument tower and the jacks removed ; observa- 
| tions were again made, but no movement in the 
| bearings could be detected. The two _ bearings 
at Dawes Point, after the completion of the 
erection and concreting, are shown in Fig. 7, 
annexed. 





























al | Three of the main bearings were erected by an 
a |overhead gantry; the fourth, the eastern main 
se bearing at Milson’s Point, was erected by the 25-ton 
g | electric crane, which was mentioned in our former 
8, | article, as the lifting of the web plates took place 
is within a safe radius for the jib reach of this crane, 
of thus enabling the bearing to be assembled without 
se the erection of the temporary frame and gantry 
r- crane employed to erect. the other three bearings. 
re Other than this, the method of erection of the four 
on bearings was identical. In concluding this article, 
od a we must again thank Dr. Bradfield for the informa- 
k. Fie. 7. CompteTep Bearines at Dawes Pornr. tion and illustrations put at our disposal, on which 
as ; it is based. 
08, fin. by 3-in. by 4-in. horizontal angle tension; make any small adjustments transversely, screws 
ng members. were provided near the lower jacks. The instru-| Roap-Maxinc MacuINeRY IN SouTH AFRIca.—His 
ee A chec k on the position of the main bearing was| ment towers erected on the centre line of the bridge | Majesty’s Senior Trade eg nie 2 Africa 
p- arr 8 di - of the same diameter as the main pin between each pair of main bearings enabled a tig eff Brn Bo rapped nerd — 
ng th n.—w ich were placed in the pin recess of | theodolite to be set up with its line of collimation allocate a surn of about 40,000/. for the purchase of road- 
ch e lower saddle, any adjustments necessary being | coinciding with the true axis of the main pin. making machinery and appliances. Firms in a position 
to made with the jacks. The whole bearing could be After the position of the bearing had been checked, to offer British-made plant, &c., can obtain further 
re raised or lowered or moved parallel with the centre | the No. 1 special concrete was poured under the base en cr ee ee 
line of the s i fe . 2 E 2 » seas Trade, 35, Old Queen-street, London, S.W.1, 
to of the bridge by means of the jacks, and tol of the casting in one continuous operation lasting | when reference number A.X. 6224 should be quoted. 
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WASTE HEAT IN PORTLAND 
CEMENT MANUFACTURE. 

By Henry Pootty, Jun., B.Sc., Assoc.M.Inst.C.E. 

(Concluded from page 498.) 


4. ANOTHER method by which better use can be 
made of the heat in a wet-process rotary kiln 
is that of reducing the percentage of water in the 
slurry before it enters the kiln, by means of filtra- 
tion. This system has been developed in America, 
and was first installed in 1925 at the cement plant 
of the Ford Motor Company, which manufactures 
cement from its own blast-furnace slag and lime- 
stone. The wet process is used, and this company 
was, it is understood, the first to manufacture cement 
from blast-furnace slag on this process. The filters 
used to de-water the slurry are of the continuous 
type familiar to the mining industry. 

At the Ford plant there are two kilns, both 150 ft. 
long and 10 ft. in diameter, and the filter was first 
operated in connection with No. 2 kiln, while No. 1 
was still working with unfiltered slurry. The 
comparative figures given below were taken over a 
period of one month, after the filter had been in 
use for several months. Care was taken that both 
the kilns were operated in a similar manner through- 
out the test, except that No. 2 was fed with filtered 
slurry. During the period of the test, the water 
content of the slurry from the mills was between 
33 per cent. and 35 per cent., and this was fed direct 
to No. 1 kiln. For No. 2 kiln, the slurry, after 
passing through the filter, had a water content of 
between 16 per cent. and 19 percent. The coal used 
during the tests had a calorific value of 14,000 
B.Th.U. per Ib. 

No. 1 kiln produced clinker at the rate of about 
1,210 long tons per week, while the production from 
No. 2 kiln increased to the average figure of about 
1,275 tons per week. The coal consumption in 
No.,1 kiln averaged about 29-6 per cent., while 
that in No. 2 averaged about 22-3 per cent. The 
temperature of the flue gases increased to 1,200 deg. 
F. when the slurry was de-watered. 

Both kilns are coupled to waste-heat boilers, and 
the production of steam per long ton of clinker pro- 
duced in No. 1 kiln was about 2,140 lb., and in No. 2, 
2,300 lb., an increase of just over 7 per cent. Even 
the steam produced in the waste-heat boiler attached 
to No. 1 kiln is more than sufficient to run the 
machinery necessary for the production of raw 
material for the kiln and for the grinding of the 
clinker produced by it, since the power required in 
a works of this kind will not exceed 115 kw.-hours 
per ton of cement. 

These figures are exceedingly interesting to the 
cement manufacturer. It will be noted that, before 
the introduction of the filter, the coal consumption 
in No. 1 kiln was 29-6 per cent., when all the steam 
necessary to run the machinery was being raised. 
In the second system, dealt with on page 497 
ante, it was shown that, when using normal raw 
materials and coal of 12,600 B.Th.U. per Ib., a 
coal consumption of 35 per cent. was required 
to produce the necessary steam. The figure of 
29-6 per cent. becomes higher when corrected in 
terms of standard coal of 12,600 B.Th.U. per lb., 
and becomes about 32-9 per cent. The difference 
between these figures for coal consumption is 
accounted for by the fact that the raw materials 
in case two are limestone and clay, while at the 
Ford factory they are limestone and blast-furnace 
slag used in the proportion of about 60 per cent. of 
cent. of stone to 40 per cent. of slag. The slag has 
already been calcined and contains about 45 per 
cent. of CaO before introduction into the cement 
works. This is als« the reason that a much greater 
output is obtained trom this size of kiln. 

There are severa. works in America using this 
system applied to cement manufacture from blast- 
furnace slag, and there are one or two works just 
commencing to use the system in which the raw 
materials are limestone and clay and also marl 
and clay, but reliable figures on coal consumption, 
when using the normal raw materials, are not avail- 
able. From the above considerations, however, 


it would be expected that, under the best conditions, 
a coal-consumption would be obtained of about 27 per 
cent. when using standard coal and de-watered 
slurry made from, say, limestone and clay, as against 
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24-8 per cent. with de-watered slag-limestone slurry, 
which is the consumption mentioned previously 
in this connection reduced to a value for standard 
coal, provided the limestone-clay slurry was capable 
of filtration to 16 per cent. to 19 per cent. 

It would not be safe to count upon this figure 
without reliable confirmation from actual running. 
It is not known, for example, to what extent the 
limestone-clay slurry is capable of filtration without 
a test for each particular case, but, if it is assumed 
that the slurry is capable of filtration from the 
average figure of 38 per cent. down to, say, 20 per 
cent., by no means an unreasonable assumption, 
although there is a chance that one particular set 
of raw materials will not filter to so low a percentage 
of water, then we can safely say that the consump- 
tion of standard coal of 12,600 B.Th.U. per Ib. will 
not exceed 29 per cent.-to 30 per cent. At this figure, 
it will also be able to generate all the power required 
from the heat which the flue gases will contain. 
Thus :— 


Per cent, 

Coal for burning the raw material into 

clinker in the wet kiln with slurry 
filtered to 20 per cent. moisture, at 
the same time giving sufficient waste 
heat in the flue gases to furnish all 
power ... ose coe eee 29 to 30 

5. Brief mention should be made of still another 
method by which heat economy may be effected 
on the wet process. In this, the slurry is fed to 
a rather long kiln, no spraying arrangement being 
used. The slurry enters the kiln with a normal 
percentage of water, say about 38 per cent. The 
kiln is provided with special drying arrangements 
in the upper end, for drying the slurry, consist- 
ing of either specially designed lifters or chains, 
or an enlarged slurry-drying zone, or both. By 
increasing the efficiency of the drying zone in this 
way, the heat contained in the gases travelling 
along the kiln is more effectively used, and the tem- 
perature of the gases escaping from the kiln is no 
higher than when the slurry spray is used. 

At least one such kiln is in successful operation 
on the Continent. Its length is about 230 ft. and 
the diameter is about 6 ft. 104 in., with an enlarged 
firing zone about 7 ft. 9} in. in diameter. In 
addition, the kiln has an enlarged drying zone of 
the same diameter as the firing zone. The slurry 
fed to the kiln contains 37 per cent. of moisture 
and the output obtained is about 1,300 tons per 
week, The coal used for firing the kiln is stated 
to be equivalent to British standard coal of 12,600 
B.Th.U. per lb., and the coal consumption is 22 per 
cent. 

Several of these kilns, or kilns of similar design, 
have been recently ordered in this country, but 
are not yet in operation. Naturally, with such a 
low flue temperature and proper utilisation of the 
heat in the kiln, waste-heat boilers are useless, and 
the power to run the works must be separately 
generated. Judging from the results obtained with 
this test kiln, an overall coal consumption may be 
assumed as follows :— 

Per cent. 

Coal for burning the raw materials into 

clinker in a wet kiln having special 
arrangements, and using 38 per cent. 
slurry ... ae see ion aes 22-5 
Coal for the power necessary to run the 
whole works, using up-to-date plant, 
say, 14 


Total amount of coal required, estimated 
as a percentage of the cement pro- 
duced ... Ue oa ate sei 36-5 

The question of coal consumption and economy in 

the kiln being of the utmost importance to the cement 
manufacturer, experiments are constantly being 
carried out. These are chiefly on the lines referred 
to, but there are one or two other systems which 
may be used in the future, although at present they 
are entirely experimental. In general, however, 
it is true to say that development in wet-process 
cement manufacture is following one or other of the 
lines indicated in the examples we have considered. 
It is quite possible that, in the future, one or other 
of these systems, or one like them, may become of 
outstanding importance, but in the meantime it is 
interesting to consider the advantages and dis- 
advantages which appear at the present moment. 

In the first case, it was shown that the coal con- 





sumption was 42 per cent. when using what may be 
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termed the average wet process. This nsump- 
tion is higher than in any of the other cases, but 
the arrangement has the advantage of extreme 
simplicity. It has been installed over and over 
again and gives entire satisfaction from the point 
of view of easy and continuous running, There 
are no complications in the slurry feed or else. 
where, that might cause trouble. The burning of 
clinker and the production of power are controlled 
separately, which, it will be seen, is a desirable 
practice when the second case is considered. On 
the other hand, with a flue temperature of 800 deg. F, 
a quantity of heat is going to waste and a high 
coal consumption results. If the cement works is 
situated in a place where coal is very cheap, and if 
the slurry can be mixed and pumped with a low 
percentage of water, this disadvantage may not be 
so marked in actual practice as would appear on 
paper. After all, the assurance of continuity and 
freedom from complications, especially in an industry 
where absolute uniformity of product is essential 
for success, are both items not lightly to be dis- 
missed. 

The second case deals with a wet-process kiln, 
taking slurry containing 38 per cent. of water, and 
working in conjunction with a waste-heat boiler. 
The coal consumption becomes 35 per cent., which 
is an improvement upon the previous method. 
There are many such installations now working 
successfully, especially in the United States, but 
there would seem to be an important drawback 
in connection with the system. The kiln is working 
to its utmost capacity, and coal additional to that 
required to burn the clinker, is injected, the object 
being to maintain just sufficient heat in the gases 
escaping from the upper end of the kiln to produce 
all the power necessary to drive the works through 
the medium of waste-heat boilers. If too much 
coal is injected, there is over production of steam 
and consequent waste, while too little coal means 
insufficient steam and the possible shutting down 
of essential machinery. The system brings the 
production of power into too close touch with 
the burning of clinker, and difficulties are likely to 
result. Power production may interfere with the 
proper burning of the clinker, or vice versa, and two 
such distinct operations should be under separate 
control. After all, the object of the rotary kiln is 
to manufacture high-grade cement clinker, and not 
to produce steam. 

There is a further disadvantage in this system, in 
that auxiliary boilers must be installed. It may be 
necessary to overhaul the waste-heat boiler and keep 
the kiln running at the same time. The hot gases 
from the kiln must be short-circuited to a stand-by 
stack while the boiler repairs are effected, and the 
power necessary for the machinery must be gene- 
rated through separate direct-fired boilers. This 
will also be necessary in the event of a stoppage of 
the kiln itself. To a large extent this disadvantage 
disappears when there are three, four, or more kilns 
all operating in connection with waste-heat boilers. 
The hot gases may be led into a common flue, and 
thence to a boiler other than that which is under 
repair. 

The waste-heat boiler plant adds to the cost, and 
auxiliary boilers have also to be installed. Great 
care is needed with the installation of the waste- 
heat boilers. Much of the brickwork of the flues 
must be insulated, while the infiltration of cold air 
into the system must be studiously avoided. The 
question of the flue dust which is carried over with 
the kiln gases has been successfully answered, 
and with properly designed boilers, flues, dust 
extractors, and the like, no trouble need now be 
anticipated from this source. This system has 4 
decided advantage over the first in respect of coal 
consumption, and the disadvantages mentioned 
may not be sufficient to counterbalance this Im- 
portant consideration. In the author’s opinion, 
however, the principle of steam production by 
means of the waste heat contained in the kiln flue 
gases, when it has been necessary to increase the 
temperature artificially, is unjustified. __ : 

The method by which atomised slurry 's used in 
the kiln, dealt with in the third case, is a distinct 
advance towards the better utilisation of heat 12 _ 
kiln itself, and although the coal consumption 0 
37 per cent. may be higher than that obtained 
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when using a waste-heat boiler, the principle is 
more sound, cement making and power production 
being distinct. 

Possibly the atomiser system would show to 
greater relative advantage where the percentage of 
water in the slurry is higher, but it seems that 
this relative advantage will diminish as the per- 
centage of water in the slurry to be atomised 
decreases. There is, however, no doubt that the 
introduction of the atomiser was a great step 
towards a better utilisation of the heat in a wet- 
process kiln. As far as coal consumption is con- 
cerned, at least, it has a decided advantage over 
the direct method dealt with in the first case. 

The waste-heat system, in the second case, has 
a slight advantage in coal consumption, as indeed 
have cases Nos: 4 and 5. In case No. 5, if results 
such as are indicated therein can be maintained in 
practice, the advantage would seem to lie with the 
jong kiln fitted with special slurry drying arrange- 
ments, especially as there are no complications in 
the method of feeding the slurry to the kiln. Finally, 
in common with cases 1 and 5, the atomiser system 
has a great advantage in that the manufacture of 
clinker and the production of power are under 
separate control. 

When comparing the results obtained with filtered 
slurry, the assumption is made that an average 
38 per cent. slurry can be dewatered to 20 per cent. 
moisture, which was taken as a reasonable figure. 
This, however, does not apply to all raw materials, 
and it is possible that a 38 per cent. slurry made 
from another set of materials might yield a mini- 
mum of, say, 25 per cent. of water after filtration 
and so forth. In this case, the fuel consumption 
would be higher than the 29 per cent. to 30 per 
cent. indicated in case 4; each individual set of 
raw materials must be considered separately and the 
boiler and kiln will need to be specially designed 
for each case. It must, however, be emphasised 
that it can be assumed that many slurries can be 
filtered to 20 per cent. moisture or less, and when 
this is the case, the remarkable advantage in the 
matter of coal consumption that the filter system 
has above all the others, is immediately obvious. 

The disadvantage enlarged upon in case 2, 
namely, the unification of the clinker burning and 
power production, still holds, to a certain extent, 
in this case, but it is greatly reduced owing to the 
fact that all the necessary steam for the production 
of the power necessary to run the works can be 
obtained from waste-heat boilers, without injecting 
more coal into the kiln than is needed to burn the 
clinkers in the short kiln used. The chances of 
trouble are therefore reduced to a minimum, but 
there still remains the necessity, for the same 
reasons as in case 2, for auxiliary boilers, and a 
generally expensive boiler plant. 

Furthermore, when slurry is dewatered to 20 per 
cent. moisture or less, it may become a somewhat 
refractory material to handle and be a possible 
source of trouble, although the possibility is mini- 
mised by locating the filter directly above the 
feed end of the kiln. So far, the users of this system 
state that they have not experienced excessive 
trouble from the formation of rings or from a 
tendency for the material to ball up when it enters 
the kiln. 

If the system proves satisfactory when using 
normal cement-making materials, and shows results 
corresponding to those obtained in practice with 
blast-furnace slag and limestone, the difference in 
coal consumption is so marked that, even if some 
slight difficulties have to be overcome in the above- 
mentioned respects, it should be adopted by cement 
manufacturers toa considerable extent and should 
prove exceedingly economical, in spite of the high 
a cost of the boiler plant and the cost of the 

rT. 

The results obtained by the special kiln using 
normal slurry, indicated in case 5, are excellent 
because they combine the advantage of low fuel 
consumption with a simple slurry feeding arrange- 
ment. ‘!his system has all the advantages of the 
simple ctraightforward kiln described in the first 
Peg with a much better coal consumption. 
; thst allows the power production and clinker 
ti ing to be kept apart. Even in coal consump- 
ion it has the advantage of case 3, and is certainly 


preferable to case 2 on account of the separate 
control of the power production. 

If these results are substantiated when similar 
kilns have been running under everyday conditions, 
and there appears to be no reason why this should 
not be so, the system will certainly have advantages 
over other methods, although the balance may lie 
with the filter system of case 4, on account of the 
exceptionally low coal consumption expected, in 
spite of the additional complications to the plant 
and the waste-heat boilers. 

It is only possible briefly to mention the matter 
of heat recovery from the hot clinker when it leaves 
the burning zone of the kiln. The temperature 
reached in the burning zone is in the neighbourhood 
of 2,600 deg. F., and unless precautions be taken, 
a considerable amount of useful heat will be carried 
away by the hot clinker. The best method of 
conserving this heat seems to be the re-introduction 
into the kiln, for combustion purposes, of air which 
has been used to extract the heat from the clinker, 
by passing the air over the clinker as it falls through 
the cooler. 

This function is probably best performed when the 
cooler is actually attached to the kiln as a prolonga- 
tion of it, a system which has been in use for many 
years and has been recently improved. Some 
makers install a very long cooler, separate from the 
kiln, and cool the clinker to below blood heat. The 
specific heat of clinker is appreciably less at such 
low temperatures, and it is hardly worth while trying 
to extract heat from clinker after it has reached 
about 212 deg. F. If, therefore, the clinker is 
cooled to such a temperature and the air which 
has extracted the heat is re-introduced into the kiln 
without undue loss of heat, all that is worth 
doing in this direction will have been done. 

A heat loss which is irrecoverable must be 
mentioned before concluding this article, namely, 
that due to radiation from the kiln and cooler 
shells. This loss may be from 7 per cent. to 14 per 
cent., or more, when the kiln is under cover and 
protected from the elements, and when no insulating 
material has been provided between the firebrick 
lining of the kiln and its shell. When the kiln, 
or a part of it, is exposed to the weather this loss 
will be still greater. The radiation loss may be 
appreciably decreased by insulation. Until very 
recently, it had not been found practicable to 
insulate a kiln in the hottest part, namely, the 
firing zone, but this can now be done, and a marked 
saving in radiation loss can be effected. It is 
likely that the radiation loss from an uninsulated 
kiln, amounting to, say, 7 per cent. of the fuel 
burnt in it, will be reduced by insulation to about 
4 per cent., or even less. It will be found that the 
resulting economies in coal consumption are well 
worth the additional expense of the insulating 
material. 
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British Engineering Wages. By Rosert §8. Spicer, 
London: Edward Arnold & Co. [Price 10s. 6d. net.] 


Disputes about wages have been the chief source 
of contention in industry as far back as industrial 
history goes, and the need for ending them is 
recognised generally. The chief impediment is 
absence of knowledge. Primarily, wages appear 
as payments made to workmen out of the profits of 
employers, and for the most part the amount of these 
payments has been assumed to come out of the 
resources of the employers, and has been adjusted 
by bargain as though only these two classes were 
concerned. It is indeed known that the amount 
an industry can afford to pay in wages is limited by 
the price it can get for its products, but when the 
bargaining stage is reached, the matter is discussed 
as though any increase in rates was a concession 
by the employers, and any decrease a concession 
made to them. That it should be customary to 
debate so important a matter as though it could be 
decided prudently by the arbitrary views of the 
parties, is possible, only, because they do not know 
the facts on which a rational decision must be based. 
There is no lack of publications on the subject of 
wages, but considerable difficulty in understanding 
what they mean. The purpose of the present 








work is to help the reader to a better understanding 


of the facts and problems of wages in the engine- 
ering industry. It is intended equally for those 
who are engaged in the trade and those who have 
merely a general interest in the subject, out of whom, 
nevertheless, an influential public opinion may be 
formed. Either class will find it an unusually good 
guide to the true perspective of its difficult subject. 
The work is divided into three parts, the first 
two of which deal impartially and in detail with the 
facts and the problems arising out of wages, while 
the third sets out certain remedies which the 
author recommends. In the first part the facts are 
treated from three main aspects. In the first of 
these attention is directed to the wide difference 
between the wage rates of different classes of 
workers and their actual earnings. The allowances 
through payments by results, overtime and other 
considerations make a great deal of difference 
between the nominal rates of engineers and their 
actual earnings. In March, 1927, for example, 
such allowances increased the average wage-rates 
of skilled pattern makers, moulders, turners, and 
fitters by a shade over 20 per cent. and of unskilled 
by a little under that rate, while to the weekly 
earnings of all other grades, consisting mainly of 
semi-skilled, they added nearly a third, thus bringing 
them to about 65s. 6d., or about 85 per cent. more 
than the weekly earnings of 1914 and over double 
the hourly earnings. The second aspect deals with 
fluctuations of wages, which are traced in detail 
from 1850, and compares them with the fluctuations 
in the cost of living, which for some time past 
have been too small to be a satisfactory basis for 
regulating wages. In the course of this survey 
attention is drawn to the extraordinary change in 
the position of the unskilled as compared with that 
of the skilled worker, arising partly from the fact 
that during the war flat increases were given to all 
grades of workers irrespective of skill, and partly 
from the increased use of machinery requiring little 
or no skill, whereby a man could do work which was 
rated as skilled without needing much or any skill. 
This comparison of different classes of worker 
within the engineering trade leads to an account of 
the relations of the wages of engineers to those of 
work-people in other occupations in this country and 
of engineers in other countries. The facts given in 
this chapter throw into vivid relief the disadvantages 
under which the engineering trades in this country 
are working. They have to pay higher rates, 
relatively to their own wages, for the materials and 
services produced in sheltered occupations, and to 
compete against the lower cost of engineering pro- 
ducts in foreign countries, arising in the United States 
from the greater mechanical assistance and freedom 
from restrictions on output, and on the Continent 
also from the fewer restrictions on output and the 
lower wages. Instances are given, for example, of 
the tax levied on the community by some of the 
sheltered occupations, which ultimately have to be 
paid for by the unsheltered workers. The 8/. per 
week of 38} hours paid, for instance, to the com- 
positors of morning papers for doing work which for 
probably the majority of men is sensibly less 
exacting than that of a typist may perhaps 
represent the high-water mark of the subvention 
at present paid to sheltered workers. at the ex- 
pense of the community through the mere use of 
what the author calls blind bargaining power. 
Reasons are given for concluding that, in addition to 
other revisions, the vicious circle by which the 
cost of British engineering products is maintained 
must be broken by reducing the extravagant wages 
paid in sheltered occupations. 
In the discussion of the problems of wages in 
British engineering, the author enters into a careful 
analysis of their nature and causes, summarising 
them as relating respectively to problems of dis- 
tributing, increasing, and regulating wages and of 
correcting the anomalies arising from sheltered 
industries. A particularly interesting part of this 
section is devoted to clearing up, on the basis sug- 
gested originally by Miss Eleanor Rathbone, the 
paradox that wages which apparently leave a 
satisfactory margin when compared with the cost 
of living may sometimes work out at much less 
than is necessary to provide an acceptable standard 
of life, and sometimes at considerably more. This 





explanation is a good instance of the danger that 
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comes from applying average figures to individual 
cases. On the figures of March, 1927, for example, 
the cost of living for a family of five was 58s. 23d., 
while the average earnings of engineers were 
64s. Id. per week, thus providing the average 
family with a reasonable standard of life. The 
trouble arises because the individuals differ from 
the average both in the size of their families 
and the amount of their earnings. About 10 per 
cent. of the workers are married and have more 
than three dependent children, while over a fourth 
are bachelors; and while four-fifths of the work- 
men earn weekly from ls. to 6s. more than the 
average, the remainder, paid on the unskilled rate, 
earn about 16s. a week less than the average. 
When the deviations in respect both of size of 
family and of earnings are put together, they give 
extremely wide variations in the extent to which 
the earnings satisfy the wants of the worker, 
ranging from very large superfluity, which often 
leads to the depression of output, to marked 
penury. 

When the author comes to describe the remedies 
he recommends, he may carry his readers with him 
less consistently than while he is laying down 
and sifting matters not of opinion but of fact. In 
any event he regards it as necessary that the wages 
bill, whatever it may be, should be distributed 
more accurately in proportion both to the social 
responsibilities of the workpeople and the economic 
value of their occupations. On this ground, for 
example, he insists strongly on the need for family 
allowances, his chain of reasoning being substan- 
tially that to pay average wages which would be 
sufficient for workpeople with the greatest responsi- 
bilities would be economically impossible, that the 
large superfluity earned by the more fortunate 
classes tends to depress output and therefore reduce 
the aggregate resources of the community, and that 
of the 27 per cent. of unmarried men without 
children the majority will at some time become 
married men and thus benefit by family allowances. 
For increasing the amount of wages earned, he 
lays most stress on the removal of restrictive trade- 
union regulations, notably those relating to demarc- 
ation, and generally any that prevent a man from 
doing the best he can with his powers in any way 
for which opportunity arises. He gives particulars 
also of various ways in which the relative values 
of different occupations may be assessed, and 
describes the alternative forms of payment by 
results. The author discusses some ways in which 
any of these bases of payments may be varied to 
respond to assumed changes in the state of the 
industry. This section is not always as convincing 
as the earlier part of the work, dealing as it does 
with opinions much more than they do, but it is 
no less interesting and suggestive. 


Fundamentals of Electrical Design. By A. D. Moore, 
Assistant Professor of Electrical Engineering, Uni- 
versity of Michigan. London ; McGraw-Hill 
Publishing Company, Ltd. [Price 20s. net.] 

IN common with many other textbooks on various 
engineering subjects published in the United States, 
Professor A. D. Moore’s book on Fundamentals of 
Electrical Desigr. is based on a course of lectures at 
a university. We must be grateful to the author 
for making the material available in book form, 
as it will be of great benefit to students everywhere 
who wish to acquire a grounding in the fundamental 
principles underlying the design of electrical machi- 
nery. These all electrical engineers should know, 
though they need not trouble about the detailed 
procedures which are used by designers. It is clear 
that the author has « thorough practical knowledge 
and experience in design work, as all the funda- 
mental items with which a designer has to work 
are included in the book and presented in so precise 
and understandable a form that it is made as easy 
as possible for the student to acquire in the 
minimum of time just the particular knowledge of 
the subject which is required by a future electrical 
engineer. 

It is characteristic for the author that he starts 
the introduction of his book with the remark that 
it will not teach anyone how to design electrical 
machines. His experience has told him that it is 
impossible to learn designing from a book or at 














college. He gives his readers instead a general 
outline of all the units, principles, and materials 
with which a designer has to work. 

The introductory chapters of the book deal with 
the electro-magnetic system, fields and _field- 
mapping, magnetic materials, conductors, and coils. 
Then follows a comparatively large part of the book 
deservedly devoted to heat flow, heat radiation and 
dissipation generally, and the thermal calculation 
methods used in design work in particular. The 
second half of the book brings out the various points 
which come under consideration when actually 
designing a direct-current machine, such as the 
different forms of armature windings, equaliser con- 
nections, the magnetic circuits, armature reaction, 
commutation, losses and efficiency, concluding with 
a design example of a direct-current motor. Par- 
ticularly the ever-present problem of commutation 
is treated with the thoroughness it deserves without 
introducing, as has been done by others, a host of 
unnecessary mathematical calculations, which are 
quite out of place in connection with such a complex 
phenomenon, where at best only quite approximate 
quantitative calculations are possible, due to the 
ever-changing influence of commutator and brush 
surface and brush vibrations. 

The idea of the author in teaching his pupils, 
is to begin with the fundamental reasons why 
machines are designed with the methods now 
generally adopted, before they learn the actual 
routine procedure. This has the great advantage 
that it will allow them later in actual practical 
work to check their calculations at the various 
stages of a design by means of certain landmarks 
which are common to any particular class of 
electrical machinery. 





Trade Unions and the Law. By Artuur HENDERSON, 
B.A., LL.B. (Cantab.), Barrister-at-Law. London : 
Ernest Benn, Limited. [Price 8s. 6d. net.] 

‘‘ WHATEVER our view may be of the law, there is 

an enormous advantage in knowing what the law 

is. The law may not be justice, and we just 
now have no great respect for it. We may be 
eager to revise it, but so long as it is the law 
we should understand the relation between the 
law and ourselves. Knowledge is power, and 
ignorance of the law is a limitation so serious as 
to afford no excuse for unpleasant consequences 
to those whose duty it is to understand it.” 

Thus does the Right Hon. J. R. Clynes, M.P. com- 

mence a “‘ Foreword ” to this little volume which 

is the work of a son of one of his colleagues in the 

Labour Party. Unlike Mr. Clynes, we may think 

that law ts justice: we may have a great respect 

for it; but we can all agree that some knowledge 
of the law is eminently desirable. 

But he who essays to write any legal textbook 
in such guise that it will be understood “of the 
people,” sets himself no easy task, and the subject 
chosen by Mr. Henderson is fraught with excep- 
tional difficulties. The law is to be found for the 
most part in statutes the interpretation of which 
has given rise to long and complicated litiga- 
tion and if they have been perplexing to the 
judges who, amongst laymen, is to understand 
them ? 

Mr. Henderson, however, has made an attempt 
at exposition upon which he may be heartily con- 
gratulated. Having outlined the early history of 
the trades union, he explains its status and powers 
as a legal entity. He then provides us with a 
chapter on procedure, both civil and criminal, in 
cases which concern the union and its members. 
The legal responsibilities of these bodies, the right 
to strike, and political action, are also dealt with. 
Nor does he confine himself merely to the trades 
union and its members. He treats of friendly 
societies, National health insurance, unemployment 
insurance, conciliation and arbitration, and work- 
men’s compensation. In an appendix he prints 
the text of such of the statutes as are germane to 
his subject, and various useful forms. 

While much that Mr. Henderson writes of trades 
union law in general is of considerable interest, one 
naturally looks to see what he has to say about the 
Trades Disputes Act, 1927. Those who read the 
chapter which deals with “the right to strike ” 
will discover that notwithstanding the furious 








opposition roused by the Trades Disputes Ac‘ in its 
passage through Parliament, the effeet of that mea- 
sure on the right to strike is almost negligible. Any 
strike in a particular industry is still perfectly lawful, 
It is only a strike having any object other than, 
or in addition to, the furtherance of a trade dispute 
within the trade or industry in which the strikers 
are engaged that is to be unlawful, and then only 
if it is designed or calculated to corner the Govern- 
ment either directly or by inflicting hardships upon 
the community. 

Mr. Henderson cites no reported decision upon 
the meaning of the phrases “coerce the Govern- 
ment” or “hardship upon the community ”— 
and this for the all-sufficient reason that there 
is none to cite. Indeed, we believe that since 
the Act came into force it has only been once dis- 
cussed or referred to in a court of justice. He 
summarises the law with great acumen when he 
points out (p. 82) that “it will still be lawful for 
the miners to strike in respect of disputes with the 
coal owners over wages, hours, or other conditions 
of employment in the coal industry, however much 
hardship may be inflicted on the community.” In 
other words, the great coal strike or lock out which 
wrecked the country’s trade in 1926 would, appa- 
rently, have been perfectly lawful even if the Ac 
of 1927 had then been in force. 





Stream Gaging. By Witi~1amM ANDREW LIDDELL, 3.B. 
London, McGraw-Hill Publishing Company. [Price 
15s. net.] 

STREAM gauging comprises determination, by 
exact methods, of the rate of flow of a watercourse, 
and estimation, by less reliable and frequently 
rough methods, of the area of cross section in 
question at some station or stations. Both the 
area and the rate of flow may vary considerably 
with the season and weather, and long-continued 
observations are needed to arrive at average, low, 
and high values. The sound judgment which the 
selection of the stations and the interpretation of 
the observational data demand cannot be acquired 
by study. 

Mr. Liddell is instructor in civil and sanitary 
engineering at the Massachusetts Institute of Tech- 
nology. He does not lay claim to special experi- 
ence in the field, and he seems to rely upon general 
study and particularly upon the publications of 
the Water Resources Branch of the United States 
Jeological Survey which has been collecting data 
since 1888 and is publishing records of daily data 
obtained at 1,600 stations. The account, which 
he gives in the 238 pages of his volume, of the 
theory of stream gauging and its application 
and of the methods of analysing stream-flow 
data, will be found useful, apart from some striking 
limitations. 

The subject is dealt with in fourteen chapters. 
From general considerations of flow problems and 
the distribution of velocities in open channels 
explaining the theoretical and experimental deter- 
mination of the position of mean velocity and of 
reduction coefficients, the author passes to gauging 
stations and their gauges and _ recorders before 
discussing channel area, floats and float measure- 
ments. Of the four chapters devoted to current 
meters, the first descriptive chapter is the shortest, 
the rating of the meters, their characteristics and the 
measurement receiving more attention. Slope and 
weir ineasurements are dealt with, but not so fully. 
There is a special chapter on the effects, upon stream 
flow, of ice which covers the rivers of the Northern 
States for four or five months of the year. Mr. 
Liddell shares the preference of the Geological 
Survey of his country for the Price current meter, 
which the Survey is using exclusively, but he does 
not fail to point to the acknowledged limitations of 
that instrument. As regards current meters and 
some other instruments, he gives the name of the 
manufacturer or of his American agent without 
further references. Literature references are not too 
abundant on the whole, and they are unfortunately 
often to numbers of reports without dates; the 
reference to Mr. Wade’s work in Egypt, 1922. is 4 
noteworthy exception. The reappearance of prob- 
lems—simply statements of problems, without 
answers or hints for their solution—in some recent 
publications is a retrograde step. 
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EXTENSION OF THE ROYAL EDWARD 
DOCK AT AVONMOUTH. 


TuE history of the Port of Bristol is a long and 
interesting one, and, if written in detail, . would 
show that the early navigators and merchants of 
Bristol have played a very important part 
both in geographical discovery and in the develop- 
ment of our sea-borne trade. It was from this 

rt that John Cabot and his son Sebastian 
set sail in 1497, landing on the hitherto undiscovered 
continent of America, and claiming it for King 


equipment sufficiently complete and efficient to meet 
all modern requirements. 

The City of Bristol is, of course, located on the 
northern bank of the River Avon, some seven miles 
from the point where this river flows into the mouth 
of the Severn, which at this point is some 5 miles 
wide. The City Docks of the Port of Bristol are 
situated in the centre of the city, and have a total 
area of 83 acres, with some 15,000 ft. of quayage. 
The principal entrance lock is 350 ft. long and 
62 ft. wide, and has 33 ft. of water over the sill at 
H.W.O.S.T., or 10 ft. less at high water of neap 
























































at Avonmouth, and at Portishead. The latter dock 
is 12 acres in area, and is entered through a lock 
472 ft. in length and 66 ft. wide. The depth of 
water over the sill at the entrance is 34 ft. at 
H.W.O.S.T. The quayage at Portishead amounts 
to 2,830 ft., and there is a floor granary with a 
capacity of 12,000 tons and three sheds, capable 
of accommodating 12,000 tons of grain between 
them. Timber forms the most important item of 
the trade at Portishead, and excellent accommoda- 
tion, both covered and uncovered, is provided for 
its storage. In addition, a large quantity of petrol 
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Henry VII. At this time, and for several centuries | 
afterwards, Bristol maintained its position as second | 
only to London in importance as a seaport. es 
was owing to the industrial revolution of the 
Seventeenth Century, which transferred a large | 
proportion of the population to the Northern | 
Counties, and altered the balance of trade to a| 
great extent, that the relative position of the | 
port declined. At present Bristol ranks eighth in 
order among the ports of the United Kingdom, the 
net register tonnage of vessels arriving from foreign 
with cargoes during 1927, amounting to 2,090,000 
tons. [t is, however, the most important market | 
and distributing centre for grain, provisions, oil, 
&c., for the West of England, owing partly to its 
favourable geographical position, but more especially 
to the progressive policy of its administrators, in 
Sparing no effort to render its accommodation and 











tides. These dimensions and depths enable ships 
up to 330 ft. in length, and of 5,000 tons burthen, 
to use the docks. Numerous public transit sheds, 
with a total floor area of over 70,000 sq. yards, are 
provided, in addition to dry docks, granaries, cattle 
lairs and a privately-owned cold stores. 

The City Docks were acquired by the Bristol 
Corporation in 1848, and have, of course, been 
modernised and improved materially since that 
time. In 1877, the Avonmouth Dock, situated, as 
its name implies, at the mouth of the river, was 
opened, having been constructed by private enter- 
prise, and, two years later, the Portishead Dock, 
on the Somersetshire bank of the Severn, about 
23 miles west of Avonmouth, was put into service. 
Both these docks were acquired by the Corporation 
in 1884, and the Port of Bristol now includes the 
three separate dock systems in the City of Bristol, 
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is imported, and special provision is made for 
handling this. 

By far the most important dock system of the 
Port of Bristol, however, is that at Avonmouth, 
as will be evident from the fact that, of the total 
tonnage entered from foreign with cargoes during 
1927, and previously mentioned, about 75 per 
cent. entered at Avonmouth. The original Avon- 
mouth Dock, which, as already stated, was opened 
in. 1877, is 2,180 ft. long and 500 ft. wide, with 
4,800 ft. of quayage. The entrance lock is 454 ft. 
in length and 70 ft. in width, while the depth of 
water over the sill is 38 ft. at H.W.O.S.T. Adjoin- 
ing the original Avonmouth Dock, and connected 
to it by a junction cut, is the Royal Edward Dock, 
which was constructed by the Corporation and offi- 
cially opened by H.M. King Edward VII on 
July 9, 1908. The greater part of the construction 
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work was carried out by Messrs. John Aird and 
Company, of Westminster, to the designs and 
under the supervision of the late Mr. W. W. Squire, 
who at that time was Chief Engineer to the Bristol 
Docks Committee. An account of this work was 
given in ENGINEERING, vol. lxxxv, on page 857, 
and vol. Ixxxvi, page 5, from which full particulars 
can be obtained. We may mention, however, that 
the work included the construction of two piers 
forming the entrance channel, an entrance lock 
875 ft. long and 100 ft. wide, giving a depth of 
water over the sill of 46 ft. at H.W.O.S.T., a graving 
dock of the same dimensions, the junction cut 
above referred to, communicating with the old 
Avonmouth Dock, three transit sheds and a 10,000- 
ton granary, in addition, of course, to the Royal 
Edward Dock itself. The latter, at that time, had 
a total area of 44 acres, with 4,968 ft. of quayage. 





on, and the contract for this was also secured by 
Messrs. Arrol, the work being commenced in July, 
1925. The grain-handling machinery required for 
the scheme was contracted for by Messrs. Henry 
Simon, Limited, of Manchester, and a number of 
automatic grain-weighing machines were ordered 
from Messrs. W. and T. Avery, Limited, of Bir- 
mingham. The railway sidings and roads, how- 
ever, were constructed by the Authority, using 
direct labour. The whole of this work, the esti- 
mated cost of which is 1,220,000/., is now prac- 
tically completed, and is to be officially opened by 
H.R.H. the Prince of Wales, on the 23rd instant. 
By the courtesy of Mr. Peace, we have recently 
had an opportunity of inspecting the work, which 
we propose to describe in some detail below, as 
an interesting and important example of what is 
being done in this country to maintain dock 


were laid with a gradient of 1 in 50 from the dock 
bottom, and trains of 12 wagons were hauled by 
a six-coupled Barclay locomotive with cylinders 
12 in. in diameter. Three of these locomotives were 
required to keep the navvy employed continuously, 
The areas at each side, afterwards covered by the 
wharves, were excavated by hand to a slope of 
4} to 1, after the piles for supporting the wharves 
had been driven, the excavated material, in this 
case, being lifted and dumped behind the wharf by 
5-ton steam cranes having jibs 65 ft. in length. By 
using these exceptionally long jibs, it was possible 
for the cranes, travelling on a 7-ft. 6-in. gauge track 
running parallel with and immediately behind the 
wharf, to cover the whole area. After the construc- 
tion of the wharves, further material was excavated 
by hand from under them to form the final 2 to 1 
slope. This material was wheeled by hand and 




















Since then, however, the foreign imports to the 
Port have increased by nearly 270 per cent., 
the tonnage of grain imported, mainly through 
the Avonmouth and Royal Edward Docks, having 
alone increased from 157,000 tons in 1908 to 
849,000 tons in 1927. In anticipation of such 
development, the original design of the Royal 
Edward Dock had provided for the extension 
of the northern end by two arms, each 1,800 ft. 
long by 300 ft. wide. One of these arms, viz., 
that on the western side, was partly excavated to 
form a timber channel at the time the work was 
carried out, but on the eastern side, the northern 
end of the dock was formed by a pitched-rubble 
slope, instead of a vertical wall, to facilitate the 
subsequent construction of the eastern extension 
arm. The heavy traffic at Avonmouth during the 
war showed the necessity for additional accommoda- 
tion, and application for the necessary powers 
having been made by the Corporation of Bristol, 
an Act authorising the extension of the eastern arm 
of the Royal Edward Dock was obtained in the 
1917-18 Parliamentary Session. The work was 
not proceeded with immediately, owing to the high 
costs prevailing after the conclusion of the war, but 
in 1923, the Port Authority having been approached 
by the Unemployment Grants Committee, it was 
decided to commence operations with a view to 
relieving unemployment. Contract drawings and 
specifications for the work were at once prepared 
by Mr. T. A. Peace, Mr. Squire’s successor as Chief 
Engineer to the Port of Bristol Authority. In 
January, 1924, the tender of Messrs. Sir William 
Arrol and Company, Limited, of Glasgow, was 
accepted and the work was put in hand shortly 
afterwards, ‘ 

Messrs. Arrol’s contract included the excavation 
of the extension arm to a depth within about 
10 ft. of the ultimate bottom, the construction 
of reinforced-concrete wharves on each side of the 
arm, two reinforced-concrete transit sheds, and a 
transit silo granary, as well as certain subsidiary 
works in connection with the capstans, cranes, &c. 
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| facilities abreast of the requirements of modern 
| shipping. 
EXCAVATION AND DREDGING. 


It should first be explained that the dimensions 
of the new arm originally contemplated have been 
modified, its length, as completed, being approxi- 
mately 1,700 ft. and its width 400 ft., the depth of 
water available being 30 ft. The width of the 
entrance to the arm, as shown in the key plan, Fig. 1, 
remains at 300 ft., the additional width having been 
obtained for the greater part of the length by 
forming the projecting jetty between the eastern 
and western arms with a tee-shaped head. This was 
desirable, as experience had shown that a width of 
300 ft. was hardly sufficient for mancuvring the 
larger vessels to their berths with others already 
lying at the wharf. Actually, the length of the new 
arm is sufficient to provide three deep-water berths 
on each side. In the early stages, however, the 
western side will be used only as an open quay, but, 
if necessary, at a later date, single-storey transit 
sheds can be erected on this side and the necessary 
railway facilities provided. The eastern side forms 
an extension of the previously existing eastern 
face of the Royal Edward Dock, and it is on this 
side that the transit sheds, granary, &c., have been 
|constructed, as indicated in the diagrammatic 
| cross-section, Fig. 2. 

The main excavation between the cope lines of 
the eastern and western wharves, and between the 
levels + 30°00 and + 8-00, was done in the dry 
by one No. 14 Arrol-Whitaker steam navvy, having 
a bucket capacity of 24 cubic yards, and mounted 
on a caterpillar track. The material, which con- 
sisted of sandy clay, was generally removed in 
layers from 10 ft. to 12 ft. deep, and about 5,500 
cubic yards were excavated in an average week. 
In all, about 500,000 cubic yards were excavated in 
this way, the volumes being indicated in the longitu- 
dinal and cross sections given in Figs. 3 and 4, 
respectively. The excavated material was trans- 
ported in ordinary side-tipping wagons, of the 








Later, the construction of an additional storage silo 
granary, with a capacity of 20,000 tons, was decided 


Manchester Ship Canal type, to the spoil lands 


situated at about a mile from the work. The rails! 
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piled up parallel with, and immediately in front of, 
the face of the wharf, as shown in Fig. 4, with the 
object of stabilising the slope and preventing any 
tendency to slip before the admission of the water ; 
it was subsequently removed by dredging. 
Although they were, of course, carried out at 
a considerably later stage in the work, it will be 
convenient here to refer to the dredging operations, 
by which the material between the levels + 8-00 
and — 2-00, was removed and used for land 
reclamation after the completion of the wharves ; 
this was done to avoid the possible risk of the earth 
slipping. The work was carried out by Messrs. K. L. 
Kalis, Sons and Company, Limited, 53, New Broad- 
street, London, E.C.2. Water was admitted into 
the new arm by forming a channel, about 2 ft. wide, 
in the top of the stone-pitched earth dam which 
had excluded the water while the excavation and 
construction of the wharves was in progress. The 
invert of the channel was about 6 in. below the 
normal line of the water in the existing dock, 
although the actual level of the water was kept 
slightly above the normal. About 12 days were 
occupied in filling the extension arm to the normal 
dock level. The aerial photograph reproduced in 
Fig. 6, on Plate LIII, illustrates this stage of the 
work. The earth dam can be seen still in position, and 
the new transit sheds and granaries are also visible. 
The first operation in connection with the dredging 
work was the removal of the centre portion of the 
pitched slope. This was done by means of a bucket 
dredger, the dredged material being loaded into 
hopper barges and deposited over an approved area 
in the Bristol Channel. Fig.7, on Plate LIV, shows 
the dredger engaged on this operation, with a hopper 
barge alongside. The stone pitching had an 
average thickness of 2 ft. 6 in., and the slope was 
about 3 to 1, but no great difficulty was experienced 
in removing it with the dredger. When a breach 
had been formed, the plant for the land-reclamation 
work was floated in through it and moored in 4 
fixed position at the northern end of the extension 
arm. Prior to this, timber trestles were erected to 
carry the pipe line for conveying the dredged material 
to the spoil areas, on which the material excavated 
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in the dry had been deposited, as already men- 
tioned. ‘The pipe line, shown in Fig. 5 on page 566, 
was composed of steel pipes 2 ft. in diameter 
internally, in about 16-ft. lengths, with flanged joints. 
Its total length was about a mile, and for the 
greater part of this distance it was carried on the 
timber trestles, previously mentioned, at a height 
of about 14 ft. above ground level ; timber bridges 
were constructed to carry the line over two cart 
roads and a railway siding. 
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through the pipe line to the spoil areas situated on 
the foreshore of the River Severn, the area having 
been previously partly protected by earth works 
constructed by the Port of Bristol Authority. Addi- 
tional retaining banks were, however, formed by 
Messrs. Kalis, and, at the distant end of the area, 
an outfall weir was constructed, the level of the 
weir being regulated as required to drain off the 
surplus water. The dredging work was commenced 
on July 9, 1927, and completed by November 17, 
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The whole of the material dredged from the 


extension arm, with the exception of that removed 
in breaching the pitched slope, was raised by a| 
bucket dredger and loaded into dumb barges, which | 


were then towed to the floating pumping plant at 
the northern end of the arm, shown in Fig. 5. 
The dredger used was of the centre-ladder type, 
capable of dredging to a depth of 60 ft. and having 
& capacity of 1,000 cubic yards per hour, while the 
pumping plant included a_ suction-reclamation 
pump dredger with 24-in. connections, driven by 
a steam engine of 500 indicated horse-power, and a 
diluting pump of 200 indicated horse-power. Water 
Was pumped by the latter into the dumb barge 
containing the dredged material, and the diluted 
ag was lifted and discharged into the pipe line 
y the 2 tin. pump ; Fig. 8, on Plate LIV, shows this 
Speration in progress. The material was conveyed 
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the total amount of material removed being just 
over 300,000 cub. yards. 


PiLE MANUFACTURE AND DRIVING. 


For supporting the wharves, and for the founda- 
tions of the transit sheds and granaries, reinforced- 
concrete piles were employed. For the whole work, 
4,582 piles, either 15 in. or 164 in. square, and 
ranging from 54 ft. to 62 ft. in length, were made 
and driven, the heaviest piles weighing about 8 tons. 
Particulars of the reinforcement used for the 15-in. 
piles are given in Figs. 12 to 15, on this page, and 
that for the 164-in. piles was similar. The jetty 
projecting between the eastern and western exten- 
sion arms was used for the manufacture of the piles, 
which were cast side by side on timber beds with 
sheet-steel side shutters. Sufficient beds were 
provided for 330 piles, the area covered by the 
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beds measuring approximately 750 ft. by 60 ft. 
Fig. 9, on Plate LIV,shows the pile-making yard with 
a number of piles completed. About three weeks 
was required to fill the bed, and no pile was lifted 
until it was three weeks old; it was then tarred 
and stacked for three months before being driven. 
The reinforcement for each pile was assembled in 
an adjacent area provided with a hand-operated 
gantry, and the assembled steel skeletons were 
lifted and placed in the moulds by a 15-ton Morgan 
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stéam derrick crane running on a track laid along 
the western side, as shown in Fig. 9; this crane 
also handled the finished piles. The concrete was 
poured by a short Insley tower, visible in Fig. 9, 
mounted on a carriage running on a 16-ft. 
gauge railway track, which also carried a Ransome 
concrete mixer and a hoisting winch; both the 
latter were electrically driven. Standard-gauge 
railways were laid on each side of the beds, the 
concrete material being brought in on the eastern 
side, while the reinforcement, steel side shutters, 
and finished piles, were handled on the western side. 

In all cases, the piles were driven before any 
excavation had been done in the areas in which 
they were employed. Four specially designed 65-ft. 
steel frames, with 3}-ton drop hammers, were used 
for the purpose ; these are shown in Fig. 10 on Plate 
LIV. Electric winches, supplied by Messrs. John H. 
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Wilson and Company, Limited, of Birkenhead, | the water being excluded from the sj “ 
and driven by 80-h.p. motors, were used for opera- | excavated area by the stone-pitched A f 2 
ting the hammers, the usual arrangement of friction | earthen slope. To enable the junc- j y wi 
clutch and rope attached to the hammer being} tion between the old and new Y Y 
employed. Each frame was mounted on a steel 4 


undercarriage, running on double wheels on a 
longitudinal timber track. Cross travel was also 
provided by the undercarriage, the arrangement 
enabling the frames to cover the required area 
without jacking and also facilitating the accurate 
alignment of the piles, Two frames were employed 
continuously in driving the piles for the wharves, 
the other two being used for driving those for the 
sheds and granaries. A 10-ton Morgan steam 
derrick crane, mounted on bogies and shown in 
Fig. 10, was used with each pair of piling frames, 
and this served both to pitch the piles and to haul 
the frame carriages along. On an average, about 
100 piles were driven per week, with all four frames 
working simultaneously. 


Wuarr CoNsTRUCTION. 


As already explained, the wharves on each side 
of the extension arm were constructed in the dry, 
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to be effected in the dry, cofferdams, 
one of which can be distinguished 
in Fig. 19, on Plate LVI, were con- 
structed of Ransome interlocking 
steel sheet piling, one end of the 
cofferdam making contact with the 
old wall in the water of the Royal 
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Edward Dock and the other end » ia) 
terminating in the newly excavated littl 


area, well inside the earthern slope. ‘a 
The sheet piles forming the coffer- NB 

dams were driven by a McKiernan- jeray ) , i 

Terry steam hammer, and were 

extracted by a 30-ton floating crane . oe t the 
on the completion of the work. It may here be|them similar to that previously existing a Pe 
mentioned that, on the northern end, the wharves| southern end. This was done to facilitate a fur e 
were extended in trenches for about 50 ft. beyond| extension of the waterway when this becomes 
the available waterway, the trenches being subse-| necessary in the future. 
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quently filled in and a pitched slope formed between! The design of the wharves, which we believe 18 
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Fic. 78. 


are provided, two of these being used entirely for 
railway transport and the third partly for rail and 
partly for road transport. As will be clear from 
Fig. 1, on page 565, the railway tracks are arranged 
so that the shunting operations for each shed can be 
carried out independently, and a complete equipment 
of electric capstans has been provided to facilitate 
the movements of railway rolling stock. Internally, 
goods are moved from one floor to another by means 
of electric lifts and gravity chutes, which can be 
seen in Fig, 11 on page 567, and in Fig. 20 on Plate 
LVI, which is an interior view of the ground floor in 
shed ““U.” We shall refer in more detail later to 
the grain-handling arrangements, but we may here 
mention that grain is discharged from ships by 
floating pneumatic elevators, or by travelling pneu- 
matic elevators on the wharf, and delivered by these 
on to band conveyors which carry it to the transit or 
storage granaries. The gallery for the conveyors is 
continuous with the first floor of the transit sheds, 


on the water side, as shown in the transverse section, | referred to. 
It is also clearly shown in| 
Fig. 19 on Plate’ LVI, while Fig. 21, on the same} 


Fig. 11, on page 567. 


Plate, is an internal view of the part of the gallery in 
front of the transit granary, taken before the 
installation of the conveyors. 





12,000-Ton TRANSIT GRANARY UNDER CONSTRUCTION. 





| by Fin. bolts. 








composed of 9-in. by 3-in. uprights, spaced at 3-ft. 
1}-in. centres, were placed under each of the main 
beams, which run parallel with the length of the 
shed at about 23-ft. 9-in. centres. To support the 
secondary beams, which are spaced at 6-ft. 3-in. 
centres, 12-in. by 5-in. rolled-steel joists were 
placed transversely across an 11-in. by 3-in. bearer, 
which was bolted to the 9-in. by 3-in. timber struts. 
The steel joists spanned the space of 23 ft. 9 in. 
between the main beams, except in the case of the 
outer bay, the width of which is 34 ft. 9 in., and 
carried a light timber frame, about 3 ft. high, which 
formed the bottoms of the secondary beams. These 
timber frames also supported dome-shaped steel 
shutters used for forming the under sides of the 
floor slabs and the vertical sides of the secondary 
beams. The steel shutters were made in units 
about 2 ft. 6 in. long, each weighing about 150 Ib., 


| the material used in their construction being similar 


to that employed for the wharf shutters, previously 
Each shutter was constructed with a 
taper of ? in. at the sides to facilitate stripping. 
Steel shuttering was also used for the columns, the 
units measuring about 4 ft. by 2 ft., having 14 in. 
by 1} in. stiffening angles, and being connected 
It was found practicable to fill a 


In the construction of the sheds, the pile caps /| 23 ft. lift of a 2-ft. square column in one operation 
were formed immediately after the piles had been| with this shuttering without any evidence of 


driven, the first lift of the columns being concreted 
at the same time. Drawings showing the dimensions 
and giving par-iculars of the reinforcement of a 
typical column are reproduced in Figs. 46 to 49 on 
Plate LVIII, while similar particulars of the main and 





bulging. Steel shutters for three 25-ft. bays, and 
main beam supports and steel joists for six bays, 
were provided, and with these it was found possible 
to concrete one 25-ft. bay in rather less than a week. 
The steel shutters were stripped on the fourth day 


secondary floor beams are given in Figs. 50 to 54| after concreting, and the beam bottoms were 


on the same Plate. The first lift of the columns | 
carried the work up to the normal ground-floor level | 


removed after 21 days. 
The construction of the floor of the grain-con- 


at about -+ 39-00, and filling was then deposited | veyor gallery was carried on simultaneously with 


over the whole area to bring the ground up to this 
level. Ordinary timber shuttering was used in this 
stage of the work. Owing to the soft nature of the 
newly-deposited filling, special arrangements were 


that of the first floor of the shed, although the work 
on the former was necessarily a few bays in advance. 
After the completion of the first floor of shed “ V,” 
which is that near the northern end of the exten- 


made to enable the first floor to be constructed | sion arm, the work on the second floor of this shed 
with the least possible amount of strutting under| was continued before commencing on the super- 


the beams. 


For this purpose, timber frames.! structure of shed “U.” An interesting feature 














Fie. 79. 20,000-Ton STORAGE GRANARY UNDER CONSTRUCTION. 


of the design resulted from the fact that, at the 
northern end of each shed, on the water side, it 
was necessary to omit the columns from two bays 
to allow the railway tracks to enter the buildings on 
a curve as shown in the plan, Fig. 1, on page 565. 
At this point, the conveyor gallery, and part of the 
floor and roof, are carried on two reinforced-concrete 
arch girders of 75 ft. span. Figs. 55 to 59 on 
Plate LVIII, give particulars of the reinforcement 
used in these girders, and their position can be 
seen in Figs. 43 and 45 on the same Plate. In 
construction, the girders were carried up to the 
first-floor level and then left until the second floor 
was concreted, when the arches were completed. 
Two 12 in. by 12 in. timbers, bolted together, were 
used as supports at the third points, and these 
were left in position until the arch had been con- 
creted. The full length of the top and bottom booms 
was, of course, concreted in one operation. ‘The 
concrete was made in an electrically-driven muxer, 
with a capacity of } cubic yard, and lifted to the 
required level by a derrick crane, having an 80-ft. 
jib, located at the northern end of the shed. It was 
lifted in a 3-yard skip, from which it was dumped 
into a side-tipping truck and wheeled to the point 
at which it was required to be poured. 

No brickwork whatever was used in the construc- 
tion of the sheds, the walls being formed of concrete 
panelling 6 in. in thickness. Above the panelling, 
on each floor, glazed timber frames were insert 
for lighting the interior, the area of the glazing 
being generally only slightly less than that of the 
panelling, so that the daylight illumination 18 
ample. Careful attention has also been given e* 
the matter of artificial illumination, which is effect 
by gas-filled lamps in specially designed fittings. 
It may also be mentioned, before passing on, that 
opening sashes have been provided in the glazing 
on the water side at the first floor level, to admit - 
spouts of the travelling grain elevators, t hese —_ 
delivering the grain through openings In the floo 


on to the band conveyors in the gallery. At the 
ground-floor level, continuous timber ray ~ 
on 


visible in Fig. 20 on Plate LVI, are provide: 
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Fic. 80. 20,000-Ton StoraGe GRANARY APPROACHING COMPLETION. 


sides, the spaces above the doors being filled by 
corrugated sheeting or steel grilles, which admit 
air and light into the interior. On the first-floor 
level, sliding doors are provided to give access to 
the external cantilever loading platforms. 


TRANSIT AND STORAGE GRANARIES. 


The transit granary, which, as already mentioned, 
adjoins the wharf, has a total capacity of 12,000 
tons, and is divided into two wings, with railway 
sidings, roofed over, between them, as shown in the 
transverse section, Fig. 63 on page 568. The 
wings are both 258 ft. 8 in. in length, measured 
between the centres of the end columns, and the 
other principal dimensions can be obtained from 
Fig. 63. The eastern wing and the land side of 
the western wing, are both arranged for deliver- 
ing bagged grain into railway trucks, but, on the 
water side, provision is made for the rapid delivery 
of bagged grain to merchants or coastwise craft, 
as well as for loading smaller craft with bulk cargo 
by means of weighers and telescopic band con- 
veyors. We shall deal with this equipment in a 
subsequent article, but we may now explain that 
the main object of the transit granary is to dis- 
charge a ship as rapidly as possible, irrespective 
of the lay da ys under the charter, and, when neces- 
sary, to give ex-ship rates to merchants from the 
sranary within the lay-day period. This, of course, 
enables a ship to clear in the minimum time and 
avoids loss to the merchant. 

? There are, in all, 106 silos in the transit granary, 

8 in the eastern wing and 38 in the western wing, 
the largest measuring 11 ft. 11 in. by 10 ft. in plan, 
and the whole varying from 60 ft. 6 in. to 39 ft. 
aoe: the capacity ranges from 133 tons to 
Fe — The internal dividing walls are 7 in. in 
gesage be ow of the reinforcement used 
ape pp ottoms are given in Fig. 64, on 
— methods of construction adopted for both 
nae and storage granaries were similar, we may 

; y explain the general features of the latter 

ore describing the constructional methods for 





both. The total capacity of the storage granary, 
as already stated, is 20,000 tons, and its construc- 
tion was decided upon some time after the com- 
mencement of the work on the extension arm of the 
dock, in order to provide additional storage for 
grain, which forms the most important trade of 
the port. The contract was awarded to Messrs. 
Arrol, and the work was commenced in July, 
1925, and has recently been completed. As in the 
case of the transit granary, the storage granary is 
constructed entirely of reinforced concrete carried 
on reinforced-concrete piles. A plan of the storage 
granary is given in Fig. 60, on Plate LIX, and a 
transverse section of the western wing in Fig. 65, 
on page 568. From these, it will be seen that it is 
divided into two wings with railway sidings between 
them, each wing containing three rows of silos. 
The silos, of which there are 182 in all, range from 
56 ft. 6 in. to 74 ft. in depth, and from 10 ft. by 
3 ft. 7 in. toll ft. 1l in. by 11 ft. in plan, while their 
capacities vary from 180 tons to 50 tons. It will be 
seen from Fig. 65, on page 568, that the silos in the 
inner row of each wing are arranged at a high level, 
which has been done to facilitate the sacking off of 
the grain and its delivery, in sacks, into railway 
trucks on the sidings. The two outer rows are 
generally larger and are carried down to a lower level 
for bulk delivery. The walls between the largest 
silos are 7in. in thickness and are reinforced as 
shown in Figs. 61 and 62, on Plate LIX. Further 
details of the reinforcement of the bottoms of the 
silos are given in Figs. 66 to 77, on page 569. 

For the construction of both granaries, timber 
shuttering was used exclusively, the arrangements 
for the transit and storage granaries being illustrated 
by Figs. 78 and 79, respectively, on page 570. Suffi- 
cient shuttering was provided at the outset for the 
construction of a complete lift of 2 ft. over the whole 
area of each building, and this remained serviceable 
until the completion of the work, with only minor 
repairs and renewals. No ordinary scaffolding was 
employed, but a working stage was formed inside 
each of the silos and supported on bolts passed 
through the concrete of the walls, which had been 


placed previously. The bolts were withdrawn and 
the stages raised, lift by lift, as the work progressed. 
In the case of the transit granary, the concrete was 
distributed by an Insley tower, 180 ft. in height, the 
chute of which is clearly shown in Fig. 78 on page 
570, the tower being erected in such a position that 
its chute could reach all parts of both wings. The 
concrete was made in a Ransome mixer, of } cubic 
yard capacity, located, together with the hoisting 
winch, at the bottom of the tower; both machines 
were electrically driven. For the construction of the 
storage granary, on the other hand, the concrete 
was handled by a 5-ton steam derrick erected on a 
steel trestle, as shown in Fig. 80, annexed, in 
which the building is shown practically completed. 
The concrete was made in a petrol-driven Parker 
mixer, of 1 cubic yard capacity, and lifted by the 
|erane to the top of the building in hopper-bogie 
| skips, from which it was dumped into barrows and 
| wheeled to the required position, as will be clear from 
| Fig. 79. 

| In concluding our account of the reinforced- 
|concrete work, we may mention that, in general, 
| the coarse aggregate used in the concrete was } in. 
graded stone obtained from quarries at Wickwar 
‘and Chipping Sodbury, in. Gloucestershire. The 
| fine material consisted of the same stone crushed 
to about } in. size and Holm sand dredged from 
the bed of the Severn, the two materials being 
mixed in equal proportions. The normal mixture 
used was three of stone and two of sand to one of 
cement, and the safe compressive stress allowed in 
the design calculations was 700 lb. per square inch. 
It is claimed that, by using the comparatively rich 
mixture mentioned, an appreciable saving in the 
total cost of the work has been effected. For the 
piles, a 4 to 1 mixture was employed. The whole of 
the cement and concrete materials was tested on 
the works, and about 22,000 tons of cement, 65,000 
tons of crushed stone, and 40,000 tons of sand have 
been used. The steel reinforcing bars were sup- 
plied by the Whitehead Iron and Steel Company, 
Limited, of Tredegar, Mon., and those for the wharf 
and sheds were bent to the required form before 
delivery ; about 10,000 tons of steel were used. 


(To be continued.) 











THE LATE MR. JOHN GARDNER. 


Mr. Joun GarpneR, who died at Bolton-le-Sands, 
Lancashire, on May 2, was an inventor of ingenuity, 
some of whose ideas were made considerable use of 
during the Great War. 

As a young man in Manchester, he was associated with 
the development of the typewriter, and invented a 
machine which was described in ENGINEERING* as 
being “‘ certainly the smallest and most compact of its 
kind yet produced.” In this typewriter the types were 
formed on a flat plate bent round and secured to a 
cylinder, the latter being rotated varying distances when 
each key was depressed. The types were arranged in 
six’ rows, which were brought into position by the 
successive movements of a bell-crank lever operated by 
a spacing key. Ink was supplied from a pad, instead of 
from a ribbon, as was usual at that time. The machine 
is preserved in the South Kensington Museum. 

Subsequently Mr. Gardner turned his attention to 
improving the gyroscopes used on torpedoes, with a view 
to eliminating the distortion which occurred in the 
gimbal ring owing to vibration. He suggested} support- 
ing the wheel on a fixed axle on a single row of balls, 
retained in the central plane of the wheel disc by two 
washers. The wheel being supported at any moment 
on a single ball, the arrangement resembled a spinning 
top revolving on a single point. As the journal balls 
ran on a path directly between the two axle pivots, a 
variation in friction did not cause a horizontal force 
to be exerted on the inner gimbal, and this freedom 
enabled runs free from precession to be secured. 

At an earlier date he was the first inventor to devise 
a back-pedalling brake for bicycles, while in 1907 
he described a system of controlling a telephone 
circuit by means of sounds, a principle which was, of 
course, largely used during the war in connection with 
both sound locators and hydrophones.{ This, it may 
be recalled, he accomplished by breaking a loose 
contact by means of the resonant vibration of a reed, 
tuned to the frequency of the controlling impulses. 
For his services in connection with naval and maritime 
work, of which this is an example, he was appointed a 
Member of the Order of the British Empire in 1920. 





* See ENGINEERING, vol, li, page 645 (1891). 
+ See ENGIngERING, vol. xcvii, page 229 (1914). 





{ See Hlectrical Review, vol. lxi, page 962 (1907), 
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At the present time his system of submarine signalling, 
as an aid to navigation in foggy weather, is in successful 
operation on a large number of ships. 

An extension of the idea embodied in this apparatus 
is to be found in the Gardner microphone stethoscope 
for bearings, which was described a few years ago in 
ENGINEERING.* This consists of two microphone 
electrodes in a vertical plane, the lower of which is 
screwed to the bearing cap, &c., under examination, 
while the latter is carried by an insulated bridge piece 
and is connected to a terminal plate and thence to a 
central switchboard carrying a telephone, a milliam- 
meter and battery. This electrode is fitted with a 
hollow cone containing carbon, so that any alteration in 
the vibration is immediately noticeable in the change 
in the sound audible in the microphone and in the 
current indicated on the milliammeter. The arrange- 
ment enables the vibratory condition of a number of 
machines to be indicated at one central point. 








THE PHYSICAL SOCIETY. 


At the meeting of the Physical Society held on 
Friday, April 27, at the Imperial College of Science, 
Dr. W. H. Eccles, F.R.S., being in the chair, a paper 
entitled ‘‘ Experiments with Mercury Jets and the 
Phenomena Exhibited at their Impact with Steel 
and Glass,”’ presented by Professor Will C. Baker, M.A., 
of Queen’s University, Kingston, Ont., Canada, was 
read by Dr. Allan Ferguson in the absence of the 
author. The paper stated that as a light sphere was 
retained in a vertical jet of fluid in virtue of the change 
of momentum of the fluid produced by its adhesion 
to the sphere, it was thought that a steel sphere would 
not be retained in a vertical mercury jet, as there was 
no “ wetting” of the steel by that fluid. Experiment 
showed that a given bicycle ball might or might not 
be retained by such a jet, as the speed of the jet 
(at a given angle of incidence) rose above or fell below 
a critical value for that ball. Conditions were simplified 
by the use of cylindrical and of plane surfaces of steel, 
and an approximately constant time of adhesion 
between mercury and steel was found for various 
speeds of impact. This led to the explanation of the 
phenomenon in terms of the well-known theory of the 
instability of jets. 

In the discussion, Dr. Eccles offered an alternative 
explanation of the ball-and-jet phenomenon. If the 
jet struck the ball at a point away from the vertical 
axis, the stream would distribute itself unequally 
over the surface of the ball, and the thinner region 
of the stream loses velocity faster than the thicker 
region. Hence the pressure exerted by the former 
would be the greater in accordance with Bernoulli’s 
theorem, and tend to restore the ball to the symmetrical 
position. The author had experimented with steel 
and mercury in order to obtain an unwettable surface, 
but could he not more easily have waxed the surface 
of one of the balls ordinarily used? The paper 
reminded Dr. Eccles of a small slow-motion, variable- 
speed motor which he had once constructed, in 
which a water-jet of adjustable volume fell vertically 
on to a ball fixed to the lower end of an arm, the upper 
end of which was fixed to a shaft. The ball oscillated 
in the jet, and the consequent reciprocating motion of 
the shaft was rectified by means of ratchet mechanism. 

Mr. T. Smith said that Dr. Eccles’s explanation 
should be tested quantitatively, since the low-pressure 
region of the stream rose higher, and so covered a 
wider area than the low-velocity region. The correct- 
ness of his explanation could, therefore, be decided 
qualitatively. Dr. Ferguson said that he did not 
think that Osborne Reynolds, who first discussed the 
problem, had considered Bernoulli’s theorem as a 
possible explanation. It was interesting to note, 
however, that Reynolds had described an experiment 
in which a disc forming the bob of a pendulum had 
been made to vibrate in a water jet in the way 
mentioned by Dr. Eccles. 

A paper entitled “A Valve-maintained High- 
frequency Induction Furnace and Some Notes on 
the Performance of Induction Furnaces’? was read 
by Mr. G. Eric Bell, B.Sc., of the National Physical 
Laboratory. The paper was divided into two parts. 
In Part I the electrical design was given of a valve- 
operated high-frequency induction furnace, together 
with some details of its performance, and in Part II 
a theory of the behaviour of induction furnaces in 
general was developed, and some experimental results 
supporting the theory given. 

Mr. B.S. Gosling, in the discussion, said that 
the paper gave exactly the information which was 
required by those concerned. Had the author 
considered the possibility of X-radiation from the 
apparatus, which was intended for use by non- 
specialists ? He had recently found, in testing a 
commercial apparatus employing valves of large 
power, that at a particular adjustment the anode 
voltage rose to double the high-tension supply. In 





* See ENGINEERING, vol. cxi, page 546 (1921). 
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he present case it was conceivable that X-radiation 
equivalent in volume to 10 mg. of radium and 
sufficiently hard to be dangerous, in the absence of 
protective screening, might be produced. 

Dr. R. T. Beatty noted with interest the author’s 
conclusion that high frequencies, permitting the use 
of small condensers, were to be preferred in induction 


furnaces. The paper should have considerable 
influence on commercial practice. On what basis 
had the inductor coil been designed? It had been 


shown that with a prescribed diameter the optimum 
length of an inductance solenoid was infinite, with 
a prescribed volume it was zero, and with a prescribed 
surface it was, according to Butterworth, half the 
diameter, whereas in the present case the length was 
two-thirds of the diameter. 

Dr. W. H. Eccles said that the author had done 
valuable work in attacking the problem of induction- 
furnace design from first principles, since high-frequency 
apparatus had hitherto been designed for wireless 
purposes, which required high voltages, whereas the 
present apparatus required large currents. For 
instance, the Poulsen arc as designed by wireless 
engineers might be quite unsuited for the present 
purpose. What were the relative efficiencies of the 
Northrupp furnace and the present furnace? Valve 
apparatus seemed more suitable than high-frequency 
alternators for such furnaces, since the variation in 
load produced by the melting of the charge affected 
the circuit constants of the valve system so as to 
cause some degree of self-adjustment. Had the 
author found a change of frequency corresponding 
to such a change in load ? The conclusion that above 
10,000 cycles the frequency was immaterial to efficiency 
was an important one. 

A demonstration of the blowing of selenium bubbles 
was given by Major C. E. 8. Phillips, F.R.S.E. The 
object in view was to obtain thin films of selenium 
for observation under a microscope. The selenium 
was heated in a beaker, and a blow-pipe, having a 
slightly flared end, was warmed to the same temperature 
by immersion in it. The blow-pipe was connected 
through a length of rubber tubing to the mouth of 
the operator, who withdrew the blow-pipe from the 
melt, and while testing the consistency of the adhering 
selenium by alternate air pressure and suction selected 
the correct moment for blowing the bubble. The 
method was uncertain, but with practice good results 
could be obtained, and two large sausage-shaped 
bubbles were blown in the course of the demonstration. 
Pieces of the selenium film thus produced had the 
property of seizing or cold-welding when brought 
into quite light contact with one another. 








Contracts.—Amongst the contracts recently received 
by the East Ferry Road Engineering Works Company, 
Limited, of Millwall, London, E.14, is one from the 
Port of London Authority for 20 portable hydraulic 
luffing cranes, of 30-cwt. capacity and a maximum 
radius of 65 ft.—Messrs. British Brown-Boveri, Limited, 
Trafalgar House, Waterloo-place, London, S.W.1, have 
received a repeat order for 10 sets of power rectifiers 
for the New South Wales Government Railways and 
Tramways, Sydney. These rectifiers are 1,500-kw., 
1,500-volt, direct-current units with an overload of 
25 per cent. for two hours, 50 per cent. for 20 minutes, 
100 per cent. for three minutes, 200 per cent. for one 
minute, and 300 per cent. for sudden peak loads. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Public Works Department, New Zealand, are 
calling for tenders, to be presented by July 10, for 
50 kv. switchgear and steelwork for Arapuni power 
scheme. (Ref. No. BX. 4410.)—The Indian Stores 
Department invites tenders for order No. N-8341 for 
bridge girders for the Assam Bengal Railway. Tenders 
to reach the Indian Stores Department, Engineering 
Branch, Simla, by May 21. (Ref. No. A.X. 6266.)— 
It is reported that the Argentine Government has 
authorised the Administration of the Argentine State 
Railways to invite tenders for the construction of a 
part of the branch line La Paz-Feliciano-San Jaime. 
Tenders to be presented within 75 days from March 30. 
(Ref. No. A. 6257.)—The Commercial Secretary at 
Athens reports a call for tenders, to be submitted by 
July 25, relative to the construction of harbour works at 
Cavalla, Greece. (Ref. No. A.X. 6264.)—The Egyptian 
Ministry of the Interior is inviting tenders for the supply 
and erection of a mechanical filter, four centrifugal pumps, 
and other apparatus. Tenders will be received in Cairo 
up till June 3. Local representation is essential. (Ref. 
No. AX.6274.)}—The Ministry of Communications 
Egyptian Government, is inviting tenders for the con- 
struction of a metal bridge over the Nile at Samanoud. 
Tenders to reach Cairo by August 23. Local represen- 
tation is essential. (Ref. No. A.X. 6277).—The Depart- 
ment of Posts and Telegraphs, Union of South Africa, 
is inviting tenders for the su ply of six light motor vans. 
Tenders to reach Pretoria by May 17. Local representa- 
tion is in practice essential. (Ref. No. A.X. 6286). 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Transactions in Cleveland 
pig iron are not numerous or heavy, buyers being rather 
backward, but makers are well sold and stocks are at a 
very low ebb, with the result that the fixed market 
figures of the past few weeks are upheld. Delivery 
demands against running contracts are rather larger 
than the output can cope with, and the result is that 
stocks continue to be drawn upon to some extent. The 
bulk of the production is still going into direct use at 
ironmasters’ own consuming plant, but local firms who 
have to buy their supplies are also taking fairly large 
quantities. While home customers at a distance are 
accepting moderate parcels, and firms North of the 
Tweed continue to receive steady deliveries. Ship. 
ments to foreign destinations, however, keep small. 
No. 1 grade of iron is 68s. 6d. ; No. 3 g.m.b., 668.; No, 
4 foundry, 65s.; and No. 4 forge, 64s. 6d. 


Hematite.—Production of East Coast hematite iron 
is still in excess of needs, though further sales to home 
and Continental customers are reported. Recent cur. 
tailments of output by a furnace being transferred to 
make other iron, has not appreciably strengthened the 
situation, and there seems no likelihood of values moving 
up to profitable figures in the near future. Buyers as a 
rule stipulate for iron to particular analysis, but market 
rates were still governed by the quotation for mixed 
Nos., which remains at 70s. 

Foreign Ore.—Sellers of foreign ore are unable to put 
through business of moment, but believing that supply 
may shortly be inadequate, they continue to take a 
very firm stand. Best rubio is still 22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful, and local consumers are as disinclined as ever 
to negotiate for extensive supplies. Prices are easy. 
Good average qualities are now on sale at 17s. 6d., de- 
livered to works in this area, and possibly that figure 
could be shaded. 

Manufactured Iron and Steel—Most descriptions of 
manufactured iron and steel are slow of sale, but in 
one or two branches inquiry is just a little better. Among 
the principal market quotations are: Common iron 
bars, 101. 5s.; best bars, 10/7. 15s.; best best bars, 
117. 5s. ; iron rivets, 111. 5s. ; packing (parallel), 7/. 10s. ; 
packing (tapered), 10/.; steel billets (soft), 61. 15s. ; 
steel billets (medium), 7/. 2s. 6d.; steel billets (hard), 
71. 12s. 6d. ; steel rivets, 111. ; steel ship plates, 8l. 7s. 6d.; 
steel angles, 7]. 17s. 6d. ; steel joists, 7/. 17s. 6d. ; heavy 
steel rails, 87. 10s.; and galvanised corrugated sheets, 
131. 

Imports of Iron and Steel.—Statistics issued this week 
give the imports of iron and steel to the Tees for the 
six months ending April 30 last, from Holland, Belgium, 
France, Norway, Sweden, Finland, India, Germany 
and coastwise at 112,938 tons, as compared with 203,246 
tons for the same months a year ago, and 37,700 tons 
for the corresponding pre-war period of 1913-1914. 
Pig-iron arrivals in the past six months are returned at 
4,106 tons, as compared with 74,876 tons a year ago, 
and only 106 tons in the pre-war period. Crude sheet 
bars, billets, blooms and slabs unshipped to the end of 
last month amounted to 88,107 tons, as compared with 
103,818 tons a year ago, and 24,134 tons in the pre-war 
period. Plates, bars, angles, rails, sheets and joists 
imported in the past six months reached 20,725 tons, 
as compared with 29,552 tons a year ago, and 13,460 tons 
in the pre-war period. 











PERSONAL.—The District Iron and Steel Company, 
Limited, of Smethwick, have entered into an agreement 
with the Anglo-Galvanizing Company, Limited, of Abbey 
House, Victoria-street, Westminster, to adopt their 
process of electro-galvanizing, and a plant is being erected 
in the Birmingham area.—Following upon the resigna- 
tions, from the board of the Hoffman Manufacturing 
Company, Limited, of Messrs. H. du Cros, W. du Cros, 
H. Guedalla, J. H. Guy and J. D. Watson, in view of the 
control of the company having been acquired by Messrs. 
Brown Bayley, the following new directors have p 
appointed—Messrs. R. Armitage (chairman), W. ; 
Armitage, H. Brearley, Lord Ernest Hamilton eo" 
M. R. Mainprice. The new directors, with the addition 0 
the remaining directors, namely, Messrs. A. 0. ig 
P. C. Low, E. S. Spyer, and Messrs. T.’W. Cooper an¢ 
F. C. Pryke (joint managing directors), constitute the = 
board.—Mr. A. Sear, who has hitherto been the 
technical adviser and head of the electrical department 
of Messrs. W. B. Dick and Company, Limited. 7° 
Grosvenor Gardens, S.W.1, has now been appointed : 
director of that firm.—Owing to the recent death © 
Mr. G. Ransome, Mr. F. W. Baker, who has been — 
ated with Messrs. A. Ransome and Company. a 
Newark-on-Trent, for over 40 years, has been — 
chairman, the other directors being Mr. E. Edis, Mr. R. a 
Bradley. Colonel J. Josselyn and Mr. K. Melee” 
We are asked to state that Messrs. John A. Smeaton, 
Limited, of 15, Victoria-street, London, S.W.1, ry 
given up the British agency of the firm of Demag A.¥- 
of Duisburg, Germany.—Messrs. Vickers, 11m , ve 
inform us that the following have been «#ppo!n 
directors of the Metropolitan Carriage, or he 
Finance Company, Limited :—Messrs. J. P. Cro Mr. 
R. C. Irwin, G. G. Sim and H. Williams ; and that moe 
T. L. Taylor and Mr. A. Spencer have been appoin 9 
chairman and vice-chairman, respectively.—We pe nnd 
formed that on and after Monday, May 14, the “il 
and works of Messrs. Alfred Herbert, Limited, by he 
concentrated at their new works at Canal-roa 
Cross-road, Foleshill, Coventry. 





M. 


—— 


NO’ 


Iron 
tenacit, 
rate of 
steel br 
whethe 
to week 

te o1 
has be 
In the 
buildin 
large cé 
earned 
dividen 
been re 
ing int 
rolling 
doing 1 
readily. 
a mont 
but it i 
There | 
factory 
of their 
some < 
buyers 
in the 
wagons 
are COl 


Cycle 
Union, 
ualific 
the me 
Various 
book ¢ 
edition 
(Coloni 
obtaine 
issued, 
names 
trade ii 
Contain 
of thre 
deletior 
tomem 
of the g 
P : 





28, 


es 
aheligae 


) THE 





esday. 
leveland 
ig Tather 
are ata 
market 
Delivery 
r larger 
' is that 
it. The 
t use at 
ms who 
ly large 
ince are 
of the 
Ship. 
» small. 
3. ; No, 


ite iron 
to home 
nt cur- 
rred to 
ned the 


> to put 
supply 
take a 
Tees. 
coke is 
as ever 


tions of 
but in 


- heavy 
sheets, 


is week 
for the 
elgium, 
ermany 
203,246 
00 tons 
3-1914. 
rned at 
ar ago, 
e sheet 
end of 
od with 
pre-war 
| joists 
5 tons, 
60 tons 


mpany, 
eement 
Abbey 

their 
erected 
esigna- 
eturing 
u Cros, 
r of the 
Messrs. 
e been 
WwW. J. 
n and 
ition of 
Peach, 
er and 
he new 
on the 
rtment 
d, 26, 
nted @ 
ath of 
associ- 
mited, 
plected 
_R.H. 
ean.— 
eaton, 
, have 
g A.G. 
mited, 
ointed 
n and 
‘rouch, 
at Mr. 
jointed 
are in- 
offices 
will be 
d and 


15, 1928] 





MAY 


_ ENGINEERING. 


573 








—— 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Tron and Steel—Though manufacturers show great 
tenacity in their predictions of improved conditions, the 
rate of revival in the greater proportion of the iron and 
steel branchesis veryslow. Actually, it is not easy to tell 
whether there is any ehange in the position from week 
to week, viewing the heavy industries asa whole. Aggre- 
gate outputs are large, but complaints that actual loss 
has been incurred on increased production are common. 
In the case of some of the big engineering and ship- 
building firms, the contracts concerned represent a very 
large capital outlay, and the loss has dissipated the profit 
earned on other work, and has made the payment of 
dividends impossible. For a month, little change has 
been registered in the level of employment, thus reflect- 
ing intermittent slackness at forges, foundries, and 
rolling mills. Steel-producing furnaces appear to be 
doing rather better. Contracts are being replaced more 
readily, and gross output is not far short of 100,000 tons 
a month. A lot of railway work is under commission, 
but it is insufficient to employ extended plant profitably. 
There are several contributory factors to this unsatis- 
factory state. British railways are supplying the bulk 
of their own requirements in the form of renewals, while 
some of those who ranked among the chief export 
buyers are developing internal manufacture. Moreover, 
in the absence of a satisfactory foreign trade, colliery 
wagons are lasting longer, and renewals on that account 
are consequently fewer. The automobile steel-making 
departments may not be working quite at the pressure 
they were two years ago, but they are affording a 
good deal of valuable work in many forms. Some of 
Sheffield’s highest class steel is going into machinery 
parts for assembly in other areas. The tool trades, 
however, report quiet conditions. The main deterrent 
to more successful trading seems to be the low level 
of prices through competition, rather than any par- 
ticular paucity of orders. Building trade requirements 
again show signs of expansion. Moderate activity is 
seen in constructional ironwork, castings and pipes. 
South- Yorkshire Coal Trade.—Merchants are endeavour- 
ing to stimulate business in house coal by extensive pro- 
paganda based on the widespread distribution of posters 
bearing the slogan ‘‘ Coal Fires for Health and Comfort.” 
These are appearing on railway wagons, on motor lorries, 
at depots, and elsewhere. The intention is to counter- 
act competition from gas and electricity distributors, 
and, if possible, to regain some of the trade that was lost 
during the last coal strike and has never been fully 
restored. The current demand is anything but brisk, 
either from London or the provinces. Industrial fuel 
isa shade more active. It is evident that many difficul- 
ties will have to be overcome before the export selling 
scheme can succeed. Not all of these difficulties appear 
to have been anticipated. Current values are mostly 
steady. Forward bookings on British manufacturing 
account are less satisfactory than was hoped would be 
the case two or three months ago. Smalls are in much 
reduced supply, owing to the absorption of surpluses 
consequent upon short-time operations. Coke of all 
descriptions is steady at recent rates. Quotations :— 
Best branch handpicked, 27s. 6d. to 29s. 6d.; Derby- 
shire best bright house, 20s. 6d. to 21s. 6d.; best house 
coal, 198. to 20s. 6d.; screened house coal, 16s. to 
lis. 6d.; screened house nuts, 15s. to 16s.; Yorkshire 
hards, 15s. to 16s. ; Derbyshire hards, 15s. to 16s. ; 
rough slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 6s. to 7s. ; 
smalls, 33. to 4s. 6d. 








MaRKING oF IMporTED SPRING BALANCES.—The Board 
of Trade have referred to the standing committee an 
application for the marking with an indication of 
origin of imported spring balances of all descriptions, 
under the Merchandise Marks Act, 1926. The committee 
will consider whether these articles should be marked on 
sale or exposure for sale, and they may, at their dis- 
cretion, also consider whether the articles should be 
marked on importation. The date of the committee's 
public enquiry will be announced later, and communica- 
tions should be addressed to the secretary, Mr. E. W. 
Reardon, Board of Trade, Great George-street, London, 
8.W.1, not later than May 25. The reference is pub- 
lished in full in the Board of Trade Journal of May 3, 
May . the London, Edinburgh and Belfast Gazettes of 





yp ptOsTER oF THE Motor TRADE.—The Society of 
a Manufacturers and Traders, Limited, 83, Pall 
Mall, S.W.1, has just issued the 15th edition of the 
Register of the Motor Trade, which has again been 
Prepared in co-operation with the Motor Agents Associa- 
ton, Limited, and the Scottish Motor Trade Association, 


meereyele interests being attended to by the British 
* sc and Motor Cycle Manufacturers and Traders 
nion, Limited. All those who have the necessary 
qualifications 


the to be considered legitimately members of 
bo! Motor trade have been entered according to the 
— classifications adopted in the register, and the 
pe Contains upwards of 15,000 names. A separate 
oo wn as the Register of the Motor Trade 
obtained Section), is being compiled from information 
Po od an m Colonial associations, &c., and this, when 
ren wil be found to form a useful directory of the 
trade and addresses of firms and persons in the motor 
Gulslesa Dominions and Colonies. The information 
a _ in the register is kept up to date by the issue 
deletio, © quarterly lists of additions, alterations and 
hen oe _ The price of the register is 10s. 6d. per copy 
of the 8 ~“f of the S.M.M.T., M.A.A., and retailer members 

-M.'T.A.; to others than those mentioned, the 


NOTES FROM THE NORTH. 


; Guasaow, Wednesday. 

Scottish Steel Trade.—The position in the Scottish 
steel trade has not changed over the week. The scarcity 
of specifications, particularly from the shipbuilding yards, 
is being keenly felt by some producers, but, on the other 
hand, a few works have quite a fair number of orders on 
their books. Prices generally keep firm, and the con- 
tinued advance in German steel has made the outlook 
here a little more hopeful all round. The outlet for 
structural steel is not very good at the moment, but in the 
black-sheet trade there is perhaps rather more business, 
In the latter connection, however, the demand falls a 
long way short of the usual business expected in the 
months of April and May. The following are the 
current quotations :—Boiler plates, 101. 10s. per ton; 
ship plates, 8/. 7s. 6d. per ton; sections, 7/. 17s. 6d. per 
ton; sheets, 4 in., 8. 12s. 6d. per ton; and galvanised 
corrugated sheets, No. 24 g., 13/. per ton, all delivered at 
Glasgow stations. 

Malleable-Iron Trade.—Conditions in the malleable- 
iron trade of the West of Scotland are still as unsatis- 
factory as ever. Orders are difficult to secure against 
the very severe competition now being experienced from 
Continental makers, and works are still only being kept 
going from day to day. In the steel re-rolling depart- 
ments, new business continues to be scarce. The market 
prices are as follow:—Crown bars, 10/. 5s. per ton 
for home delivery and 91. 15s. per ton for export; and 
re-rolled steel bars, 7/. 15s. per ton for home delivery and 
7l. per ton for export. 

Scottish Pig-Iron Trade.—There has been practically 
no change in the state of the pig-iron trade of Scotland 
during the week. Homeconsumers are buying sparingly, 
owing to the general quietness ruling in the district, and 
overseas buyers are not ordering on tonnage of any 
volume. Prices are steady, and the current quotations 
are :—Hematite, 74s. per ton, delivered at the steel 
works ; foundry iron, No. 1, 75s. to 76s. per ton, and No. 
3, 708. to 71s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, May 5, amounted to 1,020 tons. Of that total, 
980 tons went overseas and 40 tons coastwise. For the 
corresponding week of last year, the figures were 970 tons 
overseas and 87 tons coastwise, making a total shipment 
of 1,057 tons. 








NOTES FROM THE SOUTH-WEST. 


CarpiFrF, Wednesday. 

The Coal Trade.—Though much more business is still 
required to enable the Welsh collieries to work regularly, 
the position is better than has been the case for months 
past. The outlook is also encouraging. There is little 
doubt that the operation of the stabilisation of prices 
scheme on a voluntary basis has induced foreign buyers, 
who were holding off, to place business, with the result 
that the collieries in many cases are more fully booked 
with orders than has been the case for some considerable 
time. The dispute on the Rhine, coupled with the 
increased pay granted to the Ruhr miners, has put up 
the German cost of production, with the result that the 
competition for export business from that direction is 
less severe. Already boats which were to have loaded 
German coal for France have been diverted to South 
Wales, and it is hoped that further business will accrue 
in consequence of the strike of Rhine bargemen. The 
Newfoundland Government Railways also want prices for 
50,000 tons of through coal, but it is doubtful whether 
this business will come to this district. In the meantime, 
the best classes of large coal are booked up for the next 
fortnight or so, and best Admiralty large coal is steady at 
19s. 3d. to 20s. per ton f.o.b., with Black Veins from 
17s. 3d. to 17s. 9d., and Eastern Valleys 16s. 3d. to 17s. 
Other classes of large are, however, in need of orders, but 
even so, salesmen adhere to the agreed minimum prices. 
In the small coal section, best bunkers gre steady at 
12s. 6d. to 12s. 9d., with Newport classes from 11s. to 12s., 
but other descriptions are erratic from 10s. up. Sized 
products, for which minima prices have not yet been 
arranged, are in quiet demand and irregular in price, 
bituminous nuts ranging from 15s. to 16s., and dry nuts 
from 17s. to 208. 6d 


Colliery Deals.—There is much speculation as to the 
nature of the deal which is being negotiated by the anthra- 
cite collieries. In usually well-informed quarters it is 
stated that Amalgamated Anthracite, the Llewellyn- 
Buckland group, and the Beddoe Rees group are to be 
merged. Such a group would control practically the 
whole of output of Welsh anthracite. In addition, it is, 
however, believed that a working arrangement is to be 
made with the smaller independent companies in respect 
to the marketing of anthracite. Bwllfa and Merthyr 
Dare Steam Collieries, Limited, have taken over the 
Cwmaman Coal Company, Limited, and the companies 
are to be known as the Bwllfa and Cwmaman Coal Com- 
pany, Limited. The two properties adjoin each other, 
and the chairman of the new board is Sir D. R. Llewellyn, 
Bart., with Mr. Wm. Llewellyn as vice-chairman. The 
area of the combined properties extends over 5,000 acres, 
and is estimated to include 100,000,000 tons of workable 
coal. 

Iron and Steel.—Production of tinplates has been 
curtailed by an unauthorised strike at the Grovesend 
Works over the dismissal of an employee. Shipments in 
the past week totalled 18,157 tons, compared with 26,484 
tons in the preceding six days. Exports of tinplates and 
terneplates amounted to 7,404 tons, against 6,786 tons, 
blackplates and sheets to 3,107 tons, against 6,455 tons, 
galvanised sheets to 3,879 tons, against 3,065 tons, and 
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other iron and steel goods to 3,768 tons, against 10,178 tons. 


NOTICES OF MEETINGS. 





Junror Institution oF ENGINEERS.—To-night, 7.30 
.m., 39, Victoria-street, S.W.1. ‘*‘ Notes on the Dry- 
Ing of Industrial Products,” by Mr. A. T. Henly. 
INSTITUTION OF MUNICIPAL AND CounTY ENGINEERS. 
—South Eastern District : Saturday, May 12, 1.30 p.m., 
Council Offices, Malden Road, New Malden. ‘“ Notes 
on Some Municipal Undertakings of the Maldens and 
Coombe U.D.C.,”” by Mr. R. H. Jeffes. South-Western 
District : Saturday, May 12, 2 p.m., Temperance Hall, 
High-street, Totnes. Paper by Mr. J. L. Davies. 
INSTITUTE OF Puysics.—Tuesday, May 15, 4 p.m., 
1, Lowther-gardens, Exhibition-road, South Kensing- 


ton, S.W.7. Annual General Meeting. Presidential 
Address on “ Physics in Astronomy,” by Sir Frank 
Dyson. 

Royat MeErTgeorotocicat Society. — Wednesday, 
May 16, 5 p.m., 49, Cromwell-road, South Kensington, 
S.W.7. ‘‘ On Periodicity and its Existence in European 


Weather,” by Sir Gilbert Walker. ‘‘ Harmonic Analysis 
and the Interpretation of the Results of Periodogram 
Investigations,” by Mr. D. Brunt. ‘“ Periodicities in 
the Nile Floods,” by Dr. C. E. P. Brooks. 

OVERHEAD LINES AssSOcIATION.—Wednesday, May 16, 
5.30 p.m. Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Discussion on “ Standard Over- 
head Lines: Their Advantages and Number of Different 
Standards Required,” by Mr. D. C. Redfern. 

OpticaL Socrery.—Wednesday, May 16, 7.30 p.m. 
Imperial College of Science and Technology, South 
Kensington, S.W.7. Thomas Young Oration: ‘ The 
Modern Reflecting Telescope,” by Professor G. W. 
Ritchley. 

Socrety or TECHNICAL ENGINEERS.—London Branch : 
Wednesday, May 16, 7.30 p.m., Engineers’ Club, Coven- 
try-street, W.1. “Electricity Undertakings,” by Mr. 
G. W. Molle. 

Royat Society or Arts._—Wednesday, May 16, 
8 p.m., John-street, Adelphi, W.C.2. “‘ Modern Motor 
Car Design: Some Criticisms and Some Suggestions,” 
by Mr. W. Worby Beaumont. 

InsTITUTION OF MinING AND METALLURGY.—Thurs- 
day, May 17, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. Annual General Meeting. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, 
May 17, 6 p.m., Victoria-embankment, W.C.2. Annual 
General Meeting. 

InsTITUTION oF CrviL ENGINEERS.— Yorkshire Associa, 
tion: Thursday, May 17, 7.30 p.m., Hotel Metropole- 
Leeds. Annual General Meeting. 








INsTITUTION OF NAVAL ARCHITECTS.—A complimen- 
tary dinner, at which presentations will be made to the 
Duke of Northumberland, president of the Institution 
of Naval Architects from 1921 to 1928, and to Sir Charles 
Ellis, treasurer from 1910 to 1928, will be held at 7.30 

.m., on May 15 next, at the Whitehall Rooms, Northum- 

rland-avenue. Further particulars may be obtained 

from the secretary of the Institution, 5, Adelphi-terrace, 
London, W.C.2. 





LEectuRES ON PreEsENT-Day Prosiems.—In the 
course of a series of lectures arranged by the University 
of London, University College, the Secretary of State 
for Air, the Right Hon. Sir Samuel Hoare, will speak 
on “The Value of Aviation to the British Empire,” 
at 5.30 p.m. to-day. These lectures are given in the 
Great Hall, entrance in Gordon-street, and although they 
are specially intended for students of the University, they 
are also open to the public without fee or ticket. 





Tue InstITUTION oF Crvit ENGINEERS.—The Council 
of the Institution of Civil Engineers has recently made 
the following awards in respect of papers read and 
discussed at the ordinary meetings during the session 
1927-28: Telford Gold Medals to Dr. Oscar Faber 
and Mr. G. L. Watson; Telford Premiums to Professor 
J. Goodman, Mr. J. Williamson, Mr. R. M. Wynne- 
Edwards, and jointly to Mr. F. C. Vokes and Mr. C. B. 
Townend. 





Tue Institute oF Metats.—The Council of the 
Institute of Metals have just issued a preliminary pro- 
gramme of the annual autumn meeting of the Institute, 
which is to be held this year in Liverpool. The pro- 
ceedings will commence on the evening of September 4, 
when Mr. F. G. Martin will deliver the seventh annual 
autumn lecture in the Arts Theatre of the University, 
taking as _ his subject ‘“‘Non-Ferrous Metals in the 
Shipping Industry.” The mornings of September 5 
ol 6 will be devoted to the reading and discussion of 
apers, and the afternoons to visiting works of interest 
in the neighbourhood. The meeting will conclude on 
September 7 with an all-day motor trip to North Wales, 
during the course of which it is expected that an electric 
ower station and an aluminium works will be visited. On 
May 8 last, on the occasion of the delivery, by Professor 
Desch, of the May lecture, an account of which will 
be given in a subsequent issue, an official invitation 
to the Institute to visit America was read by Mr. W. M. 
Corse. The visit is to take place during 1932, and the 
invitation has been issued by the board of directors of 
the American Society of Mining and Metallurgical 
Engineers on behalf of the Iron and Steel, and Institute 
of Metals, divisions of that society. Full particulars 
regarding the Institute of Metals and its activities may 
be obtained from the secretary, 36, Victoria-street, 





London, 8.W.1. 
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GAS PRODUCERS FOR ROAD 
VEHICLES. 


One of the more unfortunate results of the present 
burden of taxation is that it tends to destroy enter- 
prise. This is particularly true of small firms, to 
whom many of the important developments in 
engineering practice have been due in the past. The 
cost of experimental work is much the same by 
whomsoever it be undertaken, and to a small firm, 
quite a modest sum devoted to this purpose may 
represent a prohibitive overhead charge under 
present conditions. It is possible that this factor 
explains the apparent neglect by British trans- 
port interests to explore the possibilities of alter- 
native fuels for road vehicles. In many countries 
abroad the price of petrol stands at a high figure, 
and it is in such countries that the development 
of vehicles designed to run on alternative fuels 
offers a rich reward for enterprise. The potentiali- 
ties of the situation have not been neglected on the 
Continent, where Germany and Italy are rapidly 
developing vehicles designed to run on heavy fuels, 
while in France and Belgium, the producer-gas 
vehicle is receiving very careful consideration. We 
commented on the Continental development of 
small high-speed Diesel engines in a recent issue, 
and now propose to confine ourselves to the position 
as regards suction-gas producers. The actual posi- 
tion of the producer-gas driven vehicle at the present 
time hardly appears to be appreciated in England, 
and there is a very real danger that foreign firms will 
firmly establish themselves in foreign or Colonial 
markets before British producer manufacturers 
are in a position to offer any effective competition. 
In France, in particular, there are not less than 
a dozen firms who can offer producers that 
have long passed the experimental stage. To 
some extent, this is probably due to the fact 
that France possesses a home market for pro- 
ducer plants, due partly to the high price of the 
lighter fuels, and partly to the fact that producer- 
driven vehicles enjoy very substantial advantages 
from the point of view of taxation. In addition, a 
live interest is shown in the development of such 
vehicles by the Government, annual trials of an 








exhaustive nature being held by the French military 
authorities. As regards Belgium, there are at 
least three firms who are producing regularly, and 
the products of one of these, at any rate, have 
proved successful in the Belgian Congo. 

The fuels which are usually available in abundance 
in countries where the price of petrol is relatively 
high, are either green wood or charcoal, and although 
the former material does not appear very promising 
unless first converted into charcoal, the progress 
made by direct-burning units has been remark- 
able. It will be sufficient in this connection to quote 
the performance of a Berliet motor coach, which 
was driven a distance of 5,000 km. on wood fuel 
between August 2 and 30, 1926. The trial was 
carried out in France, and the whole distance was 


3,1 covered without involuntary stops, the consumption 


of wood being less than 50 kg. per 100 km. The 
same vehicle, accompanied by a four-ton Berliet 


| lorry, and a Berliet van, also equipped to run on 
| wood, subsequently successfully completed a journey 
|| from Tunis to Casablanca. In spite of the extremely 
| bad roads, which included a number of severe 


gradients, and the poor quality of the fuel obtained 
en route, the three vehicles completed the whole 
journey to scheduled time. These performances 
would not attract any particular attention if made 
by petrol-driven vehicles, but, in conjunction with 
the military trials referred to, they indicate that the 
producer-gas vehicle has at least reached a satisfac- 
tory degree of reliability. Space does not permit 
of our quoting the results of the military trials in 
extenso, but it is noteworthy that in those held in 
1927, some nine makes of gas generator were 
represented, the majority being designed to burn 
charcoal, and the whole of the vehicles entered 


|completed the trials successfully. Even more 
| significant is the fact that the Berliet firm alone 
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claim to have more than 1,000 of their producers in 
daily use in France, the total number of producers 
in use in France and other countries of course 


| greatly exceeding this figure. 


To obtain the best results, it is essential that 
the producer and vehicle should be regarded as 
a whole, and not as two independent units. It 
is possible that the comparative failure of some 
promising British designs of producer has been 
due to a neglect of this point, the producer 
having been fitted in a vehicle designed to run 
on petrol with only minor modifications to the 
engine. It must be admitted that astonishingly 
good results have been obtained with this procedure, 
but it can never be more than a makeshift, and 
tends to create prejudice, due to the clumsy 
appearance of the resulting ensemble. The leading 
French and Belgian firms manufacture both the 
producer and the vehicle, and, although the appear- 
ance of the neatest of them still leaves much to be 
desired, the unit as a whole is undoubtedly mechani- 
cally sound, and the necessary engine modifications 
are made during manufacture. These modifications 


-are of a minor nature, but they cannot be carried 


out by converting a completed petrol engine without 
producing a botched job. The most important 
modification lies in raising the compression to 
about 130 lb. per square inch, but both the valve 
area and lift should be increased, and, if necessary, 
any restrictions or devices in the inlet manifolds, 
designed to increase turbulence, eliminated. Al- 
though it is possible to start an engine directly on 
producer gas by the provision of a suitable fan, 
ithe great majority of designs at present on the 
market incorporate means for starting up on petrol, 
and this in turn involves a further modification of 
the engine to eliminate temporarily the difficulty 
imposed by the increased compression. This con- 
sideration involves the fitting of a decompressor 
device, which again cannot be carried out satisfac- 
torily on existing engines. Possible alternatives 
exist to the arrangements outlined, and have been 
adopted in one or two cases. Thus, in one producer 
means are incorporated for supercharging the gas, 
so that a normal petrol engine can be used by merely 
substituting the mixing chamber for the carburettor, 
while the Pipe lorry engine is designed to start up 
on compressed air instead of on petrol. 

As regards the producer itself, the main require- 
ments are that it should be capable of responding 





quickly to the varying demands for gas imposed by 
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road conditions, that the gas should be of good 
and uniform quality, and that the air supply to 
the gas should be under accurate control. It is, o 
course, also desirable that the plant should be 
compact, of low weight, and neat in appearance, 
but for comparatively undeveloped countries, at 
any rate, the latter points are subsidiary to relia- 
bility, so long as the load-carrying capacity of the 
vehicle is not appreciably interfered with. The 
more successful producers differ considerably in 
design, but they are practically all of the vertical 
type, with few exceptions, the preheated air passing 
downwards through the furnace. The more striking 
differences occur in the gas-cleaning and scrubbing 
arrangements, and there appears to be a remarkable 
difference in opinion about the extent to which 
these processes are necessary. The most elaborate 
arrangements are epitomised in one of the French 
producers designed to utilise charcoal. In this 
case, after leaving the producer, the gas enters a 
centrifugal separator, and is then passed successively 
through water and a filter filled with broken cork, 
finally flowing over an oil film and through another 
filter filled with steel swarf. If such elaborate 
cleaning arrangements are considered necessary 
with charcoal as a fuel, it might be thought that 
green wood would involve still further complications, 
as it is likely to give off a gas impregnated with tarry 
or resinous products. If, however, another producer 
is examined, designed to utilise wood, it is found 
that the gas, after leaving the ashpan, simply 
passes through a scrubber surrounding the hopper, 
the scrubber containing nothing but a series of 
perforated trays carrying layers of steel swarf or 
similar material. The extreme simplicity of the 
cleaning arrangements in this producer is rendered 
possible by the fact that a special design of grate 
is adopted in which the volatile constituents of the 
gas are cracked and converted into fixed products. 
No similar explanation can, however, be offered for 
the wide difference in the cleaning arrangements 
employed in other models of producer, but experi- 
ence would tend to show that the elaboration is 
unnecessary in the majority of cases. One of the 
more successful producers, designed for wood fuel, 
simply incorporates four cylinders provided with 
perforated baffle-plates, in series, and with cocks 
for draining off the water of condensation. 

We have already referred to the fact that more 
than one British producer has been developed. 
One or two of these were designed to burn anthracite 
or coke, thus practically restricting their use to the 
home market, while others were excessively com- 
plicated. At the present time, however, British 
models are available to burn either coke or raw 
wood, and such tests as have been published on 
both types indicate that they are comparable in 
performance with the Continental producers. It 
is certainly desirable, for the reasons which we 
stated earlier, that home manufacturers should 
receive every encouragement, and although the 
petrol tax incorporated in the Budget may help 
to stimulate interest in the question of alternative 
fuels, it is certainly not in itself sufficient to achieve 
the desired object. It appears to have been de- 
finitely established that fuel costs are markedly 
lower when running on producer gas than on petrol 
at less than 1s. per gallon, whether the fuel used in 
the producer be anthracite, coke, or charcoal. 
Fuel costs, however, are by no means a predominant 
item in the total running charges of a vehicle, and 
so far as the home market is concerned, it would 
appear that the inconveniences associated with pro- 
ducers more than offset their economic advantages. 
Much has been heard lately of the importance of 
encouraging the use of home-produced fuels, and 
this is certainly one direction in which something 
might be done. It is hopeless, however, to expect 
private transport interests to concern themselves 
with this aspect of the question. To what extent 
the Government have a responsibility in the matter 
is a very open question, but their present attitude 
of entire indifference, as contrasted with the active 
interest shown by certain continental Governments, 
is certainly regrettable, and we venture to hope 
that this attitude may be at least modified to the 
extent of organising a series of official trials with a 
view to drawing attention to the present position of 








the gas producer. 
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THE METAL INDUSTRIES. 


THE Committee on Industry and Trade is rapidly 
bringing its labours to a conclusion. It has now 
published Part IV of its survey of industries, which 
deals with the metal industries (H.M. Stationery 
Office, 5s. net), and consists of chapters on the 
iron and steel, engineering, electrical, manufac- 
turing and shipbuilding industries, together with 
what is substantially a summary of the Report of 
the Coal Commission. It is documented even 
more voluminously than its predecessors and its 
exposition is no less assisted by the analytical 
table of contents prefixed to each chapter, so that 
the reader can find his way about the complex 
collection of facts which it presents with less 
difficulty than often is found with such compila- 
tions. To engineers much of its matter is already 
familiar, though there are few of them to whom 
many of the facts will not be new. Their colloca- 
tion forms another element which is essential to 
a reader who wishes to receive with intelligence the 
Committee’s final report, in which it will pass from 
the facts to the practical conclusions which should 
be drawn from them. Itself condensed from a 
much greater body of material, no short summary 
of its contents could do justice to it. There may, 
however, be some interest in drawing attention to 
a few circumstances of the industries in question 
which the report seems to throw into special relief. 

The remark has often been made that the metal 
industries, understood as consisting of those with 
which this report deals, are the essential foundation 
of modern material civilisation. It is not, however, 
recognised so generally that, as the report points 
out, they are subject to more extreme fluctuation 
than is felt by industry as a whole. A relatively 
small expansion or contraction in the total output 
of commodities in a country is likely to have an 
immediate and relatively large effect on the demand 
for new instruments of production, such as the 
engineering industries supply, and it is therefore 
useful to recognise any circumstance which will 
tend to iessen the risk of fluctuation. The effect 
of such circumstances may, indeed, be masked by 
others in the complex conditions under which trade 
is conducted, but it must become apparent in the 
long run. The large number of different manu- 
factures of which the modern history is described 
in this report have had various fortunes. In the 
last few years many of them have suffered extreme 
depression, while others have suffered from it much 
less, or have even made notable progress in the 
same period. The run of the figures by which 
this diversity is shown seems to point to at least one 
circumstance common to the less affected or more 
prosperous manufactures. They have all been 
devoted to products for which there is not merely 
a steady but an expanding demand, and have found 
in this expansion an elastic provision against the 
consequences of low production in industry at 
large. 

The most general example is, perhaps, that of 
the iron and steel trades. It must often have 
been thought remarkable that they have not suffered 
more severely than they have from the crushing 
disadvantages under which they have been working 
for some time past. Reference, however, to the 
world’s production of pig iron and of steel ingots 
and castings in decades from 1800 and 1880 respec- 
tively shows that with the exception of the catas- 
trophic decade ending in 1920, the demand for 
pig iron has expanded at an average rate of about 
59 per cent. in each ten years, which after 1820 
was never less than 47 per cent. The production of 
steel, again, in the thirty years after 1880, grew at 
rates varying from 194 to 113 per cent. every ten 
years, and though this rate had dropped to 20 per 
cent. for the 1920 decade, it had risen again to 40 per 
cent. by 1927. Many circumstances have conspired 
to prevent this country from reaping the full 
benefit of this movement. Its output of pig iron 
in 1927 was, indeed, about a fourth less than before 
the war, but of steel it was about a sixth more, 
and of all countries producing iron and steel it has 
the largest percentage of surplus productive 
capacity. The quality of many of its products is 
recognised as superior to that of its competitors, 
sometimes even for their own purposes; and with 
continued good guidance it can hardly be doubted 








that the expansion of demand shown by the figures 
quoted above must bring the industry ultimately 
into a prosperous state. The expansion from which 
some engineering industries have profited, and will 
continue to profit, is, however, not always of this 
secular character. It may come from the exploita- 
tion of a mechanical agency new to industry, as 
with electricity, or a fundamental discovery offering 
utilities or amenities not previously known, as with 
wireless. It may lie in a product for which the 
demand is far wider and more general than potential 
customers have been able to qualify, as with motor 
cars and motor cycles. It may be due to fresh 
uses developed by the needs of other industries, as 
with the use of tinplate for containing petrol and 
preserved fruits. The characteristic in all cases is 
that a force of demand is in operation, which has 
not yet come into equilibrium with the supply, and 
the figures of this report show that the presence of 
such a force can overcome even grave and general 
depression. ; 

A second circumstance, which the facts of the 
report seem to show as of capital importance to 
the continued prosperity of an industry, though 
not perhaps exerting the same dominant effect, is 
the presence of an active home market. In textile 
machinery, prime movers, motor cars and motor 
cycles, sewing machines, and machine tools, in all 
of which there is an active home market, British 
producers are either at the head of exporting 
countries or have their full share of international 
trade. The agricultural machinery industry, on 
the other hand, which for some time past has had 
to complain of the weakness of its home market, 
is passing through a very lean time. Its exports 
are barely more than a fourth of what they were 
before the war, and would have been even worse 
but for the expansion of its trade with the 
Dominions, while the United States, Canada, and 
Germany, its chief competitors, have all exceeded 
their pre-war figures. An apparent exception is 
locomotive building, in which this country shows 
up better in the export figures than its competitors, 
in spite of the smallness of the home market. Here, 
however, it is to be observed that through improve- 
ments in design and other causes the home locomo- 
tive market in the United States has contracted 
gravely and apparently beyond all expectation, so 
that the exception may be more apparent than real. 

The report gives many particulars of the way 
in which those who are responsible for the industries 
have taken advantage of their opportunities. Of 
these measures the most interesting are those which 
describe the various forms of co-operation that have 
been adopted between the parties to the business. 
Perhaps the least generally known is that by which 
British makers of agricultural machinery built up 
before the war their Russian trade, which formed 
more than a fourth of their entire exports. They 
financed their Russian importers, who, in turn, 
financed the farmers. The organisation included a 
complete service of travellers, mechanics, spare-part 
depots and repair shops, and, as a rule, arrange- 
ments by which grain was bought from the farmer 
at the same time as the machinery was sold. One 
of the defects attributed before the Committee to 
the system under which most export trade in 
engineering manufacture has to be done is that 
financial organisations are not apt to co-operate 
sufficiently with the manufacturer, either by 
enabling him to give the necessary credit, or by 
stipulating as a condition of financial assistance to 
the foreign customer that his purchases of machinery 
should be made in this country. Examples, again, 
are given of co-operative action in selling, not only 
in the machine-tool and the cable industries, but 
also, as a special measure from which good results 
were obtained in various branches of engineering 
manufacture, for the China trade. The Cable 
Maker’s Association gave particulars of their co- 
operative research into the safe loading of buried 
cables, on which they spent 4,000/. and gained an 
addition of 4,000,0001. to the capital value of 
existing cables, and a saving of some 250,000/. 
a year to the supply companies in the cost of new 
cables. Other evidence taken by the Committee 
shows, again, the mischief to the shipbuilding 
industry through the failure of co-operation in 
removing the costly demarcation practices under 





which it is conducted at present. The report is, 
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in fact, a mine of information, derived from first- 
hand experience, in regard to the conditions of 
British engineering manufacture, and its study 
should be of great help to those who are considering 
what should be done to ease its burdens in the 
future. 








NOTE. 


Ture LnstrrutTion oF Mrntnc AND METALLURGY. 


The annual dinner of the Institution of Mining and 
Metallurgy took place on Tuesday last at the Hotel 
Cecil. The speeches delivered touched upon a 
wide range of topics. The toast of the Institution 
was proposed by Sir Francis G. Ogilvie, C.B., 
Chairman of the Geological Survey Board, who 
reviewed the development of the education of mining 
engineers, and the influence of older members of 
the Institution on the work of the Royal School of 
Mines and Imperial College of Science. The Presi- 
dent, Mr. R. E. Palmer, O.B.E., in replying, said 
that the status enjoyed by mining engineers had 
been greatly improved by the work of the Imperial 
College of Science, credit being also due to the 
Institution for following up that work in other ways. 
During the past vear they had visited Canada, and 
in 1930 they would visit South Africa for another 
Empire Mining Congress. Such meetings drew 
attention to the resources of the Empire, and were 
calculated to do inestimable good by bringing engi- 
neers from various parts together. The Institution 
had, this year, decided to award its gold medal to 
Sir Alfred Mond, in recognition of the work he had 
done in developing the resources and metalliferous in- 
dustries of the Empire. Looking back over 40 years, 
he thought the status of mining engineers and metal- 
lurgists had been greatly improved. The Institu- 
tion had not yet attained its object, its aim being 
still beyond anything it had so far achieved. Pro- 
fessor S. J. Truscott, the president-elect, said, in 
proposing the toast of the guests, that he thought 
the aim of the Institution now was to uphold the 
status it had already won for the profession. This 
toast was replied to by Sir William J. Larke, 
K.B.E., and Mr. George S. Rice. The latter repre- 
sented the United States Bureau of Mines, and spoke 
of the co-operation of the United States with this 
country in the matter of safety in mines. He 
thought the way in which thisthad been arranged was 
rather unique in international contact. Sir William, 
who made a reference to the book of Job, which he 
suggested as appropriate to a sorely-tried industry, 
said he considered that we needed to readjust 
our national ideas regarding industry. The ideal 
of industry was really similar to that of the Institu- 
tion, namely, service to people and to the nation. 
Technically, he believed, this country was as well 
equipped as any in the world, but our commercial 
exploitation left much to be desired, the reason for 
this being that our technical knowledge was not 
carried into the commercial side. With the two 
combined we could hold our own, and there was no 
need whatever for despondency. 








THE IRON AND STEEL INSTITUTE. 
(Continued from page 548.) 


CONTINUING our report of the annual meeting 
of the Iron and Steel Institute, held on May 3 and 4 
last, we now have to deal with the presentation of the 
Bessemer Medal, and with the proceedings which 
followed the presidential address on the 3rd inst. 


THE BrEss—eMER GOLD MEDAL. 


Mr. Talbot’s first duty as president was to present 
the Bessemer Gold Medal to Mr. Charles Michael 
Schwab, president of the American Iron and Steel 
Institute, and chairman of the Bethlehem Steel 
Corporation. In doing so, Mr. Talbot stated that 
the Council of the Iron and Steel Institute, in consi- 
deri ng the award of the Medal, must be influenced by 
distinguished contribution to the progress of the 
industry, whether by research, by the application of 
Scientific principles, or by operative ability. It was 
One of the rare examples of the combination of 
Scientific knowledge, technical ability, and adminis- 
trative capacity, linked with force of. character, 
as the result of which Mr. Schwab had attained to 


the leading position in the great iron and. steel 
industry of the United States. 
Mr. Schwab was born in Williamsburg, Blair 
County, Pennsylvania, U.S.A., on February 18, 
1862, and commenced his career in the Edgar 
Thomson Steelworks of the Carnegie Company in a 
very subordinate capacity. He rose, in seven: years, 
to the position of chief of the engineering department 
of the Carnegie Company. In 1896, when only 35 
years of age, he was made a member of the board of 
managers of the Carnegie Companies, and, in the fol- 
lowing year, was elected president. Soon afterwards, 
largely owing to Mr. Schwab’s efforts, a fusion of 
interests between the larger steel companies was 
effected, and the United States Steel Corporation 
came into being, with Mr. Schwab, then but 39 years 
old, as president. Resigning this position after three 
years, he obtained a controlling interest in the 
Bethlehem Steel Corporation, of which he was now 
chairman of the board of directors. Mr. Schwab had 
rendered eminent service to the cause of the allies, 
during the late war, in the production of munitions, 
and later, by the efforts he had made as director- 
general of the Emergency Fleet Corporation, in 
providing ships for the conveyance of American 
troops, stores and equipment to France. 
After returning thanks to the President, Council 
and members of the Iron and Steel Institute for 
the honour they had conferred upon him, Mr. 
Schwab stated that he was, during the present 
year, completing 50 years of service in the manu- 
facture of iron and steel. He had received a good 
many honours in life in different directions, but the 
Bessemer Medal was the hall-mark of all that was 
greatest in the industry. It had not been his inten- 
tion to speak of the war, but the President having 
introduced it, he might remark that he had always 
received unfailing kindness at the hands of all British 
people in the vast amount of business that he had 
done with this country, without any written con- 
tract. He was one of the men in America who openly 
believed and stated that, while they were not able 
to contribute in man power during the war, it was 
their duty, rich as they were, to contribute in 
money ; he was not in sympathy with those people 
who were endeavouring to extract dollars or pounds 
from the men who stood together during that very 
critical period. He sincerely hoped that the iron and 
steel industry in Britain would be more prosperous 
than it had been in the past, and that, by legislative 
means, it would be made to prosper as it deserved 
to do. 
Buast-FurNAce Data. 


The first paper taken after Mr. Talbot’s presi- 
dential address was entitled “‘ Blast-Furnace Data 
and Their Correlation.”” The authors were Messrs. 
E. C. Evans and F. J. Bailey. The paper, which 
was presented by Mr. Evans, dealt with a method 
of correlating blast-furnace data, which method had 
been developed from a study of the operating results 
of over 120 blast-furnaces. The authors stated that 
the method was in agreement with similar procedure 
adopted in reheating-furnace practice for the corre- 
lation of output and fuel consumption. We intend 
to give a brief summary of the paper in a forth- 
coming issue. 

The first speaker in the discussion, Mr. A. K. 
Reese, stated that the authors had without doubt 
done a great work in collecting data from 120 
furnaces, having apparently gone al! over the 
world for their information. They had attempted 
to draw up some sort of average condition for all 
furnaces, and had included in their calculations 
what might be termed indifferent furnaces possessing 
few modern features, as well as new and efficient 
plants. He maintained that the drawing up of a 
formula for a large number of furnaces, good, bad 
and indifferent, could not usefully be attempted. 
The authors had stated that a large number of 
operating records had been examined, which in- 
cluded, as far as possible, the essential factors 
involved, the less important factors being left out 
of consideration in the earlier stages and attention 
concentrated on those that were obviously the most 
important. They had, however, omitted to men- 
tion what were the essential, and what the minor 
features of the problems under consideration. The 
authors had quoted various factors and figures, 


He would like to know, for instance, from what 
course of reasoning the iron factor, X = 0-56, and 
the slag factor, Y = 0-28, had been arrived at. 
Taken generally, the paper constituted a mass of 
assumptions ; on nearly every page something had 
been assumed. For instance, the authors had men- 
tioned the figure, 350 Ib. of carbon per ton of iron 
made, for the carbon utilised other than at the 
tuyeres. He contended that no one had a right to 
assume that this figure was constant for all furnaces. 
These values varied with the conditions of operation. 
Again, the authors had referred to the blowing of 
blast-furnaces by pressure ; furnaces of this type were, 
he thought, very much out of date and their opera- 
tion could not be correlated with that of furnaces 
blown by volume. They had made the observation 
that, with constant-pressure blowing, if the resist- 
ance to the blast were reduced, the volume of air 
per minute would increase, with a consequent in- 
creased rate of combustion at the tuyeres, increased 
output, and reduced fuel. With constant-volume 
blowing, the furnace manager would take advantage 
of the reduced pressure by increasing his burden, 
with a consequent increased output, and reduced 
fuel per ton of product. He himself did not think 
that many blast-furnace managers would increase 
their burden in the circumstances outlined in the 
second case. A change in the normal pressure 
would be regarded with some suspicion, and an 
investigation would be initiated before any departure 
from current procedure was made. In conclusion, 
he would like to say that however sound or unsound 
the author’s deductions and formule had appeared 
to him to be, the final conclusions arrived at 
in the paper would, nevertheless, receive general 
acceptance. These referred to the preparation of 
raw materials, the correct distribution of materials, 
the adoption of suitable furnace lines, and the use 
of coke of satisfactory quality. It would have been 
far better if the authors had considered six com- - 
pletely modern furnaces, six old furnaces, and six 
intermediate furnaces, and had correlated the data 
from each series while keeping them quite separate. 
Mr. D. Sillars said that the method of approach 
adopted in the investigations was quite unique. 
The usual method was to take individual cases, 
where it was easy to draw individual conclusions. 
On the other hand, he desired to know if there were 
enough data in the paper to justify the drawing up 
of a frequency curve. It was evident that if any 
120 industrial processes which were subject to 
variables were treated graphically, some form of 
curve would be obtained. The question was, would 
this larger curve prove as valuable as a series of 
smaller curves drawn from the data obtained by 
dividing up the results of investigations into groups ? 
It had to be admitted, however, that the authors 
had attempted to solve the problem of blast-furnace 
operation in a manner never previously attempted. 
The next speaker, Mr. E. H. Lewis, remarked that 
the paper did not show the vast amount of calcula- 
tions carried out by the authors. He had seen some 
of the work in its initial stages, and had been able 
to appreciate the time and trouble spent in drawing 
up the results now before the meeting. He realised 
that the present was only a preliminary report, but 
this could be amplified if blast-furnace people would 
only send to the authors more results and ensure 
that these were reliable. When speaking of the 
time required for the stock to reach the tuyere zone, 
the authors had considered the volumes occupied 
by the various materials charged, and each material 
had been considered separately, as regards volume. 
They had taken the volume of the burden to be 
made up of the sum of the volumes of the coke, 
ore, and limestone. He contended that certain 
materials had fines in excess of their natural voids, 
while others had voids in excess of their fines. It 
was hardly correct, therefore, to take the total 
volume of the mixture as the sum of the constituent 
materials present. He agreed with much that the 
authors had said with regard to the effect of moisture 
in the blast. In Scotland, furnaces were operated 
by constant-pressure blowing ; considering the size 
of the furnaces, it was impossible to do anything 
else. He could, nevertheless, assure the meeting 
that they were very efficient. In spite of all the 
variations which occurred in the paper, the blast- 





and had not shown how these had been determined. 





furnace manager would benefit from studying it. 
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He had himself worked from several of the formule 
quoted and had obtained instructive results. The 
paper gave a blast-furnace manager a proper per- 
spective and enabled him to look further into many 
irregularities in furnace working ; it also helped him 
to ascertain their cause, 

In the course of his reply, Mr. Evans said that the 
fact that they had taken old furnaces into account 
had been criticised. It should be remembered, how- 
ever, that these furnaces worked quite efficiently, 
and, consequently, had to have a place in their 
investigation, The question of the 350 lb. of carbon, 
mentioned by Mr. Reese, was he thought, fully 
dealt with in the paper. They were gratified to 
find that Mr. Lewis had confirmed some of their 
facts and formule, and were in agreement with 
him that there was an optimum percentage of 
moisture in the blast. 


THE REACTIVITY OF COKE. 


The next paper considered was by Dr. J. H. Jones, 
Dr. J. G. King, and Mr. F. S. Sinnatt, and was on 
the subject of “The Reactivity of Coke”; it was 
presented to the meeting by Dr. King. The authors 
stated that the properties of coke were being 
investigated from a number of aspects at the Fuel 
Research Station, Greenwich, and one programme of 
research had led to the evolution of an empirical 
method for the determination of the reactivity of 
coke towards carbon dioxide. The reactivity of coke 
might be defined as a measure of the velocity of 
reaction between coke and carbon dioxide, the term 
‘* combustibility ” being reserved for the reaction 
between coke and oxygen. In the method adopted, 
reactivity values were measured by the volume of 
carbon monoxide produced when a definite volume 
of carbon dioxide was passed, at a constant rate, 
over a definite volume of sized coke maintained at 
a constant temperature. The above paper deals 
with the essential features of the subject of reac- 
tivity as described in Fuel Research Board Technical 
Paper No. 18, 1927. This latter was referred to 
in our columns, on page 276 of our issue of 
March 2 last. 

Dr. Lessing, who opened the discussion, stated 
that the question of the reactivity of coke had given 
rise to a great deal of discussion during the last 
five or ten years. It was still, however, a moot 
point whether the best coke should be highly reactive 
or not. For many years, coke had been looked upon 
as so much carbon plus so much incombustible 
matter. The ash in the coke was an extremely 
important factor. His own work had shown that 
the reduction of ash to a figure in the neighbour- 
hood of 3 per cent. might make a difference of 
several shillings per ton in the price of pig-iron. 
The inorganic contents of the coke should therefore 
be studied with greater attention than had previously 
been the case. He was of the opinion that the 
striking differences shown in the paper between 
the reactivities of the cokes from Durham and 
from Yorkshire had been brought about by the 
inherent ash content. The percentage of ash 
certainly had an influence on the properties of the 
coke, but the composition of the ash might have a 
still greater influence. 

Mr. E. C. Evans, who spoke next, said that many 
tests had been from time to time suggested as 
reception tests for coke, and he thought that the 
method of determining reactivity was a very 
acceptable means of comparing coke quality. 
Mr. D. Sillars, the next speaker, remarked that 
Sir Lowthian Bell had performed similar, if less 
accurate, work. The authors had tested cokes 
from South Wales, Durham, and Yorkshire. In 
order that their results might be fully discussed, 
it would be necessary for them to take into con- 
sideration cokes the qualities of which varied much 
more than did those of the materials quoted in the 
paper. The differences between their samples 
were not great enough. The authors had taken 
950 deg. C. as their temperature of test ; he desired 
to know if they had carried out any investigations 
at very much higher temperatures, of the order of, 
say, 1,400 deg. C. It should also be remembered 
that blast-furnace operations took place at gradually 
increasing temperatures ; this might well be taken 


to draw conclusions ; they had confined themselves 
to statements of facts. ‘The President here stated 
that, owing to lack of time, he would ask the authors 
to reply to the discussion in writing. 


THe AprpLEBY IRON AND STEEL PLanrT. 


The third, and last, paper taken on Thursday 
morning was by Messrs. A. Crooke and T. Thomson, 
and was entitled “‘ New Plant of the Appleby Iron 
Company, Limited.” The first portion of this 
contribution will be found on page 551 of our last 
week’s issue, and the conclusion on page 584 of 
the present issue. 

Mr. C. M. Schwab, the first speaker in the subse- 

quent discussion, stated that the great outputs 
realised in the United States had been made feasible 
by increasing the size of their blast furnaces and 
open-hearth plants, and by running their rolling 
mills continuously. Their blast furnaces produced 
800 tons of pig-iron a day, and were capable of turn- 
ing out 1,000 tons a day. Their open-hearth heats 
ranged from 250 tons to 300 tons. By increasing 
the scale of their outputs they had cut down their 
direct labour costs very materially. Even so, the 
return on the capital invested was not much over 
5 per cent. In order to try to remedy this state of 
affairs, they were now turning their attention to 
improving their methods of distribution. 
The only other speaker on the paper, Professor H. 
Louis, said that he would like the authors to amplify 
a casual remark made with reference to ironstone 
mining. They had stated that liquid oxygen was 
now being used for blasting. He believed he 
was the first mining engineer to use liquid oxygen 
in this country, but his results had not been parti- 
cularly encouraging. He was under the impression 
that, subsequently, the Cleveland Institution of 
Engineers had also carried out a series of tests in 
this direction, and that the results obtained had 
not been very satisfactory. He would therefore 
like to know a little more regarding the methods 
used at Appleby, especially from an economic point 
of view. 

After intimating that the authors would reply to 
the discussion in writing, the President adjourned 
the meeting until the afternoon. 


THE FatiGuE-RESISTING PROPERTIES OF MILD 
STEEL. 


The first paper to be considered when the members 
reassembled on Thursday afternoon was a contri- 
bution, by Mr. H. J. Tapsell, of the National 
Physical Laboratory, dealing with “The Fatigue- 
Resisting Properties of 0-17 per cent. Carbon Steel 
at Different Temperatures and at Different Mean 
Tensile Stresses.” The paper will be found on page 
557 of our last week’s issue. 

Dr. W. H. Hatfield, who opened the discussion, 
stated that, in his remarks, he wished also to con- 
sider another paper published by the Department 
of Scientific and Industrial Research entitled ‘“‘ Note 
on the Creep of Armco Iron.” The two together 
gave many data of a nature badly needed at the 
present time, in view of the state of mind of the 
engineer, caused by the manner in which creep 
studies had, so far, been put before him. In regard 
to Mr. Tapsell’s paper, he thought the data therein 
must obviously be accepted as representing facts. 
He would, however, like to make a few observations 
from a particular standpoint. With regard to the 
fatigue ranges of his material at ordinary and at 
high temperatures, Mr. Tapsell had said that the 
stresses must have a definite relationship to the 
yields at ordinary temperatures or to the limiting 
creep at high temperatures. He himself submitted 
that the author was, in fact, speaking of one and the 
same thing, and the sooner this was realised the 
sooner would the whole position be clarified from 
the standpoint of the designing engineer. It did 
not seem to be appreciated, as it ought to be, that 
fatigue did not occur until the material had been 
stressed within the range at which plastic deforma- 
tion would take place; the author would be the 
first to agree with that. It would then be necessary 
to determine, in a ready manner, the stress under 
which a steel would behave as, at any rate, a prac- 
tically elastic body. 





into account in future résearch. ‘One of the merits 
of the paper was that the authors had not attempted 


If a tensile test piece of mild steel were prepared 


plastic range, an immediate elastic extension and 
an immediate plastic deformation were obtained. 
If, however, that test piece were examined with 
regard to its dimensions over a period of time, it 
would be found that the whole effect of the stress 
was not taken up by the plastic deformation until 
quite a considerable time had elapsed. This was 
really a case of definite creep, taking place at 
ordinary temperatures, in the very type of material 
with which Mr. Tapsell had been dealing. The 
author had also spoken of limiting creep stress at 
high temperatures. He presumed that what was 
really meant was the yield at the temperatures 
with which he was dealing. When one deter- 
mined the yield point of a piece of steel, one put a 
stress on the material, and it yielded ; it could not 
be seen to yield, and therefore, the stress at which 
it did yield was entirely dependent upon the degree 
of refinement with which the observation had been 
carried out. 
It was absolutely essential that, as quickly as 
possible, some information should be provided for 
the use of engineers, which would give them a 
value comparable to the yield value at ordinary 
temperatures, and would have some relation- 
ship to the fatigue range of the material at these 
temperatures. In the laboratory under his control, 
a lot of creep work, from the practical standpoint 
of the industry, had been carried out. They had 
decided that it was safe to postulate that if a test 
were made on a piece of steel with the idea of obtain- 
ing the stressing which would not produce an 
extension exceeding 0-5 per cent. in the first 24 
hours, and, if after the first 24 hours, no further 
measurable increase in the length of the parallel 
portion occurred for the next 48 hours, something 
comparable with the yield point had been obtained. 
In his laboratory, many tests had been carried 
out in that particular field, and it had been found 
quite practicable at these enhanced temperatures, 
by patiently trying several loads, finally to arrive 
at a load which would produce a deformation not 
exceeding 0-5 per cent. during the first 24 hours 
and no further measurable extension during the 
next 48-hour period. 
Even such a method of testing would involve, 
perhaps, a week for one specimen, and, therefore, 
it was obvious that it could hardly be used as a 
reception test. It was, however, the kind of infor- 
mation which engineers must have concerning the 
response of steels at high temperatures, and an 
adequate number of tests such as he had described, 
correlated with the patient investigations carried 
out by such workers as Mr. Tapsell, should, in 
the near future, put the engineer in the position 
of knowing to what degree he might stress his 
material in the case of a high-pressure boiler, or 
whatever else he was considering. Tested under 
the conditions outlined, the fact had come out that, 
in the case of wrought iron at 400 deg. C., the limit- 
ing creep or yield stress, such as he had just men- 
tioned, was 6-6 tons per square inch, whilst at 
500 deg. C., it fell to 3-2 tons. In the case of mild 
open-hearth steel having a carbon content of 0-27 
per cent., a material which was largely used, the 
figure at 400 deg. C. was 12 tons, whilst, at 500 deg. 
C., it was 6-9 tons. These figures showed the 
astonishing disparity of values between wrought 
iron and mild steel. At 400 deg. C., the engineer 
entered a zone which necessitated his entire recon- 
sideration of the position regarding factors of safety. 
Mr. T. P. Colclough said that the paper was likely 
to be of fundamental importance in the development 
of material for the manufacture of high-pressure 
boiler plates. He would like to know if the author 
could continue his investigations on material in 
the form of boiler plate. Lloyd’s and Admiralty 
engineers said that 0-17 per cent. carbon steel, of a 
specification similar to that given in the paper. 
had an elastic limit, or limit of proportionality, in 
the neighbourhood of from 10 tons to 12 tons, with 
12 tons to 14 tons for a 0-35 per cent. carbon steel. 
The elastic limit given in the paper was considerably 
higher than this, and he was in agreement with the 
figures given by the author. In his own experience, 
the limit of proportionality, in 1-in. rolled bars 
such as had been used for the investigation, was very 


ence did not hold in the case of material rolled in 





and .a stress imposed upon it somewhere in the 





— indeed to the yield point, but the same experi- 
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the form of plate, which had been worked more in 
a unilateral direction. In the l-in. bars the 
reversals of stress had been at the rate of 40 per 
second, in boiler work the reversals of stress were 
not nearly so rapid. It would be of value to engi- 
neers and manufacturers if an idea could be given 
as to what the limiting stresses and reversals were 
when the stresses were applied at a very much 
slower rate. 

Dr. W. Rosenhain said that the idea was gaining 
ground that, in the fatigue testing of iron and steel 
at ordinary temperatures, definite fatigue limits 
could be assigned, or, that there were stresses 
which would not cause fracture of the material no 
matter for how long they were applied. In thesame 
way the hope was entertained that, at high tempera- 
tures, there might be stresses which, however long 
they were applied, would not produce fracture or 
cause deformation sufficiently serious to be a source 
of danger or to make the material useless. It was, 
however, as yet impossible to state definitely that 
this was the case. In certain non-ferrous metals, 
it was to be feared that there was no true, safe limit 
at all, and, if that were the case with these metals 
at ordinary temperatures, it might be anticipated 
that it would be true of ferrous metals at high 
temperatures. The whole question was one of 
relative temperature range. In regard to the figures 
quoted by Dr. Hatfield for wrought iron and mild 
steel, the softening temperature, or the eutectoid 
temperature, was called into play in the case of 
mild steel, and not, of course, in the case of wrought 
iron. Dr. McAdam, in America, had brought out 
the influence of chemical agencies and had shown 
that, in tests at high temperatures, the question of 
the atmosphere had to be taken into account. 

In the course of his reply, Mr. H. J. Tapsell stated 
that Dr. Hatfield had suggested that yield and 
limiting creep stress might be virtually the same. 
Furthermore, he had said that, in the case of fatigue, 
there was always some plastic deformation taking 
place and that probably, therefore, the limiting 
creep stress was coincident with the fatigue range. 
What Dr. Hatfield had said had really amounted to 
another definition of yield point, or rather, in order 
to determine a safe upper limit, he had defined 
what was equivalent to another yield point. In 
other words, Dr. Hatfield had implied that, at low 
temperatures, he considered some stress intermediate 
between the limit of proportionality and the yield 
point was a suitable one to adopt, and this was the 
value he obtained in the test in which he used a 
0-5 per cent. elongation within 24 hours, and a 
further elongation amounting to practically nil 
for the next 48 hours. This implied that he must 
have gone beyond the limit of proportionality but, 
in all probability, had not reached the yield point. 
The stress to which he referred was, therefore, neither 
what was ordinarily regarded as the limit of propor- 
tionality nor as the yield point, but was some inter- 
mediate stress. 

Interposing at this stage, Dr. Hatfield asked the 
author what period of time was required to produce 
the limiting creep stress under his method of testing. 
Mr. Tapsell replied that it might take three months or 
five months. The question involved, however, was 
that, at the beginning, the elongation was practically 
all elastic, and during the first few days there was 
no appreciable added extension. Consequently, by 
adopting the constant figure of 0-5 per cent. 
throughout the whole temperature range, one might 
be very considerably above the limiting creep 
Stress at the higher temperatures, and somewhere 
between the limit of proportionality and the yield 
point at the lower temperatures. It was better to 
take the limit of proportionality, which could be 
determined within half a day, than to try to obtain 
some other point between the limit of proportion- 
ality and the yield point which took a long time to 
determine, and probably could not be obtained so 
accurately as the limit of proportionality. In his 
Opinion, the differences quoted between the wrought 
iron and the mild steel depended on the ductility 
above the limit of proportionality. 
INFLUENCE OF MANGANESE ON NICKEL STEELS. 
: A contribution by Mr. J. A. Jones, entitled, 

the Properties of Nickel Steels, with Special 
Reference to the Influence of Manganese,” was 
next considered. Mr. Jones, who read his paper in 





abstract, stated that the properties of nickel steels 
containing 0-2 to 0° 55 percent. of carbon, and 3 to 12 
per cent. of nickel, had been examined, with special 
reference to the effect of manganese. In nickel 
steels with low manganese contents, there was no 
advantage in increasing the nickel beyond 6 per 
cent., on account of the limitation imposed on the 
tempering temperature by the lowering of Acl. 
For a similar reason, with higher manganese (0° 8 per 
cent.), no advantage was gained by exceeding 
4°5 percent. of nickel. The effect of manganese, up 
to 0°8 per cent. on the critical ranges of nickel steel 
was small. An increase of manganese from 0°4 
per cent. to 0°8 per cent. in steels with about 4 per 
cent. of nickel, caused a fall in Acl of 3 deg. C., 
and a similar fall in Arl when the rate of cooling 
was about 4 deg. C. per minute. The effect of 
manganese in maintaining increased hardness of 
3 per cent. to 4 per cent. nickel steel at slow rates 
of cooling, became most evident when 0:5 per cent, 
of manganese was exceeded. When both manganese 
and chromium were present, the influence ofthe 
chromium in this respect was nearly twice as great 
as that of manganese. 

An increase of manganese in 3 per cent. to 4 per 
cent. nickel steels led to an improvement in the 
elastic limit and yield point without loss of ductility. 
Manganese had a marked influence on the mass 
effect in 3 per cent. to 4 per cent. nickel steel. A 


low-manganese steel would not harden satisfactorily, | 


even in very small sections. The amount of 
manganese necessary to secure adequate hardening 
varied with the size of section treated, but in no case 
should it be less than 0°5 per cent. A manganese 
content of 0° 8 per cent. was an advantage in securing 
good tensile properties in large masses, and was 
preferable to an increase in carbon content above 
0°4 per cent. On the other hand, a very high 
manganese content involved susceptibility to 
temper brittleness, which had to be guarded against 
in heat treatment. 

The first speaker in the discussion, Mr. T. M. 
Service, said that the results obtained confirmed his 
practical work relative to the effect of manganese 
on nickel steels. The author had stated that the 
manganese content should not be less than 0°5 per 
cent. When making steel pinions, it was his 
custom to use less than 0°5 per cent., in order to 
obtain high elongation test results and high Izod 
impact figures. Higher manganese percentages 
reduced the figure, in the case of test pieces taken in 
the transverse direction at all events. No hard and 
fast rule could be laid down as to the optimum 
percentage of manganese ; each metallurgist had to 
work this out to fit the particular conditions obtain- 
ing. Mr. A. P. Hague, who spoke next, agreed 
with the previous speaker. In pinion forgings, the 
diameter of which was 10 in., a manganese content 
of 04 per cent. to 0-5 per cent. was far better than 
one of 0°55 per cent. to 0°8 per cent. In the case 
of some pinion forgings he had in mind, the specifica- 
tion called for an Izod figure of 35 ft.-lb. If the 
manganese figure happened to be 0°8 per cent., this 
was a value difficult to reach. If, on the other 
hand, the manganese present stood at 0-4 per cent., 
there was no difficulty in getting 60 ft.-lb. The 
author had stated that the best impact figures 
were obtainable from purely sorbitic steel ; if ferrite 
were present, it would have a tendency to reduce 
the impact value. He had examined many micro- 
photographs of pinion forgings yielding an impact 
figure of 50 ft.-lb., and had rarely seen one which 
did contain a considerable amount of free ferrite. 

The next speaker, Dr. W. H. Hatfield, stated that 
he supported the last two speakers with regard to 
the limiting value of manganese. He also could 
not accept the suggestion that the limiting value of 
this element was 0-5 per cent. in large forgings. 
There was one other point: when nickel and 
chromium were included in the composition of a 
steel, they were put in because it was intended to 
harden and temper a large mass of material. If 
the manganese content were high, as had been 
suggested by the author, the conditions were such 
that there was a much greater facility for cracking, 
which must be avoided at all costs. Professor J. H. 
Andrew thought that they must admit that the 
facts were correct for the particular steels Mr. Jones 
had treated. If a nickel steel were tempered at a 


temperature slightly within the Ac range, an in- 
creased hardening was produced. He would like to 
ask the author whether he could give the meeting 
any figures which showed the effect of manganese 
and nickel on the width of the Ac range, and also 
whether he had any theory of his own to put forward 
to explain the hardening which he obtained when 
he heated up to a temperature which was just 
within the Acl range. Dr. Dickie and himself had 
published, some time previously, a theory on that 
question, and, although the author had mentioned 
the paper, he had avoided making any reference to 
that theory. 

In the course of a very brief reply, Mr. Jones 
stated that his conclusions on increased manganese 
percentages had been derived purely from a con- 
sideration of its influence on the mass effect on 
3 per cent. to 4 per cent. nickel steel. He had 
guarded against low impact figures, and had indi- 
cated in the paper that a very high manganese 
content involved susceptibility to temper brittleness, 
which had to be avoided in heat treatment. Mr. 
Hague had mentioned impact figures of 35 ft.-lb. 
and 60 ft.-lb. A low Izod value was not due to the 
high manganese present, in itself, but could be 
ascribed to its influence on the rate of cooling. The 
cracking, mentioned by Dr. Hatfield, was also due 
to this latter influence. 


Tue INFLUENCE OF NICKEL ON Cast Iron. 


A paper by Dr. A. B. Everest and Professor D. 
Hanson was next presented to the meeting. It 
dealt with ‘‘ The Influence of Nickel on Iron-Carbon- 
Silicon Alloys Containing Phosphorus,” and was 
read in abstract by Dr. Everest. As a result of 
their investigations, the authors had found that 
phosphorus increased the hardness of the iron alloy, 
augmented its tendency to chill, and rendered it 
difficult to machine. In the absence of chill, 
nickel produced its normal hardening action. Under 
conditions likely to produce chilled iron, nickel 
counteracted the chillirg effect of phosphorus. A 
study of the microstructures showed that phos- 
phorus tended to reduce the influence of nickel on 
the iron alloy. More nickel was required to produce 
‘a given result in the presence of high phosphorus, 
where there was any tendency to chill, than would 
be required in the presence of lower phosphorus. 

One of the speakers in the discussion, Dr. F. 
Wiist, stated that nickel tended to make the iron 
grey. A high nickel content in a cast-iron increased 
the tensile strength, and it was possible to obtain 
figures of the order of from 38 tons to 44 tons per 
square inch. This constituted a new material for 
‘aero-engine cylinders. Professor Hanson, who also 
spoke, said that the object of the present work was 
to study the effect of nickel on otdinary commercial 
cast iron. In iron containing an abnormally low 
silicon percentage, the beneficial effect of nickel 
additions was best brought out. No particularly 
beneficial results were obtained by adding nickel 
to metal already giving satisfactory service. In 
many cases, however, if it were possible to reduce 
the silicon and add nickel, better results were ob- 
tained with the resultant material. The nickel 
replaced some of the silicon ; the former, of course, 
was an expensive ingredient, but the properties 
conferred by its presence in the cast iron constituted 
a great improvement and the addition of nickel 
was, therefore, amply justified. 

(To be continued.) 








British STANDARD SPECIFICATION FOR COLLIERY 
MATERIALS.—In continuance of their programme of work 
in the colliery section, the British Engineering Standards 
Association have just issued two specifications, No. 322— 
1928, covering the —_ of material for colliery-cage 
main shackles and bridle chains, and No, 323-1928, 


‘dealing with colliery-rope capels or sockets for use in 


hauling or winding men. These specifications have been 

repared, at the request of the Mining Association of Great 

ritain, by committees representative of both the buying 
and manufacturing interests, who have been assisted by 
regional committees to ensure that local conditions and 
practice receive proper consideration. The use of the 
specifications by collieries will serve the double purpose 
of facilitating safe purchase on a competitive price 
basis, and of affording some measure of protection to 
the colliery manager, and limiting his difficulties in the 
event of serious accident. Copies of these two specifica- 
tions can be obtained from the Publications Department, 
B.E.S.A., 28, Victoria-street, London, 8.W.1, price 2s, 2d, 





each, post free. 
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THE INQUIRIES INTO THE. CAUSE 
OF THE FAILURE OF THE ST. 
FRANCIS DAM. 

By Frep A. Norrzu1, M.Am.Soc.C.E. 


IMMEDIATELY after the failure of the St. Francis 
Dam near Los Angeles on March 12, last, several 
commissions of engineers and geologists were 
appointed to investigate the causes of the disaster, 
as reported in ENGINEERING, on page 422, ante. 

The City of Los Angeles, the owners of the 
wrecked dam, in a most commendable spirit of 
fairmindedness and impartiality, requested the 
Board of Direction of the American Society of Civil 
Engineers in New York to submit a list of engineers 
to form an official Board of Investigators. The 
membership of this board as appointed subse- 
quently by the Los Angeles City Council was as 
follows :—Dr. Elwood Mead, Chairman, Commis- 
sioners of the National Bureau of Reclamation, 
Washington, D.C. ; General L. H. Beach, consulting 
engineer, and Louis C. Hill, consulting engineer. 
This board requested and subsequently had the 
assistance of R. F. Walter, chief engineer, National 
Bureau of Reclamation, and D. C. Henny, consulting 
engineer. 

The City of Los Angeles also appointed a commis- 
sion of three geologists : D. W. Murphy, chairman; 
Professor R. T. Hill and Professor C. F. Tollman. 

The State of California appointed an independent 
commission composed of four civil engineers and 
two geologists as follows: A. J. Wiley, chairman ; 
F. E. Bonner, F. H. Fowler, H. T. Cory, civil 
engineers; and Professor G. D. Louderbach and 
Professor F. L. Ransome, geologists. 

In addition commissions were appointed by the 
Los Angeles County District Attorney, the California 
Industrial Accident Commission and the Board of 
Supervisors of Ventura County, in which the greater 
part of the valley devastated by the flood waters is 
located. 

According to the laws of the State of California, 
a Coroner’s inquest jury was also called, whose duty 
it was to determine the cause of death of persons 
who lost their lives in connection with the failure 
of the dam, and further, to place the responsibility 
for the disaster for prosecution in the criminal 
courts. This jury was selected from local persons, 
and it is of interest to note that most of its members 
were engineers, builders, or other persons connected 
in their business with engineering and construction 
work. The members of most of the commissions 
and of the jury served without financial compen- 
sation. 

All commissions have submitted their findings in 
the form of reports. There seems to be practically 
unanimous agreement in all the reports as to the 
fundamental causes of the failure. 

The City’s commission of engineers, of which 
Dr. Elwood Mead was chairman, stated in its report : 
** The dam failed as a result of defective foundations.” 
The City’s commission of geologists concluded : 
‘“There were weaknesses in foundation under both 
the eastern (left) and western (right) abutments 
sufficient to have caused failure.” 

The commission appointed by the State authori- 
ties of California stated among others the following 
conclusion: ‘‘ The failure of St. Francis Dam was 
due to defective foundations.” 

These quotations are reproduced direct from the 
reports of the various commissions. 

The commissions further came to the practically 
unanimous conclusion that the failure of the dam 
was not due to inherent weakness of the concrete 
structure itself ; further, that the manner in which 
the dam failed, or in which the first break occurred 
has not been definitely established, and probably 
never will be. Several commissions pointed out 
that the omission of a deep cut-off wall under the 
base of the dam, further, the lack of suitable drainage 
of the foundation, and the failure of the builders to 
solidify the foundation material with injections of 
cement grout under high pressure were rather serious 
matters in view of the unsatisfactory foundation 
conditions. In this connection the present writer 
wishes to call attention to a further point of danger 
in the layout of the dam, namely, the arrangement 
of the spillway. 

This spillway was located in the middle of the 





span, where the dam was highest. In case of a 
flood the surplus waters would have been discharged 
through the spillway openings a vertical distance 
of from 120 ft. to 175 ft., directly upon the soft 
foundation material at the downstream toe of the 
dam. The capacity of the spillway was several 
thousand cubic feet per second, and this amount of 
water dropping such a great height, its force only 
partly broken by the steps on the downstream face 
of the dam, would quite likely have undermined 
the structure. However, no water had flowed over 
the spillway since the dam was completed ; other 
wise the dam would quite likely have failed, due to 
undermining by water flowing through the spillway 
openings. 

The reports of the several commissions are too 
voluminous to be quoted in this place in much detail. 
All the findings of the commissions and much oral 
testimony by witnesses was placed before the 
coroner’s inquest jury. After almost continuous 
sessions and hearings for four weeks, the jury 
rendered its verdict. In short, the jury placed the 
responsibility for the St. Francis Dam disaster on 
“the Bureau of Water Works and Supply and the 
Chief Engineer thereof” and on ‘‘ those to whom 
the Chief Engineer is subservient, including the 
Department of Water and Power Commissioners, 
the legislative bodies of City and State, and the 
public at large.” 

The jury recommended “there be no. criminal 
prosecution of any of the above by the District 
Attorney,” basing the recommendation on a finding 
“of no evidence of criminal act or intent on the 
part of the Board of Waterworks and Supply or 
any engineer or employee in the construction or 
operation of the dam.” 

The Chief Engineer referred to by the jury is 
William Mulholland, M.Am.Soc.C.E., for forty years 
in charge of the water department of the City of 
Los Angeles. Between 1907 and 1913 Mr. Mul- 
holland was responsible for the construction of the 
famous aqueduct so vital in the phenomenal growth 
of the city from a population of 102,000 in the year 
1900 to 485,000 in 1913, and to 1,100,000 in 1927. 

On the witness-stand before the coroner’s jury, 
Mr. Mulholland, a man 78 years old, when asked by 
the jury about his opinion as to the causes of the 
failure, stated quite frankly, ‘‘ Somebody must have 
made a mistake.”’ On another occasion he exclaimed, 
“Don’t blame anybody else. Whatever fault 
there was in this work, put it on me. If there were 
any errors in judgment—and it is human to make 
mistakes—the error was mine.”’ 

The coroner’s jury rendered its verdict in the form 
of a report. This report is an important document 
of lasting interest. It was written, as already 
implied, by a body of jurors, most of whom are 
engineers of high standing. It is based on personal 
inspection, reports and testimony of all commissions, 
experts, and other witnesses called upon in this 
investigation. The report also calls attention to 
deficiencies in present legislation in California, and 
states important recommendations relative to the 
design and construction of future dams to be built. 
The report of the jury is therefore of more than 
passing interest, and, except for its formal preli- 
minaries, follows in full :— 


The St. Francis Dam was defective due to the very 
poor quality of the underlying rock structure upon 
which it was built, and to the fact that the design of the 
dam was not suited to inferior foundation conditions. 
The actual failure was caused either wholly or in part by 
these defects. 

The construction of this dam, without having the 
design and foundation conditions passed upon by 
independent engineers and geologists, and without 
more thorough and systematic methods of design, 
supervision and inspection, involved two basic errors. 

One of these was an error in engineering judgment 
in determining the character of the foundations at the 
St. Francis Dam site and deciding upon the best type 
of dam to build there. 

The other was an error in regard to fundamental 
policy relating to public safety. 

The responsibility for the error in engineering judg- 
ment rests upon the Bureau of Water Works and Supply, 
and the chief engineer thereof. 

The responsibility for the error in public policy be- 
longs to those to whom the chief engineer is subservient, 
including the Department of Water and Power Commis- 
sioners, the legislative bodies of city and State, and 





to the public at large. It is a logical result of a set of 
conditions that the citizenship has allowed to develop 
and continue. This is the more fundamental error, 
for if proper safeguards had been provided in the city 
charter and in the State laws, making it impossible 
for excessive responsibility to be delegated to or 
assumed by any one individual in matters involving 
great menaces to public safety, it is unlikely that the 
engineering error would have escaped detection and 
produced a great disaster. 

A sound policy of public safety and business and 
engineering judgment demands that the construction 
and operation of a great dam should never be left to 
the sole judgment of one man, no matter how eminent, 
without check by independent expert authority, for 
no one is free from error, and checking. by independent 
experts will eliminate the effect of human error and 
insure safety. 

The exemption of municipalities from supervision by 
State authorities in the building of dams involving 
public hazards is a very serious defect of the State law 
that should be corrected :— 

We respectfully recommend :— 

That the regulations governing the conduct of all 
municipal and county bodies engaged in building and 
operating dams be revised so that the construction 
and operation of all such dams will be subject to 
review by competent experts in addition to the regular 
executive engineering organisation of the respective 
public bodies. It should not be left to the discretion 
of the chief engineer of such a body to submit such 
matters to experts, but should be mandatory upon the 
highest executive authority to employ thoroughly 
competent consultants that will not be subservient to 
the chief engineer. 

That steps be taken to the end that all existing dams 
be thoroughly examined as to their safety by a board or 
boards of outstanding experts on the construction of 
dams. 

That steps be taken to change the State laws so as to 
place the building of municipal and county, as well 
as privately owned dams under the jurisdiction of the 
State authorities. 

The intent and effect of these measures would be to 
have three independent groups of experts pass judg- 
ment upon the design, construction and operations 
of dams and other structures which might involve haz- 
ards to public safety. 

We find no evidence of criminal act or intent on the 
part of the Bureau of Water Works and Supply of the 
city of Los Angeles, or any engineer or employee in the 
construction or operation of the St. Francis Dam, and 
we recommend that there be no criminal prosecution 
of any of the above by the District Attorney. 

The destruction of this dam was caused wholly or 
in part by the failure of the rock formation upon which 
it was built and not by any error in the design of section 
of the dam itself or defect in the materials of which the 
dam was constructed. The gravity section accorded 
with standard practice, and would have produced a 
safe structure if it had been built upon hard, impervious 
rock, as was supposed to be the case by those who 
built it. 

On account of the great destruction wrought by the 
disaster and the absence of living eyewitnesses, much 
important evidence bearing on the cause of failure was 
obliterated, making it impossible to determine, with 
anything approaching complete accuracy, the exact 
cause of the initial break and the sequence of events 
thereafter. 

However, there remains a large amount of very 
convincing evidence of a number of vital weaknesses 
in the bedrock and in the design with reference to 
its adaptability to a weak bedrock, any one or several 
of which weaknesses may have been the primary 
cause of the failure, and all did contribute to the 
terrific destruction wrought by the collapse. 

The dam was in a defective condition due to the 
following :— 

First.—The dam was built upon two formations 
meeting at a fault contact, which naturally caused 
a line of weakness across the axis of the dam. _ 

Second.—The schist upon which about two-thirds 
of the mass of the main dam rested, is a weak material 
badly shattered, very susceptible to seepage of water, 
and to slippage along the planes of cleavage. 

Third.—The dip and strike of the planes of cleavage 
of the schist were at very unfavourable angles with 
reference to the lines of pressure of the dam and very 
favourable for landslides on the east wall of the site 
of the dam. 

Fourth.—The conglomerate upon which the western 
portion of the dam was built is variable in structure, 
badly seamed in several directions, and very deficient 
in bonding material. While it has the appearance 
of rock when dry, it is weak in compressive strength ; 
and, when saturated with water, it disintegrates into 
a slippery mass of clay, sand, small pebbles, and 
other included materials. 








Fifth.—Gouge materials at the contact between the 
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two formations were inferior in strength to either of 
the two principal formations, causing a zone of 
weakness that can always be expected at such 


contacts. 


Sixth—In addition to the contact fault there is 
another fault crossing the dam transversely and 
intersecting the contact fault about 150 ft. downstream 


from the toe of the dam. 


Seventh.—_The dam was not carried far enough 


into the bedrock, and had no cut-off walls. 


Eighth.—There was no reinforcement or blanketing 
with concrete at the contact between the dam and 
the rock abutments, as is usual where the formations 
No pressure grouting of the 


are not of the best. 
bedrock was done. 


Ninth.—The dam was not provided with inspection 
tunnels with drainage pipes discharging separately 
into the inspection tunnels for the purpose of locating 
any leakage and grouting it off if necessary. The 
only drainage pipes installed were confined to the 
centre section and connected to one manifold and 


outlet, making it impossible to localise leakage. 


Tenth.—The dam was built without predetermined 
This is a debatable question, but 


expansion joints. 
the best practice at present calls for their use. 


The St. Francis Dam was built by the Department. 
of the Water Works and Supply of the City of 
Los Angeles by the city’s own forces and not by 


contract. 


The design of the dam and the foundation conditions 
were not passed upon by independent engineers and 


geologists. 


The exploration work and testing of foundation 
materials prior to reaching a decision to build a dam 
at this site were entirely inadequate to definitely 
determine the true qualities of the bedrock and the 


proper type of dam to build at the site. 


The exploration work both before and during 
construction was practically limited to the boundaries 
of the concrete structure, and did not adequately 


reveal the topography and character of the bedrock 
structures beyond these boundaries. 

The inspection of the work during construction 
was very limited and defective in principle, owing 
to the fact that the inspections were made by the 
same people who were directing or doing the work, 
without adequate check inspection by an independent 
personnel to reduce the effect of personal error. 

Extensive exploration work, inspection and testing 
of materials and consultations with experts unques- 
tionably would have revealed the true character of 
the site and prevented this calamity. 

Even though the failure of the dam was either 
caused by or greatly assisted by saturation of the 
foundation materials with water from the reservoir, 
the total leakage that was observed at any time up 
to within a few hours of the failure was remarkably 
small, considering the critical conditions existing 
under the dam, and less than is commonly present in 
dams that are considered safe and have stood for years. 

There had been reports by subordinates and others 
who claimed to have observed increased leakage and 
muddy water coming from the dam a few days before 
the failure. In consequence of these reports the chief 
engineer and his principal assistant inspected the dam 
about twelve hours before the failure and found that 
the water was coming out clear, but picking up surface 
soil in flowing from the points of first appearance to the 
afterbay pool below the dam. This agrees with the 
testimony of all witnesses who made observations at 
sufficiently close range to see the water where it first 
emerged from the ground. 

The amount of leakage and its character were not 
such as to cause apprehension of those in charge of the 
dam and to cause them to doubt their previous faith 
in the safety of the structure. If they had concluded 
that the dam was in danger of destruction, the only 
safety measure possible at that time would have been 
to warn everyone in the possible path of the flood to 
move out, since, with all gates wide open, it would have 
taken many days to have drawn the water low enough 
to remove the danger. 

There is ample evidence to show that no alarming 
symptoms were observed up to within thirty minutes 
of the first break, and that the entire destruction of the 
dam was completed in a very few minutes. 

_the entire personnel of the Department of Water 
Works and Supply and the Department of Water and 
P ower Commissioners, who were responsible for the 
building of the dam, appears to have had an unusual 
degree of confidence in the chief engineer and relied 
entirely upon his ability, experience and infallibility in 


matters of engineering judgment. 
With a background of many years of very 
distinguished achievement in the building of a great 


Waterworks system, including seventeen earth fill 
and rock fill dams, there was ample reason for a very 
high degree of confidence. 

However, the chief engineer and his principal assist- 


masonry or concrete dams prior to the building of the 
St. Francis Dam. Earth fill and rock fill dams are built 
wholly or in part on unconsolidated or yielding founda- 
tions, while masonry or concrete dams must have hard, 
impervious, unyielding foundations. This organisation 


unyielding. 


previous high standard of accomplishment. 


precaution for any motive. 


given to the possibility that this disaster was pre- 
cipitated by an overt act. 


that such was the case has been brought before us. 


cause, it would not change the situation as far as 
concerns the existence of the defects that have been 
described and which were the more probable cause of 
the disaster. 
Among the possible causes of failure that have been 
considered is that of earth movement. Triangulation 
surveys have been made that seem to indicate that there 
has been a slight movement of two survey points on the 
west side of the site between the year 1923 and a time 
three weeks after the failure, but it is impossible to 
check the original survey. Seismographs were in 
service in several observatories within range of this site, 
one of them being within forty-five miles. The records 
show that there were no earth tremors, of even slight 
intensity, on the night of the failure; hence, major 
earth movement must be dismissed as a possible cause. 
Landslides on the east side of the canyon accom- 
panied the destruction of the dam. Whether a land- 
slide was the first event or only a later development is a 
subject concerning which there may be a difference of 
opinion, or at least, an uncertainty, but the preponder- 
ance of expert opinion favours the conclusion that the 
initial failure was on the west side and that the land- 
slides were precipitated by undercutting by the waters 
discharged through the breach on the west end of the 
dam. Some of the slides are known to have occurred 
after the water had left the reservoir. 
The exact sequence of these events is of great 
engineering interest, but has little bearing on the 
question of basic cause and responsibility. A sus- 
ceptibility to landslide was one of the defects of the site 
that should have been foreseen. 








THE LATE DR. W. F. M. GOSS. 


WE regret to find that at the time of the 
occurrence the death of Dr. W. F. M. Goss was 
not recorded in our columns. Dr. Goss died on 
March 23, at the age of 68, and the locomotive 
engineering world has thus lost one of its most 
interesting figures. To Dr. Goss is undoubtedly 
due a great part of our knowledge of the influence 
of various factors in locomotive design and 
operation. Born in Barnstable, Mass., at the 
age of 18 he entered the then recently-established 
Massachusetts Institute of Technology, and, at 
the age of 20, was appointed instructor in mechanics 
at Purdue University. In the course of his con- 
nection with this institution it is no exaggeration 
to say that he made its name known all over the 
railway world. 

His work started in a very modest way, but 
before long he had organised courses in practical 
instruction and manual training which attracted 
a good deal of attention, but these were confined 
at first to elementary work, Later, steam 
engineering laboratories were started, and in 
1891 the University had its first locomotive testing 
plant. This was the first plant of its kind. The 
original locomotive was a 4-4-0 machine built 
by the Schenectady Locomotive Works, and, as 
things are judged nowadays, was a very small 
engine. The work on the plant, however, was 
followed with a great deal of interest and 
undoubtedly proved of great value quantitatively 


apparently did not appreciate the necessity of doing 
the many things that must be done in order to be 
certain that the foundations of a dam of the concrete 
gravity type are and will remain hard, impervious and 


As a consequence of these conditions, serious errors 
were made, while the entire responsible organisation 
seemed confident that they were maintaining their 


There appears to have been no disposition to neglect 
anything because of expense, as funds were available to 
meet any requirement deemed necessary. The only 
reasonable explanation is that those in charge were 
completely deceived as to the true conditions and acted 
through ignorance and not from intent to omit any 


Owing to previous attacks upon the city’s water 
system by the use of explosives, consideration has been 


While it is undoubtedly 
possible that the destruction of the dam could have 
been caused by an explosion, no conclusive evidence 


Even if the failure had been precipitated by this 


evaporation and boiler power, balancing, &c. 
In 1894 the laboratory was destroyed by fire, 
not altogether unfortunately, as it turned out 
ultimately, for it was soon put in order again 
with a locomotive, Schenectady No. 2, of much, 
larger and more modern type on the plant. On 
this a great deal more valuable work was done. 
Among other series of trials at the laboratory, 
one carried out in connection with the American 
Railroad Master Mechanics’ Association, was an 
investigation of smoke-box and blast arrange- 
ments. This investigation was influential in con- 
verting American locomotive engineers from the 
small blast pipe and sharp blast to the idea 
of getting as large an orifice as possible, with 
a self-clearing design of front end. The Master 
Mechanics’ Association made Purdue its official 
experimental station, and its proceedings for 
many years bore constant record to the value of 
Dr. Goss’s work. In fact, all the time Dr. Goss 
was in charge of Purdue, the results were freely 
made public in reports, papers and books. His 
long experience in this connection made it extremely 
fitting that he should be appointed as chairman 
of the Advisory Committee organised by the 
Pennsylvania Railroad Company for the work on 
its testing plant installed at the St. Louis Exhibition, 
the records of which are to be found in Locomotive 
Tests and Exhibits, a volume of now classical 
data to which constant reference is made. The 
work at Altoona, where the St. Louis plant was 
re-erected, has been constantly referred to in 
our columns. Although carried far beyond the 
earlier work at Purdue, and throughout with the 
latest and most carefully-designed locomotives, 
it is doing the Pennsylvania Railroad officials 
no injustice to say that it was a natural develop- 
ment of Dr. Goss’s investigations. We may also 
remark that as was the case at Purdue, the results 
of the work at Altoona have been placed unstintingly 
at the service of the profession generally. 
Many of Dr. Goss’s more important records are 
to be found in two volumes, Locomotive Performance 
and Locomotive Sparks, the latter dealing mainly 
with the problem of losses by unburnt fuel. Two 
later, and at their time very valuable, contributions 
were reports published by the Carnegie Institution of 
Washington, High Steam Pressures in Locomotive 
Service and Superheated Steam in Locomotive 
Service. In addition to being author of such 
publications, he was a frequent contributor to the 
proceedings of various institutions and to the 
technica] Press. 
In this short notice we feel we cannot do justice 
to all that Dr. Goss did for the development of 
technical education and for the advancement of rail- 
way problems, but have felt it necessary to stress 
the branch in which he did admittedly valuable 
pioneer work, and with which his name will always 
be associated. He was well known to many 
English engineers who visited him in his own 
country, or had the pleasure of meeting him here, 
as, for instance, when he was present at the Insti- 
tution of Mechanical Engineers meeting at Birm- 
ingham in 1911. 








THE British WATERWORKS ASSOCIATION.—By the 
kind invitation of the Lord Mayor and Corporation, the 
seventeenth annual general meeting of the British 
Waterworks Association will be held this year in Man- 
chester, from Wednesday, July 4, to Saturday, July 7. 
A meeting of the executive committee will be held in the 
Town Hall at 11 a.m. on the first day, followed by a 
luncheon at the Midland Hotel. In the afternoon the 
annual general meeting will be held at 2.15 p.m., when 
the Presidential Address will be given, after which 
Mr. M. H. Munro will read a paper on “ Waterworks 
and their Financial Relations with the Community.” The 
President of the Association will hold a reception that 
evening at the Midland Hotel, which will be followed by 
the annual dinner at 7.30. Two papers will be read on 
Thursday morning, July 5, starting at 10 a.m., the first 
by Mr. E. Morton, on ‘‘ The Underground Distribution 
and Thickness of the Secondary Formations in England, 
with special reference to the Sources of Subterranean 
Water’; the second will be read by Mr. S. Hall on 
‘“The Heaton Park Service Reservoir.”” After luncheon 
at the Town Hall, at the invitation of the Waterworks 
Committee, a visit will be paid to Lostock Booster 
Station and Heaton Park Reservoir. At 7.30 p.m. that 
—— the Lord Mayor will hold a reception at the 
Town Hall. On Friday, July 6, arrangements have been 


made for an all-day visit to Haweswater works ; and on 





to American designers and qualitatively to others. 





ants had had limited experience in the building of large 


The subjects covered steam action in the cylinders, 


Saturday, July 7, visits will be made to places of local 
interest. 
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LABOUR NOTES. 

Mr. A. B. Swaxes, Mr. James Kaylor, and Mr. 
Andrew Lorimer, members of the Executive Council 
of the Amalgamated Engineering Union, have been 
re-elected to their present positions on first ballots. 
Mr. W. H. Hutchinson, Mr. H. Berry, Mr. F. Marsh, 
and Mr. Peter Dickinson are at the head of the polls 
in their respective divisions, but all have to go to 
second ballots. None of the National Minority Move- 
ment’s candidates has, so far, achieved success, and 
the general opinion seems to be that in the second 
ballots they will fare no better. 





In April, the home branch membership of the 
Amalgamated Engineering Union increased from 
190,696 to 191,022, and the colonial branch member- 
ship from 28,306 to 28,385. The number of members 
in receipt of donation benefit increased from 6,588 to 
9,681, the number in receipt of sick benefit decreased 
from 6,052 to 5,751, and the number in receipt of 
superannuation benefit increased from 9,977 to 10,081. 
The total number of unemployed members increased 
from 13,224 to 13,506. 





A defence of the policy of the General Council with 
regard to the discussions with the representative group 
of employers was the feature of the presidential address 
of Alderman Ben Turner, chairman of the Trade Union 
Congress General Council, at the annual conference 
of the National Union of Textile Workers, at Bradford, 
on Saturday last. Mr. Turner said that the discussions 
had been attacked by one or two federations of em- 
ployers, but more bitterly by the ‘“corruptors of 
trade unionism,”’ who, while declaring that they wanted 
100 per cent. trade unionism, had done their best 
to stop trade unionism from thriving. ‘I can con- 
ceive of good coming from these conferences with 
leading bankers, business men, manufacturers, and 
commercial leaders,’ he declared. ‘I can see them 
resulting in pronouncements that may help industry 
and commerce, and, above all, improve the status of 
the operative class in this country. None of those 
who traduce the General Council can show sacrifices 
such as were made by many of its members years ago. 
The General Council will report to the Congress in 
September, and the common sense of the movement 
will give its decision when the facts are placed in 
its possession.” 





The report of the General Federation of Trade 
Unions for the first quarter of the current year states 
that there are now 67 affiliated societies on the higher 
scale, 31 on the lower scale, and three on both scales. 
The total number of members on the higher scale is 
338,781, on the lower scale 219,792, and on both 
scales 11,298. Claims for benefit were not, Mr. 
Appleton, the general secretary, says, numerous 
during the quarter. Of twelve sent in, eleven were 
granted immediately, and one after adjournment for 
further information. The numbers affected were 461. 
The amounts involved being small, the excess of con- 
tributions over benefits paid during the quarter was 
8,1321. 1s. 4d. Me feel 

On Thursday last week, the Operative Dyers’ Joint 
Committee gave notice to the employers in the dyeing 
and finishing trades of Lancashire, Yorkshire and 
other centres, that their members would cease work in 
a month unless their demands for the adoption of a 
collective piecework system and a re-adjustment of 
the wages of time workers were conceded. About 
80,000 workpeople are involved. Other differences 
exist besides those mentioned, and have been discussed 
at conferences between the parties, so that the settle- 
ment, when it comes, as everybody hopes it soon may, 
should be a comprehensive one. 





The Master Cotton Spinners’ Federation has decided 
to ask for authority from its members to reduce wages 
by 12} per cent., or 2s. 6d. in the pound. Spinners 
in both the Egyptian and the American Sections of the 
industry are to vote, and, in order to ascertain exactly 
what the opinion of each section is, the ballot papers 
are to be of different colours. An 80 per cent. vote in 
favour of the reduction will be necessary before action 
along that line can be taken. There is no reference in 
the ballot papers to working hours. This decision of 
the Master Cotton Spinners’ Federation follows upon 
the refusal of the operatives’ executives to discuss 
means of re-establishing the industry on an economic 
basis, including a re-adjustment of both wage rates 
and working hours. 





As was expected, the ballot arranged and carried 
out by the Trades Union Congress to ascertain whether 
the miners in the Notts coal area desired to be repre- 
sented by the old Nottinghamshire Miners’ Association 
or the new Industrial Miners’ Union has resulted in 





favour of the older organisation. For the Nottingham- 
shire Miners’ Association 32,277 voted, and for the 
Industrial Miners’ Union 2,533. Of unemployed 
miners—whose votes were not included in the ballot 
proper—1,857 voted for the Miners’ Association and 
23 for the Industrial Union. Neither the employers 
nor the officials of the Industrial Union took any part 
in the ballot. The position was, therefore, left un- 
changed, although after the results had been declared, 
Mr. Citrine stated that, logically, in view of the figures, 
recognition could no longer be withheld from the Miners’ 
Association. 

The latest issue to hand of the weekly official organ 
of the International Labour Office, contains a summary 
of the proceedings of a congress held in Paris by the 
French Federation of Engineers’ Associations. Although 
the Bill drafted by the Superior Council for Technical 
Education, relating to the issue of engineering diplomas 
was regarded as defective, the congress called upon 
the committee of the Federation to take strong measures 
to secure its introduction in Parliament. Recalling 
that the Federation had always favoured regulation 
of the employment of foreign engineers in France on a 
basis of reciprocity of treatment, the congress demanded 
that reciprocal measures should be adopted as regards 
those countries which restricted or prohibited the 
admission of French engineers to their territories ; 
that permission to reside in France should not be 
granted to foreign engineers when their presence was 
prejudicial to unemployed French engineers; that 
the practice of setting up in the employment exchanges 
advisory committees of properly qualified represen- 
tatives of engineers’ organisations should be generally 
adopted; that the employment of foreign engineers 
in undertakings executing public contracts or works 
connected with national defence should be strictly 
regulated ; and that the conditions of recognition of 
foreign certificates for entrance to engineering schools 
should be revised. 





The congress favoured the careful and continuous 
application of rationalisation, which, it considered, 
might result in increased stability and a higher standard 
of living for society as a whole, lower prices, and pro- 
ducts more suited to the needs of the general public. 
Nevertheless, the congress was of the opinion that the 
greatest caution should be observed in order to avoid 
interference with the legitimate interests of the workers, 
and that rationalisation should be accompanied by 
measures to safeguard against possible loss of employ- 
ment and increased demands on the worker. The 
congress expressed the view that intellectual workers 
and the organisations of technical experts should be 
called upon to play an important part in the process 
of rationalisation on account of its technical character. 
All persons concerned—employers and manual and 
intellectual workers (represented by their respective 
organisations), consumers and scientific and technical 
authorities—should collaborate under state super- 
vision in the introduction of rationalisation, in order 
to prevent its benefits being monopolised by any part 
of society. 





According to a recent estimate, of a total of about 
30,000 engineers in France, about 10,000 are organised. 
The four principal organisations are: The Trade 
Chamber of Engineers, the Federation of Engineers’ 
Associations, the Federation of Technical Employees 
in Industry, Commerce and Agriculture (‘‘ Ustica”’), 
and the Catholic Federation of Engineers. 





At its ninth congress in Sofia, the Union of Engineers 
and Architects in Bulgaria, which has 842 members, 
passed a number of resolutions, demanding, in par- 
ticular the improvement of the material situation of 
engineers and architects employed by the Government, 
and the limitation of the number of foreign architects. 
The officers of the Union were requested to examine 
the measures to be taken to diminish unemployment 
among technical workers in Bulgaria, and to study 
the question of the creation of chambers of engineers 
and the possibility of instituting expert consulting 
engineers. 

The Ministry of Labour states that on April 30, 
1928, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain, 
was 1,136,000, of whom 770,800 were wholly unem- 
ployed, 293,100 were temporarily stopped, and 72,100 
were persons normally in casual employment. Of the 
total number, 918,400 were men, 35,600 boys, 149,400 
women, and 32,600 girls. On April 23, 1928, the 
number of unemployed persons was 1,062,285. Of 
these, 765,403 were wholly unemployed, 226,233 were 
temporarily stopped, and 70,649 were persons normally 
in casual employment ; 851,933 were men, 35,133 boys, 
142,219 women, and 33,000 girls. On May 2, 1927, 
the number of unemployed persons was 1,021,728, of 








whom 815,678 were men, 32,962 boys, 139,970 women, 
and 33,118 girls. 





The writer of ‘‘ Notes and Comments” in the May 
issue of Man and Metal, the organ of the Iron and Steel 
Trades Confederation, expresses the opinion that the 
Ministry of Health intends to use punitive tests as a 
deterrent to unemployed workmen asking for relief. 
Stories have reached him, he says, from different 
parts of the country to the effect that unemployed 
able-bodied married men are being given the option 
of going into the workhouse before relief is given to 
their wives and children. ‘In London,” the writer 
goes on to say, ‘‘ when these men enter the workhouse, 
they are put to what is known as test work, and are 
expected to break stones, chop wood, or do other 
task work. The breaking of stones by hand labour is 
difficult and exhausting to those who have had no 
experience of the task. These stones can be broken 
much more cheaply by machinery and much more 
effectively, but the idea of this Government is there 
must be some repression of working men to compel 
them to go and seek less disagreeable tasks,”’ the argu- 
ment being “that everybody who is out of work 
could get work if he would only look for it, and if he 
does not look for it he ought to be punished. We 
had thought that after the boasted comradeship 
during the war period this sort of thing would have 
died a natural death. Punishment because one is 
unfortunate is barbarous and out of date, and ought 
not to be tolerated in modern society.” 





*“‘ If anybody should be punished,” Man and Metal's 
contributor proceeds, “‘it is those who by their 
financial and industrial policy have first thrown 
men out of work, and then proposed to punish them 
for being out of work. Statistics show that the type 
of workman who is now out is not the habitual tramp, 
and Chairmen of Boards of Guardians are commenting 
upon the fact that the people who call at workhouses 
nowadays are young men between the ages of 18 and 30 
who, apparently, have never previously been in a 
workhouse, and are on the road looking for work. 
Degrading men in this way can only make paupers of 
them permanently.” ‘The Labour Exchanges were 
established,’ the writer says, ‘“‘to obviate the need 
for a man to walk from one town to another looking 
for work, but men are so anxious to get work that 
if they hear of a job, or see an advertisement in the 
Press, they do not bother with the red tape of the 
Labour Exchange, but set off immediately to walk 
towards the place where the job has been advertised. 
This is borne out by comments of Chairmen of Boards 
of Guardians, who remark upon the fact that there 
is a drift from north to south of young men looking 
for work—men whom they have not seen before 
and who are not used to workhouses.” ‘‘ Other means 
of assisting these men ought to be found,” the writer 
declares, “‘ and not imprisonment in workhouses and 
punishment by labour tests because they are out of 
work and looking for it.” 





A recent issue of the Worker contains a re-affirmation 
of the National Minority Movement’s “ militant 
programme and policy.” ‘ The policy of the existing 
leadership,” it is declared, ‘‘ has been to do nothing 
and to talk much, and all this talk has been propaganda 
for ‘industrial peace’ and capitalist rationalisation. 
New fights are ahead, and for the first time in the 
history of the trade unions a definite organised 
Minority Movement exists to fight for the principles 
of real trade unionism, a movement that is not hostile 
to trades unionism, but is hostile to, and will fight 
with increasing bitterness, the existing leadership 
that has betrayed the workers’ struggle for better 
conditions.” an es 

The workers are invited to join in a national 
campaign in support of the following aims, ~ which 
alone can ensure ultimate victory in the age-long 
fight against poverty and oppression ” :—The seven- 
hour day, 100 per cent. trade unionism and official 
support for factory committees and shop stewards, 
all trade unionists to have full rights within their 
unions irrespective of their political opinions, a new 
leadership and a reorganised fighting trade union 
movement, opposition to industrial peace, the freedom 
of all colonial peoples, the defence of the ee 
Republic, international trade union unity, the building 
of a mass minority movement in Britain, the fight 
against the capitalists and their agents in the Labour 
Movement. 








Contracts: ERratum.—We regret that in our issue 
of last week, page 541, the name of the firm to whieh 
orders have recently been given for the large wore 
generator units for West Ham and Leicester was wrons'y 
stated. It should have been given as the Engiis! 
Electric Company, Limited, Queen’s House, Kingsway: 
W.C.2. 
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THE HETEROGENEITY OF STEEL 
INGOTS. 


Tue Second Report* of the Committee on the 
Heterogeneity of Steel Ingots was presented to. the 
Iron and Steel Institute at the annual meeting on 
May 4. Owing to the great length of this contribution 
we are only able to give a brief summary of the 
ground covered. 

The work, of which an account is given in the 
report, is confined to a consideration of further 
types of carbon-steel ingots, and to several examples 
of alloy-steel ingots. Consideration is also given to 
the subject of ingot moulds. Scientific investigations 
areinhand with a view to elucidating matters arising 
out of the first general research. 

Ingot Moulds——Of the factors influencing the 
characteristics of the ingot, the form of mould employed 
is necessarily one of the most important. All the 
moulds at present under examination by the Committee 
are made of cast iron, which material meets, to a 
reasonable degree, requirements as regards physical 
properties, maintenance, and cheapness. Its low cost, 
due partly to its ease of manufacture, its comparatively 
high thermal conductivity, and the fair life of the 
surface coming repeatedly in contact with the molten 
steel, coupled with a satisfactory mechanical strength, 
have proved sufficient justification for the general use 
of the material. Primarily, the function of an ingot 
mould is to provide a receptacle for the molten steel, 
which shall, after freezing, be in a form suitable for 
subsequent working. A further function of the mould 
is to abstract heat from the molten steel, and to 
dissipate it by radiation, or other means, from its 
outer surfaces. The mould abstracts heat from the 
steel by two not entirely independent methods. The 
first is the chilling action due to the mould being at 
a much lower temperature than the steel in it, and 
acting as a receptacle into which the heat is emptied 
from the steel. The second, which becomes the more 
vital as the cooling proceeds, is the outward passage 
of heat by conduction through the walls of the mould, 
with subsequent radiation from its outer surfaces. 

In the design of the shape of the mould, five points 
concerning the ingot must be borne in mind, namely, 
(2) freedom from cavity, (5) suitability for and ease of 
further working, (c) the stresses set up on cooling, 
(d) the elimination if possible of planes of weakness, 
(e) the layout of the segregate. The factors which 
must be taken into account in determining the weight 
and dimensions of an ingot mould are, therefore, 
very complicated. A mathematical treatment of the 
subject is extremely difficult, and solutions can only 
be obtained, even in the most simple cases, by 
neglecting various terms, such as variations in the 
physical properties with temperature, latent heat of 
fusion, and other critical thermal changes, &c. Even 
when simplified in this way the mathematical 
expressions arrived at are intricate. It would appear 
that even if a complete mathematical expression 
could be given to represent the freezing of the ingot 
in the mould, there would still be considerable doubt 
as to how to apply it, until agreement is attained as 
to the best crystalline arrangement to aim for, and, 
even then, the influence of the rate of cooling, or of 
the velocity of freezing across the section, on that 
crystalline arrangement must be known. It is, 
therefore, clear that for the present the Committee 
can well leave the matter as one requiring much 
further elucidation. 

Certain Features of Steel Manufacture which may 
Influence Heterogeneity.—Although it is not considered 
within the terms of reference of this Committee to 
Investigate steel-making processes, a study of the 
heterogeneity of steel ingots would not be complete 
without due consideration being given to three important 
factors, each of which depends essentially upon the 
process of manufacture employed—namely, the presence 
in the ingot, and the origin of : (1) Oxides and silicates ; 
(2) sulphur, phosphorus and extraneous elements; and 
(3) gases. Oxides and silicates, which occur as non- 
metallic inclusions, apart from causing obvious defects 
when badly segregated, even when dispersed as small 
inclusions, lead, in exaggerated cases, to the production, 
48 a result of hot-work, of “ woody ”’ fractures. As 
regards the presence of sulphur, structurally free sul- 
Phides of manganese or of manganese and iron (or 
Possibly of even more complex composition) have the 
Same gencral effect as other non-metallic matter in 
destroying the continuity of the metallic aggregate, 
pone oni on account of their facility for segregation. 
posta also, owing to the readiness with which 
Fi should be as low as economic and process 
ype — ‘ons permit. The effect of the presence 
= T extraneous elements such as arsenic and 

Pper need further investigation. With regard to the 
sara and influence of the gases remaining in solu- 

on in the solidified steel, it must be confessed that 








* ForF 


at the top, 70 in. by 31 in. at the bottom, and its 
length, excluding head, 100 in. The steel was made 
in the acid open-hearth and was top-poured into a chill 
mould. The distribution of the elements, as revealed 


the general segregation phenomena were similar to 
those in plain carbon steels. 
was found in the upper part of the ingot near the 
central axis. 
segregation was found in the lower portion of the ingot. 
Silicon shows positive segregation in this region. 
Compared with Examples 12* and 14 of the First 
Report, it would appear that the addition of nickel 
and chromium has but very little effect on the amount 


little exact knowledge is available, and that much 
work requires to be done. 

A more complete understanding of the physical 
chemistry of steel-making would make possible a better 
control of these factors. In each type of process the 
temperature of the raw material is raised until the 
conditions are such that a liquid metal is in contact, 
and reacting, with a superimposed layer of liquid 
slag. The variable composition of the metal and of 
the slag, the variation in temperature, and also in the 
compostion and volume of the gases reacting upon 
the metal charge during melting and afterwards upon 
the upper surface of the molten slag all introduce 
complications which render the study of the nature of 
the reactions extremely difficult. Some processes have 
been studied more intensively and successfully than 
others. In no cases, however, is knowledge sufficiently 
complete to enable an arbitrary statement to be made 
concerning the actual or the optimum effect attainable 
with respect to the three important factors under 
consideration. 

A Study of Nickel, Nickel-Chromium, and Nickel- 
Chromium-Molybdenum Steel Ingots—In this section 
the data derived from various representative ingots 
are given. The method of investigation is identical 
with that employed for the ingots described in the 
First Report, so that direct comparison can be made, 
and the influence of the recorded data concerning mass, 
analysis, &c., on the characteristics of the ingots 
considered. The first two ingots, Examples 17 and 18, 
are of different weight, namely, 15 cwt. and 2 tons 
17 cwt.; they were cast from the same acid open- 
hearth heat of nickel steel, and, therefore, apart from 
the usual features, a direct study of the effect of mass 
upon heterogeneity may be made. Comparisons 
of the segregated zones for the 57-cwt. and 15-cwt. 
ingots show at once a distinctly higher degree of 
segregation for each of the elements in the former 
case. Dealing only with the usable portion of the 
ingot—that is, below the refractory head—the limits 
shown by the figures for the different elements are 
given in Table ITI. 


TasLe III.—Analytical Comparison of Examples 
17 and 18. 





Example 18. 


Example 17. 
18-in. Ingot. 


11-in. Ingot. 





Element. 
Highest. | Lowest. | Highest. Lowest. 





Per cent. | Per cent. | Per cent. | Per cent. 
0-33 0-28 0- 0-28 


Carbon .. 2 32 é 
Sulphur 0-042 0-028 0-049 0-024 
Phosphorus 0-033 0-021 0-032 0-022 
Nickel 3:15 3-02 3-16 3-05 














As the above figures show, there is a slight but 
definite segregation of the nickel, following the same 
general mode of distribution as the other segregating 
elements of carbon, sulphur, and phosphorus. This is 
specially significant on account of the question of the 
chemical relations of nickel with the other elements 
present. Its degree of segregation is, in fact, com- 
parable with that found for manganese in the carbon- 
steel ingots of the First Report. While, however, 
manganese combines with carbon and with sulphur, 
nickel in steel, as far as is known at present, does 
not combine to any appreciable extent with these 
other elements, but simply dissolves in the iron. 
Manganese may, therefore, be expected to take part 
in the segregation of carbon and sulphur, but not the 
nickel. The fact of the segregation of nickel, therefore, 
seems to give support to those theories based on the 
equilibrium diagram and selective freezing, rather than 
to those which postulate a floating upwards of segre- 
gates. Taking the elements as a whole, both effects 
may be in operation, but it seems apparent that the 
effects resulting from the characteristics of the equili- 
brium diagram have their share. On the other hand, 
these results may be an indication that nickel does, 
contrary to the present ideas, associate chemically 
with one or other of the elements mentioned. 

Among the nickle-chromium steel ingots investigated 
was one weighing 49 tons; its size was 70 in. by 43 in. 


by analysis on drill samples, showed that in this ingot 
Maximum segregation 


Except in the case of silicon, negative 





of segregation, as revealed by the analyses. There is, 
however, an indication that there is a slight reduction 
in the segregation of carbon, sulphur, and phosphorus. 
Nickel segregates to only a small extent. Chromium 
shows large segregation immediately below the cavity, 
but there is only a very small variation throughout the 
body of the ingot itself. 

A nickel-chromium-molybdenum steel ingot examined 
weighed 119 tons, and was, 75 in. across the flats at 
the top, 67 in. at the bottom, and 180 in. in length 
excluding the head. The whole of the ingot was not 
subject to analysis, as in the previous cases. The 
few analyses obtained, however, served to indicate 
that the segregation of carbon, sulphur, and phos- 
phorus was not materially affected by the alloying 
elements in this size of ingot. Even in this ingot the 
maximum variation of nickel was only about 5 per 
cent. of the mean analysis. Chromium, on the other 
hand, showed a variation of 30 per cent. Molybdenum 
also segregated to a marked extent, and showed a 
range of composition of 70 per cent. 

General Considerations.—As regards the elements 
carbon, sulphur, and phosphorus, it would appear 
that the percentage variations in the different parts 
of the ingots increase as the size of the ingot increases. 
It has been mentioned earlier in this section that the 
presence of nickel and chromium apparently tend to 
diminish the tendency to segregate. The results 
for silicon and manganese seem to parallel those 
obtained on the carbon-steel ingots in the First Report. 
The degree of segregation of nickel is of the same order 
as that of manganese in plain carbon steels. Whilst 
manganese combines with sulphur, and to some extent 
with carbon, yet the large proportion of manganese 
present is merely in solution. Similarly, nickel, which 
does not form compounds with the other elements, is 
in simple solution in the iron. The iron-manganese 
and iron-nickel equilibrium diagrams, for the small 
percentages concerned, are of the simple solid solution 
type, with but a small gap between the solidus and 
liquidus. For these reasons, the segregation of nickel 
would be inferred to be of a minor character, as is shown 
by the data obtained. The chromium would certainly 
appear to segregate to a minor degree. The one study 
relating to molybdenum indicates a definite tendency 
to segregate in conformity with the tendencies of 
the other segregating elements. The examination 
of the distribution of the small percentage of copper 
in one of the ingots examined must be regarded as 
inconclusive, although the analyses indicate a uni- 
form distribution, when allowances are made for the 
difficulties of analysis. 

A Study of Carbon Steel Ingots other than “* Killed.” — 
In this section of the Report a study is presented mainly 
of carbon-steel ingots other than “ killed,’”’ representa- 
tive of the great tonnage of steel produced for plates, 
sections, and other general purposes, which is chiefly 
characterised by the facts that the steels possess a low 
carbon content, a low silicon content, and are cast in 
moulds which are not provided with feeder-heads. 
During freezing there is a liberation of gas which 
results in the production of blow-holes in certain zones 
of the ingot, and it was the influence of this factor in 
modifying the degree and form of the heterogeneity 
to be found in these ingots which led the Committee 
to study such material. Owing to the absence of the 
central shrinkage cavity, and the fact that the small 
blow-holes in this class of material may weld up during 
the rolling process, a much higher yield of marketable 
material is produced. It is now believed that all 
steel, in its process of manufacture in the liquid state, 
becomes charged, to a greater or less degree, with oxide 
of iron and gases, and that these must be reduced in 
quantity to such a degree as is compatible with the 
service demanded from the steel in the finished state. 
Among the materials examined was an acid Siemens 
plate-steel ingot weighing 6 tons 15 cwt. This ingot, 
of the semi-killed variety, represents a type of ingot 
commonly used for boiler plates and plates for general 
purposes. It is usual, however, to employ only the 
bottom half for boiler plates. The temperature of 
the steel] when passing down the launder was 1,615 
deg. C. The resultant ingot appears to be intermedi- 
ate, in many respects, between a rimming steel ingot 
and a killed steel ingot; there is a well-defined 
A segregate and very marked segregation at the top 
of the ingot. Casting records show that this steel 
was on the cold side, and this, no doubt, accounts 
for the presence of blowholes containing segregate so 
near the skin of the ingot, and for the large number 
found with the A segregate. The absence of any large 
number of blowholes at the bottom of the ingot indicates 
that the rate of cooling was comparatively slow, and 
that much of the gas escaped before any serious inter- 
ference due to the freezing of the steel occurred. 
Another plate-steel ingot investigated was of the 
same type as the above, but it was cast 30 deg. C. 
hotter, the steel running down the launder at a tempera- 
ture of 1,645 deg. C. (corrected), and at a somewhat 
slower rate. 








irst Report, see En 
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* See ENGINEERING, vol. cxxi., page 612. (1926). 


The data from this ingot indicate that the higher 
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casting temperature and the slower rate of teeming 
have allowed the gas to get away more readily, and, 
further, have resulted in the minimisation of segrega- 
tion. Itis apparent that the position of the A segregate 
is closely connected with teeming conditions—tempera- 
ture, rate of pouring, and degree of wildness. The very 
low silicon result obtained (0-024 per cent.) is difficult to 
explain, and is by no means an uncommon occurrence 
in steel of this class. 

General Observations on Non-Piping or Semi-killed 
Steels.—Except in the case of silicon, the magnitude of 
the segregation phenomenon for the various elements 
of the same order is the same as is found in the piping 
steels. As to the general distribution of the elements, 
there is, as in piping steels, a concentration of the 
impurities (excepting silicon) in the upper portions of 
the ingot. There is, however, little indication of 
negative segregation of carbon, sulphur, and phos- 
phorus in the lower central portion of the ingot, except 
in the case of one ingot, which behaved exactly like 
a “killed ” steel in virtue of its high sulphur content. 
All the ingots show evidence of an increased silicon 
content in the lower middle portion of the ingot, to an 
even more marked degree than did the ingots dealt with 
in the First Report. All the ingots reveal V segregates 
near the central axis, but they are not so distinct as 
they are in the piping steels. The non-piping steel does 
not show A segregate formation; the semi-killed ingots, 
however, all show this formation. Attention might be 
drawn to the relative purity of the outer layer of the 
ingots cast from steel in a wild or semi-killed condition. 








FREE CURVE ATTACHMENT FOR 
THE ORNAMENTAL LATHE 
By A. Linpsay Forster, M.I.Mech.E. 


To those who are interested in decorative art and 
in mechanism, the practice of ornamental turning offers 
many attractions, and these notes deal with an attempt 
to extend the use of the lathe in the development of 
form. The traditional work of the ornamental turner 
has been largely the cutting of patterns upon the sur- 
faces of forms, and, while they are capable of being very 
decorative, the technique is restrictive. In 1906, 
H. C. Robinson published an account of his work under 
the title ‘‘ Eccentric Spiral Turning” (Spon) and the 
lathe he developed and used is in the South Kensington 
Museum along with specimens of the work. His 
object was “to find new uses for old chucks ’’ and he 
was evidently attached to a mathematical basis in 
his search for artistic lines, which idea found expression 
in the fact that all the forms were founded upon the 
harmonic curve. 

If one examines the forms which are recognised as 
artistic according to accepted canons of art, it is not 
apparent that the majority conform to simple geo- 
metric lines, and greater freedom seems necessary to 
satisfy our sense of proportion. The device here 


described enables variations in ornament to be com- | 


bined with considerable freedom in choice of outline, 
and a complete form to be generated in the lathe by 
means of templates and eccentrics or cams which are 


simple in themselves, and of which very few will suffice | 


for a variety of work. 


The lathe used is one by Messrs. Holtzapffel and Com- | 
pany, Limited, 53, Haymarket, S.W.1, with the addition | 








Fig. 3. 


of the attachment described below, mounted upon the 
usual type of “ ornamental ”’ slide rest ; only the front 
end of the lathe mandrel is shown, the gearing at the 
back being of ordinary character. The axial.contour 
of the article to be made is formed by a template, the 
shape of which is followed by the tool and, in order 
to produce the fluting or other departure from the 
circular section, the template, and with it the tool, 
is given a reciprocating motion towards and away, 
from the work. The reciprocation is produced by cams, 
of which the simplest form is the eccentric, geared to 
revolve in simple relation to the mandrel. 

The method usually followed hitherto in making 
fluted works is to employ a cutter revolving on a 
horizontal spindle, the flute being spiral or straight, 
and a typical section of such work is shown in Fig. 1, 
while the section which may be regarded as characteristic 
of the ‘‘ free curve attachment” is shown in Fig. 2. 
Such a section has hitherto been produced by copying 
from a rosette when a “rose-engine” attachment 
was available, or, in the case of Robinson’s work, 
by the use of a geometric chuck, a method which is 
rather restricted and throws very heavy strains upon 
the chuck. It may here be remarked that rosettes 
are expensive and the turner is limited to reproducing 
| the forms which he happens to possess, while the usual 
| apparatus does not permit the production of continuous 
flutes or spirals. 

The mechanism of the “free curve attachment ”’ 
|is shown in Figs. 2 and 3. The revolving cutter a is 
| driven by a round band from an overhead motion and 
|is carried in the usual tool-box 6 which slides in the 
saddle c and is pressed forward by springs d so that the 
| pin, or foilower e rests against the template /f. 
| This template is fixed by screws on a steel bar g, 
free to slide in slots in the brackets h, mounted upon 
the slide rest, and to follow the cams j fixed on a 
spindle. In the centre of the bar g is a pin / fitted 
with a die which slides in a slot cut transversely in the 
fixed plate m to maintain the position of the template 
endwise. 

The slide-rest screw n and the cam spindle are geared 
together. For such a form as shown in Fig. 2 the 
| pinion is on the spindle, and the wheel on the lead 
screw, the spindle being coupled to the mandrel 
| through a shaft with flexible joints and a trainof change- 

wheels such as will give the required number of turns 
| of the cams to each turn of the work on the mandrel. 
| The ratio between lead-screw and spindle is determined 
by the suitable travel of the tool for each revolution 
| of the work. 

The parts which are peculiar to the attachment, 
and additional to the usual ornamental lathe, are the 
brackets h, cam spindle and bar g, also the extension 0, 
mounted upon the tool-box in order to carry the 
follower-pin e, and the adjusting screws p, which 
regulate the depth of cut. Variety of ornament is 
obtained by the choice and combination of cams, 
the only form used up to the present having been the 
eccentric, but the ellipse is an obviously suitable 
elementary form. 














In operation the cam spindle is turned, and being | 
geared to the lead-screw and the mandrel, the tool is | 


reciprocated, while the tool-box is travelled on cae mixtare in the farngee chazgp. 


slide rest, and the form to be made is developed in a 


worm and wheel are employed to operate the spindle 





continuous cut passing over the whole surface. A/| 
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the worm being driven by round band from the over- 
head motion, the lathe being automatic under these 
conditions and unattended during the execution of 
each cut. The flutes shown in Fig. 4 were cut by 
employing two eccentrics, one at each end of the 
template and set in synchronism, while those in Fig. 5 
resulted from two similar eccentrics set at 180 deg. 
on the spindle. 

Fig. 6 resulted from one eccentric for the base of 
the vase with two, at 180 deg. to each other, at the 
top. Fig. 7 represents a variation in the gear, and 
was made by the cutter revolving on a horizontal 
spindle, each flute being cut independently. The 
template-bar was set to rest against a stop in the 
plane of the base of the ornament, and to follow an 
eccentric at the top, the gears connecting the spindle 
and the lead-screw being reversed so that the pinion 
was on the latter and the feed by hand. After each 
flute was completed the work was shifted round on the 
mandrel, a dividing chuck being used. 

The bowl shown in Fig. 8 was mounted on an ellipse 
chuck, the lead-screw and mandrel being geared so 
that the travel of the tool over the length of the 
work corresponded to rather less than half a revolution 
of the mandrel, and two eccentrics were used in syn- 
chronism, one on each end of the spindle; the gear 
was otherwise arranged as for Fig. 7. It will be seen 
that while the flutes formed are spirals upon a harmonic 
outline the apparent decorative line resembles the 
letter «« S.” 

The materials used are ivory and African black- 
wood, the traditional materials for the art of orna- 
mental turning ; the example in Fig. 8 happens to have 
been cut in boxwood. 








NEW PLANT OF THE APPLEBY IRON 
COMPANY, LIMITED.* 
By A. Crooke anp T. THOMSON. 
(Concluded from page 553.) 
Notes ON THE OPERATION OF THE PLANT. 

From the inception of the plant it was decided to 
exploit the use of blast-furnace gas to the fullest 
possible extent, in order to reduce to a minimum the 
purchase of external fuel. Coke-oven gas not being 
available, it is not economically possible to save the 
coal necessary for open-hearth furnaces, nor is it 
expedient to save the coal used in locomotives. For 
all other purposes requiring fuel, blast-furnace gas 
is used. The total external fuel used at the steelworks 
is about 4 cwt. of coal per ton of ingots produced. 
To secure the most efficient use of the blast-furnace 
gas, the plant is well supplied with instruments. The 
gas is metered separately at each point of use, but 
not for each individual unit. The amount used 18 
continuously recorded for blowing engines, power 
engines, boilers, stoves, reheating furnaces, soaking 
pits, and metal mixer. 


Ironstone Mining.—The composition of the ore 


| varies both in the different strata of the deposit and 


according to its position in the district, the variations 


| being so considerable as to make it difficult for > 
blast-furnace manager to maintain a reasonably 
To enable 





* Paper read before the Iron and Steel Institute, 
London, on Thursday, May 3, 1928. Abridged. 
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Fig. 4. 
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Fie. 8. 


him to see at a glance the nature of the ironstone | 
he has to deal with, sections are taken at distances | —— 


of 50 yards to 100 yards apart in the various working 
faces, and a chart is made for each face showing 
sections with analyses. Movable pointers indicate 


the position at which diggers are working from day | 


to day. A typical chart is shown in Fig. 12. The 


cover is removed by an electrically-operated chain | 
The ironstone is shattered by | 


bucket excavator. 
aeiee, and is then loaded by steam diggers. For 
the blasting, liquid oxygen is now being used. A 
typical analysis of a section of face is given in 
Table | 

i As will be seen from the analysis, the local stone 
- an excess of lime. Siliceous ores are added in 
the form of Northamptonshire ore. 


of foreign ores, flue and tap cinder are also used. The 
Northam 


Grantham, Lincolnshire. 

nee ast Purnaces.—The design adopted for the two 

po “furnaces was decided after experience with 

- my hanically charged furnaces, Nos. 4 and 1, at 
rodingham works. No. 4 was designed by an 


eo consulting engineer, and was blown in in 
hi “ ‘t was of the inclined skip-charged type, 85 ft. 
ed with lines as shown at A in Fig. 13a. The 


The dist 


Small quantities | 


pe ptonshire ores are brought from mines leased | 
and worked by the company at Colsterworth, near | 























TABLE I.—Analysis of a Section of Face. 
: | Mois- | | In- Sul 
| Quality. aaa ture. | Tron. | soluble. Lime. phate. 
| | 
vo | | 
| Ft.In.| Per Per | Per Per Per 
| cent cent. | cent. | cent. | cent. 
Small pink 0 9} 10-8 28-8 | 24-9 1-0 | 0-092 
Shelly pink 1 3] 7-7 | 20-7 | 22-3 2-4 | 0-082 
| Pink 2 4] 6-9 | 23-2] 20-4 | 11-1 | 0-122 
Snap... 2 0) 4-7 | 20:3 14-6 | 14-1 | 3-230 
Clay blue ‘t 4 7:1 19-8 | 33-8 5-2 | 0-287 
Limy blue ;}2 9 | 4-9 | 28-2 | 9-0 9-0 | 0-542 
| Shelly blue +3 7] 5-9 | 23-8 | 4°5 19-4 | 0-369 
| Limy blue 211] 3-6 | 19-3] 4-4 | 26-8 | 0-139 
Soft blue 0 6| 4:7 | 27-1] 6-5 | 11-4] 0-563 
Limestone 1010} 2-6 | 16-8| 3-4 | 26-4 | 0-349 
Shelly pink j 1 1) 6-4 | 22-8] 12-9 | 14-3 | 0-540 
Pink ; ik Zt O28 | S73 | 11-9 9-1 | 0-326 
| Limy pink 11 3] 2-9 | 14-5 | 5-6 | 29-0 | 0-200 
Pink 1 O;} 9-1 | 25-3 } 13-3 | 11-3 | 0-631 
| Grey | 0 9] 11-0 | 17-5] 14-4 | 14-5] 4-940 
Pink a .-| 3 6] 10-2 | 26-1] 18-1 | 7-9 | 0-080 
| Total depth of | | | | 
| face .. oof wee - }; —-}|]— | — _— 
| Average | | | | 
| analysis — | 6-58 | 23-4 | 12-5 | 14-0 | 0-62 


| \ ] 





forenene 


| of the ore burden. To get over the distribution diffi- 
| culty a new furnace top was designed by the Froding- 
| ham staff. This was of the revolving small bell type, 


‘rom this furnace were very disappointing. | as shown in Fig. 14, and was put into operation in 
of 4, ribution of the burden was bad and the make | 1906; it is still in use as originally made. As far as 
ist was excessive, being as high as 7 to 8 per cent. | is known, this was the first furnace to be fitted with a| tended for these stoves were of the ordinary pull-back 








Fig. 7. 


revolving top of this type, and, as will be seen from 
the drawing, it is very similar to that known as the 
McKee top now so much used in America. The 
| furnace worked much better with the revolving top, 
| and the output increased from 900 to 1,100 tons per 
| week, but the dust trouble still continued. When the 
| furnace was relined this was reduced by increasing the 
| diameter of the stock line. 

The second furnace, No. 1, was blown in in 1912-13. 
About this time the bucket system of charging was 
much in favour in Germany, the advantage claimed 
for this system being a saving in the number of drops 
| of the coke. The coke used at that time was soft, 
and this system was considered to be an improvement 
on skip charging. As, however, it was convenient to 
| make use of the storage bins and transfer cars already 
| installed for the skip-charging furnace, a compromise 
| was adopted and a vertical horizontal bucket type of 
| charging system was used. The height of this furnace 
was 80 ft., and the results of working were about 
the same as No. 4. No. 4 furnace was again relined, 
as shown at B in Fig. 13, in 1922, and is still working. 
The coke is screened at the furnace through 1}-in. 
screens. The results of working on this furnace show 
some improvements, but in view of later experience 
with No. 1 furnace they are not good. 

No. 1 furnace was next relined with lines as shown at 
C, Fig. 138. The coke is also screened at the furnace. 
The results of this furnace are the best that have been 
obtained in the Lincolnshire district. It gave an 
average output of 1,750 tons per week, with a coke 
consumption of 27 ewt. of South Yorkshire coke and 
a burden of 75 cwt. per ton of pig iron, and a dust 
production of 1 to 1} per cent. of the ore burden. In 
all the above-described experiences the ore was broken 
down to6in. A make of 250 tons per day may perhaps 
appear small, but with a burden of 75 cwt. per ton of 
pig, and on the basis of coke burned only, without 
taking into consideration the large volume occupied 
by the ore, it is equivalent to an output of over 400 tons 
per day in a furnace working on rich ores such as are 
used in Germany and the United States, where large 
outputs are recorded. In view of these results the 
|new Appleby furnace No. 5 was made on exactly the 
|same lines. With further experience of this furnace 
| it has been decided to increase the hearth diameter 
|in building No. 6 furnace, the lines of which are shown 
| at D in Fig. 138. 

Stoves.—The stoves are built with an outside layer 
|in the lining of special non-conducting bricks 24 in. 
| thick, with the 14-in. space between the bricks and 
leasing filled with non-conducting powder. It was 
| intended to make the checker work with 4-in. square 
| openings, but when the time came to line the stoves, 
| experience of cleaning plants of the steel mattress type 
|at other works was available, and as it was not good 

the openings were made 6 in. square. This decision 
has been fully justified. The burners originally in- 
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ments had been made on this type at the Frodingham | has been laid out so that a ropeway system may be 


works. No. 1 furnace had three stoves working on 
dirty gas. An increase in the output of this furnace 
had been attained, so that, when a stove was “ off ”’ 
for cleaning, the furnace was short of heating capacity. 
An additional stove was apparently required. Instead 
of building this, however, two stoves were fitted with 
special burners, in which the air is supplied under 
pressure and automatically regulated. 

The aim of these burners is to get a large quantity of 
gas into the stoves per unit of time, and to ensure 
sufficient air to burn it. After a successful experience 
with these burners, it was decided to attempt to achieve 
the same result using air induced by the stove draught 
on the third stove. A larger gas opening was made 
on the stove casing, and a burner, as shown in Fig. 15, 
was fitted. It was found that this stove could be 
heated up quickly enough to enable it to take its place 
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Fig.13z. FURNACE LINES. 


| added to convey the crushed stone to the ore bins and 


kilns. 

Coke Screening.—The coke-screening plant has 
proved effective. The screened coke is graded, the 
nuts finding a ready sale for domestic purposes and 
the fines being used as fuel for calcining kilns. 

Blowing and Power Plant.—The adoption of gas 
| engines for blowing also calls for no comment. The 
adoption of gas engines for power purposes is, perhaps, 
not such a clear case, but the argument for this is too 
lengthy to enter on here. In weighing the respective 
advantages of gas alternators and steam turbo-alter- 
nators, local conditions must be studied, especially the 
water question, which in this case required serious 
consideration. The switch gear has been arranged so 
that in the event of a super-power station being operated 
in this district, it would be possible for the plant to 





S 





is done by compressed-air cylinders controlled as to 
period and length of operation by an ingenious timing 
valve. This so far appears to be a distinct improve- 
ment on the previous method of shaking. 

The gas delivered to the steel works is boosted up 
in pressure by two fans, each capable of dealing with 
the maximum quantity available—1,750,000 cub. ft. 
per hour—and raising its pressure 12 in. It may be 
of interest to record the drop in pressure through this 
long length of piping. The pipe is 4 ft. in diameter, 
and is of ordinary mild-steel riveted construction. 
The length between the points of observation, the 
number and nature of the bends, and the drop in 
pressure for various quantities are shown in Fig. 16. 
The method adopted to ensure a continuous supply of 
power and gas to the steel works is as follows :—After 
leaving the cleaning plant the gas piping is arranged to 
supply gas to the gas engines, to the steel works, and 
to the boilers and stoves, in that order. An automatic 


Fig. 74. ARRANGEMENT OF TOP OF 
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alternately with one of the other stoves. CO, and CO 
indicators and recorders were fitted, and these showed 


with very clean gas. 


|The gas from the Halberg-Beth dry-cleaning plant, 
| after passing through a cooling tower, has a dust 


results for the three stoves which were nearly identical. | content of 0-002 grm. to 0-005 grm. per cubic metre, 


The special burners on the first two stoves had the 
advantage of being automatic in operation, whilst the 
stove minder in the other case had to regulate the air 
in order to get the CO, as high as possible, without the 
indicator showing CO. 

Ore-Crushing Plant.—The decision to install an 
ore crusher of adequate size calls for no comment. 
It is generally accepted that preparation of the ore 
by crushing gives improved results. Experience at 
these works has shown that an increase of 10 per cent. 
to 12 per cent. in the output, and a decrease of 3 per cent. 
of the coke consumption, are obtained with ores broken 
down to 5 in., as compared with the lumpy stone direct 
from the mines, and in addition the quality of the iron 
is improved. The adoption of a jaw-type crusher for 
the main crusher was due to the very large lumps of 
ironstone which have to be dealt with. Experience 
with this type, however, has shown that during wet 
weather the fines and softer stone clog at the crusher. 
To avoid this, a preliminary grading screen of very 
massive design, having cast-steel segments with 6-in. 
openings, was placed in front of the crusher. The fine 


|and it has been found possible to run engines on this 


for two years without having to clean the inlet valves. 
On similar engines with wet cleaning down to 0-02 grm. 
per cubic metre the inlet valves are cleaned every three 
months. 

Fine Gas Cleaning.—The Halberg-Beth cleaning 
plant is well known and needs no further description. 
In this case the gas is pre-cooled by passing through 
vertical steel towers with internal air-cooling pipes. 
The connections to and from these towers should have 
better provision for dust removal. The cleaning plant 
itself should be of more robust construction. After 
working for some time the chambers cease to be abso- 
lutely gas-tight, due, no doubt, to expansion and 
contraction. Great care has to be taken when starting 
up the plant after a shut down, as the gas-house 
becomes untenable if any appreciable time elapses 
between putting the gas through the plant and starting 
the fans. The third and fourth units of this plant, 
which were put into operation early in 1928, have an 
improved method of bag-shaking and valve-operating 





gear, introduced for the first time in this country. This 








valve is placed between each of these points, which 
keeps the pressure uniform at 4 in. for gas engines 
and 3} in. for steel works boosters, and allows the 
remainder to pass to the boilers and stoves. This takes 
care of the ordinary stoppages for casting. 

Size of Open-Hearth Furnaces.—The original scheme 
for the plant consisted of three tilting furnaces of 
250 tons nominal capacity, this size having been decided 
upon from the experience of the tilting furnaces at the 
Frodingham works, where was built the first tilting 
furnace in this country of 100 tons capacity. Three 
further furnaces had been installed at Frodingham, 
each of larger capacity, the fourth being 160 tons, the 
largest size that could be put into an existing building. 
The results from these furnaces showed an improve- 
ment in economy in favour of the larger furnaces. It 
was decided, thereupon, to build the Appleby furnaces 
of 250 tons capacity, which was slightly larger than 
anything of this type that had been built at that time 
(early 1914). Later, in 1925, when it was decided to 
add a fourth furnace to the scheme, further con- 
sideration was given to the size of the furnace, and the 
size was increased to 300 tons. Up till the present only 
two of the 250-ton furnaces and the 500-ton mixer 
have been in use, and their working has been somewhat 
erratic owing to the very varying demands of the plate 
mills. 

Mixer.—The mixer is 53 ft. 8 in. over chills, with 
bath 48 ft. by 18 ft. by 6 ft. 6 in., and is heated by 
blast-furnace gas. It is of the semi-active type. The 
working bottom is made by ramming crushed burnt 
dolomite and tar over magnesite bricks, and burning 
itin. The molten pig-iron is brought to the steel works 
from the blast-furnaces in 30 ton ladles, and is poured 
into the mixer by the casting bay cranes. The mixer 
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jron is taken out at the opposite side—the furnace- 
charging bay. The slag runs off into ladles in the 
casting bay. No considerable amount of refining is 
done in the mixer, the aim being to lower the silicon | 
and sulphur to some extent without losing phosphorus | 
and too much manganese, and to supply a good standard | 
iron to the furnaces. The additions to the mixer are 


principally local basic ironstone containing as received— | 


Iron... ie ace ... 18to22percent. | 


Lime ... awe aaa --- 20 to 25 P 
Silica ... aon eve aa 3to 6 ay 
Manganese 1 per cent. 


Sufficient mill scale or limestone is added to keep 
the slag in a suitable condition. The amounts used | 
over a six-months’ period are : 


Mill seale 0-15 ewt. per ton of iron. 
Limestone ts soe (OF FO rm Pe 
Basic ironstone -. 0-60 3 = 


The slag, amounting to 0°60 cwt. per ton of iron, is 
returned to the blast-furnaces. The analysis of iron 
from the mixer taken over the last 6 months of 1927 is 
as follows : 

Si S P Mn 

0-28 0-057 1-31 0-9Y per cent. 


The mixer consumes about 225,000 cub. ft. of blast- 
furnace gas per hour. 

Tilting Furnaces.—The principal dimensions of the 
250-ton furnaces are : 


Length of body over 565 ft. 
chills 

Size of bath (at greatest 45 ft.x13 ft.x3 ft. 6 in. 
length, &c.) average depth. 

Checker work, air re- 19ft. 6in. x 11 ft. 8in. x 15 ft. 


generators 

Checker work gas re- 19 ft. 6in. x7 ft. 4in. x 15 ft. 
generators 

Air port 18-6 sq. ft. 

Gas port 3-7 sq. ft. 


The furnaces are heated by producer-gas. They are 
kept hot on Saturday afternoon by means of blast- 
furnace gas whilst burning out the producer mains. 
The air is supplied by a fan, and the waste gases 
pass through a water-tube boiler on their way to the 
chimney. The working bottom is made by ramming 
crushed burnt dolomite and tar over magnesite bricks 
and burning it in. The producers gasify 25 cwt. per 
hour each of 1 to 14 in. Yorkshire gas nuts, and make 
excellent gas of the following composition : 


Dry Gas. 
Per cent. 
by Volume. 





i ta Sate dann — ol ee 
Cor... eae ree waa ary -.. 25-0 
a es 14-5 
CH... sae aes ae ore ing 3°3 
ig ae 52-0 
Moisture 45 gm. per cub. m. 

This is anaverage of samples taken over six months. 
When tapping, about 230 tons of steel are taken out in 
three ladles in quick succession, and there is left 
about 20 to 40 tons of molten steel and about 10 tons 
of molten slag. On closing the taphole about 5 tons 
of limestone and 30 tons of mixer iron are charged. 
The slag-line is fettled with crushed burnt dolomite 
by means of a fettling machine, after which a suitable 
charge of limestone and oxides of iron is put in—say 
16 to 20 tons of limestone and 30 to 35 tons of oxides 
ofiron. The cold iron and scrap available are charged 
on top of this at intervals as the charge melts down. 
During the intervals of charging, the linings of the 
furnace are fettled. 

About 6 or 7 hours after tapping—when the charge is 
thoroughly hot—the main portion of the mixer iron 
is put in, causing a violent reaction. The charge is 
melted down thoroughly, during which period there 
is usually some loss of slag (3 or 4 tons), owing to the 
foaming of the slag. A further quantity of limestone 
and/or oxide of iron is added to the furnace as may be 
necessary; the slag is run off when these additions 
are worked through. The composition of the metal 
at this stage varies according to the composition of the 
steel required, from carbon 1-0, phosphorus 0-08, sul- 
phur 0-05, and manganese 0:50 per cent., to carbon 
0:3, phosphorus 0:10, sulphur 0-05, and manganese 
0-20 px rcent. Anew slag is now formed and the bath 
kept strictly under control and fed down carefully with 
limestone, burnt lime, and oxides of iron, until the 
Composition required. The furnace is then tapped into 
three ladles of 75 to 85 tons capacity. 

Owing to the necessity for casting three different 
qualitics of steel from the same tap, it is often necessary 
Partly io carbonise in the ladle, but it is quite possible 
to tap on the required carbon. This is done whenever 
the composition of the required steel allows it. The 
time i ken from tap to tap varies from 17 to 20 hours 
normaily. Typical analyses of the bath when the 
charge is nearing completion follow. 
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Cc P Mn Ss 
Time. Per Per Per Per 
cent. cent. cent. cent. 
8-45... .. 0°45 0:07 0-28 0-048 
10°5 ... ant 0-24 0-06 — anus 
10 a .. O16 0-05 0-25 0-040 
EP a6... eee 0-15 0-04 — — 
Tap, 11.45. 
Cast Analyses. 
C P Mn 8 
Per Per Per Per 
cent. cent. cent. cent, 
Ist ladle .. O-21 0-027 0-70 0-035 
2nd ,, ... O-14 0-031 0-51 0-037 
3rd_,, us 0-13 0-033 0-49 0-036 


Fig ls . BLAST-FURNACE STOVE GAS BURNER. 


yp ie 


H"-Pressure Dro 
Inches -Water. 


V-Mean Volume in 1,000 Cub. Ft. 
(7135.8) per Hour at NT &P. 


Mean temperature of gas = 90 deg. F. 

Diameter of main = 4 ft. 

Length of main = 4,600 ft., containing four 
right-angle bends and 16 obtuse bends, of about 
6-ft. radius. 


Ftg.17. SLABBING MILL ROLLS. 


(7195-S:) 


9. 6" 





The carbon and manganese differ in each ladle according 
to the quantities of carbon and ferro-manganese which 
are added. 


The average output for full working weeks over six 
months is :— 

K furnace, 1,820 tons ; maximum output, 2,066 tons. 

L Po 1,850 ,, * 99 2,138 ,, 

Owing to the condition of the order book since these 
works started, the supply of materials to the furnaces 
has been irregular. It has been necessary sometimes 
to use mixer iron only and no scrap in the charge, and 
at other times much cold pig and scrap. Large tilting 
furnaces allow a very large variation of both quantity 
and quality of the materials charged without a corres- 
pondingly serious effect upon the quantity and quality 
of the product. 

The figures given below are an average over a six 


| 
| months’ period :— 


Composition of Charge. 


Per cent. 
Steel scrap average... 18 per cent. ; variation, 7-26 
Cold pig andironscrap 5 _,, 7 1-15 
Per cent. 
Tron oxides oa one aed eee ©6150 
Limestone ... das <a aa ww 106 
Burnt lime ... a ree ia sce Or 
Ferro-manganese ... aes on Jan) Pe 
Coal used at producers... ae oes «=«ESS 
Slag made ... “a aa re --. 16-0 
Composition of Basic Slag. 
Per cent. Per cent. 
SiO, “es -- 10:3 ie ee -. 16-44 
Fe ues oes 10] Citric acid solu- 
CaO aes wo. ©6484 bility... «oe 88°3 


The steel varies in composition from 9-06 to 0:35 per 
cent. carbon. The size of the ingot varies from 6 tons 
to 20 tons, with or without hot tops—the usuai size 
is 10 tons. The steel is poured through one 1}-in. 
fireclay nozzle, and the ingot may be cast from the top 
or the bottom. The number of men employed is 
comparatively small. It has not yet been possible to 
obtain the full effect of the manning, as only two furnaces 
have so far been in operation at one time. On this 
basis, over 40 tons of ingots have been made per man 
per week, the manning including all production workers, 
such as gas-producer men, loading men, furnacemen 
and mixer men, crane and charger drivers, ladlemen, 
teemers, and strippers. This figure compares with 
34 tons at the Frodingham Company’s works, and 
20 tons at works having fixed furnaces and using cold 
materials charged by machines. 

Soaking Pits—The ingots come to the soaking 
pits in about 230-ton lots at fairly long intervals, and 
as, up till the present, it has been possible to run the slab- 
bing mill for only two eight-hour shifts per day, the 
unheated Gjers pits which are installed have proved 
very useful. The heated soakers are fired by blast- 
furnace gas, and although these are equipped for 
emergencies with a gas main from the open-hearth 
battery of producers, this gas has not been used. The 
use of blast-furnace gas has proved quite successful, 
and when, as under the present trade conditions, 
continuous operation of the mill is not possible, the 
losses due to lighting up producers, and also the burning 
out of producer-gas mains at week-ends, are saved. 
Furnaces built for using exclusively clean blast-furnace 
gas must have the gas flues and regenerator chambers 
very carefully built. The ordinary brickwork is 
liable to pass gas, especially when a furnace is put into 
operation after having been cooled down. 

Rolling Mills——The ingots are placed directly on to 
the slabbing-mill approach table by the soaking crane, 
and no tilting chair is provided. A simple hydraulic 
buffer is placed between the two end rollers to prevent 
undue shock on the rollers. This arrangement works 
quite well and saves a piece of mechanism which costs 
a lot for upkeep. The mill crew consists of four men 
—two for operating the mill, one for greasing, and one 
for operating the slab shears. Usually, three men are 
required for operating such a mill, one of whom operates 
only the mill drive. By the introduction of a relay 
system for reversing the mill, in which the operator 
has simply a small handle to operate, it has been found 
possible for him also to work the manipulator. The 
other man operates the screwdown and the mill roller 
tables. 

The slabbing mill works well, the drive, spindles, 
and mill train generally being very free from jar or 
noise. The manipulators are of the universal type. 
All motions are electrically driven, and have already 
been described and illustrated by Mr. T. W. Hand.* 
In this type, in order to facilitate slabs entering the 
edging holes, the rack rollers are reduced in diameter 
at each end. Excessive and unnecessary strain is put 
on the guide plates and rollers when heavy slabs are 
moved across the rack. This defect could be elimi- 
nated by the use of collars on the rolls, so that the rack 
rollers could be made plain, or it could be lessened by 
having a more gradual taper on the rack rollers from 
the smaller to the larger diameter, as shown in Fig. 17. 
A further improvement would be to reduce the height, 





* See ENGINEERING, vol. cxix, p. 778 (1925). 





Cc P Mn Ss 
Time. Per Per Per Per 
cent. cent. cent. cent. 
ee «. 0°19 0-10 0-25 — 
2) er -- O-12 0°05 -- 0-045 
GIB re 0-10 -- 0-20 — 
Tap, 6.45. 
Cast Analyses. 
Cc P Mn Ss 
Per Per Per Per 
cent. cent. cent. cent. 
Ist ladle -. 0:08 0-020 0-34 0-035 
2nd ,, -. 0°08 0-021 0-34 0-033 
3rd_,, vag 0-07 0-021 0°32 0-033 
Cc P Mn Ss 
Time. Per Per Per Per 
cent. cent. cent. cent. 
1216... -. 0°80 0-07 —- — 
2 ae -- 0°55 0-05 0-25 —- 
LB <<. «. 0°40 0:05 -—— 0-034 
2460... --- 0°26 0-04 0-22 aoa 
3.10... ace | ORG —- -- — 
Tap, 3.20. 
Cast Analyses. 
Cc P Mn Ss 
Per Per Per Per 
cent. cent. cent. cent. 
Ist ladle -- 0-24 0-021 0-53 0-029 
2nd ,, --- 0-22 0-025 0-50 0-029 
3rd_,, --- 0°20 - 0-029 0-54 0-033 
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and so the centre of gravity, of the guide plates. The or in the case of rectangular plates a system where no 
slab shears, which are of the upcutting type, have marking is required, seems to be called for. 
proved highly satisfactory. 7-ft. Plate Mill.—Little can be said yet of the 7-ft. 
Reheating Furnaces.—The reheating furnaces are mill, which has only been in operation a few weeks. 
similar to the soakers but shallower. They have sliding Provision is made in the lay-out for adding a further 
roof doors and are fired exclusively with blast-furnace stand of rolls, making it then a tandem mill. It has 
gas. The deciding factor in adopting this type of fur- | been found possible to roll plates as thin as 13 gauge 
nace was the weight of the largest slab to be handled, | or 0-092 in., and by substituting larger rolls it is hoped 
namely, 15 tons. A charging machine of the over- | to roll still thinner gauges. The shearing equipment 
head and overhung type necessary for horizontal | has shown that it can easily keep up with the mill 
furnaces is a very cumbrous affair, and reheating | make even on thin plates. 
furnaces of the vertical type having apparently proved| In conclusion, it is hoped that a study of the equip- 
satisfactory in other works, the vertical type was| ment of the above works will help somewhat to refute 
adopted. From experience with this type of furnace, | the reproach so often cast at British works—namely, 
however, it is doubtful whether it is the most suitable | that to see really modern works, one must travel 
for the smaller and lighter slabs required by a light| abroad. It is unfortunate that the present state of 
mill. The large opening made in the roof, tending to | trade prevents its full operation, but it is confidently 
cool the slabs, and the difficulty of the charger driver | believed that, given better trade conditions, the plant 
seeing down into the furnace, are certainly objections. | will fully justify its existence and bring some credit 
10-ft. Plate Mill—The 10-ft. plate mill, which is t© this district and to this country. 
reversing with two stands, was completed some time ———— 
before the 7-ft. mill. In order to deal with mixed 
specifications, it has been called on to roll a large range CATALOGUES. 
of thicknesses and areas. Plates } in. thick, 5 ft. wide, Steam Engines.—Messrs. Marshall, Sons and Company, 
and 60 ft. long, also } in. thick, 8 ft. wide, and 100 ft.) Limited, Gainsborough, have sent us leaf catalogues of 
long, have been successfully rolled. This is obviously their steam road rollers and of their locomobile engines. 
undesirable, and is only mentioned to indicate the great , Hand Cranes.—Messrs. Herbert Morris, Limited, 
elasticity of the mill. The heaviest plate rolled so far | Loughborough, have sent us a further pamphlet illus- 
was 132} in. wide, 1 in. thick, 32 ft. 3 in. long, trating the many uses of hand-operated hoists and a list 
finished sizes, and weighed 8-9 tons. ~ pe eee cross-tube boilers. a 
Owing to the fact that the hard rolls are ground Electric Motors.—F rom Messrs. Brook Motors, Limited, 


so that an exact camber can be relied upon, wide thin H er ve — received Pa circular — effi- 
slates can be rolled to a uniform thickness. Further, | 1°y°Y 8n¢, Power-lactor, curves from tests of their own 
pla inate eran Tee ay orhag agp apa kee >| and several other electric motors. 
adjuste hind bed eae cer daphne cc ae aes ntre of the Aluminium.—The British Aluminium Company, Ltd., 
rolls having been installed, plates of exceptional lengths Adelaide House, King William-street, London, E.C.4, 
can be rolled and kept straight. The hard rolls are both have issued a booklet on aluminium transmission lines, 
driven, the top roll being driven from the bottom roll | the text of which is printed in Spanish. 
through spindles and a light pinion drive, the top) Electrical Machinery.—A bulletin illustrating and 
spindle having a slipping clutch, as shown in Fig. 10, describing electric generators, motors, locomotives, 
page 554 ante. This has proved very successful and trucks, cranes, &c., has reached us from the Societa 
is undoubtedly a great improvement, for when both Nazionale delle Officine di Savigliano, of Turin, Italy. 
rolls are positively driven they require to be kept in | The text is in Italian. 
pairs of nearly the same diameter. Also when the top Electric Motors.—Lists of single-phase motors from 
roll is not driven it cannot be balanced, and there is a | § }-p. to 5 h.p., and of star-delta starters, made by the 
barbarous shock to the bearings, housings, &c., when agner Electric Corporation, St. Louis, U,S.A., are to 
; -»,| hand from Messrs. Wagner Electric Supplies, Limited, 

the plate enters the rolls. The output of this mill! gg Victoria-street, London, §.W.1 
can only be estimated so far, as it has not been possible | Ww ces . Ss sd 

ipa 5 ; fs | ater-Cooling Towers.—An extensive list of water- 
to give it a run on plates which might be considered cooling towers which they have installed for municipal 
suitable for a mill of such a size. The best performance | and private power stations, iron and steel works, collieries 
has been on a run of §-in. plates, when 360 tons were | and factories is to hand from the Davenport Engineering 
rolled in 6} hours. Company, Limited, Harris-street, Bradford. 

Shearing Equipment.—tIn the shearing equipment the | __ Railway Signals.—The Westinghouse Brake and Saxby 
large number of workers at one time employed have | Signal Company, Limited, 82, York-road, King’s Cross, 
been replaced by mechanical means. The system | London, N.1, have issued a pamphlet describing the 
donted. which was designed before the rotary side-| colour-light signalling system installed by them at the 
we a “ ey Northern Counties Railway Station, Belfast. 
trimming shear was known in this country, is in one Fa ig Sei ona ai ~ Sige AN RR yt 
respect similar to the latter in principle—namely, the Risser ine aeeaen revolutions ph gre se mditating 
plates as rolled are sheared on the sides before cutting speed, &c., are to hand from Messrs. Findlay and Com. 
into lengths at the cross-cut shears. All other systems, pany, Broadway Chambers, Hammersmith, London, 
both hand and mechanical, reverse this order. The | W.6. Graphical recording instruments are also shown. 
former system, owing to the fact that it takes each Planing Machines.—Messrs. John Stirk and Sons, 
plate marked off at one bite instead of having to Limited, Halifax, have issued a booklet illustrating their 
nibble at it in pieces, would appear to be obviously | planing machines and some examples of work carried 
faster. The experience gained so far shows that with | out on them in which four cuts were taken simultaneously. 
plates } in. thick and over the shearing can keep up they also laaediieg cog firms using the machines. 
with the mill. As an example, in the case of the above- __ Hlectric-Heating Elements.—A leaf catalogue of an 


mentioned 360 tons in 64 hours a minor breakdown |©lectrical-heater unit or bar, measuring overall 11} in. 
T by 3 in. by 1} in., and suitable for ovens, cookers, 


took place on a plate-handling machine, in consequence drying cupboards, &c., is to hand from the Cressall 
of which plates were lifted off the racks so that the Manufacturing Company, 31, Tower-street, Birmingham. 
«cooling bank should not be blocked. The necessary , Rial : : ; 

ante won teenie ta: 90 enlebes, ond: attewwneds the rawing Inks.—A pamphlet illustrating a number of 
iis Seat “ity drawings made with the black and coloured inks manu- 
plates on the floor were sandwiched back on to the rack factured by them, is to hand from Messrs. Chas. M. 
and the shearing overtook the make of the mill. All| Higgins and Company, 271, Ninth-street, Brooklyn, 
these plates were rectangular, and they were sheared New York, and 11, Farringdon-avenue, London, E.C.4. 
ready for despatch by three men, excluding scrappers. Metals.—The new edition of the list of metals issued 

One operator only is required at each side-cutting | by Messrs. Rd. Johnson, Clapham and Morris, Limited, 
shear, and he is stationed on a platform looking down | Manchester, covers all the usual requirements in sheets, 
on the shear blade. The two plate-handling machines | sections, wires, etc., in iron, steel, brass, copper, alumi- 
run on a track which has a central guide rail parallel ium, etc. Dimensions, weights, and tables of useful 
to the shear blade. On each a jib carrying a magnet ‘™formation are included. 
extends across the dead roller table which is between _ Pressure Gauges.—The Budenberg Gauge Company, 


the track and the shears. The magnets have a vertical Limited, Broadheath, Manchester, have issued a new 
edition of their catalogue of recording pressure gauges, 


and cross travel movement. All the motions are con- | which are adapted for all usual ranges of pressures with 
trolled by the operator from his platform by remote |steam, or for recording the pressures on hydraulic 
control. A plate having come from the cooling bank | machines, such as tyre presses. 

rack, the operator fixes cne magnet to eachend of the) jyarine Engines.—A description of a three-cylinder 
plate and moves it under and in line with the shear | uniflow steam engine, applied to a passenger boat on Lake 
blade. A press button automatically brings into | Geneva and working at 46 to 50 r.p.m., with a pressure 
operation the hydraulic clamps and sets the blade in of 120 1b. per square inch, is given in considerable detail 
motion. The shears are fitted with right-angle end in a technical review issued by Messrs. Sulzer Bros., 31, 
blades, so that éach cut separates the scrap. After Bedford-square, London, W.C.1. 


the first cut the plate is travelled parallel with the _ Steel Buildings.—Messrs. Fredk. Braby and Company, 
Limited, Petershill-road, Glasgow, have issued a new 


shears for succeeding cuts, requiring little or no further , hed cape : 
. . - i catalogue of structural steel work showing illustrations 
lateral adjustment. One side having been sheared, of nnn foundries, steel works, bridges, &c., for which 
the plate is passed along to another pair of plate handlers they have fulfilled contracts, and lists of standard 
with a shear of the opposite hand, and hence through | units, or parts, of such structures. 
the cross-cut shears. Experience with this system  7,x4Jar Pit Props.—A catalogue of tubular steel pit 
shows that with long plates the shears cut straighter props has come to hand from Messrs. Stewarts and 
than it is possible to mark the plates with the present Lloyds, Limited, 41, Oswald-street, Glasgow, E.1. The 


vary from 3d. to 6d. per ton of coal produced; in the 
case of one large colliery the saving is given as 7d. per 
ton. 

Voltage Control.—The important problem of voltage 
regulation on long feeders and interconnectors is infor. 
matively dealt with in a booklet issued by Messrs 
Brookhirst Switchgear, Limited, Chester. This discusses 
not only the system with whieh this firm’s name jis 
connected, but the pros and cons of other possible 
methods. 


Scaling Tools.—Messrs. F. Gilman (B.S.T.), Limited. 
Regent-street, Smethwick, have issued a new catalogue 
describing their range of tools and apparatus for tube 
and surface scaling, chipping, boring, grinding, &c., 
These tools bear the trade name Skatoskalo, and are 
furnished in sets for work on boilers, ships, gas plants, 
pipes, &c. ‘ 

Accumulators.—A catalogue dealing with accumulators 
for house lighting has been issued by the Tungstone 
Accumulator Company, Limited, 3, St. Bride’s House, 
London, E,C.4, giving particulars of their special plates, 
produced by high-pressure die-casting. Particulars are 
also included of car-starting batteries and battery equip- 
ment for power plants. f 

Central Heating.—Circulars describing the  Lintield 
heater-circulator are to hand from Mr. Darey Wentworth, 
26 Victoria-street, London, S.W.1. Water is heated and 
positively circulated by a steam ejector which operates 
continuously on a very small temperature-difference 
between outflow and return, and is adjustable within a 
considerable range of temperature. 

Electric Furnaces.—A catalogue of laboratory electric 
furnaces, ovens and heaters, suitable for hardening 
small tools, enamelling and general laboratory work, 
is to hand from Messrs, John G. Griffin and Sons, Limited, 
Kemble-street, Kingsway, London, W.C.2. Several 
forms are shown, and full particulars, including dimen- 
sions, capacities and prices, are given for each. 

Punching and Shearing Machine.—Mr. Henry Pels, 
32, Osnaburgh-street, London, N.W.1, has sent us a 
catalogue of a machine with plate-splitting shears, 
cropper for cutting bars, angles and tees to bevels, 
and witha punching end. An attachment carrying three 
punches, any of which may be put into or out of action, 
and a notching attachment, are supplied for use in 
the punching end. 

Launching Gear for Ships’ Boats.—We have received an 
interesting catalogue from Messrs. George Fletcher and 
Company, Limited, Derby, describing their boat crane 
for launching ships’ lifeboats at sea. This consists 
of a tubular post with a horizontal tubular jib, all the 
ropes and running gear being carried inside the tubes. 
An automatic disengaging gear is provided, which acts 
when the boat becomes waterborne. 

Superheating on Locomotives.—A catalogue explaining 
their M.L.S. steam snifting valve and circulating system 
has been issued by the Superheater Company, Limited, 
195, Strand, London, W.C.2. The valve automatically 
comes into operation when the locomotive is drifting 
with closed regulator, and then admits wet steam which 
breaks the vacuum and circulates emulsified oil over the 
inner surfaces of valves of cylinders. 

Electric _Tools.—A series of tools, incorporating small 
electric motors, for drilling, grinding, sawing, blowing, 
planing, &c., are shown in a catalogue received from 
Messrs. 8S. Wolf and Company, Limited, 115, Southwark- 
street, London, S.E.1. The special adaptations for 
hand working or for fixing to the bench, slide-rest, work, 
&c., and the fittings for special operations such as screw- 
driving, band sawing, &c., are very numerous and 
ingeniously worked out. A pneumatic tool with electric 
motor pump is also shown as specially suitable for 
masons and sculptors. 








HorrMann Batt Beartines.—-We have received a 
sample ball bearing } in. in external diameter, manu- 
factured by Messrs. The Hoffmann Manufacturing 
Company, Limited, Chelmsford. We understand that 


‘this is the smallest size of bearing in regular production, 


although bearings with an external diameter only @ 
little over } in. have been turned out to special require- 
ments. The sample } in. bearing is very accurately 
made, and is in fact comparable in this respect with 
larger bearings of the same make. The latter have 
frequently been referred to in our columns, including 
those of exceptionally large size for such purposes as 
gun mountings and railway turntables. One of the most 
important applications of the small bearings is in wire- 
less components, such as variable condensers where a 
high degree of accuracy combined with a long life is 
practically essential, and where lubrication by ordinary 
methods is impracticable. 

Tue INstiTuTEe oF FueL.—tThe report of the Institute 
of Fuel for the year ending December 31, 1927, recently 
issued, shows that the income for the year was 
1,2411. 2s. 6d., and there was a credit balance on revenue 
account of 168/. 10s. ld. Ten papers, apart from the 
President’s address, had been contributed during the 
year. The organisation of the Institute being now com- 
pleted, Sir William Larke, owing to pressure of work. 
had resigned the chairmanship, which is now occupied 
by Mr. Frank Hodges, Deputy-Chairman of the National 
Fuel and Power Committee. There were otherwise no 
changes, the Council, elected when the fusion of the two 
original organisations was effected, remaining in office 
until the annual corporate meeting of 1929. The total 
membership on March 14, 1928, was 609, the two largest 
classes of which were founder and ordinary members 
530, and collective members 67, the remainder consist- 
ing of honorary members, life members, and students. 








method of marking. Some form of mechanical marker, saving, as compared with timber props, is stated to 
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sae HEAT RESISTING STEELS. was heated in situ in an electric resistance furnace. | plastic flow is not to be considered in such cases where 
The time taken to attain the temperature was three- | materials are stressed within the range of stress within 
I1.— .* : Be ¢ : 
ial Pant Mucuamost PaoPEerins quarters of an hour to one hour, and then the selected | which they behave as practically elastic materials at 
as By Dr. W. H. Hartriexp. temperature of 800 deg. C. was maintained for half|a given temperature. Such a statement, however, 
rs. Tue author presented to the Institute last year,| an hour before the test-piece was pulled. The speed | follows Dickenson’s suggestion that ‘“‘ there seems to 
ses Part I. of a report containing the resultst of investi-| of pulling was in all cases at the rate of a quarter of | be no reason why a cold test-piece of, say, 0-30 per 
“i gations carried out in the Brown-Firth Research} an inch elongation per minute. cent. carbon steel should not, in time, be pulled in 
ble Laboratories, with the object of determining the| It is well appreciated that the results derived from | two by a load of 8} tons per square inch,” and that, 
ing degree of resistance to attack by various| a tensile test at high temperatures should be inter- | given time, rupture would occur at normal tempera- 
P varying deg y e test at hig iter- | given time, rup ape 
: corroding gases at high temperatures exhibited by| preted in a different manner from those obtained | tures with very much smaller values of stress. Dicken- 
“4 steels of diverse composition in the chromium, silicon-| from such tests at ordinary temperatures; but when | son’s deduction is held by the author not only to be 
i romium, chromium-nickel, chromium-nickel-silicon, | allowance is made in accordance with existing know-| mistaken, but to lead to an unnecessary confusion, 
2 ¢ _chron g ; y 
re and chromium-nickel-tungsten series. In the present | ledge, such values sufficiently afford a means of com- | in the minds of designers, which is really unwarranted 
ts, 
TABLE I.—TENSILE TESTS ON CARBON STEELS AT ELEVATED TEMPERATURES. 
rs a aa a ee ee eae ——, 
ne 
eS | 0-14 Per Cent. Carbon Steel. 0-30 Per Cent. Carbon Steel. | 0-42 Per Cent. Carbon Steel. 
Ss, | = = [a Se ee eee ae 
ES Limit of | | Limit of | | | Limit of | | | 
p- Proportion- Birney ee Elonga- Reduction.||Proportion- oe _— Elonga- | Reduction || Proportion-| b nar — Elonga- Reduction 
Temperature. ality. Tons per core ie | tion. of Area. || _ ality. Tons per Tons per tion. otf Area. || ality. T hogan scan ae tion. | of Area. 
ld Tons per | “. of ri pe | Per cent. | Per cent. || Tons per | a Pg bs ¥ Per cent. | Per cent. Tons per | *0PS per | “s sail Per cent. | Per cent. 
“ sq. in. sq. in. sq. in. | sq. in. | j. in. sq. in. } sq. in. sq. in. | sq. in. | 
id Sete Cesena =P —_—_— H oe —t__ isa 
. l | | | | | l | 
- Deg. C. |Deg. F. | | | | 
‘ 15 59 1F-S) i 3 | | 38-0 61-0 21-6 | 22-2 | 36:6 | 26-6 50-3 || 25-0 41:0 | 22-4 47-0 
a 100 16-% | 2E-7 || | 34:5 60-0 18-6 18°75 | 33-7 23-2 54-7 |] 20-5 40-08 | 23-2 49-0 
200 | 26:0. | “ee | | 27-0 58-0 16-4 | 20-7 | 40-7 22-4 | 46-8 || 20-0 43-68 | 17-6 42-0 
a 300 } 18-1 | 15-5 23-2 55°8 14:3 | 19-4 43-55 18:7 | 35:5 || 20-8 49-67 | 13-6 23-4 
: 400 | 8 i Io 37-6 68-5 10-1 | 19:4 | 40-7 23-0 | 50-6 | 15°5 42-0 | 28-8 | 58-0 
s 500 i; —- ~f = 38-0 73-0 - | 15-0 28-6 30°+4 65°8 10-0 | 33-5 | 25-1 | 58-2 
: 600 f — bow 48-0 36-0 sc 15-5 51-0 s0-0 || — | 21-0 | 32-0 | 74-6 
l, 700 | | a -— 56-0 93-0 — | 8-07 48-8 | 86°0 -- | -- 10-1 | 44-8 | 48-0 
il 800 | — 7 65-0 96-0 : | — 5-47 60-7 96-0 = 5-95 | 66-4 | 96-0 
\- 900 — | — 75-0 98:0 | ~ fo 3°75 68-0 97-0 — | - 4-17 | 56-7 90-0 
1,000 | - , ee aa — — ! — — 2-65 78-0 99-0 | - | 2-42 | 80-0 99-0 
a) ° 
TABLE II.—TENSILE TESTS ON HARDENED AND TEMPERED HIGH-TENSILE ALLOY STEELS AT ELEVATED TEMPERATURES. 
P | Heat-Treated 3 per cent. Ni Steel. | Heat-Treated 1-14 per cent. Cr-0-18 per cent. Va Steel Heat-Treated 3-4 per cent. Ni-0-9 per cent. Cr Steel. 
; — I] Penne ee 2 eS eee 
oe yes Limit of Yield 4 Limit of rs " Limit of ri — 
1 Temperature. Propor- Point ae = sation| Reduction || Propor- Be — Elongation Reduction || Propor- Bim y —- Elongation Reduction 
i tionality. | Tons per Tons er tec of Area. |/ tionality. Tons per Tons per Persons "| of Area. tionality. acne Tons per ‘Per cent ‘| of Area. 
' Tons per sq. in. 3 a : * | Percent. || Tons per sq. in. sq. in * | Per cent. || Tons per a ps = “ * | Per cent. 
’ sq. in. ae hes | || sq. in. ae ee sq. in. os ee 
> | —, — F _ | 
. deg. C. | deg. F. HI | } 
3 15 59 29-3 32-2 50-7 23-3 59-2 || 53-53 55°55 61-0 21-6 61-5 46°5 48-8 22-6 | 63-6 
100 | 212 28-0 34-4 48°5 25-0 56-4 || 53-9 57°5 62-6 20-0 63-0 34-4 47°5 23-2 | 67-7 
200 | 392 26°3 34-0 48-4 25-4 56-0 | 19-5, 53-12 59-6 15-6 61-5 32-6 45-6 | 20:0 | 64-6 
: 300 572 25-2 33-6 47-7 21-0 57-0 | 43-5 49-2 55-6 20-0 59-0 37-0 48-5 | 20-0 | 50-2 
400 | 752 22-7 33-3 46-95 21-6 50-4 1 36°1 416-6 56°3 15-6 61°5 30-4 46°89 | 17-6 | 14-0 
500 932 — 22-4 29-1 28-0 79-4 | 15°5 27-0 ss 6 = 74-4 || 22-0 38-97 21-6 | 86-5 
6 — 11-75 18-67 40-0 89-8 || — — 24-8 30-4 87-0 — — 32-0 88-0 
; 700 = 11-5 48-0 96-0 || — — 11-6 52-0 92-0 | = 42-4 | 90-0 
800 -— os 6°53 71-2 93-0 || — — 6-7 68-0 95-0 | - — 74-3 | 92-0 
; 900 - = 4-025 56-0 83-0 1] - 4°7 81-5 96-0 | - 52-0 84-6 
1,000 - — 2-45 72-6 | 99-0 1 -- ~ 3-1 73-5 7-0 || : 82-5 99-0 
| | 












































TABLE III.—TENSILE TESTS ON A HEAT TREATED Cr STEEL AND Si-Cr AND Ni-Cr-W STEELS AT ELEVATED TEMPERATURES. 





Heat-Treated 14 per cent. Cr Steel. 


i 4 per cent. Si-8-75 per cent. Cr Steel. 





| 
| 
| 
| 
| 




















10 per cent. Ni-13 per cent. Cr-3-5 per cent. W Steel. 



































Limit of rs Limit of a “4 Limit of rE ; 
Temperature. Propor- Pry — Elonga- |Reduction Propor- ae —- Elonga- | Reduction Propor- aon | — Elonga- | Reduction 
tionality. ‘Tone oer Tons nae tion. of Area. tionality. | tons per Tone per tion. of Area. || tionality. Tons per Tons per tion. of Area 
| Tons per ap sy yi Per cent. | Per cent. || Tons per te i 5 _ Per cent. | Per cent. || Tons per z ¥- ri ie Per cent. | Per cent. 
| sq. in. — a 1 sq. in. la eee | sq. in. a 
| | | | | 
deg. C. | | | 
15 | | 28-6 35-7 48°5 28-0 | 62-5 || 48-5 68-0 20-0 49-0 1 23-2 | 36:0 | 63-0 23°5 | 24-0 
100 | 28-0 35-8 45-9 | 24-8 65-4 | | 68-5 21-6 50-0 |} —_ 37-5 | 53+5 24-8 33-2 
200 | | 28-5 35-4 43-5 | 23-2 65-4 - | 63-0 21-6 52-0 || —- 35:3 | 49-4 | 20-8 28-6 
300 | |} 26-1 33-9 41-3 | 21-0 64-0 _ 58-2 20-8 50-0 |} = 32-6 | 43-4 | 22-5 | 32-8 
400 | | 28-4 31-2 37-8 | 20-8 62-0 _ 57-0 22-4 51-0 | — | 29-4 42-7 | 20-8 | 32-8 
500 | | —_ — 32-7 16-8 | 56-6 — | 45:3 28-0 54-5 — | 26-0 | 39-5 | 23-5 46-0 
600 | j= oo 18-8 20-5 | 67:0 | —- | - 24-5 7-0 87-0 - | “— | son | see | ee 
700 | | + _ 12-1 | 36-8 | 85-4 || — | — 10-08 61-5 95-0 — | - | 28-2 28-0 61-0 
800 | 1472 | = — — 5-04 | 456 | 91:5 || — | - 4-87 60-3 97-0 | 17-2 40-0 74-0 
900 | | -- — — — —- i} a -- 2-82 88-0 97-0 — 12-0 | 51-0 79-0 
1,000 | 1.832 | - | — — | mm ox i = ~- a - — % oe: 6-02 | 70-0 | 81-0 
| | | | | : 
paper it is proposed to deal with the other equally | parison. In considering a tensile test, one should| by the experimental facts. The interesting experi- 


uportant but different characteristic—namely, the 
mechanical strength of steels at a high temperature, 
as affected by the introduction of the special elements. 
Although the whole series of alloy steels mentioned 
above which have been shown to offer marked resist- 
ance to chemical attack differ greatly in the degree of 
strength retained at high temperatures, it is satisfactory 
to note that some of them retain high strengths, as 
well as a high degree of resistance to chemical attack, 
thus fulfilling the dual requirements of the so-called 
heat-resisting steels. 

Since the author has arbitrarily selected, as the 
means of providing comparative data, tensile tests 
at 800 deg. C., a few words in justification of this 
Procedure are necessary. The actual conditions of 
test were as follows :—The test-pieces were 0-357 in. 
diameter, with a parallel length of 1} in. The specimen 





te Paper read before the Iron and Steel Institute, 
ondon, on May 4, 1928. Abridged. 
t See ENGINEERING, vol. Cxxiii, page 653, (1927). 





refer the figures obtained back to the creep limit and 
fatigue value of the material. It is of great interest 
to do this, particularly as regards the limit of pro- 
portionality and the yield point. The latter two 
values can only be stated in terms of the refinement 
of the measurement obtaining during the test. Since 
the introduction of the word “creep” to denote a 
jphenomenon observed, in the first place, during the 
‘mechanical investigation of steel at high tempera- 
itures, there has been a definite feeling of insecurity 
with many concerning the behaviour of steel under 
such conditions. If, therefore, a definite law could 
be established which removed the present uncertainty 
concerning the response of steel under temperatures 
above the normal, much would have been achieved. 
It has recently been stated* that ‘“‘the theory of 
plastic flow suggests that above a certain temperature 
—possibly even at ordinary temperatures—all metals 
flow under load if given sufficient time.’ Surely 


ments of Rosenhain and Hanson,* in which mild steel 
was stressed for five years and three months at 300 deg. 
C. at loads ranging from one-third to two-thirds of the 
normal breaking stress, gave no support to such a 
view. 

Space does not permit of the publication of the 
complete bibliography prepared by the author, nor of 
full discussion of the numerous results of previous 
researches. It is, however, established that if a 
tensile test-piece of steel is stressed, even at the ordi- 
nary temperatures, above the elastic range, yielding 
takes place with time. If the stress imposed is any- 
where between the elastic range and the maximum load 
which the specimen will bear, initial extension is rapid ; 
the completion of the extension inducible by the stress 
imposed takes a longer time, as would be expected. 
A mild steel test-piece stressed 6 tons above its yield - 
point at 15 deg. C. did not attain stability in dimensions 
until 22 hours had elapsed. The final completion 








* Metallurgist, 1928, January, page 9. 


* See ENGINEERING, vol. cxxiv, page 409 (1927). 
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of the plastic deformation over a period of time con- 
stitutes “creep.” If, however, the test-piece is 
stressed within the elastic range, elastic deformation 
is produced according to the well-known law, and 
when the stress is removed, the test-piece assumes 
practically its original dimensions; always with the 
reservations necessarily due to very minor initial 
effects resulting from heterogeneity of structure. The 
author’s experience would lead him to state that such 
is indeed the type of deformation not only at normal 
but at progressively increasing temperatures. Thus 
it is only necessary to determine a satisfactory method 
of measuring the intrinsic elastic range, and the whole 





comes into play, but the elevation of the temperature 
accentuates the time effect which is defined in the word 
“creep.” This time effect is observable under careful 
experiment at ordinary temperatures, as has been stated, 
and it becomes of increasingly serious moment as the 
temperature attains high values, and the effect differs 
with different steels. 

The modified behaviour of mild carbon steel with 
increasing temperature has been well studied, and it 
is known that there is a definite increase in the maxi- 
mum stress when passing through the range of tempera- 
ture of 200 deg. to 300 deg. C., but that at progressively 








still higher temperatures this value rapidly and consis- 


TABLE IV.—ANALYSES AND TENSILE TESTS OF HIGH-SPEED AND Co-Cr STEELS. 


a very serious modification in properties as far as the 
designer is concerned. At 450 deg. C. it has been 
suggested that 9-5 tons per square inch will cause 
‘‘ creep” until rupture takes place, whilst at 530 deg, 
C. this value has been taken to be as low as 4 tons per 
square inch. It is of interest to state that some of the 
hardened and tempered alloy steels enable at least 
14 tons per square inch to be attained at 500 deg. C, 
before continuous creep occurs. Nevertheless, within 
the range of ‘“ black heat,” the characteristics of the 
materials would appear to be modified. When, there- 
fore, one is considering the behaviour of steels at a red 
heat, it will be seen that, to say the least, aspirations 
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Analysis. 15 Deg. C. 800 Deg. C. 
| 
| "y , ‘. H — 
| | | | | | ws Maxi- | 
| | | | Yield J wan. Reduc- Max. ‘ | Redue- 
Steel | Material | C ; Mn | Si | Cr Ni Ww Mo Va Co | Condition. Point. na bar el tion of | Stress. oral tion of 
No. | Per | Per | Per | Per Per | Per Per Per Per | Tons Tmnatet 8 Per | Area. | ‘Tons — "| Area. 
cent. | cent. cent cent. cent. | cent. cent. cent. cent. per per cent. Per per cent | Per 
| | sq. in. | aq in : | cent. | sq. in.} “~"” cent. 
{ pee | 
as i = — ad | 7 ae ) faa ns ~~ ~ ee ae = | | | ar ict 
9 | High-speed steel ..| 0-55 | 0-24 0-23 | 3-36 _ 14°75 — 0-47 — | Annealed .. — | 47-45] 21-6 38-7 | 8-7 3-0 | 82-0 
10 High-speed steel ..| 0-56 | 0-20 0-21 | 4°15 . 16-05 — 0-65 — | Annealed .. — | 50-0 22-0 38-5 8-0 51-0 | 84-5 
11 | High-speed steel ..| 0-54 | 0-22 0-39 | 4-08 ~ 18-0 — 0-84 — | Annealed ..| 28-3 51-6 16-6 27-5 10-5 42-4 68-5 
12 High-speed super- | 0-58 | 0-12 0-41 3-90 ~ 0-36 7-91 0-99 5-41 Annealed .. 48-8 57°1 15-2 23-4 8-8 48-0 | 83-0 
teel | 
stee | | | 
13 | Cohalt-chrome 1-51 | 0-23 | 0:44 | 13-22 1-08 | a — 17 Softened 36-4 54-6 13-0 16°5 13-0 — | — 
__|_valvesteel ES: ee: ee; ee: ey eee } A | _ 
TABLE V.—ANALYSES AND TENSILE TESTS OF 14 PER CENT. Cr. STEELS WITH ADDED ELEMENTS. 
mo i : = 
| Analysis. | 15 Deg. C. 800 Deg. C. 
. | ; a i ne ir 
Steel | | Condition. | Yield Max. Reduc- | Max. Reduc- 
No, c Mn | Si | Cr |; Ni w |; Al | Mo | cu | Co | | Point. | Stress. | Elon- | tionof | Stress. | Elon- | tion of 
Per Per Per | Per | Per Per | Per | Per | Per | Per | | Tons Tons | gation. | Area. Tons | gation. | Area. 
cent. cent. cent. cent. cent. cent. | cent. | cent. | cent. | cent. | per per Per Per per Per Per 
| | | | | | sq.in. | sq.in. | cent. cent. | sq.in. | cent. cent. 
icin ae “a —— > eee aaa 7 | { , 
23 0-11 0-34 0-21 14-84 10-16 — — — | — |.— As rolled Pa ..| 24-6 45-2 | 52-0 68-1 10-17 46-4 44-0 
24 0-29 0-29 0-17 14-08 11-90 _— _ | —- —_ — Air-cooled 1,150 deg. C. 18-2 2-8 | 64-0 65-0 12-65 30-4 33-0 
25 0-41 0-46 1-10 13-94 9-84 _ | _ = | - | 3°15 Air-cooled 1,000 deg. C. 24-2 46-4 9-0 12-6 13-10 37-0 68-5 
26 0-34 0-33 1-18 13-80 8-44 —_— | 1°06 | 1-44 | —_— | — Air-cooled 1,000 deg. C. 21°5 56-0 21-0 -- 14-33 68-0 _ 
27 0-64 0-61 1-84 14-3 13-0 1:0 | -= | = - — Air-cooled 1,000 deg. C. 35-6 56-4 22-0 31-5 12°5 52-0 67-0 
28 0-55 0-73 1°45 13-10 12-7 2°3 | — | — 2-58 — Air-cooled 1,000 deg. C. 38-0 56°6 22°5 32-0 14-0 43-0 65°3 
29 0-42 0-31 0-69 13-30 8-87 3-42 | -- — | - —_ Air-cooled 950 deg. C. 34-8 56-8 7°5 — 22-75 16-0 32°8 
30 0-57 0-48 0-72 13-97 9-5 3-36 | —- | - | a - As forged ae ae 40-1 62-9 29-0 33-0 22-50 24-0 47-0 
31 0-76 0-60 0-76 12-10 9-38 3-07 _- | — | —_— Air-cooled 1,050 deg. C. 28-4 57-0 11-0 11-0 15-4 54-0 71-2 
32 0-61 0-67 0-4 14-94 10-36 5-94 — - | — | 1-91 Air-cooled 1,000 deg. C. 35°2 52-0 12-5 | 12-0 13-65 33-6 66-4 
33 0-47 0-70 0-14 12-47 19-67 3°57 | - | a | — | — — 36-8 45-7 —_— | — 19-30 18-4 37:8 
{ 
TABLE VI.—ANALysEs AND TENSILE TESTS OF 18 PER CENT. CR STEELS wITH ADDED ELEMENTS. towards obtaining really high elastic ranges at such 
—— —— — = — temperatures do not offer much promise of fulfilment. 
Analysis. | 15 deg. C. 800 deg. C. Practice has taught the designer not to expect high 
a ee ene stresses to be withstood over long periods under such 
s | | | | | Yield | Max. | gion. [Redue-| Max | 1... |Redue- conditions. For instance, mild carbon steels - _ ~ 
=| c | Mn| si | cr | Ni| Ww | Mo Condition. |Point. |Stress.| 74941, | tion of| Stress.| “iin, | tionof | C. break under the ordinary tensile test at 3 to 4 tons 
7 Per Per | Per | Per | Per Per | Per | | Tons | Tons |® Per ‘| Area. | Tons |® Per Area. | maximum stress. If we examine one of the best heat- 
cent. jcent. | cent. cent. cent.| cent. cent.| Pat ; Far cent feed a in,| cent = resisting steels available, we shall find that it will 
| (eis aa . ; break at as high a value as 20 tons per square inch at 
is | u j Ro GES an emg esa ee least under the ordinary tensile test at that temperature, 
34! 0-13 0-131 0+56)17-88| 7-74) — | _ Water-quenched 1,200 deg. C. | 17-5 | 48-6 | 55-0 | 39-17| 7-48) 10-4 | 14-5 | but its elastic range is low, and although its continuous 
° -Q9?) — = y ar. anche > ‘ 94. +25 ° ° ' . 7. . * 
35| 0-41) 0-13) 0-11 19-92| 8 92 Water-quenched 1,100 deg. C. | 24 0 53 35} 41-0 | 50-9 ’ 8-93; 27-8 | 67-0 creep value is probably in excess of 24 tons at 400 deg. 
36| 0-34| 0-48/ 0-85|18-51! 7-783-09 | — | Air-cooled 1,000 deg. C. + | 35-2 | 70-0 | 10-0} — | 21-3) — | — = : £2 or 
37| 0-38] 0-68) 1-21|18-72/ 9-74.3-27 | — | Air-cooled 1,000 deg. C. | 29-2 | 50-6 | 27-5 | 28-9 | 20-0 | 41-5 | 59-0 |C., it is doubtful whether any stress in excess of 2 0 
38} 0-30) 0-52, 1-46)17-70) 7-0 |4-23 | — Avonnt 1,000 deg. C. -. | 88-0 | 58-5 | 37-5 | 52-0 | 17-8 | 38-0 | 53-0 | 3 tons per square inch can be imposed over a long period 
$9) 0-58 0-36 4-0 |15-54) 8-14] — | — | Air-cooled 1,000 deg. C. -- | = | 70-0 | 20-0 | -— | 15-25) 68-0 | 71-8 | at 800 deg. C. without resulting in appreciable “ creep.” 
-59, 0-27, 1-08.19-10| 7-73) — | 9-73] Annealed 700 deg. C.. air-cooled | 47-7 | 60- -0 | 20-98) 36-0 | 49-6 | ete ng ore 
40) ae Soe | irre aa , “me | a) ee sesh (aa 4 - 9°6 | Such material, however, is applicable very successfully 








TABLE VII.—ANALYSES AND TENSILE TESTS OF STEELS OF HIGHER CR CoNTENT WITH ADDED ELEMENTS. 

















Analysis. | | 15 deg. C. | 800 deg. C. 
| 

— rh eee 0 ee ee ee 5 
Steel : ne Yield | Max. | pion. |Reduc-| Max. | pion. |Reduc- 
No. Cc Mn Si Cr Ni W i Condition. | Point. |Stress. | ation \tion of ; Stress, | fan tion of 
Per Per Per Per Per Per | Tons | Tons |® ees Area. | Tons |8@U Area. 

cent. | cent | cent. | cent. | cent. | cent. e per per Be. Per pe cent Per 

| | | | | sq.in. ia * | cent. |}sq.in.| ““""* | cent. 

| | | 


| “39 | 23-22) 24-02) — 




















Air-cooled 1,050 deg. C. | 18-8 | 39- 














41 | 0-06 | 0-39 | 0 6 | 48-0 | 67-0 | 13-2 | 33-5 | 38-4 
42 | 0-19 | 0-32 | 0-84 | 20-29] 19-29} — | Air-cooled 1,050deg.C. | 33-2 | 49-0 | 35-0 | 49-0 | 17-37] 8-0 | 17-0 
43 | 0-25 | 0-96 | 2-20 | 23-85] 17-21] — | As received .. «| 49-2 | 56-4 | 20-0 | 27-5 | 15-0 | 23-0 | 46-0 
44 | 0-29 | 1-16 | 1-81 | 14-95) 24-82] 2-86 | Air-cooled 1,050 deg. C. | 24-2 | 47-7 | 35-5 | 50-0 | 19-58' 24-0 | 51-0 
45 | 0-48 | 0-85 | 0-19 | 24-75, 16-39 3-85 | Air-cooled 1,050deg.C. | 30-0 | 48-6 | 29-0 | 35-0 | 15-57| 60-0 | 57-7 
46 | 0-52 | 1-01 | 1-41 | 23-90, 22-29) 3-13 | Air-cooled 1,050 deg.C. | 33-8 | 53-2 | 26-0 | 31-0 | 16-55| 40-0 | 49-8 


matter becomes simpl*. Such a method has not been 
developed, nor are the fundamentals as yet the subject 
of complete agreement. 

Before leaving the subject of creep, reference should 
again be made to the experimental results of Dickenson, 
which proved in a very practical manner that, particu- 
larly at high temperatures, test-pieces would bear only 
a definitely lower stress if the load were gradually 
applied—indeed, that lower stresses, though materially 
above the elastic range, if maintained for a sufficiently 
long time, would break the materials with which he 
experimented. The disparity between the stress at 
which the steel will break, with time, as compared 
with the normal conditions of tensile testing, increases 





with temperature. The same phenomenon of creep 








tently falls. The interesting feature is that since the 
yield falls from an original value of, say, 18 tons per 
square inch, gradually from normal temperatures 
upwards (see Table I, 0-14 per cent. carbon steel), it is 
fair to deduce that the actual elastic range is progres- 
sively lowered at the same time, and probably more 
rapidly. If one studies the properties of this steel at 
400 deg. C., i.e., in the upper range of steam tempera- 
tures, it will be found that the maximum stress is 
very little below the value obtained at normal tempera- 
tures, but the yield has fallen 5 to 6 tons per square inch. 
If at that temperature a load in excess of 14 tons per 
square inch is imposed over a sufficiently long time, it 
may be, as is at present suggested, that such stresses 


in those cases where the service at red heat essentially 
desired is permanence of shape, including section, 80 
long as the imposed stresses are not of serious magnitude. 

Since one particular temperature has been selected 
for the comparison of special alloy steels, the author 
considers it would be of value to show the bearing of 
this same temperature on some of the steels most 
widely known, and this is done in Tables I, II and III. 
(The yield point corresponds, where stated, to 0:5 per 
cent. extension additional to the proportional exten- 
sion.) Tests at temperatures ranging from 100 deg. 
to 1,000 deg. C. are also included. It will be seem 
that although 800 deg. C. is a high temperature to 
have been selected, it is one which appears useful in 
displaying the character of the high tensile properties 
of the class of steels under consideration. Considering 
the matter, therefore, from this simple point of view, 
a series of some forty-nine selected experimental steels 
becomes of interest. In Tables IV, V, VI, and VII will 
be found classified a selection of these different steels 
with the analyses and tensile tests results placed along- 
side the results of tensile tests performed at 15 deg. C. 
(normal temperature) and at 800 deg. C. 

(To be continued.) 








British ELECTRICAL REFRIGERATOR Campaicn.—The 
British Electrical Development Association announces 
that they are organising a propaganda campaign 1D 
favour of British electrical refrigerators. This will last 
from June 8 to June 25, and will comprise window dis- 
plays and local and direct mail advertising. Further 
particulars are obtainable from the Director and Secre- 





will break the specimen. This would, indeed, represent 








tary, 15, Savoy-street, London, W.C.2. 
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EXTENSION OF THE ROYAL EDWARD 
DOCK AT AVONMOUTH. 
(Concluded from page 571.) 

Roor CRANES. 

As shown in Fig. 11 on page 567 ante, the transit 
sheds are equipped with electrically-operated roof 
cranes for unloading ordinary merchandise from the 
ships lying at the wharf into the transit sheds and 
for delivering the goods from the latter to railway 
wagons or road vehicles. Similar handling can, of 
course, be carried out in the opposite direction for 
the export trade. In the first instance, ten roof 
cranes will be installed, eight being located on the 
water-side and the other two on the land side. 
All will be of the Stothert and Pitt level-luffing 
type, in which the jib is accurately balanced in all 
positions and luffed by crank and connecting-rod 
mechanism. Several examples of cranes equipped 
with this gear have been previously illustrated in 
our columns*, so that our readers will doubtless be 
familiar with it. The cranes mounted on the water 
side will be capable of lifting a load of 2 tons at a 
maximum radius of 65 ft., while those on the land 
side will lift the same load at a maximum radius 
of 28 ft. The former will be capable of travelling 
along the whole length of both sheds, the track being 
carried between them on the roof of the connecting 
gallery between the sheds. Two control positions 
are provided in the cabin of each crane, so that the 
driver may have a clear view in all directions. 

The interesting feature of the cranes, however, is 
the electrical equipment. The power supply on the 
extension is in the form of three-phase, 50-cycle 
current, which is supplied to the cranes at a pressure 
of 365 volts. All the motors are of the two-speed, 
squirrel-cage, high-starting-torque type, constructed 
by the English Electric Company, Limited, the two 
synchronous speeds of 500 and 1,000 r.p.m. being 
obtained by a pole-changing winding. The control 
gear, which was supplied by the Igranic Electric 
Company, Limited, includes a hoisting controller 
of the contactor type, and three controllers of the 
drum type for the slewing, luffing and travelling 
motions, respectively. All the drum-type con- 
trollers are fitted with cam-operated contacts, and 
the quick break obtained by this device minimises 
the burning of the contacts, and therefore consider- 
ably prolongs their life. The hoisting controllers 
have three steps, on the first of which the motor is 
connected to the supply on the low-speed winding 
through a resistance designed to limit the torque 
to about the full-load torque. The acceleration of 
the load is thus moderate, so that the slack in 
the slings can be taken up without jerk and the 
manceuvring of the load through the hatch of the 
steamer is facilitated. The other two steps on 
the hoisting controller connect the slow-speed and 
high-speed windings to the supply without the inter- 
vention of a resistance, and this is also the case 
with the drum controllers for the other motions, 
which have two steps only. 

An automatic solenoid brake is fitted on the 
hoisting motion, and, to prevent the possibility 
of the load taking charge if the driver should pause 
with the controller in any intermediate position, the 
contactors are interlocked so that the brake solenoid 
cannot be energised to release the brake unless 
either the low- or high-speed contactors are closed. 
The controllers for the hoisting, slewing and luffing 
motions can be operated from dual positions by 
lever handles and cross shafting, while the travelling 
controller, which is not often used, is operated by 
means of a crank handle. The main protective 
panel is of the contactor type, the main circuit 
breaker consisting of a triple-pole contactor, while 
single-pole overload relays, with time lags, are pro- 
vided in each phase for the protection of the motors. 
Limit switches are fitted to prevent over-hoisting or 
over-luffing in both directions. Current is supplied 
to the cranes by a cab-tyre sheathed trailing cable 
from a series of plug boxes provided on the roof 
between the rails. 


TRAVELLING PNeuMATIC ELEVATORS AND 
InTAKE CONVEYOR. 


There are five floating grain elevators at Avon- 
mouth, three of the preumatic type and two of the 
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See ENGINEERING, vol. cxvii, page 762. 





bucket type, with capacities ranging from 120 tons 
to 180 tons per hour. The floating pneumatic 
elevators, although of recent construction, are not 
included in the extension and improvement works 
with which we are now concerned, so that we do not 
propose to describe them in detail. The new equip- 
ment, however, includes three travelling pneumatic 
elevators and one travelling intake band conveyor, 
all of which are being constructed by Messrs. Henry 
Simon, Limited, of Manchester. One of the former 
is illustrated in Fig. 81 on page 592, while a front 
and side elevation of the travelling intake conveyor 
are given in Figs. 82 and 83 on page 593. These 
appliances are now rapidly approaching completion 
and will be installed on the wharf in front of the 
transit sheds and transit granary. Each of the 
travelling pneumatic plants has two suction pipes 
with a combined capacity of 80 tons per hour, and 
will be used mainly for handling small and shallow 
parcels of grain, or for cleaning up the holds and 
*tween deck spaces of ships from which the bulk 
of the cargo has been removed by the floating 
elevators. Each travelling pneumatic plant will, 
however, be equipped with a luffing and slewing 
band conveyor, having a capacity of 200 tons per 
hour, on to which grain will be delivered by the 
floating plants, and from which it will be delivered 
on to the band conveyors in the conveyor gallery. 
The travelling intake band conveyor, which also 
has a capacity of 200 tons per hour, is of generally 
similar design and construction, except that the 
pneumatic plant is omitted. 

The above-mentioned capacity of 80 tons per 
hour for the travelling pneumatic plants will be 
obtained with North American hard winter wheat 
when the nozzles are dipping vertically and the 
wheat is flowing to them without trimming, 
from a steamer of 60-ft. beam of which the 
bulwarks or deck rails are at a height of 40-ft. 
above the wharf level at light draught. Each 
plant will also be capable of discharging small 
cargo vessels of which the ship’s rail, in loaded 
condition, is approximately level with the deck 
of the wharf. The range of the pipes will be 
sufficient to clear a point 40 ft. above water level 
and to reach down to a point 40 ft. below water 
level. 

The 200-ton band conveyors carried by the 
pneumatic plants, and already referred to, will 
discharge through openings in the face of the 
transit sheds and through the roof of the conveyor 
gallery on to the band conveyors, while the grain 
from the pneumatic plant will be delivered by a 
bucket elevator, indicated by chain-dotted lines in 
Fig. 81, through an adjacent opening in the face 
of the shed on to the same or another conveyor. 
The openings are arranged at 25-ft. intervals. 

The travelling pneumatic plants and the intake 
conveyor have all been designed to clear a single 
railway track, with the loading gauge of the 
Great Western Railway, and the main trucks 
will run on a double rail embedded in the deck 
of the wharf, as shown in Figs. 81 and 82. The 
rear trucks will run on a single rail carried on a 
girder supported on corbels from the columns of 
the buildings at a height of 19 ft. 2} in. above 
the deck level. The gauge of the track for the 
travelling plants is 13 ft. 1 in., and the travelling 
speed is 40 ft. per minute. The pedestal carries 
the floor of the machinery cabin, as shown in the 
figures, but, in the case of the pneumatic plants, 
the back of the structure is in the form of a 
Warren girder from which the load is transmitted 
through a single overhanging pin to a rocker 
beam and thence to the wheels. In this way, 
an even distribution of the load is ensured and 
the advantages of a three-point suspension are 
obtained. The machinery cabin, in the pneumatic 
plants, contains the exhauster and its driving 
motor, the tipper-seal gear, the dust seal, the 
traversing motor, and the gear for slewing the 
boom carrying the intake conveyor. Above this 
is a second floor, on which the wheat receiver 
and the bottom of the slewing post for the conveyor 
are housed, together with the air filter and luffing 
winches. The arrangement of the plain intake 
conveyor differs somewhat from that described, 
but can be followed from an inspection of Figs. 
82 and 83 on page 593. In the case of this appliance, 





the back of the structure is carried on two wheels 
at fixed points, the equalising device being omitted 
as the loads to be carried are less. In all cases, 
the operator’s cabin, in which the whole of the 
controls are centred, is placed on the top floor close 
to the inner end of the conveyor boom, from which 
position the operator has a clear view of all 
movements. For the travelling motion, a 10-h.p. 
motor is provided for the pneumatic plants, and 
a 5-h.p. motor for the plain conveyor. A totally- 
enclosed worm-reduction gear is mounted on a 
common bedplate with the motor, and the drive 
to the front wheels is by bevel gearing and a vertical 
shaft, in the case of the plain conveyor, as shown 
in Fig. 83 on page 593, while the drive to the rear 
wheels is by spur gearing. In the pneumatic 
plants there are four front wheels arranged in 
pairs at each end, and the drive is transmitted 
from one pair to the other by means of a roller 
chain. The rear wheels, in this case, are also 
driven by roller chains, as indicated in Fig. 81 
on page 592. 

The boom carrying the band conveyor, in all 
plants, is supported by a rotating post to which 
it is hinged, so that it can be lowered 20 deg. 
below the horizontal or luffed up to clear the ship’s 
rigging ; it can also be slewed so as to lie parallel 
with the wharf. The luffing winch, and the 
7-h.p. motor which drives it, are mounted in the 
post, as is clearly shown in Figs. 82 and 83. The 
post runs in a pivot bearing at the bottom end 
and is supported by a roller path about 8 ft. 
above the pivot. It is slewed by rack and pinion 
gear driven by a 5-h.p. motor operating through 
bevel gearing and a vertical shaft, shown in Fig. 83. 
The boom is covered in at the top, but the cover is 
formed with hinged panels to accommodate the 
chute from a floating elevator, from which the grain 
is delivered on to the band conveyor through a 
travelling feed hopper. The conveyor belt is 
24 in. in width and travels at 800 ft. per minute. 
It is driven, through a roller chain, by a 5-h.p. motor, 
and delivers the grain into a telescopic spout at the 
inner end, through which it flows into a movable 
spout inside the building, and thence, through an 
opening in the floor, on to the band conveyors in 
the conveyor gallery. The arrangements are clearly 
shown in Figs. 8] and 82. 

In the pneumatic plants, the main suction pipe, 
which is of solid-drawn steel, is supported by wire 
ropes from a steel post, as shown in Fig. 8]. At 
its outer end, it branches into two 6-in. pipes, fitted 
with telescopic lengths, which descend into the 
ship’s hold, and at its inner end it is connected 
to the wheat receiver through a swivelling joint 
which permits the pipe to be luffed and slewed. 
The slewing gear is operated by a 3-h.p. motor, 
driving, through a worm-reduction gear and bevel 
gearing, a vertical shaft the upper end of which 
carries a pinion engaging with a semi-spur rack 
attached to the vertical part of the pipe, as shown 
in Fig. 81. For luffing the main pipe, one drum of 
a four-drum winch, driven by worm and spur reduc- 
tion gearing from a 7-h.p. motor, is used, one of the 
remaining drums being employed to operate a crane 
for handling spare pipes and the other two for 
telescoping the 6-in. suction pipes. The drums are 
operated through friction clutches controlled by wire 
leads from the operator’s cabin. At the outer end of 
the main pipe, two rectangular bends are fitted and 
supported in a steel frame which carries the luffing 
pulleys, the pulleys for telescoping the pipes, and the 
crane pulley. Below the bends, rocker joints are 
provided, and these are connected with the vertical 
pipes through short flexible lengths, below which are 
telescopic pipes giving a vertical range of 18 ft. 
These are connected by flexible pipes and portable 
steel pipes to nozzles of the scoop type for cleaning 
up the holds, and of the vertical-sleeve pattern for 
bulk work. 

The wheat receiver, to which the main 12-in, 
pipe is connected, is 6 ft. in diameter and is con- 
structed of ~;-in. steel plating with a conical bottom, 
from which the grain is discharged through an 
oscillating seal. As already mentioned, the grain 
is delivered on to the conveyors in the gallery by 
means of a bucket elevator and chute. Inside the 
receiver a steel-plate cyclone is provided to collect 
part of the dust, which is discharged through a 
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rotary seal. The oscillating seal for discharging the 
grain is operated by a crank and connecting-rod 
mechanism driven by a worm gear, which, in turn, 
is driven by a‘roller chain from a 5-h.p. motor. 
An extension of the worm-gear shaft drives the 
dust seal on the receiver and another dust seal on 
an air filter, through which the dusty air from the 
receiver is passed before being discharged into the 
atmosphere. The filter is of the rotary-screen type, 
the screens rotating at a high speed and dropping the 
dust into a receiving chute, from which it is 


discharged through the seal above referred to. 





The vacuum necessary for transporting the grain 
is produced by a Reavell two-stage turbo-exhauster, 
designed for a nominal duty of 4,000 cub. ft. of 
air per minute, aspired at a vacuum of 11 in. of 
mercury, when running at 8,500 r.p.m. The 
power required, under these conditions, is about 
110 h.p., but the exhausters are each driven, through 
a speed-increasing gear, by a 130-h.p. motor running 
at 2,950 r.p.m. The speed-increasing gear is of the 
double-helical type, constructed by Messrs. David 
Brown and Sons (Huddersfield), Limited, and is 
totally enclosed in a dust-proof, oil-tight casing 
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| provided with forced lubrication. Each exhauster, 
| with its speed-increasing gear and driving motor, is 
| mounted on a combination bed-plate, in which an 
'oil tank is incorporated. The exhausters, being 
| driven by squirrel-cage motors running at constant 
| speed, have to work under constant-volvme regula- 
| tion, and, to ensure this, each is provided with a 
| Reavell-Askania regulator to prevent overloading 
in the event of the suction nozzles being withdraw 
from the grain. The regulator, within limits, can 
ibe set to give a predetermined vacuum at the 
| exhauster inlet, and, with a constant speed, this 
| means a constant volume of aspiredair. A butterfly 
‘valve in the suction pipe, near the exhauster inlet, 
'is operated through a control cylinder, which, in 
turn, is actuated by oil under pressure from a supply 
pump, the flow from which is diverted to either 
end of the control cylinder through the agency of 
the regulator. 

This regulator consists of a diaphragm under the 
influence of the vacuum in the suction pipe, and 
variation in the vacuum, due to the operation of the 
grain nozzles, causes the diaphragm to operate 
a movable oil jet from the supply pump, and the 
discharge from the jet impinges on either side of a 
knife-edge division between the service pipes to 
each end of the cylinder controlling the butterfly 
valve, thus varying the position of this valve and 
maintaining the vacuum at the predetermined value 
at the exhauster inlet, independent of the vacuum 





at the grain nozzles. 
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Electric power, in the form of three-phase current 
at 365 volts, is supplied to the travelling plants on the 
wharf from bare overhead conductors, carried on the 
front of the buildings, but arranged so as to be 
protected from contact with the loads handled by the 
toof crafies. In each of the pneumatic plants there 
are 10 electric motors, with an aggregate horse-power 
of nearly 200, of which the exhauster motor accounts 
for 130 h.p., as above stated. This motor is 
provided with an auto-transformer starter, with 
remote push-button control, while the other 
motors are started by direct switching but have 
reversing controllers. As all four plants may 
nly work close together, it was necessary for 
the overhead conductors to be designed to carry a 
considera ble amount of current, and, for this reason, 
«section, rolled from a special weather-resisting 
dee has been employed. To allow for overhauls, 
- ee line has been divided into three sections, 
rs © collector gear has been designed to enable 
_” to traverse the whole length of the 

» if required, without interruption. 
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Banp-CoNVEYOR INSTALLATION. 


Before describing the band-conveyor installation, 
as we next propose to do, we may first explain that 
its object is to take the grain discharged at any 
point on the wharf from the floating elevators or 
from the travelling plants, and deliver it into either 
the transit granary or to the storage granary, as 
required. The arrangements also permit the grain 
to be moved in either direction between the two 
granaries, or to be delivered from the band conveyors, 
connecting them on to previously-existing under- 
ground band conveyors, and thence supplied to 
either one of two older granaries. The internal 
equipment of the new granaries will be dealt with 
later, but we may here mention that it is designed to 
allow the grain to be moved from one silo to another 
for conditioning or for delivery, and, in the case of 
the transit granary, an installation of telescopic 
band conveyors is provided for loading grain into 
barges or small coasting craft. 

The whole of the main conveyors, which were 
constructed by Messrs. Simon, are fitted with 24-in. 


Corweyor. 
Delivery. 
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two-ply rubber-covered belts, running at 800 ft. per 
minute, and all are capable of handling 200 tons of 
wheat or maize per hour, or a proportionately smaller 
weight of lighter grain, such as oats or barley. 
Each conveyor is driven, through a roller chain, by a 
separate motor, of which the horse-power ranges 
from 5 to 30, according to the length of the conveyor. 
In all cases, the driving pulley is 27 in. in diameter, 
26 in. wide and faced with rubber. The shafts of all 
driving pulleys, and of most of the idler pulleys, 
run in self-oiling bearings. Three different types of 
framework are used, according to the duty required, 
but, in general, the frames consist of 3 in. by 2} in. 
by 7 in. angle side rails, carried, at intervals of 
10 ft., by cast-iron stands 13} in. high, in which are 
mounted the swivel bearings for the lower belt rollers. 
For conveyors provided with throw-off carriages, the 
side rails are composed of 2} in. by 2} in. by ¥ in. 
angles, supported at intervals of 5 ft. by cast-iron 
stands, either 13} in. or 22}in. high; in the case of 
conveyors arranged in two tiers, or on inclined or 
other special sections, 3 in. by 24 in. by 7 in. angle 
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side rails are used, supported by stands of the 
required height constructed of angle sections and 
generally spaced 10 ft. apart. The upper belt, in all 
cases, is supported, at intervals of 5 ft., by special 
troughing sets, consisting of three rollers, 5 in. in 
diameter, mounted on cast-iron brackets bolted to a 
cross bar of channel section. The central roller of 
each set is mounted horizontally, and the two outer 
rollers are inclined at an angle of 25 degrees, in 
order to give the necessary trough section to the 
belt; all the rollers run on hollow steel shafts 
arranged for grease lubrication. The rollers for the 
return belt, which are also 5 in. in diameter, are, of | 
course, all arranged horizontally, and are mounted 
on a steel shaft running in cast-iron, grease- 
lubricated swivelling bearings. 

All conveyors are provided with belt-tensioning 
gear, which, for conveyors up to about 200 ft. in 
length, is of the screw and handwheel type. For | 
longer conveyors, dead-weight tensions are employed. | 
In its simplest form, this type of tension gear | 
comprises a vertical steel frame from which cast- 
iron weights are suspended by a steel-wire rope. | 
The rope passes up over two sheaves, to turn it into | 
the horizontal direction, and the end is attached to | 
a four-wheeled carriage running on rails and carry- | 
ing the tail pulley of the conveyor. In some cases, | 
however, this arrangement is not applicable, either | 
owing to lack of space, or to the fact that the con- | 
veyors are arranged in two tiers. In such cases, | 
an example of which is illustrated in Figs. 84 and | 
85, on this page, the tension gear cannot be placed | 
at the extreme end of the conveyor, and two or} 
more idler pulleys are required. In the arrange- | 
ment illustrated, it will be seen that the return | 
belt. of the upper conveyor is passed round a fixed | 
pulley attached to a steel frame, and then round 
another pulley mounted on a travelling carriage, the | 
latter being attached to the counterweight by a wire | 
rope passing over sheaves. The return belt of the | 
lower conveyor, on the other hand, is passed round 
two fixed pulleys mounted on the frame, and also | 
round a third pulley of which the shaft is carried in | 
bearings free to move upwards or downwards in | 























(7291) 


along the wharf into three sections, located in front 
of the transit sheds V and U, and the transit granary, 
respectively. This gallery has a total length of 
about 1,600 ft., and, as explained in our previous 
article, has been incorporated in the construction of 
the transit sheds themselves. The gallery, however, 
is not accessible from the sheds since the latter may 
be used as bonded warehouses. In the gallery in 
front of shed V, which is that at the northern end 
of the extension arm of the dock, two conveyors, 
470 ft. in length, have been installed, while in the 
next section, viz., that in front of shed U, there 
are four conveyors, 600 ft. in length. The third 
section, in front of the transit granary, is equipped 
with five conveyors, ranging in length from 480 ft. 
to 500 ft., the longest conveyors being located on 
the side nearest to the granary. In order to keep 
the conveyors on the water side free to take grain 
from the travelling plants on the wharf, arrange- 
jments have been made for the two conveyors in 
front of shed V to deliver on to the two conveyors 
|at the rear of the next section; if required, how- 
|ever, the first two conveyors can deliver to the 
| succeeding belts in a straight line, two-way spouts 
having been provided for this purpose. Fig. 86, 
on Plate LX, has been reproduced from a photograph 
taken from the junction point between the two 
| conveyors in the first section and the four con- 
veyors in the second section. The driving chains 
and the wire ropes for the tension gear can be seen 
in this illustration, as well as the delivery spouts. 
Similar provision is made in the third section in 
|front of the transit granary, where, as already 
stated, there are five conveyors. In this case, the 
four conveyors on the water side can be fed directly 
from the travelling plants, and in the middle section 
the three conveyors on the water side can be so 
fed, leaving the rear conveyor, in each case, ex- 
clusively for handling the grain received from the 
previous sections. 

The two conveyors in the first section are driven 
by 25-h.p. motors, located in a separate motor 
room at the southern end of shed V. Weighted 
tension gears are provided at the northern end of 


vertical guides. The method of applying the| these conveyors. The four conveyors in the centre 


tension load to the bearings will be clear from a 


figures. 
In describing the arrangement of the conveyors, 
we may conveniently divide the gallery running 








section are driven by 30-h.p. motors, similarly 
housed, and the same arrangements for tensioning 
jhave been adopted, while for the five con- 
veyors in the third section, the motors, which 
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are each of 25 h.p., are located in the conveyor 
gallery itself. The tension gear for these con- 
veyors is housed in the same building as that in 
which the motors driving the conveyors in the 
centre section are installed. Each of the conveyors 
taking grain from the travelling plants is provided 
with a travelling feed hopper, drawings of which 
are reproduced in Figs. 96 and 97, on page 595. 
They consist, as shown, of a small steel hopper and 
feed shoe, mounted on a steel frame fitted with 
four wheels, which run on the side rails of the 
conveyor. A locking device is provided to enable 
the hopper to be fixed in any required position, 
and a wooden cover, fitted with a short canvas 
sleeve, is supplied in each case, the sleeve being 
fastened round the feed chute delivering into the 
hopper, in order to prevent the dissemination of 
dust. This arrangement is most clearly shown in 
Figs. 81 and 82, on pages 592 and 593, which 
also show one of the portable chutes, of which 
ten have been provided, to receive the grain 
from the travelling plants. These portable chutes 
deliver through fixed cast-iron rings, provided 
with movable covers, built into the floor of 
the shed above the conveyor gallery, and spaced 
at intervals of 25 ft. Each of the cast-iron rings is 
provided with a swivelling chute, as shown in Figs. 81 
and 82, which can deliver into any of the three 
waterside travelling hoppers. In all, 39 of these 
swivelling chutes have been provided. The arrange- 
ments for feeding the conveyors in the section in 
front of the transit granary differ slightly from those 
just described. In this locality, the gallery is 
covered by a steel roof, as shown in the at erse 
sections, Figs. 100 and 101, on Plate LXIL In 
this roof, 15 cast-iron rings have been fixed, 
through which pass fixed steel chutes fitted with 
a swivelling section at the lower end. The swivelling 
section, as indicated in Fig. 101, can be swung 
round to deliver grain into the travelling hoppers 
on any of the four conveyors on the water side 0 
the gallery. 


Grain-HanDLING EQUIPMENT OF TRANSIT 
GRANARY. 

At the southern end of the conveyor gallery, 
the five conveyors deliver on to five cross conveyors 
installed in a gallery running between the western 
and eastern wings of the transit granary. Fig. 100, 
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Fig. 86. JUNCTION BETWEEN Two AND Four BANnp Conveyors IN CONVEYOR GALLERY. 
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Fig. 87. JUNCTION BETWEEN Banp CONVEYORS IN GALLERY AND TRANSVERSE CONVEYORS AT TRANSIT GRANARY. 
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on Plate LXII, which is a transverse section through 
the southern end of the transit granary, shows the 
cross conveyor gallery most clearly, and the photo- 
graph reproduced in Fig. 87, on Plate LX, illus- 


trates the right-angle connection between the cross | 


conveyors and the intake conveyors installed in 
the gallery running parallel with the wharf... The 
cross conveyors deliver the grain either into the 
boots of bucket elevators, installed in the working 
house at the southern end of the eastern wing of 
the transit gallery, or on to another series of con- 
veyors, installed in an overhead gallery of steel 
construction, about 735 ft. in length, which deliver 
it to the storage granary. It is from this overhead 
gallery that a connection is made to the under- 
ground conveyors supplying the two older granaries, 
as already mentioned. We propose at the moment, 
however, to confine our attention to the equipment 


of the transit granary, part longitudinal sections | 


through the eastern and western wings of which 


are given in Figs. 98 and 99 on Plate LXII. | 


The construction of this building has been 
described in our previous article, but we may re- 
mind our readers that the eastern wing contains 68 


silos arranged in four rows, each silo having a| 


capacity of 150 tons. This wing is arranged either 
as a storage or delivery section. It is also intended 
to be used as a reservoir to equalise through weighed 
deliverics from the ship to the storage granary. 
The western wing, which has 38 silos, each holding 
about 85 tons of grain, will be used partly for 
bulk deliveries to barges or coastal craft and partly 
for sack deliveries to rail or craft. Arrangements 
are also a 
sport from this wing. All the silos are fitted with 
outlet slides operated by rack and pinion gear, and 
below the silos is a loading floor equipped with port- 
able sacking-off weighers and arranged at a con- 
venient height for loading the bagged grain into 
tailway wagons. : A 


i: ieee 
being made for sack deliveries to road tran- | 
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| Fig.96. 
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| Grain, from a selected three of the five cross 
| conveyors, previously mentioned, is delivered into 
'the boots of three of the four bucket elevators 
| shown in Figs. 98 and 100 on Plate LXII, which raise 
and discharge it into the hoppers of three 5,000-Ib. 
automatic 


weighing machines constructed by 


Fig.94. 
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| Messrs. W. & T. Avery, Limited, of Birmingham. 
| After being weighed in these, it is delivered into the 
| boots of three other elevators, which lift and discharge 
| it on to either of the four conveyor bands running 
along the whole length of the eastern wing above 
the silos. The fourth set of elevators is primarily 
for handling grain from the storage to the transit 
granary. The remaining two cross-bands deliver 
grain on to two of the four forward bands in the 
connecting galleries between the transit and storage 
granaries, and this is weighed at the storage granary, 
or the older granaries if diverted there, as described 
later. Fig. 88, on Plate LXI, illustrates the con- 
veyors for distributing the grain to the silos in the 
storage granary, with which we shall deal later. 
As there shown, the conveyors are provided with 
self-propelling throw-off carriages, by means of 
which the grain is delivered into any of the silos 
through cast-iron rings built into the floor and 
provided with movable covers. The grain so stored 
can be discharged from the outlets at the bottom 
of the silos, through portable spouts, on to two 
conveyors provided on the ground floor. These 
two conveyors, one of which is illustrated in Fig. 
89, on Plate LXI, deliver it either to two elevators, 
which raise it and return it to the silos for condition- 
ing purposes, or to two other elevators which 
deliver it on to conveyors running through the 
gallery to the storage granary. The western wing of 
the transit gallery is fed either by a return conveyor 
from the storage granary or by a short conveyor 
from the eastern wing of the transit gallery, shown 
in Fig. 100. Two conveyors are installed on the 
upper floor of the western wing for feeding the silos 
through travelling throw-off carriages, and one 
conveyor -is provided below the bins for re- 
elevating. F 
Fig. 106, on page 597, shows the driving gear 
and heads of the four elevators installed, in the 
eastern wing of the transit granary, for raising the 








grain to the top of the granary after it has passed 
through the weighing machines. The motors driving 
these are of 30 h.p. and the drive, it will be seen, is 
transmitted through spur reduction gearing and a 


roller chain. Throughout the whole of the work, 
elevator heads of two different sizes are used, all 
of them being manufactured by Messrs. Simon. 
For elevators up to 60 ft. in height, measured verti- 
cally between the terminal centres, the pulleys are 
54 in. in diameter, while for those of greater height 
the pulleys are 72 in. in diameter ; in all cases the 
width of the pulley face is 23 in. The pulleys are of 
wrought iron, covered on the face with rubber, 
and are keyed on to steel shafts running in self- 
oiling bearings. The latter are carried on cast- 
iron stands bolted to rolled-steel channels forming 
part of the elevator head, and these, in turn, are 
carried on steel beams supported on the concrete 
beams of the building. The entire weight of the 
head casing and pulley, shaft, belt, buckets, &c., 
is carried by these beams, none being taken on the 
head casing or legs. The lower part of the head 
casing is built up of } in. steel plates, and the upper 
portion of No. 14 gauge steel plates, with steel angles 
at the corners and joints. The leg casing is also con- 
structed of No. 14 gauge plates, and the boot casing 
of fin. plates. The lower pulley is 20 in. in diameter, 
and is mounted on a shaft running in self-oiling and 
self-aligning bearings, mounted on slide blocks, which 
are adjustable by screws to give the necessary 
tension on the belt. The belts, in all cases, are 22 in. 
wide and are made of six-ply cotton duck covered 
with rubber. The buckets are made of No. 12 
gauge plate, 21 in. wide, and are spaced 12 in. apart 
on the belt. In the case of elevators up to 60 ft. 
in height, the belt runs in straight lines between 
the head and boot pulleys, the up-going belt being 
vertical and the down-coming belt being inclined 
owing to the fact that the boot pulley is smaller 
in diameter than the head pulley. In the higher 
elevators, a diverting pulley is provided at the back 
of the down-coming belt, the pulley being mounted 
in a casing on the elevator leg as near as practicable 
to the boot. With this arrangement, the down- 
coming belt is parallel with the up-going belt 
down to the diverting pulley, so that there is no 
tendency for the belt to sag or for the buckets to 
drag against the leg casings. The short length of 
belt between the diverting pulley and the boot 
pulley is, of course, sharply inclined, but this part 
of the casing is made of sufficient width to allow 
for any slight sag in the belt. 

One of the travelling throw-off carriages provided, 
as already mentioned, for delivering grain from 
the band conveyors into the silos, is illustrated 
in Figs. 92 to 95 on page 595. They consist, as 
shown, of a steel-framed carriage mounted on 
four cast-iron wheels which run on the conveyor 
side rails, the two front wheels, 7.e., those on the 
right of Fig. 92, having a machine-cut gear 
wheel bolted to them. Two pulleys, mounted 
on the frame, as shown, serve to change the 
direction of the belt, so that the grain on it 
travels on by its own momentum into the chute 
through which it is delivered into the silos. On 
the end of each of the shafts carrying the divert- 
ing pulleys is mounted a Ferodo friction pinion, 
and a cast-iron friction wheel, mounted on an 
eccentric sleeve, can be brought into contact 
with either of these pinions by means of a lever 
working over a quadrant. A chain drive from the 
friction-wheel shaft transmits power to a counter- 
shaft, on the ends of which are mounted toothed 
pinions engaging with the gear wheels on the wheels 
of the carriage, so that the latter can be made 
to travel in either direction by moving the lever. 
In the central position of the latter, the friction 
wheel is clear of both friction pinions, so that the 
carriage remains stationary, and it can be locked 
in position by means of the clamping device shown 
in Figs. 92 and 93. Fixed throw-off chutes are 
provided at certain places in the installation, 
where it is sometimes necessary to divert the 
grain from one conveyor to another at an inter- 
mediate point. These throw-offs are generally 
similar to those described above, except that 
the travelling gear is omitted. 

Photographs of the three 


Avery automatic 


weighing machines installed in the transit granary 
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are reproduced in Figs. 104 and 105 on this page. 
Space is available here for a fourth machine, 
if this should become necessary in the future, and 
two identical machines are installed in the storage 
granary. The machines are all of the even-armed 
beam type, weighing 5,000 lb. at a charge, and 
are each capable of passing 200 tons of grain 
per hour. Among the special features of these 
machines we may mention the feed-control device, 
which automatically prevents the machine from 
operating until there is at least sufficient grain 
in the upper hopper for a complete weighing. 
This helps to ensure accuracy, reduces dust, and 
greatly reduces the wear on the hopper, since 
there is always a cushion of grain for the incoming 
grain to fall on to. Another noteworthy feature 
is the automatic compensation for the weight 





GEAR OF WEIGHING Hoppers. 


of grain actually falling when the cut-off occurs: 


at the end of the weighing operation. This grain, 
of course, is not actually in the hopper during 
the weighing operation, and, unless allowed for, 
would produce an overweight. In earlier machines, 
compensation for this was effected by a sliding 
weight, which was adjusted by hand, but in the 
machines installed at Avonmouth a reservoir 1s 
provided under the feed gate, this reservoir being 
filled by the dribble of grain and discharged and 
re-filled at each weighing. A dribble screen 3s 
provided in the hopper above the weigher to 
prevent any foreign matter present in the grain 
from getting into the reservoir. 

The weighing hopper is carried on an equal- 
armed beam balanced by weights at the opposite 
end, and these weights, in descending during 
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| Buk Loapine To Barass From TRANSIT GRANARY. 


| Grain from the western wing of the transit granary 
|is either sacked off and delivered from the loading 
| floor into railway wagons or passed on to special 
/conveyors for bulk loading into barges, and the 
| arrangements for the latter purpose are illustrated 
| by the longitudinal and tranverse sections, Figs. 99 
jand 101, on Plate LXII, and by the photograph re- 
| produced in Fig. 90 on Plate LXI. Five Avery auto- 
matic weighing machines, each having a capacity of 
500 lb. per discharge or 40 tons per hour, have been 
mounted on overhead runways below the silos at 
the southern end of the granary, so that each can 
weigh from either one of two silos. These weighers 
are each fitted with a stop counter, which can be 
set for a pre-determined number of weighings, after 
which the machine stops automatically. A special 
feature of these machines is the provision of a cover 
which totally encloses the grain flowing from the 
feed chute to the weighing hopper and the discharge 
from the latter, thus completely preventing the 
| escape of dust. The working parts of the machine, 
such as the knife edges and bearings, are outside the 
cover, where they are easily accessible although 
effectively protected from dust. 

The weighing machines discharge through hoppers 
on to the barge-loading band conveyors, which cross 
the wharf, as will be understood on reference to 
Fig. 101 on Plate LXII. These conveyors have 18-in. 
bands, and are each capable of handling 60 tons per 
hour. Although smaller, they are generally similar 
in design to the main conveyors, except that they 
are telescopic and can be extended, by electrically- 
operated winches, to a maximum distance of 16 ft. 
beyond the edge of the wharf, or withdrawn inside 
the building when not required. Each conveyor is 
fitted with a flexible telescopic chute, of sufficient 
length to enable grain to be delivered into a second 
line of barges, and the conveyor at the southern end 
is arranged so that it can feed on to another conveyor 
housed in an open-fronted shed constructed parallel 
with the wharf. From this conveyor, grain can 
be loaded into another barge by means of a self- 
propelling throw-off carriage and spout. 
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GRAIN-HANDLING EQUIPMENT OF STORAGE 
GRANARY. 


A part longitudinal section of the eastern wing of 
the 20,000-ton storage granary, and a transverse 
section through the working houses at the northern 
end of this granary, are given in Figs. 102 and 103, 
respectively, on Plate LXII. As already mentioned, 
grain discharged from ships berthed at the wharf 
on the extension arm of the dock, or temporarily 
stored in the transit granary, can be delivered into 
the storage granary, as well as into two previously- 
existing granaries, by four band conveyors installed 
in a gallery connecting the southern end of the 
transit granary with the northern end of the storage 
granary. This gallery can be seen in the aerial view 
of the docks reproduced on Plate LIII in our last 
| issue, and its connection with the storage granary is 
clearly shown in Fig. 80, on page 571 ante. The 
gallery is of steel construction, covered with corru- 
gated iron sheeting, with windows at intervals, and is 
carried on steel trestles. The type of construction 
adopted will be clear from Fig. 91 on Plate LXI, 
which has been reproduced from a photograph show- 
ing the interior of the gallery and looking in a direc- 
tion away from the storage granary. The belts, it will 
| be seen, were not all in position when the photograph 
was taken, but the two conveyors on each side = 
: | for the delivery of grain to the storage granary, while 
m Wrersen Wine or Stonace Granary. | that in the oui ts a return conveyor delivering 

| grain from the storage granary to the transit 
lowered in a few seconds by an electrically-operated | granary. The conveyors are in two lengths, those 
jack. The weights can also be lifted and attached | nearest the transit granary being about 260 ft. long 
to the residue weigher, this being a steelyard on/| and the remainder about 500 ft. long, the junction 
which any amount of grain left in the hopper| between the two lengths being made at the angle of 
less than the full load of 5,000 lb., can be weighed. | 144 degrees. Two of the conveyors delivering to the 











Fic. 107. Bann ConvEYoR UNDER SILOS 





the discharge of a weighing, come into contact 
with the long arm of a fulerummed lever, to the 
short arm of which is connected a pneumatic 
dash pot. This arrangement prevents any shock on 


the knife edges during the discharge. Mention should 
istorage granary are fed from the transverse 


. ia. =" 
- & 2_ 


Oo % 
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also be made of the means provided for balancing 
the weighing hopper when empty. This formerly 
pop the removal, by hand, of a large number 
t 56-lb. weights from the weight box, and their 
replacement before the resumption of the normal 
Peration of weighing. To avoid this laborious 
Process, the new machines are fitted with a self- 
balancing device, in which 1,000-Ib. weights are 
employed. and these weights can be lifted or 





A weight printer is attached to each machine, 


and, by moving a handle, the starting number on 
the counter is printed on a numbered ticket. 


When the whole cargo has been weighed, the 
finishing number on the counter is_ similarly 
printed on the same ticket, together with the 
figures for the residue weighing. In this way, a 
permanent record of the total net weight of a 


cargo or parcel of grain is obtained. 


conveyors at the southern end of the transit granary, 
and the other two from elevators in the working 
house of that granary. As mentioned above, grain 
can be diverted from the new storage granary if 
desired, and delivered into two older granaries by 
means of existing conveyors in a tunnel beneath the 
overhead gallery at a point near the junction of the 
260 ft. and 500 ft. lengths. At this point, fixed 








598 











throw-off chutes are provided on the conveyors | Department of the Bristol Corporation, the supply 


in the overhead gallery. 


existing conveyors and elevators supplying the two | volts. 
older granaries, we may here mention, have been | 
increased from 100 to 170 tons per hour, the con- | 


veyors having been speeded up and fitted with new 


troughing rollers, while the elevators have been | 


fitted with new buckets and belts throughout. 
The grain supplied to the new storage granary 
enters the working house on the eastern wing, 


shown in section in Figs. 102 and 103, on Plate | 


LXII. Two of the four conveyors deliver directly 
into the hoppers of two 5,000-lb. Avery weighing 
machines, similar to those described above, from 
which the grain passes into the boots of two eleva- 
tors, while the other two conveyors deliver directly 
into the boots of two separate 


be followed from an inspection of Figs. 102 and 103, 
raise the grain to the top of the working house, 


where it is delivered on to two band conveyors | 


for distribution into the silos of the eastern wing. 
These two conveyors are illustrated in Fig. 88, on 


Plate LXI, already referred to in connection with | motors in the storage granary. 


the transit granary. 
on to two transverse conveyors leading to the 
western wing, these conveyors being housed in a 
gallery shown in Fig. 103. The cross conveyors 
deliver on to two longitudinal conveyors installed 
above the silos in the western wing, the distributing 
arrangements being similar in both wings. 

In describing the storage granary, on page 571 
ante, we mentioned that the inner row of silos in 
each wing were intended for the delivery of bagged 
grain into railway trucks running on sidings be- 
tween the two wings. For this reason, the outlets 
at the bottoms of the silos in these wings are at a 


The elevators can also deliver | 


higher level than those of the remaining silos, which | 


are used for bulk delivery, in order to accommodate 
travelling automatic weighers. These weighers, of 
which there are twelve in all, are mounted on 
rails, so that they can be moved under any of the 
outlets on the inner rows of silos. Below the 
storage silos, two conveyors are provided in each 
wing, one of these conveyors, in the western wing, 
being illustrated in Fig. 107 on page 597, the 
figure having been reproduced from a photograph 
taken before the belt was placed in position. In 
the eastern wing, the two conveyors deliver into 
three elevators, two of which are used for turning 
over the grain for conditioning or for delivering it 
into the loading-out silos. while the third elevator 
feeds the return conveyor running back to the 
transit granary, as already explained. In the 
western wing, the two conveyors on the ground 
level deliver into a single elevator, which feeds 
either to the loading-out silos, or, by way of one of 
the transverse conveyors at the top of the granary, 
back to the eastern wing and thence to the return 
conveyor running to the transit granary. Pro- 


vision is also made for delivering grain from this | 


return conveyor on to a previously-existing con- 
veyor, which is normally used for taking grain from 
one of the older granaries to a wharf on the original 
Royal Edward Dock. Once other item of equipment 
should be mentioned in connection with the weigh- 
ing and sacking-off plant under the loading silos, 
namely, that provided for returning any residue 
from the loading silos to the main storage silos. For 
this purpose, travelling chutes have been installed in 
each wing, the chutes being mounted on a frame 
having six flanged wheels and running on rails 
extending along the whole length of the walls. 
The chutes have three inlets, spaced the same 
distance apart as the silo outlets, from which they 
are fed by portable swivelling chutes, and one outlet 
which, when the travelling chute is in use, comes 


into line with a fixed chute leading from the loading | 


floor to the conveyors on the ground-floor level. 
These fixed chutes can be seen to the right of some 
of the silo outlets in Fig. 102, but the travelling 
chute itself has been omitted. Arrangements are 
also being made near the northern end of the 
western wing for sack deliveries from this and 
the older granaries to road tre nsport. 
ELECTRICAL ARRANGEMENTS. 

Electric power for operating the machinery in the 

new extension is obtained in bulk from the Electricity 


elevators, the | 
grain having been weighed at the transit granary. | 
These four elevators, the arrangement of which can | 


| 





| 





The capacities of the| being in the form of three-phase current at 6,600 


The high-tension mains are taken to a 
Reyrolle switchboard in the main switch house, 
situated at the northern end of one of the older 
granries, and there the energy supplied is measured 
on the maximum-demand system by means of 
| summation meters, which combine the new alter- 
|/nating-current supply with the existing direct- 
| current supply, for indicating the combined maxi- 
mum demand of the dual supply to the whole of 
the dock system at Avonmouth. From the 
/main switch house. duplicate high-tension mains 
jhave been laid round the dock and round the 
/extension works, tappings being taken from these 
| mains, through Reyrolle switchgear, to supply a 
300 kv.-a. bank of transformers in the storage 
granary, where the pressure is reduced to 365 volts. 
|The current is supplied, at this voltage, through 
| Ferguson-Pailin transformer panels, to an Ellison 
| low-tension ironclad oil-immersed unit switchboard, 
| from which it is supplied by paper-insulated ar- 
|moured cables to various banks of Ellison oil- 
| immersed ironclad starting switches for the various 
Current for lighting 
is obtained, at a pressure of 210 volts, from one 
phase and the neutral. In the transit granary, a 
900 kv.-a. bank of transformers is installed, and the 
current is distributed, through similar switchgear, 
to the motors in this granary and in the conveyor 
gallery, and also to the live rails supplying the 
travelling plants on the wharf. A further 600 kv.-a. 
bank of transformers has been installed in transit 
shed “ V” for supplying the roof cranes, lifts, 
capstans, &c., in both sheds, as well as for lighting 
them internally and externally. In an emergency, 
the low-tension side of the transit-granary installa- 
tion can be linked up with that of the sheds, and 
the low-tension side of the storage granary instal- 
lation can be similarly linked with that of some 
adjacent cold stores. 

In all, the grain-handling equipment involves the 
use of nearly 80 motors, all of the squirrel-cage 
type, with an aggregate horse-power of approxi- 
mately 2,000. The contract for the electrical 
equipment was carried out by Messrs. Simon, work- 
ing in conjunction with the English Electric Com- 
pany, Limited, who supplied the motors, and with 
Messrs. George Ellison, of Birmingham, who supplied 
the hand-operated starting gear. The starters are 
actually circuit breakers, arranged for switching 
the motors directly on to the supply. They are of 
the oil-break type, and are mounted on ’bus-bar 
chambers forming switchboards for the control of 
several motors from one point. Each starter is 
provided with an isolating switch to disconnect it 
from the bus bars for inspection purposes, and the 
isolator and starter are interlocked so that the 
former cannot be operated with the starter contacts 
closed. An extension of the interlocking device 
ensures that neither the cover nor the oil tank of 
the starter can be removed unless the isolating 
switch is open, and the isolator cannot be re-closed 
until both the cover and the oil tank are in place. 
Low-voltage and overload trips are fitted on each 
starter, and means are provided for restraining the 


| overload trips during the operation of starting. For 


this purpose, the overload plungers are loaded by 
spring-pressed fingers, so that the trips will only 
operate on a short circuit passing a current in excess 
of that flowing when the motor is stalled. These 
spring-pressed fingers are moved into their operative 
position, in starting, by depressing a small lever. 

In concluding our account of this interesting and 
important piece of dock-improvement work, we 
wish to express our indebtedness to Mr. Peace for 
permission to publish it, as well as to his chief assis- 
tant, Mr. W. P. Wordsworth, A.M. Inst.C.E., and to 
Mr. W. A. Smith, A.M.Inst.C.E., the resident 
engineer, for supplying us with most of the informa- 
tion on which it has been based. 








TRIAL TRIP OF THE §S.S. “ O_TENTA.’’—The single-screw 
oil-tank steamer Oltenia, built by Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, at their 
Low Walker Yard, Newcastle-on-Tyne, to the order of 
the Streaua Romana Societate Anonima pentru Industria 
Petroleului, Bucharest, ran successful trials off the 
Tyne on April 25, when a speed of 12 knots was attained 
in fully-loaded trim. A brief description of the vessel 
will be found on page 480 ante. 





THE ACCURACY OF LARGE HOB.-CUT 
HELICAL GEARS. 


By G. A. Tomutnson. 
(Concluded from page 532.) 


EFFECT OF CERTAIN ERRORS IN THE Hoppiyg 
MACHINE. 


Table-Motion Errors—In a _ correct hobbing 
machine, the three essential motions, viz., the 
rotation of the table, the rotation of the hob, and 
the linear feed of the hob, should take place in a 
correct and invariable ratio. Since these motions 
are relative, it is convenient to consider the rotation 
of the hob to be uniform and to examine the effect 
of irregularities in the table and feed motions, 

Assuming the gear trains of the machine to have 
the proper numerical ratios, there can be no progres- 
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sive error in the table motion. ‘I'he possible errors 
in this motion arise from the spacing errors of the 
teeth of the master wheel and from a periodic motion 
repeated with every tooth of the master wheel. The 
latter may occur in two ways, either at the thrust 
abutments of the driving worm, or as the resultof 
tooth-profile errors of the worm or worm wheel. 
The first cause is fairly readily measured, and can 
therefore be reduced, with care, to an amount which 
is not of high importance. The second source of 
periodic motion is not so simple, and _presents 
difficulties in measurement and in correction. 

The effect of a periodic error is examined first. 


Let » = number of teeth in the gear, 
m = number of teeth in the master wheel, 
p = circular pitch of the gear, 
q = circular pitch of the master wheel, 
€) = semi-amplitude of periodic motion at the 
master wheel pitch line, and 
b = gear tooth addendum. 


Then the periodic motion makes one full cycle 
when the gear-pitch circle moves through an arc, 
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* p> e ; . (28) 
™m 
In Fig. 12, let AB, CD, EF, &c., represent portions 
of the helices of the gear teeth at the pitch line, 
and let XY be the pitch line of the hob, again more 
conveniently regarded as a full worm. 
The point O is the pitch point, or the point of 
contact of the pitch cylinders of the gear and weg? 
The points G and H are the limiting points 0 
contact of the worm and gear teeth. The line xy 
and the points O, G and H, are stationary, while 
the gear-tecth helices are moving past them in the 
direction LM. 


[May 18, 1928. 
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When the helix of the tooth passes through O, the 
contact of the teeth occurs at the gear pitch line, 
and when the helix has such a position as AB, 
contact occurs above the pitch line by an amount 
given by equation 

y 

OG 
assuming, from a previous result, that the cuts in 
the case of the wheel are uniformly distributed. 

The dotted lines PQ, RS, &c., represent cycles 
of the periodic error, shown as a sine curve. If 


x Oo. = ° . e - (29) 


these lines and the curve are imagined as moving | 
diameter of the gear and inversely proportional to 


with the gear teeth, the ordinate x of the sine curve 
coinciding with the stationary line ON gives the 
instantaneous displacement of the gear from its 
theoretical position. The teeth AB and CD are 
therefore cut too deeply at the points J and 
K by an amount 2, the positions of the cuts 


Fig. 13. 
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(508.L.) 


relative to the pitch line being given by equation | be taken as good proof that the cause of the mark- 


29 above. 

By means of two superposed drawings, one of the 
stationary lines representing the hob and the 
other of the moving lines of the gear, it is possible 
to plot out the contour lines of the gear-tooth faces 
in detail. A series of positions along the line LM 
is taken and this is repeated for a number of similar 
lines parallel to LM. 

In order to show the contour lines, a method illus- 
trated by Fig. 12a has been adopted. The space 
on either side of the pitch-line helix CD between the 
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the high spots. Such marking is generally associated | the pitch line is 3,350 ft. per second per second, 

with noisy running. | and the frequency is 825 per second. 
The dimensions of the parallelogram can be; ‘Thus the error gives rise to severe harmonic 
readily determined as follows :-— accelerations at high frequency, and provides an 
Boring, BC = peotd, . . .  . (30) {adequate explanation of the screaming noise 

n ; frequently heard with this class of gear. . 
BD = | pone 6, on It should be noted that there is little or no 
and DC? = BC? + BD? — 2BC.BD cos 6 . (32) | discontinuity of tooth bearing arising from this 
It will be observed that BC is independent of the | type of error. 

master-wheel dimensions, but BD, which is the| It is interesting to compare this effect of a 
“‘ wavelength ” of the undulations in the direction | periodic error in the table with that of a periodic 
of the length of the tooth, is proportional to the | motion, either real or virtual, of the hob rack. 
It might appear, at first, as though the two types 
of error would have the same result, as each is 
The actual dimensions of the parallelogram can|of the nature of a harmonic pitch-line motion. 
be measured on the gear, with fair accuracy, with a| This is not the case, however, and the contour 
tape, by spanning over a number of the markings. | of the tooth, when the hob has a periodic,error, 
An agreement with the calculated dimensions may | have been derived in the same way by plotting 





the number of teeth in the master wheel. 
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ing is periodic table motion. 

The effect of the undulating surface of the tooth 
will next be examined, as regards its effect on the 
running behaviour of the gear. 

Any one of the contour lines of Fig. 13 occupies a 
length of tooth (see Fig. 12) given by 





l = GH cot 6. 
Let GH = X X normal pitch along XY. 
= \ pcos 6. /508.M) 


The meaning of A is simply the mathematical 


number of the gear teeth which engage with the | from two superposed drawings. The result is 


two dotted lines is taken to represent the face of |rack. In preparing Fig. 13, ) was assumed, as 
the tooth developed into the plane of the paper. | already stated, to Sano wile & 





The dotted line to the left of CD corresponds to the | Then 
top of tooth CD and at the same time to the root l 
of tooth AB. This is independent of the 
The result of applying this method in the actual | dimensions. 
case 1s shown in Fig. 13. To simplify the graphical When the wheel is in mesh with the pinion, 
pagar 1, in Fig. 12, has been taken to be just twice the helical teeth bear along a line of contact which 
e pitch of the teeth in the direction of XY, and | js a very similar inclined line, practically straight 
on the wheel tooth. 
sie ates ! The derivation of the line of contact is, in fact, 
: minimum contours are given, the heavy full) identical with that of the contour lines, except 
ines being the highest places of the tooth and the | that the value of X is that corresponding with the 
a dotted lines the lowest places. Contours| meshing of the wheel with the pinion instead of 
a — — similar parallel lines half-way |with the rack. The difference in the two values 
<i these. of \ is only slight, hence it follows that the line 
It will be seen that the contours are straight lines | of contact of every tooth at some instant coincides 
running obliquely across the face of the tooth. The | closely with a high contour line. Fig. 13 shows 
tooth surface has regular undulations superposed | that this is true of all the teeth encountered in a 
on its normal shape, both in the direction of its length | line parallel to the gear axis, the contours occurring 
and along the involute profile. at intervals BC—that is, the axial tooth pitch. 
The contours of the group of teeth form a peculiar | An instant later, when the pitch circle has moved 
pattern, siving continuous bands of high and low 
areas running spirally round the gear in the direc- 
shown by the line AB. High and low places | coincide with a set of low contours, with the result 
oe at the same part of the profile form a|that there will be a periodic pitch-line motion 
ae? pattern, as shown by the circles which are | superposed on the continuous motion. 
mage where the highest point is at the pitch line.| If the speed of the wheel is r revolutions per 
: € circles form a pattern in parallelograms along | second, the periodic motion is 
mes parallel to AB in one direction, and parallel 


= X p cos 6 cot 5 - . (83) 
master-wheel 


ee ae f 
the ratio 7m, 18 Very nearly 8/5. Only the maximum 


by a distance 4 ~ the contact lines all nearly 





ae PR! ar 
to the gear axis in the other direction. The latter a ee ee 
lines are spaced at a distance m P apart, and corre- and . . 
“ a =4rimin™Pe, , . 8 
‘pond with the division of the master wheel. ioe mq” sab 


com “y pe of pattern can frequently be seen plainly| In the example, assuming a speed of 180 r.p.m. 
4 gear that has been run sufficiently long to polish | and a value 0-001 in. for go, the acceleration at 
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shown, for one tooth, in Fig. 14, showing that the 
contour lines now run parallel with the length of 
the tooth, the involute having about two undulations 
superposed. This is in agreement with the result 
established in another way in the section on periodic 
pitch error. 

The line of contact, as shown in Fig. 14, runs 
obliquely across the contours, and the result is 
that contact between the pinion and wheel will 
only occur where the line of contact intersects the 
contours of the highest parts of the tooth. As the 
gear rotates, the line of contact moves along the 
tooth, and the isolated points of contact move with it. 

There is thus a discontinuous tooth bearing 
with heavy load concentration at certain places, 
but there is no periodic motion, exactly the converse 
of the effect of a periodic table error. 

Errors in the feed motion, which is obtained by 
the rotation of a lead screw, may be progressive 
or periodic. 

A progressive error will give rise to an incorrect 
helix angle of the gear tooth. As the wheel and 
pinion are commonly cut on different machines, 
a small error in linear pitch of the screw may have 
a considerable effect on the tooth bearing in gears 
of large face width. 

The result of a periodic error can be seen from 
Fig. 5, page 466, ante. ABis a line of hob cuts, 
and if the lead of the screw is 1, a line of cuts made 
later at a distance J cosec 8 from the first, will 
clearly occur at the same phase of the periodic 
motion. .The gear, in the meantime, will have made 


complete revolutions. Hence the effect is 





again an undulating tooth surface, the contour lines 
coinciding with the lines of cutting. 
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In this case, the line of contact runs down the 
tooth in the opposite direction to the contour lines, 
as in Fig. 15, with similar results to those described 
above for the case shown in Fig. 14. The bearing 
points, in tho present case, are considerably closer 
together. 

The errors in the hobbing machine, which have 
been considered above in some detail, do not exhaust 
the possibilities of such errors, but various other 
sources of error exist which require no special 
examination. Thus, for example, it is obvious 
that indexing or cumulative spacing errors in the 
master wheel are reproduced in the gear with a 
similar angular distribution. 

The writer wishes to thank Sir Joseph Petavel 
and Mr. J. E. Sears, of the National Physical 
Laboratory, for their interest in the work described 
in this article. 








THE IRON AND STEEL INSTITUTE. 
(Continued from page 579.) 


Tue Errxct or Smicon oN TuNGSTEN MAGNET 
STEEL. 

TE last paper taken on Thursday afternoon, 
May 3, dealt with “‘ The Effect of Silicon on Tungsten 
Magnet Steel”; it was read by the author, Mr. J. 
Swan. This contribution to the proceedings will 
be found on page 554 of our issue of May 4 last. 
The only speaker in the discussion, Mr. S. A. 
Main, stated that the facts given in the paper must 
be taken as correct. On the other hand, it had 
to be admitted that the percentage of silicon, upon 
which such important conclusions had been based, 
was very small, and, before these conclusions were 
finally accepted it would be necessary to look very 
carefully for other possible influences. If the 
analyses given in the paper had been carried out 
on the original ingots, it might be advisable to 
analyse the bars used in the actual tests. The 
differences in the analyses might be of an order 
sufficient to make metallurgists doubt whether 
the given 0-25 per cent. of silicon would cause the 
effect mentioned. Mr. Swan, in a very brief 
reply, said that the test bars had been analysed 
as well as the original ingots. He would like to 
add that, since the publication of the paper, he had 
examined micrographically a large number of 
additional steels of the type described, and had 
not found any appreciable segregation of tungsten 
carbide taking place when the steel was annealed. 
At this stage, the meeting was adjourned until 
10 a.m. on the following day, Friday, May 4. 


ANNUAL DINNER. 


The members reassembled on the evening of 
Thursday, at the Connaught Rooms, Great Queen- 
street, Kingsway, for the annual dinner. Some 350 
members and guests were present, among whom 
were the Marques de Merry del Val, the Spanish 
Ambassador; Sefior A. de Churruca, the chairman 
of the Bilbao Reception Committee; Mr. C. M. 
Schwab, the Right Hon. John Hodge, and five 
skilled workmen from various iron and _ steel- 
producing districts. When proposing the toast to 
the iron and steel industries, Mr. Schwab stated 
that, while the United States produced 50,000,000 
tons of steel during 1927, only 8 per cent. of that 
output had been exported. It was the home market 
that had enriched the American iron and steel 
industry. America could not, therefore, be re- 
garded as a competitor of Great Britain. On the 
other hand, there was no need to import steel into 
this country, and conditions should be such that the 
home market in Great Britain should be entirely 
served by home-produced steel. In responding to 
the toast of “The Guests,” Sefior de Churruca, 
speaking in Spanish, stated that the executive com- 
mittee of the autumn meeting in Bilbao was 
actively pursuing its work in order to render the 
stay of the Institute in Spain as enjoyable as 
possible. The President, Mr. B. Talbot, in his 


response to the toast to the Iron and Steel Institute, 
said that the British output represented about 10 
per cent. of the world’s production of steel ingots, 


greatly in excess of our proportion of the world’s 
tonnage output. The efficiency in the scientific 
and technical sections of our industry showed that 
the leaders were not deficient in the knowledge neces- 
sary for its progress, and that the commercial and 
financial difficulties must be due to the peculiar 
conditions with which they had to contend as 
compared with their foreign competitors. 

When the members reassembled on Friday 
morning, May 4, Mr. B. Talbot again occupied the 
chair. The first item of business was the announce- 
ment by the secretary that grants for 1928-29 
from the Carnegie Research Fund of the Iron and 
Steel Institute had been awarded to Mr. H. Temel, 
of Kladno, Czechoslovakia, Mr. J. Vietorisz, of 
Budapest, Mr. David Binnie, of the Royal Technical 
College, Glasgow, and Mr. B. 8. Smith, of Sheffield 
University. 


HETEROGENEITY OF STEEL INGOTS. 


The second report of the Committee on the 
Heterogeneity of Steel Ingots was the first contribu- 
tion considered. It was presented to the meeting 
by Dr. W. H. Hatfield, chairman of the committee. 
A brief outline of the report will be found on page 583 
of our issue of last week. 

Dr. W. Rosenhain the first speaker in the 
discussion, said that only a committee which had 
been successful in securing the co-operation of a 
large number of steel works could have got together 
so many facts. The method adopted might be 
termed a “ natural history ” method, and comprised 
a very great number of detailed observations 
regarding the distribution of impurities in a large 
number of ingots. Although this would have 
proved exceedingly costly, he thought the committee 
might have sectioned, not one ingot of a kind, 
but half a dozen, made as far as was possible exactly 
alike. They would then be in a position to state 
what features were usual, and what others were, 
for want of a better term, accidental. He realised 
he was asking the committee to undertake a great 
deal more work, but requests of this type were the 
invariable outcome of scientific research. A general 
consideration of the report showed that two facts 
stood out. The first was the relative non-segrega- 
tion, or limited segregation, of the elements nickel, 
chromium, and manganese. This was not sur- 
prising ; the atoms of these metals were similar to 
those of iron, whereas the atoms of sulphur and 
phosphorus were quite different. The second fact 
of importance was the marked influence of the 
liberation of gas upon the position of the segregates. 
Some years previously, Mr. Talbot, the president, 
had suggested a method of rolling ingots before the 
central portion had solidified, and the Harmet process 
also aimed at producing sound metal by fluid 
compression. He would like to know what the 
Committee thought of these and similar processes. 
He also desired to know how far diffusion, while 
the steel was in the solid or semi-solid state, tended 
to wipe out the effect of segregation. With regard 
to the determination of the liquidus and solidus of 
commercial steei, which research was being under- 
taken by Professor J. H. Andrew at the Royal 
Technical College, Glasgow, he would like to inform 
the meeting that a good deal of work on this subject 
had been done at the National Physical Laboratory. 
Although it had not been published, reference had 
been made to it in the Laboratory reports. Elec- 
trical methods had been attempted, but these had 
been abandoned because, as Professor Andrew had 
rediscovered, it had been found that the variation 
in electrical resistance was too small to give a 
sharp indication of the beginning of melting or the 
completion of freezing. The determination of the 
liquidus was quite easy, and platinum-metal thermo- 
couples could be used. In conclusion, he would 
like to point out to the Committee that what was 
wanted was a summary giving a bird’s-eye view 
of the facts as recorded in the two reports, 7.é., 
a pamphlet of about a dozen pages giving all the 
essential conclusions. 

Professor C. H. Desch, who spoke next, wished to 
emphasise that the ingots described in the Report 





and our most captious critics must admit that, 
with a production of about 10,000,000 tons out of a 
world total of 100,000,000 tons, our contribution to 


were not selected, they represented the regular 
practice of firms of good standing. He would like 


mens had been borne by the industry. All the 
ingots sectioned had been sacrificed for the invest. 
gation. No difficulties had arisen from the point 
of view of the withholding of information, and this 
was a spirit which was to be commended. (Qp 
behalf of Professor Andrew and himself, he wished 
to thank the Institute for Carnegie grants for the 
two pieces of research undertaken at Sheffield and 
Glasgow in connection with the heterogeneity of 
steel. Dr. A. McCance, the next speaker, drew the 
attention of members to examples 17 and 18 in 
the report. The authors had stated that com. 
parisons of the segregated zones for the 57-cwt, 
and 15-cwt. ingots showed at once a distinctly 
higher degree of segregation for each of the elements 
in the smaller case. Table III showed, however, 
that only in the case of sulphur was the range 
between the maximum and minimum percentages 
larger in the one ingot than in the other ; the figures 
for carbon and phosphorus were very similar in each 
case. Two further examples, on the other hand, 
did bring out rather an illuminating point. The 
ingots were of the same size, the only difference 
introduced being the rate of teeming. The ingot 
poured at the slower rate did show a markedly 
reduced degree of segregation as compared with 
that poured at the faster rate. Speaking of ingot- 
moulds, the authors had stated that the correct 
taper was difficult to decide, as it depended on the 
rates of cooling at the freezing temperature in the 
various parts of the ingot; the taper should be 
such as to make possible efficient feeding of the 
body of the ingot. The questions underlying these 
brief statements were of great importance and 
should, if possible, be further investigated by the 
Committee. 

Mr. J. G. Pearce thought that the Report hinted, 
in a very delicate way, at the lack of information 
on the properties of cast-iron, which determined 
the heat flow in ingot moulds. This was perfectly 
true, and he was able to say that, following upon a 
discussion between the Chairman of the Hetero- 
geneity Committee and himself, a meeting had 
taken place recently, in Sheffield, of a sub-com- 
mittee of the British Cast Iron Research Association, 
at which both makers and users of ingot moulds 
had been represented. As a result of this meeting 
it was hoped to formulate, with the support of 
ingot-mould makers throughout the country, a 
scheme for the systematic determination of these 
constants. In view of the fact that mould and 
ingot separated shortly after pouring, as mentioned 
in the first Report, it seemed necessary, in addition, 
to determine temperature gradients by direct 
measurement, and this, of course, could only be 
done in the steelworks. Reverting to the informa- 
tion available on ingot-mould iron, there was viI- 
tually none published. A few data had been 
obtained, by the British Cast Iron Research Associa- 
tion, on the specific volumes and specific heats of 
cast irons of compositions not differing widely from 
that used for ingot moulds, and he hoped to add 
this in the written discussion. On thermal con- 
ductivity and coefficient of radiation there was 
practically nothing, and the fact that cast iron was 
not an isotropic, homogeneous material crea 
great difficulties in getting reliable determination. 
It seemed probable, however, that cast-irons would 
not differ markedly in these properties, as they did 
not in the matter of specific heat. He would like 
to suggest, in conclusion, that the summary pro 
posed by Dr. Rosenhain should be, with the 
authority of the Heterogeneity Committee, read 
before one of our leading engineering institutions. 
He had a fear that engineers who saw the reports 
and accounts of the discussions on the heterogeneity 
of steel ingots, but did not read them in detail, 
would gather, from a few fleeting impressions 0 
the plates and data, that the position regarding the 
homogeneity of steel masses was worse than it 
really was. ? 
Professor J. H. Andrew stated that in a fortnight 
or thereabouts he and his collaborator, Mr. D. 
Binnie, would have a complete set of melting and 
freezing-point determinations finished. The results 
obtained would, in his opinion, be correct to within 
2deg.C. They agreed with the determinations made 
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stated that a question had been asked as to whether 
prolonged soaking would remove segregation to 
any extent. He was afraid that any segregates 
present in the ingot persisted in the forging ; diffu- 
sion did not take place to any marked extent. 
The next speaker, Mr. F. W. Harbord, asked the 
authors if, in the case of ingots cast from the electric 
furnace, the casting temperature was much higher 
than was habitual in open-hearth practice. When 
a cast was made from an open-hearth furnace 
there was a distinct drop in the teeming tempera- 
ture of the first and last ingots cast. Continuing 
the discussion, Professor H. C. H. Carpenter stated 
that he would like members to realise the cost of 
the present investigation. The academic members 
of the committee desired to emphasise the fact that 
the steel industry had contributed not merely 
thousands, but tens of thousands of pounds to the 
research. The paper itself had cost the Institute 
some 300/. to publish. 

Mr. E. A. Atkins desired to know what was the 
nature of the future research work which was to 
come from a consideration of the facts contained in 
the Report. There were, he thought, two lines of 
investigation open. He was of the opinion that, in 
the first place, some experimental work could be 
carried out on the kind of additions made to the 
ladle, and their effect, on the size and distribution 
of the inclusions, in the resultant material investi- 
gated. His second suggestion might be thought 
fanciful. Up to the present all the data had been 
obtained from the dead or static freezing of ingots. 
Dynamic freezing might be experimented upon, 
and the effect of subjecting the steel in the mould 
to intense vibration during freezing might be 
ascertained. In closing the discussion Mr. B. 
Talbot stated that he had been interested in the 
subject of segregation ever since 1894. In that 
year he and his staff had begun an investigation of 
the subject. They were engaged upon the manu- 
facture of spring steels, using an iron which carried 
a good deal of copper, and they desired to ascertain 
the effect of this metal upon the ‘finished material. 
They soon found that they had to confine their 
attention to the segregation of carbon, sulphur and 
phosphorus, the influence of the copper being 
relatively small. He agreed about the high cost of 
investigations of this type, and, after spending 
many thousands of dollars, they had been obliged 
to curtail their researches. Referring to a remark 
made by Dr. Rosenhain, many ingots were rolled 
with their centres still liquid, and this matter 
might well be investigated further. He would like 
to know if the Committee had done any work on 
the pure ingot irons. 

In replying to the discussion on behalf of the 
Heterogeneity Committee, Dr. W. H. Hatfield stated 
that he failed to see why they should publish a small 
pamphlet, as had been suggested by Dr. Rosenhain. 
Any engineer really interested in steel ingots should, 
and no doubt would, read the Report. He had 
always found that users of ingots took a great 
interest in ingots, and, occasionally, steel makers 
received efficient help from persons who, strictly 
speaking, were not responsible for the production 
of ingots. There had been many suggestions 
regarding further work, all he could say in answer 
to these was that they had presented their data to 
the industry, and technical men should now draw 
their own deductions and set up, for themselves, 
further schemes of research. He asked them, how- 
ever, in the event of their obtaining further data, 
‘o publish them. He wished to emphasise that in 
no case had the characteristics of an ingot been 
illustrated and described without half-a-dozen of 
a similar type having been studied ; they had been 
— to restrict themselves to giving examples. 

€ Committee had dealt somewhat fully with the 
question of diffusion in the introduction to the first 
a : 2 had made it fairly clear that prolonged 
ae — ~~ — —— substantial diffusion of 
pcre . ’ ney had, at that time, also desired 
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bh - this process ; there were apparently none 
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various examples in the report. He agreed with 
Mr. Pearce that much remained to be done in 
connection with the physical constants, at high 
temperatures, of cast iron. 

In answer to Mr. Harbord, he would like to say 
that the science of temperature measurement at 
high temperatures was not very advanced, and he 
directed the attention of physicists to this matter. 
The Cambridge optical pyrometer, however, was 
quite accurate if properly used. In small casts heat 
was lost much more rapidly than in large casts, the 
drop in temperature during pouring depended to a 
great extent on the size of the cast. He agreed with 
Mr. Atkins that there was a great deal of real funda- 
mental work to be done in the physical chemistry 
of steel, and, for much of this the help of the Univer- 
sities would have to be enlisted. Experiments on 
vibrating during freezing had been carried out, but, 
up to the present, no material advantage had been 
secured. The Committee had done some work on 
pure ingot iron. Unfortunately, however, none of 
the firms represented on the Committee was a 
regular producer of this material; they would, 
therefore, appreciate an offer from a manufacturer 
of that class of product. 


THE CLEANING OF BLAstT-FURNACE Gas. 


The second paper taken on Friday morning, had 
reference to “‘ A Comparison of the Most Important 
Methods Employed in the Cleaning of Blast-Furnace 
Gas”; it was read in abstract by the author, 
Mr. V. Harbord. We intend to reproduce this con- 
tribution to the proceedings in a forthcoming issue. 

The first speaker in the discussion was Mr. W. 
Simons, who stated that, in his opinion, there were 
only three really useful types of gas-cleaning plants. 
These were, electric precipitation installations, wet 
washing plants, and the Halberg-Beth filtration pro- 
cess; the Kling Weidlein plant would not persist. 
Whatever process was adopted, much would be 
gained by cleaning the gas perfectly, and, bearing 
this in mind, the Halberg-Beth plant had many 
advantages. Cleaning and utilising the gas pro- 
duced from only one blast-furnace, they had realised 
important savings in coal at the works with which 
he was connected. The next speaker, Mr. G. B. 
Butler, stated that, at his works, fairly good results 
from a Kling Weidlein plant had been obtained. 
He thought the only way in which blast-furnace gas 
could be cleaned was by stages. The first apparatus 
in the sequence of operations should be a dust- 
catcher, this should be followed by a primary cleaner, 
and the gas finally cleaned in a Zschocke or Brassert 
tower working in conjunction with a Theisen plant. 

Mr. D. Sillars thought the Halberg-Beth process 
was satisfactory in everything except price. He did 
not think the rough-cleaning of the gas in the sense 
implied by the last speaker was an economic 
proposition. In the wet-washing process he would 
like to emphasise the necessity of adequately separ- 
ating the water vapour, which was often an actual 
water mist. Mr. J. E. Holgate, who spoke next, 
said that, having decided to utilise the gas from a 
furnace making ferro-manganese, they had investi- 
gated the whole question of dust separation. The 
dust was very fine and amounted to from 10 to 
12 grammes per cubic metre. The cost of the water 
supply for a wet-washing process would have proved 
too high, and the temperature of the gas was too 
elevated to permit of a Halberg-Beth plant being 
used. The Kling Weidlein and the electro-static 
were, therefore, the only two processes left. Finally, 
after some consultation, an electrical plant, of the 
pipe-treater type, was erected at a cost of over 
30,0007. This cleaned the gas very satisfactorily ; 
they had had initial difficulties but these had, in a 
large measure, been overcome. The plant had one 
disadvantage, however, the noise arising from the 
periodical rapping of the pipes was heard over a 
wide area and they had had many complaints from 
persons resident in the vicinity of the works. 
Professor C. H. Desch, the next speaker, remarked 
that in electro-static methods the extremely high 
potential used led to insulation difficulties. He 
would like to ask the author if he had had any experi- 
ence with plant using lower voltages. The dis- 
cussion was next taken up by Mr. F. Bainbridge, 
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composition of the dust should be well known. At 
Skinningrove, a high proportion of the dust, ‘.e., 
about 75 per cent., consisted of alkali in the form of 
chloride. Gas containing one gramme per cubic 
metre of this dust would completely glaze the 
brickwork in stoves in a very short time. 

Mr. J. Smeeton said he agreed with Mr. Simons ; 
there was only one way of cleaning gas and that was 
thoroughly. No matter what the gas was to be used 
for, in order to obtain maximum efficiency, it should 
be clean. He had recently visited a works in the 
Midlands and had been shown a long blast-furnace 
gas main carrying funnel-shaped dust-catchers at 
intervals. Adjoining the main was a gas engine 
which had been installed twelve years prior to his 
visit. He had been told that efforts to make this 
function had been of no avail and it had remained 
idle for the past eleven years. The fact that the 
engine would not operate was not surprising, con- 
sidering that there was no gas-cleaning plant on the 
premises at all. Mr. V. Harbord, in a brief reply, 
stated that the reason he had included the Kling 
Weidlein plant in his paper was because several of 
them were in use in this country. He agreed, with 
Mr. Simons however, thatthe plant was not altogether 
satisfactory. A speaker had stated that a dust con- 
tent of from 0-5 to 1-0 grammes per cubic metre of 
gas was not harmful in stoves and had hinted that the 
Kling Weidlein plant would clean gas to this extent. 
Figures given in the paper, however, showed that 
these low figures were very seldom achieved. 


Heat-ReEsIstina STEELS. 


The third and last paper taken on Friday morning, 
May 4, was by Dr. W. H. Hatfield and was entitled 
“*Heat-Resisting Steels. Part II.—Mechanical 
Properties.” We commenced ‘the reproduction of 
this contribution on page 589 of our issue of May 11 
last and the continuation will be found on page 622 
of this issue. 

The discussion was opened by Mr. W. J. Talbot, 
who stated that, as a tube maker, he was particularly 
interested in the paper. Dr. Hatfield had shown 
that, at 800 deg. C., the maximum stress of a mild 
steel was 4 tons per square inch. In the case of a 
tube, however, it was necessary to go further than 
that, a knowledge of the yield point was necessary, 
and the yield point of mild steel at 800 deg. C. 
was zero. The nickel-chrome-tungsten steel in 
Table III was shown to have a maximum stress at 
800 deg. C. of 17-2 tons per squareinch. He himself 
had carried out a similar test and had obtained the 
somewhat higher figure of 18-4tons. The important 
point, however, was that, at this temperature, the 
yield point of this material was 4-8 tons. This 
implied that the bursting pressure, at 800 deg. C., 
of a 1}-in., 10-gauge tube, was 2,000 lb., whereas 
that of an ordinary mild-steel tube, at the same 
temperature, was nil. 

Discussing the real meaning of tensile test figures, 
Dr. W. Rosenhain said that as far back as 1912, 
Mr. Humfrey and himself had investigated the 
tenacity, deformation and fracture of soft steel at 
temperatures up to 1,100 deg. C. They had found 
that if their specimens were loaded quickly they 
possessed comparatively high strength and gave 
a good elongation. If, on the other hand, they 
were loaded slowly, they possessed low strength, 
the fracture was intercrystalline, and there was 
practically no elongation at all. The whole ques- 
tion depended on the rate of loading. He fully 
realised that engineers were in need of data and 
that they must have, as soon as possible, reception 
tests which would enable them to ascertain the 
heat-resisting properties of materials in a few minutes 
or hours. Caution, however, was necessary; it 
was vital that, whatever test was adopted it 
should be found reliable. Dr. H. Moore, who 
followed, thought that the speed of pulling which 
had been stated to be at the rate of } in. elonga- 
tion per minute, in all cases, was a high rate of 
loading. The elastic limit would be reached very 
quickly indeed. Dr. Hatfield here interposed to 
explain that the speed of pulling referred to was 
subsequent to the deformation. 

Professor H. C. H. Carpenter stated that he had 
no doubt that the temperature of 800 deg. C. had 
been chosen for good reasons. In some cases, 
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just within the Ac. range and the materials would 
consequently be in a state of transition. When 
referring in Table V, to 14 per cent. chromium 
steels containing added elements, Dr. Hatfield 
had only dealt with one nickel-chromium-molyb- 
denum steel, which contained 1-44 per cent. of 
molybdenum. He (Professor Carpenter) had in 
mind the non-temper-brittle steels, and he would 
like to know if the author had any data on these 
particular materials. The next speaker, Mr. A. P. 
Hague, thought that the static test for indicating 
the properties of materials at high temperatures 
described in the paper, was a good one for 
engineers to use. Many years ago an engineer 
designed a crankshaft. He knew the maximum 
stress of the material at ordinary temperatures, 
and by making use of an adequate factor of safety 
he had produced a satisfactory crankshaft. To-day, 
if an engineer used the values determined in the 
manner indicated in the paper and reconsidered 
his factor of safety in accordance with them, he 
would also produce satisfactory machine parts. 
Mr. J. H. Partridge, who spoke next, said that in an 
investigation on valve steels carried out under the 
direction of Mr. A. R. Page, it was found that test- 
ing at the rate of 1 in. extension in 16 minutes 
yielded lower and therefore more correct results 
than pulling at higher speeds. The differences were 
sometimes as much as 30 per cent. Nevertheless, 
if a standard rate of loading were adopted, the two 
series of results were comparative. The tempera- 
ture 800 deg. C. was undoubtedly well chosen, but 
he wished that Dr. Hatfield had carried out tests 
at temperatures ranging from air temperature to 
1,000 deg. C. His firm had done a great deal of work 
on the subject of brittleness at elevated tempera- 
tures and had obtained some very remarkable 
results. For example, a certain silicon-chromium 
steel had an impact strength of 20 ft.-lb. at air 
temperatures ; on testing at 100 deg. C. the impact 
strength rose to about 100 ft.-lb. The Izod figure 
then slowly fell so that, at 600 deg. C., it was in the 
neighourhood of 80 ft.-lb. and at 700 deg. C. about 
55 ft.-lb. 

In the course of a brief reply, Dr. Hatfield stated 
that he fully realised all the difficulties in connec- 
tion with tensile testing at high temperatures. He 
considered, however, that his method was a reliable 
one. It consisted essentially of putting a load on 
the specimen and determining the stress, which, 
over a period of 24 hours, did not produce an 
extension exceeding 0-5 per cent. of the length of 
the test piece, and which did not produce any 
further extension within the limits of accuracy of 
measurement during a further period of 48 hours. 
If engineers had to wait until the true creep limit 
of materials had been determined, engineering 
technology would be delayed for years. His 
method, he maintained, provided a bridge over the 
present difficulties. 

At this stage of the proceedings the chairman 
intimated that the meeting would be adjourned 
until 2.30 p.m. that afternon. 


CHROMIUM-STEEL RalLs. 


When the members reassembled on Friday 
afternoon, May 4 last, the first paper considered 
was that by Dr. Thomas Swinden and Mr. P. H. 
Johnson on the subject of “‘ Chromium-Steel Rails.” 
We reproduce this paper on page 617 of the present 
issue. 

The first speaker in the discussion, Colonel N. T. 
Belaiew, thought that a magnification of at least 
1,000 diameters in the micrographs contained in 
the paper, as against 100 diameters, would have 
greatly increased their value. Mr. J. H. Whiteley, 
who spoke next, asked the authors if they 
considered that the addition of chromium to the 
steel was better than the sorbitising process. He 
recalled that in the latter process a defect was 
occasionally found; upon fracturing a specimen 
a “grey spot’? was sometimes present. This was 
no doubt caused by rapid cooling. The authors 
considered manganese a valuable alloying element 
in, rail steel; he agreed with that conclusion. 
In this connection he would like to know if it 
would be possible to place a manganese-steel sheet 
along one of the faces of the ingot mould, pour 
in the steel, and arrange the subsequent rolling 





in such a way that the head of the finished rail 
should form part of the face containing the 
manganese-steel sheet. 

Mr. A. P. Hague thought there was not much 
doubt but that the addition of manganese to a 
rail steel was preferable to increasing the carbon. 
It was a better way of increasing the hardness ; 
when manganese was present it was responsible 
for greater toughness for a given hardness. He 
suggested letting the manganese percentage reach 
1 per cent.; it was preferable to allow the 
manganese to attain 1 per cent. and not let the 
carbon exceed 0:7 per cent. The authors had 
stated that the heat treatment of rails yielded a 
considerable improvement in mechanical properties. 
He himself thought it was preferable to obtain 
this improvement chemically rather than thermally. 
The paper gave results of tests on the head and 
foot of rail specimens. There were, in some cases, 
big differences in the percentage reduction of area 
determined on “head” and “foot” specimens, 
and he would like this explained if possible, as 
many engineers now took the reduction of area 
as a measure of the ductility of a material. In 
conclusion he would like to add that if the railway 
companies could be induced to put forward more 
of the data of the type under discussion it would 
be profitable to all voncerned. 

Mr. H. Hills stated that switches and crossings 
made from chromium-steel rails had been in use 
on the north-eastern area of the London and North 
Eastern Railway since April, 1923, but only to 
a very limited extent, and purely for experimental 
purposes. The first consignment of about 50 tons 
of chromium-steel rails had been obtained in April, 
1922. This steel contained 0-576 per cent. of 
carbon, 0-90 per cent. of manganese, 0-252 per 
cent. of silicon, and 0-71 per cent. of chromium. 
The ultimate stress of the material was 59-4 tons 
per square inch; the elongation in 3 in., 14 per 
cent.; and the yield stress, 31 tons per square inch. 
The falling weight tests were satisfactory. These 
rails had been manufactured into switches and 
crossings for use at the east end of Newcastle 
Central station, being laid down, in April, 1923, 
on electrified lines carrying a very dense traffic. 
It had been found that the life of some of the 
switch blades was prolonged to 2} years by the 
use of chromium steel, as compared with eleven 
months for ordinary steel to the British Standard 
Specification. A further consignment of open- 
hearth chromium-steel rails in which the chromium 
stood at 1:11 per cent. had been obtained in 
January, 1924. Switches and crossings made from 
this consignment of rails had been laid at various 
places in the north-eastern area where traffic was 
heavy, and recent reports regarding them indicated 
that they were giving excellent service with a 
prospect of at least double the life of ordinary 
steel. It was worthy of note that in no case had 
any flaw or fracture been discovered in the 
chromium-steel switches and crossings laid down. 

Professor H. C. H. Carpenter thought that the 
better wearing properties of the chromium-steel 
rails, as compared with carbon-steel rails, might 
be due not only to the extra mechanical hardness 
of the former but also to their greater resistance to 
corrosion. The structure of the steel consisted of 
a chromiferous pearlite, and a manganiferous 
pearlite in a ferrite, which contained perhaps a 
little chromium. He was of the opinion, however, 
that the greater part of the 1 per cent. chromium 
would be in the pearlite and only a little of it in 
the ferrite. Mr. J. A. Jones, who spoke next, said 
that the authors had pointed out that, although the 
steel was exceptionally hard, it was not much more 
difficult to plane than the higher-carbon rail steel. 
In 1921 he himself had studied the mechanical 
properties of a steel containing 3 per cent. of 
chromium and 0-4 per cent. of carbon. He had 
found that this steel was particularly easy to 
machine. Since that time he had done further 
work on the subject and had ascertained that, in 
the absence of nickel. a chromium steel machined 
well. Dr. H. Moore, the next speaker, was gratified 
to find that manganese was no longer regarded as a 
necessary evil but as a valuable alloying element. 
The authors had also shown that it was possible to 
obtain valuable and important increases in mechani- 


cal properties by the use of chromium, and this at 
a comparatively small cost. Another speaker, 
Mr. D. Sillars, stated that he had made quantities 
of steel rails containing from 1 to 1-3 per cent. of 
manganese ; with such a percentage a certain degree 
of air-hardening was obtained. The presence of 
grey-spot in Sandberg rails was, he thought, due 
to internal stresses, and appeared no matter how 
the rail had been cooled. 

In closing the discussion, Mr. F. W. Harbord 
stated that in the open-hearth furnace, the carbon 
percentage could be more easily regulated than that 
of manganese. If a steel maker were told not to 
exceed 1 or 1-1 per cent. of manganese in his melt, 
he could do it satisfactorily. On the other hand, 
if he were asked to limit the manganese to within 
0-9 and 1:1 per cent. he would experience diff- 
culties. This was especially the case in modern 
large basic open-hearth plants, in which the 
manganese was added to the ladle. 

Dr. Swinden, in his reply, stated that Mr. White- 
ley’s suggestion reminded him of the Davis wheel. 
He did not see why such an arrangement should 
not be attempted. The difference recorded in the 
mechanical properties of the head and foot of a 
rail was due to the fact that more work was put 
into the foot of the product. He quite agreed that, 
from a service point of view, the limit of 0-8 per 
cent. of manganese could well be _ increased. 
Mr. P. H. Johnson, who also replied to the dis- 
cussion, said that none of the rails referred to had 
been heat-treated ; they had all been made in the 
Bessemer converter and had been laid after planing 
and drilling. On the old Midland Railway, during 
the period from 1900 to 1920, all the rails laid had 
been made from Bessemer acid steel. If the Board 
of Trade and Ministry of Transport statistics were 
consulted, it would be seen that the Midland Railway 
had fewer cases of rail breakage than any other 
railway in the kingdom. The steel used had a 
carbon percentage of 0-40 to 0-45, a phosphorus 
percentage of not over 0-07, a sulphur content of 
not over 0-06 per cent., and a manganese percentage 
of 1-10. When the Bessemer process was in vogue 
there was little difference between the head and 
foot of rails ; the difference which was now apparent 
was due to high-temperature rolling. A point in 
favour of chromium steel was that it was not 
much more expensive than ordinary steel. In 
fish plates, a hair crack was sometimes formed in 
the upper portion, owing to the alternate tension and 
compression stresses to which the member was 
exposed. The hair crack gradually widened and 
progressed and fracture sometimes ensued. Chro- 
mium-steel fish plates might correct this defect. 
Members might like to know that the 1-in-8 facing 
crossing mentioned under (b) in the paper and manu- 
factured out of Bessemer blow B.B. and laid in at 
Derby on May 24, 1914, was still in use ; it had 
now completed about 14 years’ service. 


(To be continued.) 
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Die Physik, 1914-1926. By Proressor O. D, CHWOLSON. 
Brunswick : Vieweg and Son. [Price, bound, 
38 marks. ] 

Tuis treatise on modern physics is worthy of 

careful consideration. The author, Professor 

Chwolson, of Leningrad, tells us that, in Russia, 

they were cut off from foreign countries after 

1914, and it was not possible to obtain the most 

important books and periodicals until the spring 

of 1922. As it was out of the question then to 
issue a new edition of his “ Lehrbuch der Physik, 
he decided to publish a supplementary volume 
consisting of seventeen selected chapters. It is 
the German translation of this publication, of the 

Russian State Printing Office, that is now under 

notice. 
A brief review of the several chapters will show 

the importance of these studies. The first chapter 
on the charge and mass of the electron discusses 

Millikan’s work, and the existence of sub-electrons. 

The quantum theory is then considered, and = 

study leads up to Einstein’s development Ps 

Planck’s formula for radiation from a black body. 





The third and fourth chapters deal with the 
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construction of the atom. This brings us to the study 
of the spectrum-line theory, of X-rays, of spectrum 
bands, and of the ultra-violet and infra-red rays. 
These four chapters contain an extremely interest- 
ing summary of modern researches. 

By the ninth chapter we reach the recent work 
on the ionisation of gases, particularly of J. Franck 
and G. Hertz. The Compton effect occupies a 
fair proportion of the study of the quantum theory 
of light, while the discussion on photo-electric phe- 
nomena is based on Einstein’s work. This leads 
up to photo-luminescense in gases. The thirteenth 
chapter deals with various applications of Bohr’s 
theory, and of the quantum theory, such as chemical 
affinity and photo-chemistry. Isotopes fill a long 
chapter, as can be readily understood in view of the 
importance of the work of Aston and of Dempster. 

A new field is entered upon in the fifteenth chapter, 
which deals with the super-conductivity of substances 
at very low temperatures. The new work of A. A. 
Michelson, to prove that the ether at the earth’s 
surface does not share in the earth’s rotation, is 
considered in the next chapter, and the seventeenth, 
and last, chapter deals with the electromagnetic 
stroboscopy of metals. 

The above summary should serve to show the 
wide scope of the author’s studies in modern 
physics. To those who are interested in the 
astounding progress in physical theory, the author’s 
interpretation will be welcome. At the end of 
each chapter there is a bibliography of authorities 
and their research work. 


The impression left on the engineer’s mind, after 
considering the contents of this book, is the great 
Progress in our knowledge of the constitution of 
matter. Within comparatively recent years the 


Investigations into the structure of the atom have 
Practically eliminated the distinction between 
chemistry and physics, and established electricity 
as the common foundation. 





i Activated-Sludge Process. By ARTHUR J. MARTIN, 
M.Inst.C.E., _ Past President of the Institution of 
Sanitary Engineers. London: Macdonald and Evans, 
8, John-street, Bedford-row, W.C.1. [Price 30s. net. ] 

— ‘ir. Martin presented his paper on bio-aeration 

3 to the Institution of Civil Engineers in 

ember, 1923, none of the many pioneers and 
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experts in this field, who contributed to the thorough 
discussion of the paper by speaking or writing, 
suggested that the knowledge of the processes was 
on anything like a satisfactory footing. The few 
years that have passed since Mr. Martin completed 
the manuscript of the volume before us, could not 
be expected to have cleared up the matter to any 
essential degree. Mr. Martin speaks now of practical 
success achieved by the activated-sludge process, 
but he adds that no large works should be laid down 
before ascertaining, by actual trial, how the sewage 
will respond to the treatment. Sanitary engineers 
were, he writes, still groping their way by trial and 
error. Dr. Calvert had spoken of the sensitiveness 
of the process to changes in the condition of the 
sewage, particularly by gas liquor and trade waste, 
and had pleaded for further scientific research in 
view of the chasm of ignorance concerning the sewage 
treatment. Mr. Haworth, who was treating 103 
million gallons of sewage daily at Sheffield, had con- 
fessed that the more he saw of the process the less he 
seemed to understand it. While the technical value of 
the activated-sludge treatment is admitted on all 
hands, there is, Mr. Martin admits, the main obstacle 
of the high cost of working, due to the large amount 
of power required and to the difficulty of disposing 
of the enormous quantities of sludge. But nobody 
now-a-days hopes to make a profit out of a sludge 
containing 98 per cent. of water, and the sewage must 
be got rid of in some way. Though the cost estimates 
of thesludge treatment given by the Ministry of Health 
and by English experts are higher than the estimates 
of American experts, and higher probably than the 
cost of chemical treatment, all per head of popu- 
lation, Mr. Martin shows that the problems are being 
energetically attacked in various ways, and he has 
certainly supplied the sanitary engineer with most 
useful information. 

It will be noticed that Mr. Martin’s paper was on 
bio-aeration of sewage, whilst his book is entitled 
“The Activated-Sludge Process.”” The two terms 


have acquired much the same meaning. Aeration of 
the sewage agitated for the purpose of mixing and 
disintegrating it sufficiently for the oxidation of the 
particles and for the promotion of the biochemical 
and biophysical reactions, is certainly the essential 
thing. But the term activated sludgeemphasises one 
characteristic feature in the aeration process. 


The 
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prevention of the putrefaction of sewage by aeration 
was studied, in this country and elsewhere, by Angus 
Smith, in 1883, Dupré, Dibdin, Waring, Lowcock and 
others, some of whom patented aeration processes. 
Mather and Platt ascribed, in 1893, a clarifying effect 
to the mud settling at the bottom of their tank, and 
similar conclusions were drawn by Clark and Gage 
at the Lawrence experimental station, Massachusetts. 
These views were not generally heeded, however, when 
sewage tanks and sewage farms were introduced. 
G. Fowler and Mumford recommended, in 1913, the 
inoculation of the sludge with an organism which 
they found in ferruginous pit water and which they 
called M,, while Ardern and Lockett thought that 
they could rely on the organisms already present in 
the sludge 

The evolution of the activated-sludge process has 
thus passed through various progressive stages, and 
goes back more than the ten years of which Mr. 
Martin and others spoke at the meeting of 1923 
to which we referred above. The requirements 
which Mr. Martin now considers essential are: 
some oxygen; a supply of sludge inoculated with 
the appropriate organisms; and sufficient agitation 
to prevent local stagnation and to keep the tank 
contents thoroughly intermixed. As regards inocu- 
lation, he does not say anything further, and he 
appears tacitly to drop this essential requirement of 
his. With respect to the two other requirements and 
the necessary amounts of oxygen and of sludge, 
he points out that widely divergent views prevail. 
Buswell observed in India that organisms would 
thrive in the tanks on very little oxygen; but the 
culture of organisms is not the object of sludge tanks. 
On the other hand, drenching sewage with air is 
not needed, and it is a mistake and a waste of 
power to keep the sewage agitated by big bubbles. 
It is rather peculiar that it should so long have been 
overlooked in the sewage treatment, as in chemical 
reactions generally, and also in flotation, that large 
gas bubbles do little good. Continuous, rather than 
intermittent, oxidation by small bubbles under small 
pressure seems to promise the most intimate inter- 
mixing and rapid reaction. That requires tanks 
well designed for efficient circulation and not merely 
for capacity, and diffusers or filtros plates, strong 
and not likely to be choked up. Grease and, still 
more, mineral oils, which prevent intimate contact 
between the air and the particles, should, if possible, 
be kept out of the sewage; sedimentation and 
chemical treatment may profitably precede the 
tank operation for these and other reasons. Efficient 
agitation is secured, for example, by pairs of baffles 
rotating in opposite directions, and by Hurd’s 
spiral-circulation tanks, first adopted in Indianapolis, 
which there replaced saw-tooth flooring. Estimates 
of the amount of active sludge required to produce 
the necessary biological reactions have ranged 
between 10 per cent. and 30 per cent. of the sewage 
and wider limits ; experiments at Crossness rather 
indicated that variations between 7 per cent. and 25 
per cent. made very little difference. 

Mr. Martin describes and illustrates the sewage 
plants at Withington, Davyhulme, Worcester, 
Tunstall, Reading, Coventry, Sheffield, Birmingham, 
Bury, Bolton, Stoke-on-Trent (Hartley’s spiral flow), 
Milwaukee, Houston, Indianapolis, Chicago, Toronto, 
Essen-Rellinghausen, &c. He brings the subject 
up to date, tabulates results, and devotes special 
chapters to air compression, agitation, cost and its 
reduction, sewage disposal (drying on ash-beds, &c., 
chemical filtration, and flotation), and to future out- 
looks. What one would like to have is more definite 
conclusions in the place of his long quotations from 
various experts. But the activated-sludge problem 
has barely passed out of the demonstration stage. 








THE TRENTON CHANNEL STATION 
OF THE DETROIT EDISON COMPANY. 
(Continued from page 536.) 

Tue TuRBINE HovseE. 

ConTINuING the description, which, in our last 
article, was taken as far as the steam piping leading 
from the boilers to the turbines, we next come to the 
turbine house. This is a building 364 ft. 5 in. long 
by 105 ft. 11 in. wide, but with an additional bay 
on each of the long sides. The bay separating the 





turbine house proper from the boiler house is 30 ft. ° 
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wide, centre to centre of columns. The one on the | 
opposite side is 18 ft. wide only. The ground 
floor of the turbine room is 3 ft. 6 in. below 
normal ground level. The main turbine-room 
floor is 29 ft. 6 in. above the ground floor. 
The undersides of the roof trusses are 84 ft. | 
3} in. above ground-floor level. The turbine room 
is furnished with a 125-ton crane of 100 ft. span, | 
running on a gantry with rail level 71 ft. above 
ground-floor level. Like the _ boiler-house, the 
turbine house is built of steel frame work, with | 
brick faced panels backed with hollow brick. The | 
general arrangement of the main generator units will | 
be seen in Fig. 86 on page 603, which shows part of 
the building in plan. A view of the five units now | 
installed is given in Fig. 90 on Plate LXIII, No. 3 | 
machine also being shown to a larger scale in | 
Fig. 91. As at present planned, the complete | 
plant will consist of six main units, the work | 
on the sixth and last set being now well advanced. | 
The first two units went into commission in | 
1924, the third early in 1925, and it was then | 
expected that No. 4 would be installed about | 
1927. The load on the system, however, made it | 
necessary to anticipate this programme consider- | 
ably. Two units were consequently ordered for | 
and delivered in 1926, being brought into com- | 


mission, in one case late in that year, and in the | of 257 deg. F. 
The sixth machine was | densing water temperature is only about 34 deg. F., 


other early last year. 
ordered for 1927, but work on this was delayed as 
the turbine rotor, on delivery, was used to replace 
the rotor of No. 3 machine, on which there had 
been trouble. 


been laid upon simplicity and standardisation. The 
replacement just mentioned in itself afforded a con- 
siderable degree of justification for this policy. 
A second instance of equal importance occurred in 
connection with No. 1 set, when a sprung shaft 


necessitated returning the turbine rotor to the | 


manufacturers for repairs. 

The main sets are placed with their axes across 
the turbine room, and are arranged in pairs, with 
large wells about 40 ft. by 60 ft., between the pairs, 
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It was stated early in our series | 
of articles on this station, that great stress had | 
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the valves. Moreover, since the direct intervention 
of the operator is involved, there is less risk of an 
unnecessary and uneconomic use of the overload 
capacity of the turbines. In normal running, 
steam is supplied to the stop valve at a pressure of 
375 lb. per square inch (gauge), and at a temperature 
of 700 deg. F., which corresponds to a superheat 
During the winter months, the con- 


}and hence the turbines have been proportioned so 
|as to make efficient use of a very high vacuum. 
| During the first quarter of 1927, this vacuum 
averaged 29-2 in. of mercury. Provision is also 
made for progressive feed heating, steam being 
withdrawn for this purpose at the fourteenth, seven- 
teenth, and nineteenth stages of the turbine, there 
| being 21 stages in all. 

The general arrangement of one of the units is 
illustrated in Figs. 87 to 89, from which it will be 
seen that the floor space occupied measures 61 ft. 
10} in. by 22 ft. 8 in., so that at maximum rating 
about 35 kw. are generated per square foot of floor 
area. The positions of the stop valve, governor 
| valve, and overload valve are also shown in these 








other wells of half this width being arranged | figures. The by-pass steam is withdrawn from the 
at the ends of the building. The main units have all| main supply through a 6-in. pipe, curved both in 
been supplied by the General Electric Company, of | plan and elevation. The hand wheel controlling 
Schenectady, which company, furnished a large part | the valve on this by-pass pipe is located to the side 





of the electrical equipment, including the majority of 
the motors used for different purposes throughout 
the station. Running at 1,200 r.p.m. each turbine 
is designed to develop 45,000 kw. at the most 
economical load, but by means of a hand-con- 
trolled by-pass valve, by which steam is admitted 
to the fifth stage of the turbine, the output 
can be raised to 53,000-55,000 kw. When all 
six units are installed, the additional output 
thus obtainable will be approximately the normal 
output of an additional unit. 
overload valves are hand-controlled simplifies 
the governor gear considerably and avoids the 
possibility of intermittent automatic opening of 


The fact that the | 





| of the turbine as shown. Both the main steam and 
| the by-pass steam are led into the turbine casing 
}at the bottom and along the central plane. In 
| this way the risk of any unsymmetrical expansion 
of the casing by changes in the steam temperature 
|is reduced. 
| the steam connections, the turbine can be opened 
|up without disturbing the valves. 

| From the longitudinal section, Fig. 96 on page 
| 605, it will be seen that the turbine is a single 
easing machine of the simple impulse type, having, 
as stated, in all 21 stages. At stage No. 1, the 
mean wheel diameter is 58 in., and the effective 
blade height 1g in. At the final stage, the corre- 





Moreover, with this arrangement of | 
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sponding figures are 136 in. and 303 in., respec- 
tively. Hence, the tip speed at the last row is 
about 880 ft. per second. 
6\ /r.p.m.\2 . nse 
The value of k= (77) (“Pt*)* is about 252,000, 
10 100 

and with a vacuum of 29-2 in. and normal pressure 
and temperature at the first stage, the effective 
thermodynamic head (corrected for reheat and 
supersaturation losses) is about 279 Ib.-cent.-heat- 
units, so that the steam rate, were there no extrac- 
tion for feed heating, should be not greater than 
some 9 lb. per kilowatt-hour. Under these conditions 
the usual velocity of the steam as delivered from 
the last row of blading would be some 800 ft. per 
second, but this will, of course, be modified by the 
extraction of the steam for the feed heaters. The 
exhaust port, not all of which can be regarded as 
effective, measures 17 ft. 104 in. by 12 ft. 1} in., 
corresponding to a gross area of 216-6 sq. ft. 
Partial admission is used in the earlier stages of the 
turbine. 

The turbine rotor shaft is 20 ft. 1} in. long and 
has a maximum diameter of 28} in. In order to 
make sure of the soundness of the forging, a 5-In. 
hole was drilled through it from end to end, and 
both the material removed and the wall of the hole 
were carefully examined. The Detroit Company 
is believed to have been one of the first to adopt 
this practice, having done so on the Delray No. 1, 
9,000 kw. sets in 1910-12. The bearing at the 
high-pressure end is 15 in. in diameter by 204 Mm. 
long, the corresponding figures at the coupling 
end being 20 in. and 293 in. respectively. The 
bushes are of cast-iron lined with white metal 
and have spherical seats, as indicated. The coupling 
| between the turbine and the generator shafts 1s of 
‘the standard claw type. Channels turned in the 
jends of the sleeve are arranged to catch the oil 
| draining from the ends of the adjacent bearings. 
| Holes connect these channels with each claw of 
the coupling and to other parts requiring Inbrica- 
tion. Through these holes the oil is delivered by 
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blade and nozzle changes, the machines could be 
brought up to their present overload capacity at an 

’ efficiency only slightly less than that at which they 
work at present. 

The main generators are also by the General 
Electric Company. ‘The first three, as stated, are 
rated at 62,500 kv.-a., at 80 per cent. power factor, 
at a speed of 1,200 r.p.m. and generate three-phase, 
60-cycle current at 12,200 volts. The three more 
recent machines (two in service, and one in course 
of being installed) have been modified, but only, 
in accordance with the policy of the station, in 
a way which will make it possible ultimately to 
incorporate the improvement, if advisable, in the 
three older generators, while all the rotors are inter- 
changeable. In the new units, by means of much 
improved ventilation, mainly at the end turns of 
the armatures, it is possible to carry a higher field 
current with less heating of the coils. At the same 
time by adopting stator coils with an improved sys- 
tem of transposing the windings, group eddy current 
losses have been eliminated. The new units by 
reason of these improvements, though of the same 
dimensions as the old, are rated at 75,000 kv.-a. 
instead of 62,500. Although interchangeable as re- 
gards dimensions, the use of the earlier rotors in 
the later stators would limit the output. The indi- 
vidual coils are not interchangeable as between the 
new and old types. 

The field current for the main generators is 
normally supplied by exciters coupled directly on 
the generator shafts. In the case of the first three 
units, the exciters are each of 250-kw. capacity, but 
in the later units, they are of 300 kw. capacity, 
to meet the increased capacity brought about by 
the improved ventilation of the main field wind- 
ings referred to above. In each case, the normal 
pressure of the field current is 250 volts. The 
exciters are stabilised by the use of throttled 
pole pieces, and their field rheostats are designed 
so that, by the use of these rheostats alone, the 
excitation of the main generator can be varied to 
give a voltage range from 11,000 volts at its normal 
load to 12,400 volts at 62,500 kv.-a. with a power 
factor of 0°8. A 300-kw. motor-generator set, 
driven off the direct current house-service system, 
is installed for the supply of excitation current in 
the event of a breakdown of any of the direct- 
coupled exciters, the arrangements being such that 
the emergency generator can be connected to any 
of the main generator fields with the minimum loss 
of time. As in the case of the regular exciters, 
the current supplied by the emergency generator is 
regulated by the adjustment of the field rheostat of 
the latter. 

The generators are furnished with closed circuit 
air cooling, the provision being 120,000 cub. ft. of 
air per minute. This air is in each case circulated 
by a fan incorporated in the generator rotor, and is 
passed through coolers placed immediately below the 
generators, as indicated in Fig. 87. The air coolers are 
accommodated in sectional steel frames immediately 
underneath, each housing six cooler units. These 
units are 15 ft. 82 in. overall by 3 ft. 74 in. wide 
and 18}in. high. Each is composed of two headers 
between which extend 108 tubes. The tubes, 14 ft. 
long between tube sheets, are fitted with gills 
taking the form of a fine-pitched helix of thin 
plate. The tubes are supported at two inter- 
mediate points in their length. Of the two headers 
one is a return header with plain cover, the other 
being fitted with two 5-in. flanged connections for 
cooling water. The water used is part of the con- 
denser supply. The connections to the coolers of one 
unit may be seen in Fig. 101 on page 608, under the 
gallery on the right. The discharge pipe is the large 
main in the foreground, this delivering the water 

to the overflow canal. ‘The air coolers are fitted 
with emergency doors, and the generators, if need 
be, can be ventilated by air drawn in from 
the basement, and discharged back to this part 
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ENGINEERING TRAINING AND 
EDUCATION. 


Science Scholarship Examination, 1929.—The sy]- 
labus of the Science Scholarship examination for 1929 
has just been issued by the Board of Education. The 
Board holds an annual examination for Royal Scholar- 
ships and Free Studentships, tenable at the Imperial 
College of Science and Technology, London. The 
awards are confined to British subjects of either sex, 
who have not previously studied at the College or have 
not been students there for more than a year. The 
examination will be held towards the end of April, 
1929, and will! last for about 10 days. Intending candi- 
dates must make their applications for admission to 
the examination on the prescribed form, copies of which 
may be obtained from the Board, not later than 
January 15 next. The subjects of examination are 
divided into five main groups, namely, engineering, 
physics, chemistry, biology and geology. Candidates 
may not compete in more than one of these groups, 
and must state beforehand the group in which they 
elect to enter. Copies of the syllabus, which contains 
detailed particulars regarding the examination, may 
be obtained from H.M. Stationery Office, Adastral 
House, Kingsway, London, W.C.2, price 3d. net. 








BOOKS RECEIVED. 


United States Bureau of Standards. Circular No. 346. 
Light Metals and Alloys. Aluminium Magnesium. 
[Price 1 dol. 10.] Washington: Government Printing 
Office. 

An Approach to Winged Flight. By Joun D. Barren. 
Brighton: The Dolphin Press. [Price 5s.] 

An Introduction to the Metallurgy of Iron and Steel. 
By H. M. Boyitston. New York: John Wiley and 
Sons, Inc. London: Chapman and Hall, Limited. 
[Price 25s. net. ] 

A Comprehensive Treatise on Inorganic and Theoretical 
Chemistry. Vol. VIII. N,P. By J. W. Metxor, D.Sc. 
London: Longmans, Green and Company, Limited. 
[Price 63s. net. ] 

Permeazioni D’ Acqua e Loro Effetti nei Muri di Ritenuta. 
By Oscar Horrman. Milan: Ulrico Hoepli. [Price 
15 lire. ] 

Highway Engineering. A Textbook for Students of Civil 
Engineering. By Jonn H. Bateman. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 20s. net.] 

Descriptive Account and Catalogue of the Home Office 
Industrial Museum and Exhibits, with Explanatory 
Notes. London: His Majesty’s Stationery Office. 
[Price 3s. 6d. net.] 

Mines Department. Safety in Mines Research Board. 
Paper No. 41. Wire Ropes for Mines: Some Notes 
Regarding their Manufacture and Use. London: 
His Majesty’s Stationery Office [Price ls. net.] 

Warmelehre und Warmewirtschaft in Einzeldarstellungen. 
Vol. VI. Energiespeicherung. By Inc. W. Paver. 
Dresden and Leipzig: Theodor Steinkopff. [Price 
12 marks. } 

Die Aufbereitung von Kohle und Erzen. Vol. II. Edited 
by Aueust EuvGEeN Luveur. Leipzig: Arthur Felix. 
[Price 24 marks. ] 

United States Bureau of Standards. Handbook Series 
No. 3. National Electrical Safety Code. Fourth 
Edition. [Price 1 dol.] Scientific Papers No. 568. 
Methods, Formulas, and Tables for the Calculation of 
Antenna Capacity. By F. W. Grover. [Price 
20 cents.] No. 570. Thermal Expansion of Alloys 
of the ** Stainless Iron’ Type. By P. HIpDNERT and 
W. T. Sweeney. [Price 10 cents.] Washington: 
Government Printing Office. 

L’Hélice et L’ Avion de Demain. By Maurice Butuan. 
Paris: Desforges, Girardot et Cie. 

Science for You. By J. G. CRowTHER. London: George 

Routledge and Sons, Limited. [Price 5s. net.] 

Automobil-Reparaturen. By WINKLER, 
(Saale): Wilhelm Knapp. [Price 9.50 marks. ] 

Copper in Architecture. Issued by Copper and Brass 
Extended Uses Council. Birmingham: Offices of the 
Council. 

Shirley Institute Memoirs. Vol VI. 1927. 
Manchester: Shirley Institute. 

Piles et Accumulateurs électriques. By Lucien JUMAN. 
Paris: Armand Colin. [Price 9 francs.] 

Government of India. Railway Department. Report 

by the Railway Board on Indian Railways for 1926-27. 

Vol. Land II. Calcutta : Government of India Central 

Publication Branch. 
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INTERNATIONAL PEAT CONGRESS.—The second con- 
gress of peat producers and users will be held at Laon 
(Aisne), France, from July 8 to 12 next. The congress, 
which is international in scope, comprises the reading 
and discussion of papers, and an exhibition of plant 
used in connection with the extraction, treatment, and 





of the building. These doors are hydraulically 
operated by levers on the main turbine floor. The 
temperature of the air entering and leaving the 
generator is recorded on a continuous chart. Any 
excessive rise in air temperature is notified by an 
electric alarm. Armature winding temperature 
leads are also brought out to an indicator board. 


(To be continued.) 





utilisation of peat. The proceedings will be divided 
into four main sections, namely, the scientific study of 
peat and peat bogs; the prospecting and working of 
peat bogs; the extraction, treatment, and utilisation 
of peat; and the economic organisation of the peat 
industries. Written contributions and requests from 
persons intending to participate in the exhibition, should 
be sent in, before June 1, next, to the Secretary, Congrés 
International de la Tourbe, Office National des Combus- 


tibles Liquides, 85, Boulevard du Montparnasse, Paris 
(6e), from whom full particulars may be obtained. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Ironmasters have little 
Cleveland pig iron to offer for sale in the open market. 
Output is going into prompt consumption, and, to meet 
delivery demands, the now very low stocks have still to 
be drawn upon. While existing conditions do not en- 
courage makers to rekindle idle piant, little expansion 
of demand is needed to necessitate increased output. 
Continuation of steady home trade and further sales 
to Scotland appear probable, and some hope is enter- 
tained of early expansion of overseas business which for 
long has been on a very disappointing scale. The bulk of 
the make is still going into direct consumption at iron- 
masters’ own foundries and steelworks. Fixed prices are 
very firm. No. 1 grade of iron is 68s. 6d., No. 3 g.m.b. 
66s. No. 4 foundry, 65s. ; and No. 4 forge, 64s. 6d. 

Hematite.-—While conditions in the East Coast hema- 
tite branch still leave very much to be desired, it is 
gratifying and encouraging to learn of slight movement 
in the right direction. A firmer feeling is distinctly 
noticeable though output continues excessive, and 
producers are hampered by considerable stocks. In- 
quiries are improving and further home and continental 
sales have been put through. Prices realised are well 
below cost of output, but the tendency is upward, and 
one or two contracts are stated to have been secured on 
terms slightly above recognised market rates, which 
remain on the unremunerative level of 70s. for mixed 
numbers. 

Foreign Ore.—Transactions in foreign ore are very few, 
but, in view of threatened shortage, values are stiff. 
Best rubio is 22s. 6d. c.i.f. Tees. News from Sweden 
is to the effect that there is no movement there towards 
resumption of negotiations to terminate the strike of 
Swedish ore miners. 


Blast-furnace Coke.—Durham blast-furnace coke con- 
tinues in ample supply and local users are buying only 
sparingly, but the improved export demand for coke 
tends to stiffen prices. Good average furnace qualities 
are in the neighbourhood of 17s. 6d., delivered here. 


Manufactured Iron and Steel.—While nearly all descrip- 
tions of manufactured iron and steel are slow of sale, 
producers are not at all disposed to make price conces- 
sions, and their attitude is strengthened by the rise in 
values of foreign commodities. Common iron bars are 
107. 5s.; best bars, 101. 15s.; best best bars, 11l. 5s. ; 
iron rivets, 111. 5s. ; packing (parallel), 7/. 10s. ; packing 
(tapered), 101.; steel billets (soft), 6/. 15s. ; steel billets 
(medium), 7/1. 2s. 6d.; steel billets (hard), 7/. 12s. 64d. ; 
steel rivets, 11l.; steel ship plates, 8/. 7s. 6d.; steel 
angles, 7/. 17s. 6d.; steel joists, 7/. 17s. 6d.; heavy 
steel rails, 87. 10s. ; and galvanised corrugated sheets, 131. 








InstituTION oF Navat ArcurrTects.—A_ handsome 
silver-gilt centre piece was presented by the Institution, 
on May 15, to Sir Charles Ellis, who is retiring from the 
post of honorary treasurer, as a mark of the gratitude 
and esteem of the members. 





ConFIDENTIAL REPORTS ON MorToR EXHIBITIONS.— 
Two memoranda, one relative to the exhibition of motor 
cars and motor cycles at the Fair held at Rabat, French 
Morocco, from April 1 to 15, and the other relative to the 
fifth motor exhibition which was held at Geneva from 
March 16 to 25, have been prepared by the Department 
of Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
from information furnished by His Majesty’s Consul 
General at Rabat, and the British Legation at Berne, 
respectively. The reports have been issued to firms whose 
names are entered on the Department’s special register. 
United Kingdom firms desirous of receiving copies of 
these reports, together with particulars of the special 
register service, should communicate with the Depart- 
ment at the above address. 





Contracts.—Messrs. Electric Furnace Company, 
Limited, 17, Victoria-street, London, 8S.W.1, have 
received an order from France to supply an —, 
Northrup high-frequency furnace for melting one ton 0! 
steel an hour. The plant will be of 650-kw. capacity, 
which is stated to be four times larger than that of an 
installation of that type yet constructed. Other con- 
tracts include several Ajax-Wyatt furnaces for brass 
melting, for France, Ajax-Northrup furnaces for aren. 
ham, Sheffield, London, and Braintree, a double-tunne 
continuous electric furnace, over 100 ft. in length, — 
the heating of ceramic goods, and ten electrically-heate 
core ovens for British and Colonial Government depart- 
ments.—Messrs. The General Electric Company, Limited, 
Magnet House, Kingsway, W.C.2, have received an —_ 
from the London United Tramways for 102 motors of 2 
h.p.—Messrs. The Parsons Marine Steam Turbine — 
pany, Limited, who have received an order from = 
Admiralty for one of the eight destroyers comprising | . 
1927-28 programme, have given the order for the wi" 
and the boilers to Messrs. John I. Thornycrott a 
Company, Limited, Thornycroft House, London, abe" 
—Amongst recent contracts secured by Messrs. Underte 











Stoker Company, Limited, Africa House, ay ro 
W.C.2, are the following :—Class L stokers for five = r 
for the Hull Corporation ; Class L stokers, arch an ; ng 
handling plant for the Brighton a. : ~ 
stokers and arches for Messrs. The. Firestone Ty re - 
Rubber Company (1922), Limited ; Class L stokers, = 
heaters and arches for the Watford Corporation ey: 
ash conveying plant for 42 boilers at the Lots Ro 





Station of the London Electric Railway. 
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NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade—A scarcity of specifications 
still prevails in the Scottish steel trade, and buyers 
seem most unwilling to commit themselves forward. 
Those makers who have enough work booked to keep 
their plant running steadily at present are indeed for- 
tunate, because some others cannot see more than a 
few days ahead. The demand from the shipyards 
shows no sign of improving, and the general engineer- 
ing trade is also very quiet generally. Inquiries all round 
are of little moment. The stiffening up of Continental 
prices has not made much change in the local position 
yet, but, if continued, the home trade ought to reap some 
benefit before long. The makers of black sheets are 
moving along fairly well, although the current demand 
is not equal to production. The lighter and galvanised 
sorts are in better request than the heavier gauges. 
Prices have varied little, and are as follow :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 2s. 6d. per 
ton; sections, 7/. 17s. 6d. per ton; sheets, }in., 8/. 12s. 6d. 
per ton; and galvanised corrugated sheets, 24 b.g., 
131. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable-iron trade there has been no change in the 
state of affairs since last report. Makers are experi- 
encing difficulty in getting a sufficiency of specifica- 
tions in order to keep their plant running, and competi- 
tion for fresh business is as keen as ever. The steel re- 
rolling departments are also rather quiet. Prices are 
unchanged and are as follow :—‘‘ Crown ”’ bars, 10/1. 5s. 
per ton for home delivery and 91. 15s. per ton for ex- 
port; and re-rolled steel bars, 7/. 15s. per ton for home 
delivery, and 7/. per ton for export. 


Scottish Pig-Iron Trade.—A dull tone continues to 
characterise the pig-iron trade of Scotland, and the 
output from the small number of furnaces now in blast 
seems ample to meet all calls at the present time. 
Although prices continue firm, there has been no move 
on the part of consumers to order more than their daily 
needs, and forward contracts are not very numerous. 
With the steel works quiet, the demand for hematite 
is poor and foundry iron is moving slowly. Prices are 
steady and are as follow :—Hematite, 74s. per ton, 
delivered at the steel works; foundry iron No. 1, 75s. 
to 76s. per ton, and No. 3, 70s. to 71s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig iron from Glasgow Harbour for the week 
ending Saturday last, May 12, amounted to 482 tons. 
Of that total 380 tons went overseas and 102 tons coast- 
wise. For the corresponding week of last year the 
figures were 795 tons overseas and 32 tons coastwise, 
making a total shipment of 827 tons. 


Shipbuilding—Messrs. Ailsa Shipbuilding Company, 
Limited, of Troon and Ayr, have received an order 
from Messrs. Frank C. Strick and Company, Limited, 
London, for a single-serew passenger and cargo steamer 
for the Compagnie Frangaise des Phosphates de l’Océanie, 
of Paris, for service in the tropics. The hull will be 
laid down in the builders’ Ayr yard, and the propelling 
machinery will be supplied from their Troon workshops. 
—The Prince Line (one of the associated Furness, Withy 
companies) have placed an order with the Blythswood 
Shipbuilding Company, Limited, Scotstoun, Glasgow, 
for two twin-screw motorships similar in general hull 
design and dimensions to those recently built at Scots- 
toun for the same owners. These vessels will be about 
440 ft. in length, of 6,740 tons gross, 15,000 tons dead- 
weight, and with a speed of 144 knots. They will 
have Doxford, opposed-piston engines of 5,600 b.h.p., 
made by Messrs. Richardsons, Westgarth and Com- 
pany, Limited, West Hartlepool. They are intended 
for service between New York and South America. 
The same builders recently secured an order for a vessel 
of 3,000 tons for Uranian Tankers, Limited. This 
vessel is to be propelled by a new type of internal- 
combustion engine made by Messrs. Richardsons, West- 
garth and Company, Limited, West Hartlepool, and the 
machinery will be single-screw and of the two-stroke, 
double-acting, airless injection, heavy-oil type. The 
engine will have three cylinders, developing a normal 
total of 1,200 b.h.p., or a maximum of 1,425 at 105 
r.p.m. 








Universiry CoLLEGE, Lonpon.—The annual report 
of the College Committee of University of London, 
University College, Gower-street, London, W.C.1, which 
report constitutes a record of the work of the College for 
the year ending February, 1928, has just been issued. 
The number of students on the books, during the year 
under review, was 3,218. The income, from all sources, 
of the Establishment Account amounted to 189,2751. ; 
on the expenditure side, the salaries of the teaching and 
research staff, including superannuation charges, totalled 
102,088/. Adding to these the cost of the libraries and 
museums and the maintenance of laboratories and depart- 
mental charges, the total cost was 128,200/. The fund, 
started in connection with the celebration of the centenary 
of the College, had two main objects: to provide, on the 
one hand, about 200,000/. for the completion of buildings 
and the improvement of equipment, and, on the other 
hand, about 300,000/. forendowment. At the time of the 
printing of the Report, the centenary fund amounted to 

73,440/. ; since that date the total has risen to 204,3821. 
The C entenary Fund Committee, of which H.R.H. Prince 
Arthur of Connaught is president, is anxious to raise the 
remainder of the sum of 500,000/. as speedily as possible, 
in order to meet the urgent needs of the College, both for 
more space and for more adequate income for salaries 
and maintenance, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—The trend of events in the local steel 
and engineering trades is somewhat difficult to gauge. 
The optimistic tone that was manifest a few weeks ago 
is not endorsed so far as present conditions are con- 
cerned. Some sections are making headway, but in the 
main the amount of business in circulation is very limited. 
Consequently, the prospects of an early improvement 
have to some extent been jeopardised. Steel production 
is maintained at about its recent level, but with railway 
departments and the shipbuilding sections experiencing 
great difficulty in securing sufficient work to keep ex- 
tended plants operating at recent capacity, the future 
of the steel-making furnaces cannot be considered rosy. 
Relief, however, is forthcoming from the machinery- 
making trades, where a sustained demand is in evidence. 
A considerable amount of business continues to be done 
in electrical apparatus. Sheffield hopes to benefit in 
connection with big irrigation schemes abroad. The 
output of special high-quality steels, in which Sheffield 
excels, is steadily rising. French users of automobile 
steel are again good customers, while the Midlands are 
calling upon this area for heavy supplies. The increased 
use of stainless steel and rustless iron is expected to result 
in this year’s output reaching record dimensions. The 
tool trades are gradually rehabilitating themselves, 
though the call for saws and plantation tools is far from 
satisfactory. Garden and farm implements are active 
lines, and are likely to continue so for some time to come. 
The light foundries are doing good business with builders 
in castings, stove grates, and other ironwork. 


South Yorkshire Coal Trade.—In most classes of fuels 
only a moderate amount of business is being done. The 
general position, though not without hopeful signs, is 
much the same as compared with that of a month ago. 
Prices generally are steady. Effort to stimulate a forward 
buying movement has, so far, met with little reward. 
Export business is still limited. Industrial fuel shows 
signs of revival, but the demand is well below normal. 
Housecoal trade continues to shrink. Summer-time 
requirements are the order of the day. Foundry and 
furnace coke are steady on both home and foreign 
account. Gas coke remains firm. Quotations: Best 
hand picked branch, 27s. 6d. to 29s, 6d.; Derbyshire 
best brights, 20s. 6d. to 21s. 6d.; best house, 19s. to 
20s. 6d.; screened house, 16s. to 17s. 6d.; screened 
nuts, 15s. to 16s. ; Yorkshire hards, 15s. to 16s. ; Derby- 
shire hards, 15s. to 16s. ; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 6s. to 7s.; smalls, 3s. to 48. 6d. 








PERSONAL.—Messrs. Thos. W. Ward, Limited, Albion 
Works, Savile-street, Sheffield, have acquired, for dis- 
mantling purposes, the extensive works of Messrs. Ashbury 
Railway Carriage and Iron Company, Limited, Openshaw, 
Manchester.—Owing to the growing demand for the 
Westinghouse system of vacuum servo-braking for 
motor cars, the Westinghouse Brake and Saxby Signal 
Company, Limited, have concluded an agreement with 
Messrs. Car Mart, Limited, of Park-lane, W.1, and 
297, Euston-road, N.W.1, to act as their fitting agents 
for London and neighbouring counties. Messrs. Car 
Mart, Limited, have opened a new service station at 
236a, Lancaster-road, W.1. 

Imports OF Motor VEHICLES INTO NEW ZEALAND.— 
A confidential report on the imports of motor vehicles 
into New Zealand, during 1927, has been prepared by 
the Department of Overseas Trade, from information 
furnished by the officer in charge of His Majesty’s Trade 
Commissioner’s office at Wellington, and issued to 
firms whose names are on its special register. United 
Kingdom firms desirous of receiving a copy of this report 
should communicate with the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1. The 
Department has also received sales charts, issued by the 
New Zealand Trade Association, Inc., which show 
the number of motor cars and commercial vehicles, by 
makes, registered in New Zealand during the months of 
November and December, 1927, and January, 1928. 
These sales charts, which show the registrations by makes 
in the various districts of the North and South Islands 
will be forwarded on loan, in order of application, to 
interested British firms. 





THe Rattway YEAR Book, 1928.—Aptly described as 
the “‘ Whitaker” of the railway world, the thirty-first 
annual edition of The Railway Year Book recently made 
its appearance. As is well known, the book contains 
historical data and statistical information regarding the 
railways of the United Kingdom and Ireland, and more 
condensed particulars eoncerning the railways of India, 
Africa, Australasia, Canada, and Central and South 
America. The information has, it is stated, been brought 
down to the end of 1927, and covers all changes and deve- 
lopments introduced during that year. We are glad to 
note that a new map of the African railway systems has 
been included ; this map, which has been neatly drawn 
and clearly printed, indicates the great railway develop- 
ment which has been taking place during recent years in 
that continent, and also shows the lake and river steamer 
routes run in conjunction with the railways. Taken 
generally, the book contains a wealth of data upon all 
manner of subjects connected with railway working and 
operation. Not the least interesting feature of the volume 
is the series of 20 large folding maps which appear at 
intervals in the text. The year book concludes with a 
useful railway ‘“‘ Who’s who,” which occupies nearly 60 
pages. The book, which is priced at 5s. net, is published 
by The Railway Publishing Company, Limited, 33, 
Tothill-street, London, 8.W.1. 





NOTICES OF MEETINGS. 





Mining Institute or Scortanp.—Saturday, May 19, 
3 p.m., Royal Technical College, George-street, Glasgow, 
Joint Meeting with National Association of Colliery 
Managers (Scottish Branch) and Association of Mining 
Electrical Engineers (West of Scotland Branch). ‘‘ Elec- 
tric Mine Lamps and Better Mine Lighting,” by Mr. W. 
Maurice. ‘Design and Maintenance of Flame-Proof 
Enclosures, with Special Reference to Coal Face Machin- 
ery,” by Mr. J. A. B. Horsley. 


Royat Socrety oF Arts.—Tuesday, May 22, 4.30 
p-m., John-street, Adelphi, W.C.2. “The Gambia 
Colony and Protectorate,” by Captain Sir C. Armitage. 


InsTITUTION OF MUNICIPAL AND County ENGINEERS. 
-—East Midland District : Thursday, May 24, 11.15 a.m. 
Council Offices, Station-road, Hinckley. Visit to Sewage 
Disposal Works and Croft Granite Company’s Works, 
Croft. ‘‘ Growing Pains,” by Mr. J. S. Featherstone. 
‘* Building Estate Developments by a Local Authority,” 
by Mr. H. Schofield. 


Roya Instirution.—Friday, May 25, 9 p.m. 
Albemarle-street, W.1. “‘ Engine Knock and Related 
Problems,” by Mr. A. C. Egerton. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—For the past six weeks the scheme 
of the South Wales Coal Marketing Association to 
stabilise selling prices of Welsh steam coal has been in 
virtual operation. Colliery salesmen have met and 
agreed on minima prices for the different classes of coal 
on a voluntary basis. Collieries have now been circu- 
larised asking them to agree to the scheme being operated 
in its original form. This means that their consent is 
requested to a levy on output, with compensation to 
collieries rendered idle by loss of business occasioned 
by their inability to secure minimum prices, and penalties 
for undertakings which sell at less than the minimum. 
In the original scheme it was suggested that the levy 
on production should be 3d. per ton, and that the penalty 
for selling below the minimum should be 2s. per ton. 
It is hoped to put the full scheme into operation on 
July 2. In the meantime, there is a feeling that the 
time has arrived when the voluntary minimum prices 
should be revised, and it is believed that the executive 
committee will, at its meeting on Friday, decide to either 
raise the minimum all round by 3d. per ton, or else 
increase the minimum for certain classes, possibly best 
and second Admiralty large, Black Vein and Eastern 
Valley large and best steam smalls, which at present 
are relatively the strongest sections of the market. In 
the meantime, collieries are suffering from a shortage of 
ready tonnage, which is causing them difficulty in 
securing an adequate supply of empty wagons at the 
pits. Individual concerns are comfortably placed in 
regard to orders and tonnage, but the majority want 
business, but, even so, are firmly adhering to quoted 
prices, preferring to take the risk of stoppages rather 
than break the minimum. The tonnage scarcity is, 
however,, reflected in the volume of shipments for the 
past week, which amounted to only 404,360 tons, or 
6,000 tons less than in the preceding six days, despite 
the fact that exports to France were raised by 16,000 tons 
to 124,330 tons, probably as a result of the strike of 
Rhine bargemen stimulating the demand from that 
direction. That the stabilisation scheme of the coal- 
owners has not been without some influence is testified 
by the fact that the average f.o.b. price, realised for coal 
shipped from South Wales in April, was raised by 44d. 
per ton to 17s. 64d., which represents the first advance 
in monthly average prices since October. 


Iron and Steel.—The strike of tinplate workers at the 
Gorseinon works of the Gravesend Company continues. 
Conditions in the tinplate industry are, however, mote 
active, and there is a growing scarcity of heavy scrap. 
Exports in the past week totalled 26,488 tons, compared 
with 18,157 tons in the previous week. Shipments of 
tinplates and terne-plates were raised from 7,404 tons 
to 12,147 tons, and of other iron and steel goods from 
3,768 tons to 9,596 tons, but those of black plates and 
sheets were lowered from 3,107 tons to 3,101 tons, and 
of galvanised sheets from 3,879 tons to 1,645 tons. 








Use or ELectriciry IN AGRICULTURE, RussIAa.— 
The benefits resulting from the application of electricity 
to agriculture, as a means of both stimulating the pro- 
duction and relieving the farmer of a large proportion 
of laborious work, are being taken more and more 
advantage of in countries abroad. A recent issue of the 
Bank for Russian Trade Review states that the Central 
Electrical Department of the Soviet Union is actively 
engaged in developments of the kind in that country. 
During the year 1926-27 eighteen electric stations, out 
of an estimated total of twenty-one planned, were 
constructed in various villages, at a cost of about 
44 million roubles, which, taking the rate of exchange 
as 9-46, is equivalent to about 480,000/. ; seven of these 
stations were hydro-electric plants with an output of 
3,200 kw. The cost of the construction was borne 
partly by the Budget, from which the sum of 3 million 
roubles, or about 317,000/., was taken, while the remain- 
der was raised locally. The plans for 1927—28 include 
the erection of 127 stations, at a cost of 224 million 
roubles, which are to have a total output capacity of 
20,000 kw., most of which will be distributed to small 
enterprises engaged in the working up of agricultural 
produce. 
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THE TRENTON CHANNEL STATION, DETROIT, MICHIGAN, U.S.A. 


(For Description, see Page 603.) 
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TEMPERATURE FLUCTUATIONS IN | 
THE GROUND. | 


OBSERVATIONS of the daily temperature fluctuations 
in the atmosphere and in the ground have been taken 
at Bartlesville, Oklahoma, on behalf of the State of 
Oklahoma and the U.S. Bureau of Mines, according to 
Investigation Report, Serial 2857, by E. L. Rawlins 
and T. W. Johnson, for a period of twelve months, | 
in order to arrive at some conclusion as to the econo- 
mic depth at which pipe lines for natural gas should 
be buried. Measurements were made by means of 
recording mercury-bulb thermometers, exposed in 
louvre huts, or buried in the ground, and in direct 
contact with the earth, at depths of 1 ft., 2 ft., 3 ft., 
and 4 ft. Maximum and minimum records were | 
obtained. The daily atmospheric fluctuations averaged | 
20 deg. F., but reached 40 deg. in some instances. | 
The maximum and minimum temperatures recorded | 
during the year happened to be 100 deg. and 0 deg. F., | 
and the fluctuations were sometimes very rapid ; on | 
September 23, 1926, the thermometer rose to 95 deg., | 
but on the following day reached only 48 deg. | 
These rapid fluctuations were very greatly reduced | 
underground, even at a depth of 1 ft.; there, the daily | 
variation never exceeded 3 deg. or 4 deg., and the | 
maximum variation in the course of the year amounted 
only to 52 deg. At a depth of 2 ft., the latter figure | 
was 40 deg., and, at depths of 3 ft. and 4 ft., to} 
34 deg. and 22 deg., while the daily fluctuations | 
hardly exceeded 1 deg. The average temperatures at 
the four depths of 1 ft., 2 ft., 3 ft., and 4 ft., for the | 
fortnight May 12 to May 26, were 60 deg., 62 deg., | 
65 deg., and 66 deg., rerpectively., and the minimum | 
temperature to which a pipe was likely to be exposed | 
in the course of a year at those depths was 36 deg., | 
39 deg., 48 deg., and 54 deg. The observations con- | 
firm the opinion that deep burying of the pipes is | 
not necessary. ‘As the expense of deep trenching is | 
heavy, it does not appear advisable to lay the pipes | 
at depths much greater than | ft., as had formerly | 
been thought to be necessary. The present investiga- | 
tions extend the work previously done, to which we | 
have referred on other occasions. Further observations | 
are, however, desirable, especially on the influence of | 
long-continued hard frost. There was no such frost | 
in the year in question, June, 1926, to June, 1927, 
although frosty spells are not exceptional in the locality. | 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 





the fact that the above is our SOLE ADDRESS, 
that no connection exists between th 
Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIC \ * ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 

“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 


free, at the following rates, for twelve months, payable 
in advance :— 








For the United Kingdom ....................... £3 5 0 
For Canada— 
Thin paper copies .................000+ £2 18 6 
Thick paper copies......................+: £3 3 0 
For all other places abroad— 
Thin paper copies ....................0+ £3 3 0 
Thick paper copies....................0:+ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 











The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained, 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


Avs RATIA : Gordon and Gotch, Limited, Melbourne ; Sydney : 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide; South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

( ANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

EDINBURGH ; John Menzies and Company, Limited, Rose-street. 

I} ANCE, Paris : Ricour, Chevillet et Cie, 22, Rue de la Banque. 
For advertisements, Office de Publications Commerciales, 
167, Rue Montmartre, Paris (2e). 

(rh RMANY ; Hermann H. Fromm, Liitzowstrasse, 84, Berlin, 


Oo. 














GLASGOW: William Love, 221, Argyle-street. 
Company, Limited, West Nile-street. 

INDIA, Caleutta : Thacker, Spink and Company. 

Bombay : Thacker and Company, Limited. 

IraLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
and any post office. 

‘APAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, Limited, 143, Deansgate. 

New ZEALAND: Gordon and Gotch, Limited, Welli 

» i : ington 
Auckland and Christchurch. sai 

Norway, Oslo: Cammermeyer’s Boghandel, Carl Johans Gade 
$1 and 43. , 

ROTTERDAM: H. A. Kramer and Son, Limited. 

Sol ™ AFRICA: Central News Agency, Limited. Head Office— 
Johannesburg ,; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

\SMANIA: Gordon and Gotch, Limited, Launceston, Hobart. 

NITED STATES; For subscriptions, New York: John Wiley 
and Sons, 440, Fourth-avenue. For advertisements, 
J. 8. Allan, 30, Church-street, New York. 
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CHARING CROSS BRIDGE. 


IN many quarters it has become the fashion to 
assert that time is being seriously wasted in coming 
to a decision about the reconstruction of Waterloo 
Bridge and the building of Charing Cross Bridge. 
The present rate of increase of street traffic in 
London certainly makes it desirable that unneces- 
sary delay should not be allowed to occur, but it 
would be difficult to think of any other question 
on which a hasty and ill-considered decision would be 
less undesirable, and it is wise in every way that 
work of such importance, both practically and 
esthetically, should be discussed from every pos- 
sible angle before irrevocable decisions are made. 
No better illustration of the unwisdom of haste in 
the matter could be furnished than has been given 
by Lord Lee of Fareham in connection with the 
Ministry of Transport Report on the Proposed 
Bridge at Charing Cross,* which has been prepared 
by Messrs. Mott, Hay and Anderson and Sir George 
Humphreys. One of the main features of this report 
is a recommendation, or rather suggestion, that in 
connection with the scheme the Charing Cross 
railway station of the Southern Railway should be 
removed and a new station erected: in its stead on 
the south side of the river, allowing a more satis- 
factory station to be built and eliminating the 
necessity for a two-storey bridge such as was recom- 
mended by the Royal Commission on Cross-River 
Traffic in London. In a letter in The Times of 
May 12, Lord Lee states that this solution is the one 
which the Royal Commission, over which he presided, 
‘“‘ very much preferred,”’ and that they put forward 
their, evidently admittedly, less satisfactory scheme 
because “‘ urgency was the essence of the problem.” 








* H.M. Stationery Office, 1928. [Price 6d. net.] 








It would not be easy to imagine a more unsatis- 
factory reason for an important commission recom- 
mending a scheme which, in their opinion, was not 
the best. The instance once again illustrates the 
disadvantage of lay committees dealing with 
technical matters. As usual, extraneous con- 
siderations were allowed to influence a decision 
which should have been made wholly in terms of the 
essential factors of the problem being dealt with. 
The Royal Commission on Cross-River Traffic were 
certainly asked to report as soon as possible, but 
they were not asked to suggest a second-best scheme 
which could be carried out more quickly than the 
best. ‘If urgency is the essence of the problem and 
is to take precedence of other considerations, 
there are firms in the country that would be 
prepared to build a plate or lattice-girder bridge 
across the Thames in the neighbourhood of Charing 
Cross in a couple of years. The idea that “‘ urgency 
was the essence of the problem’ was imported 
into the question by the Royal Commission them- 
selves, simply as a result of uninstructed newspaper 
and Parliamentary talk. 

Not content with fathering a second-best scheme, 
Lord Lee now permits himself to be sarcastic at the 
expense of the engineers who have compiled the 
Ministry of Transport Report. He refers to their 
“eighteen months of leisurely cogitation,” and in 
quoting the phrase from the report that there are 
“no insuperable engineering problems involved ” 
in carrying out the Royal Commission’s recom- 
mendation of a _ two-storey bridge, appears to 
imagine that this body had worked out a practicable 
scheme which could have been put in hand imme- 
diately the commission had reported. The north 
end of the proposed bridge would have to stand over 
ground which is occupied by the Metropolitan 
District Railway Station, below which lie two 
tube stations with their connecting tubes both 
under the river and on the land side, one of which 
runs the full length of Villiers-street above which the 
proposed new Charing Cross station and the bridge 
approach would be. The construction of heavy 
engineering works on a site of this kind, without 
endangering existing works, is no doubt a simple 
matter for a Royal Commission. All that it is 
presumably necessary to do is to rule a few red- 
ink lines on an existing map. The engineers 
who have been investigating the matter, and 
have reported that the Royal Commission’s scheme 
is practicable, have however, been concerned 
with something other than amorphous generalities. 
They have carried out a close and detailed investiga- 
tion of the engineering features and possibilities 
of the scheme and are clearly prepared to explain 
in detail how the Royal Commission’s scheme could 
be carried out, if it were decided to adopt it. In 
view of the fact that they have prepared detailed 
drawings and got out quantities, not only for the 
difficult foundation work of the north end of the 
bridge, but for the whole scheme, their “ eighteen 
months of leisurely cogitation ’’ must have involved 
close and continuous application. They may, in fact, 
be congratulated on the very short time they have 
taken in the preparation of their important report. 

The Royal Commission scheme, in broad lines, 
proposed a double-deck bridge with six railway 
tracks on to lower level and a 60-ft. roadway with 
two 15-ft. footways above. This was to be built 
alongside, and down-stream of, the present railway 
bridge. At the same time, a new station was to be 
built alongside the present station on a site which 
is now covered by Villiers-street and its buildings. 
The approach to the new bridge would pass over 
this new station and, crossing the Strand by a 
viaduct, would pass behind St, Martin’s Church and 
reach ground level in the vicinity of the Cavell 
statue. The bridge approach, on the south side of 
the river, would pass by Waterloo station at plat- 
form level and opposite the main entrance. The 
approach would make connection with two new 
75-ft. inclined roadways, or viaducts, leading to 
Blackfriars-road and Westminster Bridge-road. 

In its descent from St. Martin’s-place to the 
bridge, the approach on the north side would have 
a gradient of 1 in 50. . This gradient it is proposed 
to carry to a point on the bridge situated at about 
a third of its length across the river. The railway on 
the lower deck would, however, be level throughout. 








610 








This seems a very objectionable feature; as 
the report says, “The bridge could be built in 
this manner, but its appearance as a whole would 
be adversely affected.” It is possible that this 
feature might be eliminated by some alterations to 
the levels, but apparently any lowering of the level 
of the approach would introduce new difficulties. 
As the scheme stands, the report points out that 
the proposed new station under the approach would 
not have the 28-ft. headway above rail level for 
the whole length of the station which is one of the 
*‘ reasonable requirements of the railway company.” 
The platforms would also “not be long enough to 
meet the requirements of a modern railway ter- 
minus, such as in fact exists at Charing Cross to-day.” 
A further point in connection with the scheme is 
that, on the south side of the river, the proposed 
roadway would follow the same line as the existing 
Waterloo-road, but at a higher level, transforming 
part of that road into a tunnel some 900 ft. long. 

The Ministry of Transport Report suggests some 
modifications in the Royal Commission scheme, 
chief of which is the bifurcation of the approach to 
the bridge, one of the arms leading to the Cavell 
statue as before, and the other giving direct access 
to the Strand. With this arrangement, the roadway 
would not pass over the new Charing Cross station, 
which could consequently be built with adequate 
head room. The platforms could also be extended 
in length. A valuable feature of this suggested 
modification is that, in addition to the bridge 
approach, a new street is proposed leading from the 
Cavell statue to the Strand, behind St. Martin’s 
Church. This would relieve St. Martin’s-place, 
through the narrow neck of which, between the 
National Gallery and St. Martin’s Church, all traffic 
moving towards Whitehall and Northumberland 
Avenue from this area has, at present, to pass. On 
the south side of the river an additional spur road 
from the bridge to Waterloo-road is proposed. 
This would give access to the lower street levels 
north-east of Waterloo station, which, on the Royal 
Commission scheme, could only be reached by making 
a long detour via Blackfriars-road. The tunnel in 
Waterloo-road would also be eliminated. 

In addition to this suggested modification, the 
report puts forward an _ entirely new scheme, 
to which we have already referred, involving 
the transference of Charing Cross Station to the 
south side of the river. The proposal appears to be 
a great improvement on the Royal Commission 
scheme, and, as Lord Lee states that it is the solution 
that the Royal Commission would have preferred, 
one may assume that it is likely to be generally 
welcomed. The approaches to this pure road 
bridge would follow generally the suggested modifi- 
cations to the approaches to the double-deck 
bridge, and we need not refer to them in detail again. 
Small differences would necessarily arise owing to 
the position of the new Charing Cross Station, the 
entrance to which would face the entrance to 
Waterloo Station, but, in general, the approaches 
would be as we have just described. 

The greatest departure from the Royal Commis- 
sion’s scheme naturally lies in the substitution 
of a single storey for a two-storey bridge. The 
compilers of the report have given considerable 
attention to the question of the general appearance 
of the Commission’s proposed road and railway 
bridge, and they state that the parapet of the road- 
way would necessarily be at a level some 10 ft. above 
the girders of the present railway bridge. It is, 
in general, the business of architects and engineers to 
design satisfactory structures to meet the conditions 
imposed by the particular problem with which they 
are concerned, and not to attempt to modify the 
conditions to suit their design, and from this point 
of view, we would not like to think that this country 
is so deficient in inventive and artistic sense that a 
dignified and satisfactory design for this two-storey 
bridge could not be produced. At the same time, 
independent of detail treatment, such a bridge would 
necessarily tuke the form of an enormous structure, 
placed at what, from an esthetic point of view, 
is a vital situation on the river, and one is not merely 
playing for safety in preferring a single-stage road 
bridge which would have a height more consonant 
with other existing road bridges. The present 
railway bridge has been much criticised, not only 
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for the actual details of its construction, but also 
for its mere mass and height in reference to its 
position on the river. If it were replaced by a 
necessarily heavier looking structure 10 ft. higher, 
it is hardly likely that the effect would be generally 
satisfactory. For this reason alone the recommen- 
dation of a road bridge only should, and probably 
will, receive general support. 

Clearly the vital consideration on which the new 
proposal turns is that of the removal of Charing 
Cross terminus to the other side of the river. This 
has many times been suggested and naturally must 
have been considered by the Royal Commission. 
Apparently, however, this Commission thought the 
Southern Railway might raise difficulties, and so 
failed to recommend what they considered was the 
best scheme. This, none the less, did not prevent 
them from putting forward a scheme which did not 
comply ‘‘ with the reasonable requirements of the 
Railway Company.” The engineers who prepared 
the Ministry of Transport Report had the assistance 
of the late Chief Engineer of the Southern Railway 
Company, Mr. A. W. Szlumper, but this fact is not 
to be taken to imply that the railway company 
are in favour of the transference of the terminus 
to the south side of the river. Mr. Slzumper did 
not feel himself in a position to discuss the principle 
of the question on their behalf. In the past, 
proposals have been put forward to extend Charing 
Cross Station laterally, and powers for such work 
have been obtained, but have been allowed to lapse. 
This condition suggests that the company are 
likely, sooner or later, to desire to extend this 
station. The Royal Commission scheme, if carried 
out, would, however, make this practically impossible, 
and the opportunity of constructing a modern and 
greatly enlarged station on a new site would appear 
to be a valuable feature of the suggestion from the 
railway company’s point of view. 

A final aspect of the matter, which is perhaps 
likely to receive more than its share of public atten- 
tion, is the inconvenience which the transference 
of the station would cause to a proportion of those 
who at present use it. Objection to the imposition 
of this inconvenience need not necessarily be 
factitious, but it is difficult to agree that a valuable 
public improvement of this kind should give way 
to the convenience of what must be a comparatively 
small number of people. There are few large 
office buildings in the immediate neighbourhood 
of Charing Cross, few large shops, and no great 
industrial activity. It seems probable that a 
fair proportion of those who use Charing Cross 
as a suburban terminus must already reach it by 
omnibus or tube railway, and in their case no 
inconvenience can arise from the fact that their 
point of disembarkation has been moved to a new 
position at no great distance away from the old. 
To the passengers who utilise the South Coast 
services which are worked from Charing Cross, and 
who will, presumably, usually arrive at the station 
with luggage, the transference of the station would be 
of no importance. 








AND HER ECONOMIC 
PROBLEMS. 


METHODICAL efforts to re-establish the financial 
position of Belgium have been so successful that, 
within fourteen months of the stabilisation of the 
currency, the exchange was such that specie had 
begun to be shipped from the United States. It is 
true that circumstances were very fortuitous in the 
early period of stabilisation, for Britain had her coal 
stoppage, and the rise of the franc in France and the 
lira in Italy also led to the opening of unforeseen 
markets for the products of Belgian industry. For 
a time anxiety was felt about the future, when 
economic forces would have free play, but close 
co-operation between all classes of capital and labour 
made the passage through the period following 
stabilisation practically free from trouble, and has 
placed Belgium in a healthy state on the way to 
prosperity in the coming years. That, in brief, is 
the simple story of a great national effort; the 
signs of future reward for its making are everywhere 
apparent. 

From a “ Report on the Economic Situation in 
Belgium,” prepared by Mr. J. Picton Bagge for the 
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Department of Overseas Trade and recently pub- 
lished by H.M. Stationery Office at a price of 45. net, 
much can be learned of these efforts and their 
immediate and future effects. The policy which 
Belgium followed to regain her full prosperity 
deserves close attention. Foreign floating debt 
was almost completely wiped out and the internal 
floating debt was greatly reduced. Reductions in 
taxation followed, assisting the industries in their 
efforts to re-establish themselves in the world’s 
markets. Confidence now existed at home and 
abroad in the ability of Belgium to recover, and half 
the battle was won. Hard work in the factories was 
essential to complete victory, and that was forth- 
coming. Again, the Government had a service to 
perform to assist industry and especially the export 
trade. In recognition of these duties to the nation 
a Public Works Committee was established to study 
transport problems, by rail, road or canal, and to 
ensure the co-operative working of the electricity 


supply organisations to enable cheap power to be 


obtainable for the works. Individual action has 
resulted in the establishment of cartels and amal- 
gamations, with the reduction of costs of production, 
and the Government has shown its appreciation of 
this phase of activity by granting great reductions 
in Government charges and stamp duties where 
company amalgamations were effected. At the 
time that industrial combinations were in process 
of formation, similar movements took place in the 
trading community, and particularly in the case of 
the export merchants. All this energetic application 
has found its reward, and, for the year 1927, the 
value of exports had reached 91-2 per cent. of that 
of the imports. In the year 1913, the figure was 
but 73-6 per cent., and continued progress over 
the 83-8 per cent. of 1926 is also apparent. 

Labour troubles, natural consequences of a period 
in which stabilisation is being effected, have not 
been entirely absent in Belgium, but the shortness 
of their duration and their ease of settlement gave 
ample testimony of the understanding of the true 
position by the work people, evidence of the 
appreciation of the facts being further emphasised 
by the maintenance of the high standard of 
individual output characteristic of the period before 
the European War. 

The movement of trade with foreign countries 
showed an increase in the value of imports for the 
first nine months of 1927, as compared with the 
similar period of the previous year, of 5,076 million 
francs, while the export figures showed an improve- 
ment in the same period of 5,872 million francs. 
British trade was hampered by high prices and, 
although some improvement has been made in 
particular markets, the total amount of business 
generally has not changed from last year. Actually, 
British participation in the market amounts to the 
supply of 11-6 per cent. of the value of the imports 
and the purchase of 19 per cent. of the exports. 

The Belgian coal industry suffered a serious 
set-back in 1927, for immediately the British coal 
stoppage was ended, British coal became available 
in the market, prices fell rapidly, and the entire 
position, as compared with the previous year, was 
changed. Industrial coal production from the old 
Belgian mines is much reduced, and consequently 
British and German coal is imported even into the 
heart of the coal-mining districts. This may be 
changed in the future, as the activities at the new 
Limburg mines increase. Already these mines are 
producing about 2,500,000 tons of coal per annum. 
As in some other countries, the production of domes- 
tic coal exceeds the demand, due to the extensive 
use of gas and electricity. The surplus has to be 
marketed outside the country, particularly 1 
France and Switzerland. An increase in the use 
of coal-cutting machinery is being made in the hope 
of cheapening production. In spite of the unfavour- 
able position of the iron and steel trades in 1927, as 
compared with the previous year, the average 
monthly output has been increased, and, although 
the market was very quiet at the end of the yo, 
prices were unchanged and the outlook was “ee 
satisfactory. Collective organisations in the iron ane 
steel trades, replacing the old individualistic —_ 
were formed in great numbers during the year 1927. 
The principal combinations, apart from the inter- 
national steel cartel, which made no alteration 12 
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the tonnage programme during the year, were 
concerned with wire ropes, semi-manufactured 
steel product and girders, bolts and nuts, construc- 
tional engineering, pig iron, steel tubes and the nail- 
making and wire-drawing industries. Railway and 
tramway rolling-stock were exported to an extent 
exactly double that of 1926 during the period under 
review. The principal purchasers were Greece, 
Brazil, and the Argentine. Wagons were also in 
demand, Brazil and Spain being the chief sources 
of orders. The machine-tool market is one in which 
Britain has but a small share, one seemingly out 
of all proportion to the merits of the products. 
Actually, Belgium exports to us twice the value of 
machine tools that we supply to her. Germany 
is the largest supplier of machine tools that are 
imported into Belgium, probably the result of the 
extensive publicity indulged in by the German 
producers, including the great display at the Fair at 
Leipzig. Great Britain supplies practically the entire 
outside demand for tin plate. The United Kingdom 
takes a large proportion of the sheet-iron exports, 
as well as the cold-drawn iron and steel wire and 
rods. The demand for motor cars and vehicles 
shows an increase, but British participation in the 
market is small, indeed, at the last Belgian motor 
show, in December last, no British cars at all were 
exhibited. The British trade in motor cycles and 
pedal machines shows a marked reduction. 

Great activity has taken place in the development 
of the chemical industries started since the European 
War. Synthetic ammonia was produced in four 
factories, while no less than sixty works were devoted 
to the distillation of coal. Half the consumption 
of the country of calcium carbide is now produced 
in a newly-established home factory. A rapid 
development is being made in the use of electricity, 
both for light and power. The network throughout 
the various provinces is being rapidly extended 
and active propaganda is leading to a great increase 
in demand. A Government Committee has recom- 
mended the formation of a co-operative association 
of producers and the replacement of the many small 
stations by five super-stations, in order that full 
advantage may be obtained from economical 
generation and distribution. An important step has 
already been made by the formation of a joint 
board of twelve of the largest producers. 

Great extensions are in progress at the Port of 
Antwerp, which, it is anticipated, will be completed 
by the end of the year. New dry docks are under 
construction, and the unloading and loading equip- 
ment is being added to on a large scale. 








THE CHEMICAL INDUSTRY 
CONFERENCE. 


THE annual meeting of the Society of Chemical 
Industry is to take place this year in America, 
but the Chemical Engineering Group of the Society 
held its annual conference, with the co-operation of 
the Institution of Chemical Engineers, in this country 
over the last week-end, from May11to15. Theformal 
business was transacted on Friday, May 11, at the 
Society’s office, Central House, Finsbury-square, 
E.C.2. The President of the Society, Mr. Francis 
H. Carr, delivered his address on “Some Chemical 
Engineering Aspects of the Fine Chemical Industry,” 
after the dinner in the evening of the same day, held 
at the Gobelins Restaurant, Heddon-street, Regent- 
street, W. The whole of Saturday was devoted to a 
visit to the Rothamsted Experimental Station. 
Papers were read in the Hallof the Institution of Civil 
Engineers on Monday and Tuesday. In taking 
the chair at the morning session of Monday, Sir 
Hugo Hirst, Bart., expressed regret that Sir Arthur 
Duckham, author of the first paper on the agenda, 
was prevented by illness from attending. 


Tue Furt Inpustrigs AND THE WoRK OF THE 
CHEMICAL ENGINEER. 


Reading the paper on Sir Arthur’s behalf, Mr. 
E. W. Smith said that Sir Arthur would describe a 
chemical engineer as a man, firstly having sufficient 
knowledge to appreciate the trend and results of 
chemical research and to use such knowledge, and 
secondiy having sufficient engineering training and 
Practical experience to devise and to operate 
Plant with which to obtain the desired results. 


In process development and operation, practical 
experience was of far more vital importance than 
straightforward chemistry or engineering. Reactions 
continually arose, and stresses and changes in 
physical properties occurred, which were unfore- 
seen in textbooks and laboratories. Each process 
should be dissected step by step, and yields, 
losses and costs in material and labour should be 
made clear; it would then become possible to 
apply new methods and even to develop funda- 
mental changes superseding accepted practice. 
The sooner the chemical engineer in embryo was 
put into touch with actual experience, the better ; 
universities should be encouraged to undertake 
work for industrial concerns, and producers should 
put their problems to the universities and should 
welcome students to their works at all times. 

The subject being so wide, Sir Arthur touched 
chiefly upon the getting and raising of coal and its 
preparation for the market, carbonisation of coal, 
preparation of oil from coal, manufacture of pig iron 
and of steel up to the billet form, the use of coal 
for the production of industrial heat and power and 
for the generation of electricity, and the heating 
of kilns and furnaces. In all these problems 
the specialised knowledge of the chemical engineer 
was needed. The urgent problems comprised the 
preparation of satisfactory refractory materials, with 
good patching and jointing cements to meet all 
reasonable temperature conditions, methods for 
rendering sulphate effluent innoxious or preventing 
its formation, a simple method of liquid purification 
of gases from sulphur, the manufacture of a dense, 
ash-free smokeless, readily ignitable fuel, and the 
preparation of a metal which would stand working 
temperatures of 750 deg. C. for 1,000 days. Taking 
the country as a whole, from 30 per cent. to 50 per 
cent. of the fuel burnt in kilns and furnaces could 
be saved. The proper use of low-grade fuel was 
of the utmost importance for this country. An 
immense amount of work had been done by Bergius 
and others in that line, but much more remained to 
be done. 


CuemicaL Stupy or Low-TEMPERATURE Tar. 


In the second paper, Professor G. T. Morgan, 
F.R.S., reviewed the work done under his direc- 
tion since the beginning of 1926 at the Chemical 
Research Laboratory, Teddington. They had 
started, he stated, with two chemists, but now 
had five, with a workshop in which a good 
deal of the plant, which he described with the aid 
of slides, had been constructed. They worked in 
collaboration with the Fuel Research Board, which 
supplied them with their raw material, viz., tars 
obtained in vertical retorts heated up to 625 deg. C. 
from Dalton Main coal and from Kinneil coal, in 
quantities of 20 gallons. Their object being to in- 
crease the knowledge of the original constituents of 
low-temperature tar, some of which underwent dis- 
tinctive changes on heating, they separated the 
tar constituents by solvents at temperatures not 
exceeding 125 deg. C. The solvents used were 
ether, petroleum (light oils), acetone, chloroform, 
carbon disulphide (which had proved very useful), 
&e., and they had evolved several simple and 
relatively inexpensive methods of working, applying 
vacuum distillation, in some cases at pressures of 
small fractions of a millimetre, and at temperature as 
low as — 22 deg. C., or even -82 deg. C., for the 
solidification of certain waxes. After removal 
of the acidic and basic constituents of the tar by 
means of caustic soda land sulphuric acid, the 
treatment left only 5-4 per cent. of various 
amorphous solids, whilst ordinary fractionation, 
at ordinary pressure, yielded 31 per cent. of pitch. 
The still used in the first instance had a capacity 
of 16 gallons. The use of light petroleum increased 
the solubility of waxes and decreased that of higher 
aromatic compounds, whilst acetone had the 
opposite properties ; this was one of the main 
distinctive reactions they relied upon. 

Of the products obtained, the neutral oils, which 
were subsequently fractionated in steps of 30 deg., 
were mostly unsaturateds, useful as fuels, anti- 
detonators and lubricants, though probably not of 
special merit in the}latter respects. One of the 
waxes had been found by Dr. D. A. Owen to 





contain hydrocarbons with 26 to 29 carbon atoms, 





and one of these hydrocarbons with 26 carbon 
atoms had been synthetised by Dr. Morgan from 
its ketone. These experiments had been criticised 
as wasteful research, but the meeting warmly en- 
dorsed Dr. Morgan’s plea for research apart from 
purely utilitarian questions. Of the higher aro 
matics, now making up 1-2 per cent. of the whole, 
anthracene itself had not yet been identified with 
certainty as an original constituent of the tar, but 
several of its quinone derivatives were present in 
the tar. Pyridine also had not yet been found, 
but picoline, lutidine, &c., were original constituents. 
The amorphous bases had been separated into 
volatile amines and resinamines. The separation 
of the true crystallisable phenols from their soluble 
compounds (phenates and amorphous resinoles) 
had so far required the aid of chloroform, but they 
had effected the separation by the combined action of 
caustic soda and brine. The true phenols, con- 
densed with formaldehyde, were the raw materials 
of Bakelite; the resinoles and resinamines were 
varnishes and lacquers and, mixed with sawdust, 
gave useful substitutes for Bakelite which could 
be moulded and turned in the lathe. Only the 
phenols were germicides, however, and not the 
resinoles. Concluding, Professor Morgan said that 
their work of two years was, of course, incomplete. 
The many specimens he exhibited, and the simplified 
methods he described, certainly testified to its 
importance. 
WatTER PURIFICATION. 


In opening the afternoon session, Lord Des- 
borough remarked that the first paper, dealing 
chiefly with Thames water, was of particular 
interest to him, as Chairman of the Thames Con- 
servancy Board. Sixty per cent. of the drinking 
water for the seven million people of London 
was drawn from the Thames, which, until 1866, 
had been as dirty as most other rivers. Then 
Acts were passed to keep rubbish and impurities 
out of the river, and the Conservancy jurisdic- 
tion had been extended finally, in 1924, partly by 
his own exertions, over the whole basin of the 
Thames and its tributaries, an area of 8,612 square 
miles. It was now illegal to put anything obnoxious 
into any ditch communicating with the river. The 
whole basin was divided, for inspection, into seven 
districts, and if warnings failed, legal proceedings 
were taken ; fortunately that was very rarely neces- 
sary, as they had no really bad effluents from 
works. But the increasing demand for water became 
very difficult to meet; they might have to fall 
back on other rivers which, not having been guarded 
like the Thames, would be troublesome to deal 
with. 

Sir Alexander Houston, K.B.E., Director of 
Water Examination under the Metropolitan Water 
Board, then read his paper on Water Purification, 
in which he dealt primarily with the Metropolitan 
water supply. They had altogether 49 storage 
reservoirs, with a capacity of 20,000 million gallons ; 
92 service reservoirs, with a capacity of 321,000,000 
gallons ; and 178 filter beds (mostly slow sand filters) 
covering 176 acres. Their 271 pumping engines 
aggregated 47,251 h.p., and their water mains had a 
length of 6,770 miles; the average daily supply was 
260,000,000 gallons (36 gallons per head). Fifty- 
eight per cent. of this water came from the Thames, 
25 per cent. from the River Lea and New River, 
and 17 per cent. from deep wells. The sand-filter 
area was nearly equal to the area of Greenwich 
Park, and the water in store would suffice to give 
one gallon of water per day per head for ten days 
for the whole world. London’s water supply was the 
greatest in the world, and the improvements in the 
water effected since 1900 were remarkable. Typhoid 
had steadily declined since then. This, however, 
was not all due to the water purification, but 
the bacillus coli was reduced from 1,000 colonies 
per 100 c.c. in the raw water to 1 or less in the 
filtered water. 

The increased purity was due to better service, 
storage (which purified by sedimentation), equalisa- 
tion (intermixing of waters of different purity) and 
de-vitalisation. ‘The Queen Mary Reservoir (which 
held 6,750 million gallons of water, and was described 
in ENGINEERING, vol. cxix, pages 593, 627, 690 and 
772) looked like an inland sea. Storage basins, 
however, had their disadvantages. Large fish were 








the gulls had become a source of embarrassment, as 
they were spreading typhoid, and the development 
of algal and other growths, harmless in themselves, 
interfered with filtration, and gave the water an 
unpleasant appearance or taste. The taste could be 
suppressed by permanganate (2 to 4 lb. per million 
gallons), and the growths could be inhibited or 
destroyed by copper sulphate in innocuous doses of 
one part in 4,000,000. The first filter bed, con- 
structed in Chelsea in 1829, had been the pattern 
for all the world. Most of the filtering was through 
fine sand, at the slow rate of less than 2 gallons per 
sq. ft. per hour. In the new works at Walton (see 
ENGINEERING, vol. cxxii, pages 9 and 40), which were 
the most up to date, the filtration was on a double 
system, first through very rapid filters at the rate 
of 120 gallons per square foot per hour, to remove 
suspended matter and growths, and then through 
secondary sand filters at 5 gallons. The phenomenal 
capacity of these combined filters was 445 millions 
per acre between successive cleanings of the secon- 
dary beds, but the bacterial purification was not 
quite so good as at the slower rate. 

That drawback, however, was overcome by 
chlorination, which Sir Alexander had introduced 
at Lincoln in 1905, using hypochlorites. Quite a 
number of methods had been tried with success, 
before or after filtration : chlorine alone ; ammonia 
and then addition of chlorine to the whole water to 
be treated ; addition of ammonia and chlorine to 
part of the water, which was then mixed with the 
bulk ; chlorine and permanganate ; ammonia, then 
chlorine, then permanganate; super-chlorination 
and then de-chlorination. Where it was essential 
to soften the water, as well as to purify it, the 
excess lime method had, perhaps, no equal. A little 
more lime was added than the saturation of the 
bicarbonates required, and the microbes were thus 
killed. The water was then carbonated, and 
filtered at a very rapid rate. This method had 
proved remarkably successful at Langford, near 
Malden, where both the ammoniacal and_ the 
albuminoid nitrogen had been halved, the oxidisable 
matter reduced by 68 per cent., and over 99 per 
cent. of the bacteria had been killed. 


PoLLUTION OF TrmpAL AND Non-Tmat RIvErs. 


Mr. J. H. Coste, chief chemist to the London 
County Council, dealt in the first section of this paper, 
also read on Monday afternoon, with the general 
features of river pollution, and then, at considerable 
length, with the surveys, undertaken in this country 
on behalf of the Ministries of Agriculture and 
Fisheries, mainly for the preservation of fish life. In 
the early days, he pointed out, people had believed 
too much in the power of running water to carry 
away obnoxious garbage. On the other hand, monks 
had petitioned the king in the thirteenth century for 
protection from the stench rising from the Thames. 
Mr. Coste had quite recently heard minor explosions 
due to the escape of gas bubbles from river mud 
near London. A river formed with the air above it 
and the soil, a heterogeneous system ; the soil became 
impregnated with the products of surface drainage 
which filtrated into the river and liberated there, 
in the absence of sufficient oxygen for oxidation, 
marsh gas, hydrogen sulphide and hydrogen, whilst 
the air pressure forced oxygen into the water. The 
solubility of oxygen in water was very small and 
reached its maximum soon after noon, having its 
minimum in the early morning, whilst the solubility 
of nitrogen had the opposite characteristics. The 
rate of gas absorption by water was very slow, but 
was much influenced by photo-synthesis and by 
temperature. Mr. Cosce showed, by curves, the solu- 
bility of these gases in distilled and in saline water (in 
which they were less soluble). Some fish, like trout, 
were sensitive both to an excess and a deficiency of 
oxygen, whilst crayfish could exist on a very small 
oxygen allowance. Road-tar waters were also 
poisonous to fish. As regards the effluents which 
might be discharged into rivers, two kinds of 
standards had been proposed: the admissible 
strength of impurities might be settled generally, 
or be fixed for a particular river. Every river 
differed from others, and the tidal phenomena 
complicated the problems more than might be anti- 
cipated from the simple alternation of the tides. 
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Richmond, for instance, had three hours’ flood tide 
and 10 hours’ ebb tide; the flood tide reversed the 
ordinary direction of flow and carried sewage, dis- 
charged below the town, up-stream, but it also 
stirred up the water and mud and assisted purifica- 
tion. People should be interested in keeping the 
rivers pure, and appeals should be made to works 
managers, whose difficulties were great. The legal 
remedy was always in reserve, when all other means 
of action failed. 


(To be continued.) 








NOTES. 
THE STEEL AND PowER SHOW, TORONTO. 


THE second Steel and Power Show, held in Canada, 
will take place in Toronto in September. It may 
be remembered that we gave some account of the 
first show held last year. which proved a very 
satisfactory and encouraging function. The show 
this year will be held, as last year, in the University 
Arena, and the present prospects are that the 
event will be even more successful than its 
predecessor. As last year’s was a first effort, it 
is natural that various directions have been found 
in which improvement was possible. The Committee 
of Management is anxious to do all it can to ensure 
the utmost utility of the exhibition from the 
technical point of view. An independent corpora- 
tion has been formed to manage and organise it, 
having for members various engineering bodies 
and associations independent of trade influence. 
The actual date of the exhibition this year will be 
September 4 to 7. It is now certain that the 
number of exhibitors will exceed that of the last 
show, while the attendance is sure to be improved, 
since the last, being the first to be organised, hardly 
became known to some before it closed. Even so, 
the attendance registered 6,200 persons directly 
interested in the branches of engineering repre- 
sented, either as consumers, factors or manufac- 
turers. The general public was not encouraged to 
attend, and from first to last the Show was, as it 
was intended to be, a practical demonstration for 
technical men. The Committee of Management is 
anxious to encourage exhibiting by British firms. 
A few were represented last year, and this year 
have increased their space, as, in fact, has been the 
case in many other instances, some having doubled 
and even trebled it. Mr. Campbell Bradshaw, 
executive editor of the Engineering Times, of 
Toronto, is again acting as manager, and British 
firms desirous of obtaining further particulars 
should write to him at 24, Front-street, W., Toronto, 
Ont., Canada. We may remind our readers that 
a technical convention is held concurrently with the 
show, and this of itself attracts a number of engi- 
neers, and adds considerably to the value likely to 
accrue to exhibitors. The atmosphere, in fact, is 
one of “shop” from start to finish, which, after all, 
is what it should be both from the exhibitor’s and 
the visitor’s point of view. 


Puysics In ASTRONOMY. 

Reviewing the part played by physics in the 
development of astronomy in his presidential 
address to the Institute of Physics, delivered 
at 1, Lowther-gardens, S.W.7, on May 15, the 
Astronomer Royal, Sir Frank Dyson, said that, 
fifty years ago, physical astronomy, dealing with the 
movement of the planets and gravitational problems, 
and now called dynamical astronomy, had been 
distinguished from the geometrical astronomy of the 
positions of heavenly bodies. As soon as instru- 
ments were used, of course, physics entered into 
geometrical astronomy. The problems had _ first 
been mechanical, relating to exact quadrant divi- 
sions, precise pivots, &c.; astronomers might still 
be in error to the extent of 0-20 second of arc (one 
part in a million), in drawing the celestial equator. 
Clock pendulums had been made with mercury 
bobs and with a compensation steel rod in a zinc 
tube, instead of compensation grids, before Invar 
and constant-temperature rooms, barometer (mer- 
curial and aneroid) pendulums, and, finally, air- 
tight clock cases had been adopted. Independence 
of the movements of the pendulum and clock had 
been secured by separating the master clock from 
the slave clock. Yet the best Greenwich time- 
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keeper increased its losing rate by 0-011 second per 
day per month, equivalent to a lengthening of the 
rod by 1 micronin 110days. As regards distribution 
of time, the Greenwich time ball, of the beginning 
of the last century, had been dropped by hand, but 
clocks had been regulated at certain places before 
that date by taking to them a chronometer from the 
private observatory of George III at Kew. The 
railways had adopted Greenwich time, and the 
confusion with local time increased until Greenwich 
time was made legal for Great Britain in 1880, 
By 1852, a time ball was dropped in the Strand by a 
signal from an electric clock at Greenwich, and 
telegraphic time distribution became general 
when the General Post Office took over the telegraph 
service in 1870. A radiotelegraphic time signal was 
sent out at noon from Washington in 1905; Green- 
wich received French and German radio time 
signals from 1912, but did not send any before 
1924. At present an observer could determine 
stellar time within a few hundredths of a second 
by working a couple of hours, but a level error of 
0-02 second would amount to 0-14 second at the end 
of a cloudy week, and the Greenwich time, now 
transmitted from Rugby, might be in error by nearly 
that amount after a long spell of cloudy weather. 
The increasing size of telescopes and long photo- 
graphic exposures had made very heavy demands on 
engineering skill in the construction of balancing and 
driving mechanisms. In spectroscopy, astronomy 
and physics were so closely linked that Sir Frank 
rather deprecated the term astrophysicist. Un- 
fortunately, the astronomer could not use the pump 
of the physical laboratory to eliminate the very 
troublesome influences of the atmosphere, or light 
absorption, refraction and dispersion. Outlining 
the manifold services which physics had rendered to 
the astronomer, Sir Frank dwelt on the determina- 
tion of the solar constant, the energy received from 
the sun per minute per square centimetre of surface 
exposed, this being important for estimating the 
temperature of the outer layer of the sun. Abbot's 
value for that constant, 1-94 calories, was to be 
checked by continuous observations on a mountain, 
selected on account of its particularly favourable 
position. The results must agree with other esti- 
mates of the solar temperature, which is of the 
order of 6,000 deg. C. We referred to the work at 
Greenwich on stellar temperatures on page 509 of 
our issue of October 21, 1927. 








THE LATE SIR GEORGE BUCKHAM. 


Tue death of Sir George Thomas Buckham, 
which took place, suddenly, on Wednesday, May 9, 
at the age of 65, deprives the engineering industry 
of an ingenious designer, a keen business man, and a 
lovable personality. He held a pre-eminent place 
in his own particular sphere of activities, and has 
been described as the greatest gunnery expert in 
the British Isles. 

In placing on record the work of eminent men, 
whose deaths it is our painful duty to record from 
time to time, we are, in the majority of cases, 
assisted either by their own writings or by accounts 
of their activities that have been prepared by other 
hands. In other words, what they have done has 
been, more or less, adequately recorded, and it 1s 
only left for the biographer to weld the available 
information together in such a way that it may 
indicate clearly his subject’s contributions to 
engineering and thus illuminate his character. 
In the case of Sir George Buckham this is extremely 
difficult, so far as the first of these tasks is con- 
cerned. The reason will clearly appear from the 
following biographical statement : ms 

George Buckham was born at Newcastle-on- r'yne 
on August 24, 1863, and received his early education 
at the Elswick Schools in that city. In 1879, he 
entered the Elswick Works of Sir W. G. Armstrong, 
Mitchell and Company, and when that firm became 
Sir W. G. Armstrong, Whitworth and Company, 
Limited, in 1884, he continued in their service as 
a draughtsman, at the same time taking a full 
course of technical education in the Elswick 
Mechanics Institute from 1879 to 1889. In 15¥o, 
he left Newcastle to become chief of the designing 
staff in the Ordnance Department of Messrs. Vickers, 
Sons and Maxim, and, at the time of his death, was 
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chief ordnance designer and deputy chairman of 
the Sheffield Board of Messrs. Vickers-Armstrongs, 
Limited. 

Throughout his life, Sir George was therefore 
engaged in that very specialised branch of engineer- 
ing, which has to do with ordnance, and it is for 
that reason that it is out of the question to indicate 
in detail the contributions which he made to 
our knowledge of that subject, valuable and far- 
reaching though those contributions undoubtedly 
were. For it is axiomatic that secrecy must always 
hedge about the doings of ordnance engineers. 
Their work is bound up with the foreign military 
and naval policies, not only of their own, but of 
other countries, and, while human nature remains 
what it is, a veil must therefore be drawn over 
their successes as well as over their failures, until 
any knowledge that may be disclosed has ceased 
to be other than of historical importance. Thus, 
although we may freely write about the armament 
that helped Nelson to win Trafalgar, reticence is 
rightly imposed on anyone who wishes to publish 
details of the much more complicated weapons with 
which Jutland was fought, or Ypres retained in 
British hands. 

From our present point of view this is a pity, 
but it must not be allowed to detract from the 
importance of the work done in this branch 
of engineering since 1880, or prevent us from 
paying a tribute to the ingenuity and persistence 
displayed in making it a success. For the 
years during which Sir George Buckham was con- 
nected with the design of British ordnance may 
be not incorrectly termed the period of modern 
development in ordnance, a development which 
reached its zenith, both on sea and land, during the 
Great War. When he first joined Armstrongs, 
England was the only country that still adhered 
to the muzzle-loading system, though this shortly 
afterwards ceased to be true, owing to the invention 
of slow-burning powder and the consequent neces- 
sity of using longer guns. About the same time, 
the Woolwich built-up type of gun was aban- 
doned, and it was decided to use steel throughout. 
These guns were of Vavasseur’s design, and were 
made in sizes as large as 16} in. calibre and 110} 
tons weight. At the end of the ’eighties, however, 
sizes were again reduced, and the 12-in. gun became 
the standard until 1910. During the ‘eighties, 
armour was generally superior to the guns, but 
between 1900 and 1904 the penetrative power of the 
12-in. gun was increased by about 25 per cent., 
partly owing to higher velocities and partly due to 
improvements in projectiles. These alterations 
were assisted by the introduction of cordite. 

The change from the 12-in. to the 13}-in. gun, 
which took place in the British Navy about 1910, was 
necessitated by the demand for increased ranges, in 
conjunction with armour-piercing and shell effect. 
In turn, the introduction of the 134-in. 45-calibre, 
76-ton gun allowed projectiles carrying a relatively 
greater bursting charge than was possible in the 
12-in. gun to be used without any reduction in 
perforating capacity. Moreover, by increasing the 
calibre and the weight of the projectile, erosion could 
be much reduced, because the necessary striking 
energy could be obtained with a smaller muzzle 
velocity, and thus the life of the gun could be leng- 
thened. In 1913 there was a further advance to the 
15-in., 45-calibre, 96-ton gun. This fired a pro- 
Jectile weighing 1,950 1b., with a muzzle velocity of 
2,500 ft. per second, the bursting charge of these 
projectiles being nearly 50 per cent. greater than 
that in the 13-5-in. gun. During the war, an 
18-in. sun was used on the monitors employed for 
coastal attack. At 45-deg. elevation, this gun had 
a range of more than 25 miles, and when fired with 
a velocity equivalent to a range of 14 miles, pierced 
a hard-faced plate of almost calibre thickness. The 
changes thus briefly indicated were consequent on 
i policy of requiring that battle- 
- ould carry a numerous battery of guns 

at were capable of perforating heavy armour 
amt bursting in the vitals of the ship, and their 
Successful culmination was largely due to the work 
of Sir George Buckham. : 

— — same period, equally interesting 
—— *s took place in the design of field and garrison 
ery, with the result that, while the essential 





quality of stability was carefully preserved, the 
effective range and power were greatly augmented. 
In the case of the 12-pounder used before the war, 
for instance, the energy was more than double, 
and the weight less, compared with the pattern 
employed at the time Sir George Buckham began 
his career. Similar improvements might also be 
noted in the design of howitzers and mortars, while 
the problem of dealing with aircraft had been tackled, 
though, as war-time experiences showed, not 
altogether successfully solved. 

The main difficulty of the ordnance engineeer, 
as of the strategist, is, of course, that he is only 
able at intervals to test his ideas under ‘* working 
conditions.” When such a test is possible, and this 
will occur, we are glad to think, at increasingly 
infrequent intervals, changes and modifications are 
found to be necessary. The truth of this statement 
was amply proved during the Great War, when the 
ordnance itself was altered out of all knowledge. 
To make such changes under the extreme stress 
of war-time conditions not only necessitated a 
profound knowledge of the theory and practice of 
the subject, but a personality that was able to 
provide sufficient driving force to bring them about 
without undue strain on the available resources. 














THE LATE SiR GEORGE BuCcKHAM. 


The country was therefore fortunate in having 
in Sir George Buckham a man possessing these 
qualities, combined with considerable business 
acumen, during this difficult period. Since the 
war, even more profound changes in the fundamen- 
tal ideas of ordnance have become evident. The 
introduction and perfection of tanks, for instance, 
marks a great step towards the mechanisation of the 
army. With this step Sir George was also closely 
associated. 

The progress in ordnance design and performance, 
which has been so briefly indicated in the foregoing 
paragraphs, was only rendered possible by the 
application of much specialised mathematical and 
engineering knowledge, by close attention to detail, 
by research, and by making use of the lessons 
taught both by failures and by successes. To make 
the best use of the knowledge thus acquired, and to 
organise it efficiently and to good purpose, requires 
talents of no mean order, and those talents, the 
results show, Sir George Buckham possessed in an 
outstanding degree. Though what he did cannot 
be written, it can at least be remembered. 

Since the war, Sir George has been associated 
with the River Don Works, Sheffield, of Messrs. 
Vickers, Limited, and has been prominently 
identified with the industrial life of the city, being 
a member of the Cutler’s Company, of the Council 
of the Sheffield Chamber of Commerce, and of the 
Sheffield District Committee of the Federation of 
British Industries. He was recently made a 
Justice of the Peace for the City of Sheffield. He 
was much in sympathy with all efforts to increase 
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co-operation and develop peace in industry, and as 
recently as the Saturday before his death, at the 
annual dinner of Vickers No. 1 Branch of the 
Iron and Steel Trades Confederation, he declared : 
‘**We must play together as well as work together ; 
if we do this we shall reach the goal we are striving 
for, the industrial peace, which means happiness 
for every one of us.” 

Sir George was naturally the recipient of many 
honours. In 1917, a knighthood was conferred 
upon him as a well-merited reward ‘for his services, 
and he held a number of foreign orders. He was 
elected a member of the Institution of Mechanical 
Engineers in 1901. He was also a prominent 
Freemason, and a Past Provincial Grand Warden 
of Kent. 





THE CHEMICAL PROPERTIES OF 
CRYSTALS. 


THE eighteenth annual May lecture of the Insti- 
tute of Metals was delivered at the Institution of 
Mechanical Engineers, Storey’s-gate, Westminster, 
London, S.W.1, on May 8 last, by Professor C. H. 
Desch, F.R.S. The chair was taken by the Presi- 
dent of the Institute, Dr. W. Rosenhain, F.R.S., 
and the subject of the lecture was, “‘ The Chemical 
Properties of Crystals.” Professor Desch stated 
that the whole tendency of modern physics and 
chemistry was to dwell more and more on the 
atomic structure of matter. On the modern view 
of the atom, as a positively-charged nucleus sur- 
rounded by electrons, in number equal to the atomic 
number of the element, and moving in orbits the 
shape and dimensions of which varied according to 
|laws which were now well established, it was the 
;outer electrons which determined the chemical 
| properties. The most stable arrangement was that 
of an inert gas, such as neon or argon, and elements 
which could, by giving up one or more electrons, 
assume that arrangement were electro-positive, or 
metallic, whilst those which could more easily 
reach the stable configuration by accepting 
electrons from elsewhere were electro-negative and 
non-metallic. The number of electrons which 
could be gained or lost determined the valency. 
In most elements, the valency electrons belonged 
only to the outermost group, but in the transitional 
elements, chromium, manganese, iron, cobalt, nickel, 
&c., some of them might be drawn from the next 
lower group. The Bohr atom accounted in an 
admirable manner for most of the facts of chemical 
valency summed up in the periodic table. 

Atoms might be linked together by means of 
electrons in three different ways. The simplest was 
the transfer of electrons from one atom to another, 
in the formation of electrolytes. A sodium atom 
gave up one electron to a chlorine atom, so that 
both assumed an outer structure like that of an 
inert gas, and a molecule of sodium chloride was 
formed. On the other hand, a pair of electrons 
might be shared by two atoms, that is, they might 
take up new orbits which enclosed both nuclei. 
This was the usual manner of formation of organic 
compounds, but it was also characteristic of many 
inorganic compounds, such as solid carbon dioxide 
or beryllium oxide. Each of the atoms concerned 
contributed one electron of the pair. If both 
electrons of the pair were contributed by one of 
the atoms only, a condition was obtained which 
Dr. Sidgwick had shown to correspond with what 
were known as co-ordinated compounds, of which 
the cobalt-ammonia compounds were the most 
familiar. 

Professor Desch next considered a crystal the 
atoms in which are held together by forces of attrac- 
tion, giving the crystal its cohesion and its resistance 
to tension and shear. At the same time, he said, 
there must exist forces of repulsion, so that the 
atoms maintained a certain mean distance from one 
another at a given temperature, and offered a re- 
sistance to uniform compression. The simplest 
type of crystal was represented by rock-salt. 
Every sodium atom had lost an electron, and every 
chlorine-atom had gained one, so that the crystal 
was not built up of atoms in their normal state, 
but of ions. The two kinds of atoms formed two 
interpenetrating lattices of the face-centred cubic 
type, every sodium ion being equally related ‘to 
six chlorine ions, and every chlorine ion equally 
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related to six sodium ions. There were no mole- 
cules, and the structure was one of great sim- 
plicity and high symmetry. Any plane parallel 
with the face of the cube was occupied by alterna- 
tive positive and negative ions, and this condition 
being the most amenable to mathematical treat- 
ment, crystals of this kind had usually been chosen 
for theoretical discussion. There were many ways 
of calculating the intrinsic strength of such a crystal, 
and the deviations found in practice (the observed 
strength being, in general, far less than the theo- 
retical) had been the object of many researches, the 
results of which might be found in the recent 
Faraday Society Symposium on Cohesion. 

Turning to the action of a chemical reagent, such 
as an acid, on a crystal of a pure metal, the lecturer 
said that instead of producing a smooth surface, the 
action of the acid roughened the exterior. Under 
sufficiently high magnifications, ‘‘ etch-figures,”’ 
which evidently bore some relation to the internal 
structure of the metal, were revealed. Iron, for 
example, gave a particularly clear pattern of 
cubes, while bismuth gave definite triangles. The 
problem of the nature of etching figures was a 
baffling one. It was easy to understand that, in so 
regular a structure as a space lattice, the reagent 
could penetrate in some directions more readily 
than in others, and, if this were all, the explanation 
would not be so difficult. It was, however, remark- 
able that quite different etching patterns might be 
obtained by changing the nature, concentration, or 
temperature of the etching reagent. The most 
striking illustrations of this had been obtained by 
Hausser and Scholz, of Messrs. Siemens, of Berlin, 
with their large single crystals of copper. Large 
spheres, carefully machined from single crystals 
obtained by the slow freezing of molten copper, were 
etched in such a way as to reveal their crystalline 
orientation. Whilst the outline of the cube faces 
was brought out strongly by etching with nitric 
acid containing a little dissolved silver and washing 
off the silver which was deposited, alternate immer- 
sions in ammonia and hydrogen peroxide brought 
out the faces of the rhombic dodecahedron. By 
varying the conditions of etching, combinations of 
the cube, octahedron, and dodecahedron might be 
developed, with indications of other faces. No 
explanation of these remarkable effects could be 
offered at present, but it was understood that the 
subject was being pursued in the Siemens laboratory. 
The process of attack on a crystal, whether in the 
form of simple solution, as in the action of water 
on rock-salt, or of chemical action, such as that of 
nitric acid on copper, was in effect the reversal of 
growth, a problem dealt with by Sir Henry Miers 
in his May lecture last year. 

Leaving the exterior of the crystal, the arrange- 
ment of the atoms in the interior, when they were 
of more than one kind, as in solid solutions and 
in intermetallic compounds, were next considered. 
The effect of foreign atoms in solution in distorting 
the space lattice, and thereby hindering slip, and so 
increasing the hardness, had been dealt with very 
fully by recent writers. Foreign atoms might enter 
into a solid solution in more than one way. They 
might replace the atoms of the original metal one 
by one, causing comparatively little change in the 
lattice. This was most likely to occur when the 
two kinds of atoms were similar in chemical 
character, and also in volume, as in the pair gold 
and silver, which could form a continuous series of 
solid solutions, the space lattice changing its 
dimensions to a small extent without any profound 
alteration in its character. Another type of solid 
solution was that in which relatively small atoms 
were packed into the interstices of the lattice, 
without very greatly a!tering its dimensions. This 
was supposed to be the case in austenite in steels, 
the carbon atoms being packed into the y-iron 
lattice without causing much expansion, and without 
altering its symmetry. 

When metallic atoms were associated in the form 
of a solid solution, it might be supposed that the 
constitution was essentially the same as that of a 
pure metal, metallic ions and free electrons forming 
a stable system with metallic conductivity, but 
without the properties of an electrolyte. The more 
closely similar the metals were, the less would the 
properties of the solution diverge from those of a 


single metal, As the properties became more 
dissimilar, chemical affinities became more impor- 
tant until a succession of intermediate stages were 
passed through, leading on to such compounds as 
the metallic sulphides, which had ionic lattices and 
yet retained certain characteristics of the metallic 
state, such as electrical conductivity. 

Of the existence of true compounds between 
metals there was an abundance of evidence. When 
it was found that two metals, such as sodium and 
mercury, united to form Hg, Na, which had a 
melting-point 262 deg. above that of sodium, there 
could be no doubt of the existence of true chemical 
combination. Moreover, several compounds, such 
as Hg,Na and Cu,Sb, undoubtedly continued to 
exist in the liquid state, the conductivity and other 
physical properties of the molten alloys changing 
abruptly at the composition corresponding with 
those formule. As yet, X-ray evidence had not 
shown the presence of distinct molecules in alloys 
containing even well-defined intermetallic com- 
pounds, and so far it might be said that the 
compounds were built up of ions rather. than of 
atoms united by covalent links, but it would 
be well not to dogmatise on this point. In all 
probability there were gradations between true 
compounds and solid solutions. 

The chemical properties of a compound or a solid 
solution would depend to a large extent on the 
closeness of packing. Although close packing was 
most familiar to metallurgists through recent work 
on metals, it was by no means invariable in crystals, 
and a special interest attached to substances which 
were known to have comparatively open packing. 
Reagents could penetrate into an open-packed 
lattice with ease. An excellent example was that 
of graphite. To sum up: the chemical properties 
of crystals were, like their cohesion and their 
electrical conductivity, intimately bound up with 
the character of their space lattice. Since, more- 
over, it was the outer or valency electrons which 
were concerned in chemical reactions, the behaviour 
of the atom in the solid state was likely to be 
profoundly modified by its geometrical relations to 
its neighbours, on account of the deformation of 
the electron orbits.. Looseness of packing was an 
important modifying factor, and it might be easier 
to follow chemical processes in solids by observa- 
tions on crystals having a more or less open struc- 
ture, proceeding from them to the more perfect 
metallic and ionised types. The Bohr conception 
of the atom and the perfected X-ray technique 
which was now coming into use, were the two means 
by which a solution might be reached of problems 
which had a high interest in practical as well as 
in theoretical metallurgy. 








125-TON FLOATING CRANE FOR SouTH WALES PorTs,— 
Che Chief Docks Manager of the Great Western Railway 
informs us that a 125-ton floating crane, which will be 
available for use at any of the South Wales ports, has 
recently been put into service. The crane has a lifting 
capacity, with two tackles, of 125 tons, at a distance of 
from 25 ft. to 30 ft. from the fore side of the pontoon. 
A third tackle of 10 tons capacity, at a distance of about 
10 ft. from the centre of the main lift, is also provided. The 
main lift blocks are located at a height of about 80 ft. 
above the deck of the pontoon, which has a length of 
83 ft., a breadth of 47 ft., and adepth of 9ft. Prior to the 
purchase of this floating crane, lifts at the South Wales 
ports were restricted to 70 tons. 





ReEIpD’s CoLLiery GuipE.—Messrs. Andrew Reid and 
Company, Limited, Strawberry House, Leazes Park-road, 
Newcastle-upon-Tyne, have recently issued a new edition, 
for 1928, of their Handy Colliery Guide, for Northum- 
berland, Durham, Yorkshire, Cumberland and Westmor- 
land. The work is very similar to its predecessors, but 
the information which it-contains has, of course, been 
thoroughly revised, and changes have been made where 
necessary. All collieries, owners, agents, managers and 
| engineers, etc., have been carefully listed, together with 
| their addresses, according to the various districts, while 
| further sections give the associations and institutions 
connected with the coal trade in these particular districts, 
H.M. Divisional Inspectors of Mines, ete. A consider- 
able portion of the book is devoted to various Acts 
of Parliament dealing with the industry generally, 
such as the Coal Mines Act of 1911, with its amendments, 
the Coal Mines Regulation Act of 1887, the Coal Mines 
(Check Weigher) Act of 1894, the Coal Mines (Minimum 
Wage) Act of 1912, ete. Tables of useful data and 
miscellaneous information are included, and, as before, 
two useful maps are given, one of the Northumberland 
and Durham district and the other covering the York- 
shire area, on which are clearly marked all the principal 
collieries, coke ovens, railways, seaports, etc. The book 
is published in handy pocket form, and is priced 3s. 6d. 











LETTERS TO THE EDITOR. 


MEASURING MOMENTS OF INERTIA 
OF HEAVY ROTORS. 


To THE EDITOR OF ENGINEERING. 


Srr,—The writer was greatly interested by Dr. Wall’s 
article in ENGINEERING, February 24, 1928, page 213, 
and having himself had some experience in this direc. 
tion, feels that a further note may be of some general 
interest. 

Following Dr. Wall’s example, two broad divisions 
will be recognised: (1) Methods of oscillation: and 
(2) Running-down methods. The methods of oscilla- 
tion by bi-filar or uni-filar suspension suffer from the 
practical disadvantage of being, from the works point 
of view, extremely awkward to rig up, particularly 
in the electrical industry where costs are of prime 
importance. This is quite a serious objection. By 
adopting a tri-filar suspension, however, an extremely 
convenient method presents itself. 

Suppose a heavy circular steel plate to be suspended 
by three ropes or steel-wires at equidistant points on 
the periphery. If the plate or table be given a small 
angular displacement, it will oscillate with a period of, 
say, T, seconds. If a rotor, the moment of inertia of 
which is required, is placed on the table with its axis 
coinciding with that of the table, the period of oscil- 
lation will be lengthened by an amount corresponding 
to the increase in moment of inertia. The complete 
theory of the process will probably be found in any 
of the standard text books, but may briefly be given 
thus :— 

If a couple be applied producing an angular displace- 
ment 6, then this applied couple varies as the mass of 
the table x 0. 

Let the moment of inertia of the table be I. 

Then I, @ = — K M, 4, where K is a suitable constant, 

and M, is the mass of the table. 


The periodic time 
T) =27 Ip : 
K M, 
If a rotor of unknown moment of inertia I, is placed 
on the table, then 








(Ip + 1,)¢ = —K (M, +M,) 4, 
where M, is the mass of the rotor, hence 
T, =2"7 oth , 
K (My + M)) 


It follows then that 











Roy Ty (Mo + My) 
T, (Io + T)) Mo’ 
shene T)\? (My + M,) 
whence (q, +. 1) (=) ~ i 
and a z) iz) # 
t= % (pm) (1+ 5g) — 


Since mass occurs merely as a ratio, the weights of 
the rotor and of the table may be used, and the unknown 
moment I, will be given in the same units as I,. The 
periodic times should be determined with some accuracy, 
since the ratio is squared, and care should also be taken 
to place the rotor as nearly as possible in the centre 
of the table. 

The following run-down method has been deve- 
loped with special reference to the Lawaczeck-Heymann 
dynamic balancing machine. With this apparatus, 
the rotor is mounted in self-aligning bal! bearings, and 
is capable of being driven by a separate direct-coupled 
motor, which can be quickly engaged and disengaged by 
means of a magnetic clutch. 

Suppose the rotor to be run up to speed, and the 
actual number of revolutions 7, executed by it to be 
counted as it runs from a speed corresponding to an 
angular velocity w, down to rest. 

From the ordinary relations :— 

$1, 02 = T, x 
where I, is the moment of inertia and T, the frictional 
torque of the bearings, windage, &c. — 

If now, the rotor is again run up, but is left connected 
to the driving motor, the rotor of which has a known 
moment of inertia I,, a greater number of revolutions 
n, will be made in running from the predetermined 
speed corresponding to w,, down to rest. 

Or $ (1, + Ip) ow)? = Ty X Mp» 
where T, is the slightly increased torque due to the 
motor friction. 


Hence I, + 1p _ To % 
J, T) % 
ee. ae I 
citi Tym ; 
; 1 
T; % 


he ee 


foe Ot bent Bate 


Il’s 
13, 


ral 


‘is 


=o SS oy 











May 18, 1928.] 





ENGINEERING. 





THE ROYAL TWEED BRIDGE, BERWICK. 


CONSTRUCTED TO THE DESIGNS OF MESSRS. L. G. MOUCHEL AND PARTNERS, LIMITED, WESTMINSTER. 














For general purposes, the ratio of the torque 7 can 

be taken as unity, in which case :— : 
™m 

NM — 2 

This method can be applied on the test bed by 
observing the number of revolutions executed in 
running to rest from a fixed speed for the motor with 
bare shaft, and also when fitted with a pulley or coup- 
ling the moment of inertia of which is known. 
_ While the two methods described cannot compare 
in point of absolute accuracy with those given by 
Dr. Walls, they are nevertheless sufficiently accurate 
for general problems of acceleration, and are essentially 
practical and speedy. 





IL-l, 


Yours faithfully, 
= H. W. Ritcute. 
17, Stevenson Drive, Shawlands, May 1, 1928. 








PUBLIC APPOINTMENTS AND 
TRAVELLING EXPENSES. 
To THE Eprror or ENGINEERING. 

Sir,—May I be permitted, as a young and aspiring 
engineer, to make public a grievance I have in connec- 
tion with Government appointments. I have been 
invited on several occasions to travel a distance of 
over 400 miles, to attend interviews in connection with 
appointments in Government Departments, each 
invitation being accompanied by the information that 
no travelling expenses would be allowed. I fear 
that those responsible for this condition of affairs 
can have little knowledge of the strain imposed on a 
young engineer’s finances by comparatively large 
outlays in railway fares, and feel sure that this example 
of State economy, at least, does not meet with general 
approval. 

Yours faithfully, 
: “* BATCHELOR.” 
Glasgow, May 12, 1928. 








Rehan OF THE §.S. ‘‘ British Arpour.’’—There 
bs successfully launched from the Jarrow shipyard of 
os. Palmers Shipbuilding and Iron Company, 
British 7 on May 4, the single-screw oil-tank steamer 
Te “ Ardour, which is being completed for the British 
er Company, Limited. She is designed to carr 

out 10,000 tons deadweight, and is to be fitted wit 
quadruple-expansion engines. 





THE ROYAL TWEED BRIDGE, 
BERWICK. 


THE new reinforced-concrete road bridge across the 
River Tweed at Berwick was officially opened on Wed- 
nesday last by H.R.H. the Prince of Wales and will be 
known as the Royal Tweed Bridge. Full particulars 
of the bridge will be found on page 527 of our issue of 
May 4 last, but we may mention that it comprises an 
approach 192 ft. in length, at the southern end, four 
arch spans of 167 ft., 248 ft., 265 ft., and 361 ft. 6 in., 
length, respectively, and an approach viaduct at the 
northern end, 144 ft. 6 in long. In his speech at the 
opening ceremony, His Royal Highness said that the 
361 ft. 6 in. arch span constituted a record and was 
a “feather in the cap” of British engineers. The 
completed structure is shown in the photograph repro- 
duced on this page, with the old bridge, which has 
fifteen arches, in the foreground. This old bridge has 
been in service since the reign of James I, but, like 
many other historic structures, had become inadequate 
for the requirements of modern road transport. It is, 
however, to be left in position and will doubtless carry 
some part of the cross-river traffic for many years 
to come. Perhaps, from its proximity to the new 
structure, it may serve another useful purpose in 
enabling travellers across the Border to see the progress 
made in bridge engineering during the course of four 
centuries. 








THE COMMERCIAL AND Economic CONDITIONS IN 
LirHvuania.—A report on the Commercial and Economic 
Conditions in Lithuania, March, 1928, by His Majesty’s 
Consul at Kovno, is now obtainable, at the price of 
94d., post free, from His Majesty’s Stationery Office, 
at the following addresses: Adastral House, Kingsway, 
London, W.C.2; York-street, Manchester; 1, St. 
George’s-crescent, Cardiff; and 120, George-street, Edin- 
burgh. The report has been issued by the Department 
of Overseas Trade as one of the regular series. 





British Propuction oF Pia IRon AND STEEL.— 
According to the monthly report of the National Federa- 
tion of Iron and Steel Manufacturers, Caxton House 
(East), Tothill-street, Westminster, S.W.1, the number 
of blast-furnaces in operation at the end of April was 
149, a net decrease of 1 since the beginning of the month. 
The production of pig-iron, during April, amounted to 
555,000 tons, compared with 592,000 tons during March, 
and 680,000 tons during April, 1927. The output of 
steel ingots and castings, during April, amounted to 
644,100 tons, as against 793,300 tons during March and 
850,100 tons during April, 1917. 





NationaL AcADEMY oF ScrENcES, U.S.A.—We have 
been informed that Sir Robert Hadfield, Bart., has 
been elected a foreign associate of the National Academy 
of Sciences, Washington, D.C., U.S.A. The National 
Academy of Sciences has 225 living members, all of whom 
are distinguished in some department of science. The 
Academy is in many ways the equivalent, in the United 
States, of the Royal Society. 

CoNSTRUCTIONAL WORK IN CHILE.—Memoranda giving 
particulars of the proposed programme of public works 
in connection with railway construction, port construction, 
and building construction in Chile, for execution during 
the years 1928 to 1933, have been received from the 
commercial secretary at Santiago. Firms in a position 
to offer British materials likely to be required can 
obtain further particulars on application to the 
Department of Overseas Trade, 35, Old Queen-street, 
London, S.W.1. Reference No. A.X. 6270 should be 
quoted. 





THe British AssocraTion.—This year’s meeting 
of the British Association will be held from Wednesday, 
September 5, to Wednesday, September 12, under the 
presidency of Sir William Bragg, in Glasgow, which has 
entertained the Association four times previously, in the 
years 1840, 1855, 1876, and 1901. The President will 
deliver his address on the first Wednesday evening in St. 
Andrews’ Hall, Charing Cross, his subject being ‘‘ Modern 
Developments of the Physical Sciences and their Relation 
to National Problems.’’ The evening discourses, by 
Professor E. A. Westermarck, on the Study of Popular 
Sayings, and by Professor F. G. Donnan, on the Mystery 
of Life, will be given in the Royal Technical College Hall, 
George-street. All the other meetings and sectional 
transactions will take place in the University, the Bute 
Hall of which will be the reception room, an arrange- 
ment which will be much appreciated by members. 
The presidents and recorders of the three sections, 
with which we usually deal more particularly, are: 
Section G, Engineering, Sir William Ellis and Professor 
F. C. Lea, Sheffield University ; Section A, Mathematical 
and Physical Sciences, Professor A. W. Porter and Pro- 
fessor A. M. Tyndall, Bristol University; Section B, 
Chemistry, Professor E. C. C. Baly and Professor C. 8. 
Gibson, Guy’s Hospital Medical School, London. In- 
quiries as to papers should be addressed to the recorders 
of the sections, and general inquiries with regard to the 
meeting to the secretary, The British Association, Burling- 
ton House, Piccadilly, London, W.1. Information about 
accommodation and excursions can be obtained from the 
local hon. secretaries, 30, George-square, Glasgow. 
Sir William Ellis will deliver his presidential address to 
the Engineering Section, on the Influence of Engineering 
on Civilisation, at 10 a.m., on Friday, September 7. The 
preliminary programme, recently issued, gives an outline 
of the agenda. 
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LABOUR NOTES. 


A NoTE in the May issue of the Amalgamated Engi- 
neering Union’s Monthly Journal, states that, although 
benefits amounting to 563,842/. were paid to members 
in 1927, there was a substantial increase of the funds. 
Contributions were better to the extent of 30,0131. 
than in the previous year. There was a gain in the 
general fund of 67,467/., and one in the Superannuation 
Reserve Fund of 26,742/., the General Fund now stand- 
ing at 246,531/. and the Superannuation Reserve 
Fund at 1,556,035. ‘It is not possible at this date,” 
the writer of the note goes on to say, “to state what 
is the union’s financial position at the end of the 
first quarter of this year, viz., March 31. We are, 
however, hopeful that a further increase in the union’s 
funds will be recorded. So far as the numerical 
position is concerned, it is, indeed, very gratifying to 
report that during the months of February, March and 
April there has been a net increase in our membership 
of 2,104. The foregoing, together with the increase 
recently made in payment of Donation benefit, will, 
we are confident, act as an impetus to officers and 
members alike to maintain the efforts that are being 
put forth to ensure the future success of the A.E.U.” 


Under an agreement dated February 2, 1921, 
between the Miners’ Federation of Great Britain and 
the Amalgamated Engineering Union, the Union, 
while reserving the rights of its members employed in 
or about collieries as a first consideration, gives the 
Federation control in all industrial questions. The 
Union continues to be responsible for all benefits to 
its members. In addition, it undertakes to pay to 
the district association of the Federation for organisa- 
tion and management expenses at the rate of ls. per 
month per member employed, and the Federation 
undertakes in consideration of such payment to include 
all Amalgamated Engineering Union members in its 
applications for improvement of wages, working 
conditions, &c., put forward by itself, its district 
associations or its branches. On March 20, 1925, 
this amendment was added :—** A member or members 
of the Amalgamated Engineering Union, having a 
grievance with his or their employers at a colliery, in 
respect of wages or conditions of employment, may, 
subject to the colliery lodge officials being notified, 
and the case laid before the lodge, invite a repre- 
sentative of his own or‘their own trade union to assist 
him or them in the presentation of the case.’ The 
further clause has now been added :—*‘ In the event 
of a question affecting a member, or members, of the 
Amalgamated Engineering Union not being settled 
with the management, a representative of the union 
named may also attend, in an advisory capacity, a 
meeting with the Coalowners’ Association.” 


According to the latest official report of the United 
Pattern Makers’ Association, the number of unemployed 
members decreased in April from 703 to 646. The total 
membership is returned as 11,052. Mr. Findlay, the 
General Secretary, intimates that the Executive Council 
have decided, at the request of the Clyde District 
Committee, to invite the various District Committees 
to suggest amendments, &c., to the national agreement 
with the engineering employers covering payment by 
results and overtime. Branches aftiliated to District 
Committees are instructed to forward their suggestions 
to these Committees, which may find it convenient, it is 
suggested, to have the whole question of the agreement 
thrashed out in detail. ‘“ Done in this way,” Mr. 
Findlay says, *‘any proposal for amendment would 
come with added weight before E.C.” 

The National Light Casting Lronfounders’ Federa- 
tion has given notice to the unions, of which the employ- 
ees of its firms are members, that it intends to reduce 
the wages of all classes of workers as from June 4. 
The notice contemplates a reduction of 10s. per week 
from the money bonus of all pieceworkers 21 years of 
age and over, with a proportionate reduction from that 
of pieceworkers under 21 years of age, and, in the case of 
rain-water goods moulders, an additional reduction of 
the existing percentage bonuses of 22$ per cent. and 
17} per cent. to 10 per cent. in both classes. A reduc- 
tion of 10 per cent. in the a!l-in wage is proposed in the 
case of all time workers, except labourers, and a flat 
reduction of 2s. 6d. per week in the bonus of all 
labourers. ‘“‘It will be noted,” the employers’ secre- 
tary states, “that this intimation of reduction repre- 
sents a departure from previous intimations of a like 
nature in respect that it is put forward on a differential 
basis. This has been induced by two main considera- 
tions, the first being that the two classes in respect of 
which we are making the extended application have 
been most severely hit by both home and foreign 
competition, and the second being that we wished to 
grade the reductions in proportion to the capacity of 
the men to bear them.” 





ENGINEERING. 

At meetings of the National Committee of the 
Amalgamated Engineering Union, which are to begin 
on Tuesday next at Southport, several interesting 
resolutions are to be discussed. Two deal with the 
question of peace in industry. In one, the National 
Committee is invited to regard “ with great concern 
the negotiations now proceeding between repsesen- 
tatives of the T.U.C. and Sir A. Mond and his col- 
leagues, and in view of the danger of such a precedent ”” 
to declare that “it is definitely opposed in principle 
to all discussions aimed at effecting a compromise 
with our political and industrial opponents.” The 
other resolution on the subject is as follows :—‘‘ That 
this National Committee, taking into account the 
circumstances, approves of the T.U.C. acceptance of 
the proposals of groups of employers for an industrial 
conference as being consistent with existing practice 
regarding individual industries and industrial councils, 
and as being indicative of the recognition and growth 
of a sense of collective responsibility in respect of the 
essential industries of the country enabling our side to 
advocate, among others, the principle that the con- 
ference implies that the workmen concerned are 
members of their respective organisations.” 


Clause ‘“‘j” of the Overtime and Nightshift Agree- 
ment seems to be assured of discussion on proposals 
which have been sent in by four Divisions. This clause 
fixes the maximum overtime a man may be required to 
work in any four weeks, and also describes the cireum- 
stances in which no restrictions at all are to apply. 
A year or so ago, the Union. in effect, challenged the 
employers’ interpretation of it, and a prolonged, 
disastrous stoppage of work took place. In the settle- 
ment of that difference it was mutually agreed that the 
employers had ‘ the right to decide when overtime is 
necessary, the workpeople or their representatives 
being entitled to bring forward under the Provisions 
for Avoiding Disputes any cases of overtime they desire 
discussed. Meantime the overtime required shall be 
proceeded with.” Two Scottish Divisions ask the 
National Committee ‘* to instruct E.C. to approach the 
Engineering and Allied Employers’ National Federation 
with a view to amending clause ‘“‘j”’ of the Overtime 
and Nightshift Agreement in order that overtime may 
be regularised and made more definite in respect to 
emergency work.’? Two English Divisions simply ask 
that the E.C. be instructed “to seek a revision”’ of 
the clause. Wes 

Several of the resolutions of which notice has been 
given relate to wages. One which comes from Lan- 
cashire suggests that as 75 per cent. of the members 
work some system of payment by results, the Union 
should recognise the practice and negotiate for a 
National Agreement of Control. Application should 
be made, it is added, for a consolidation of bonus and 
basis rate to be the rate on which piece times or prices 
are fixed. Moreover, the resolution proceeds, “a 
substantial increase in wages, not less than 33 per cent. 
on the consolidated rate, [should] be asked on behalf 
of those men who by nature of their work are not on 
any system of payment by results, with a view to 
bringing their wages to compare with the earnings of the 
pieceworker.” Two London Divisions are responsible 
tor the following resolution :—‘‘ That the National 
Committee be asked to consider the rights of District 
Committees to make application for an advance of 
wages locally through the recognised procedure of 
Local Conference and instruct the E.C. thereon.” 


The machine question is also, it seems, to come up 
for discussion. Three divisions have sent in resolu- 
tions on the subject. The North of Ireland and Lanca- 
shire are jointly responsible for this one :—*‘ That the 
National Committee be requested to consider the 
advisability of pressing for an early conference with the 
Employers’ Federation relative to the adjustment of 
machinist rates and grading of machines.” From a 
Kent Division this proposal comes :—‘ That this 
National Committee is of opinion that we are at a 
disadvantage in endeavouring to organise the non- 
union machinist due to the fact that there are no 
definite rates of pay (agreed) arising from trade union 
negotiations for the operation of each class of machine 
in an engineering workshop. We, therefore, instruct 
the Executive Council to immediately open up negotia- 
tions with the National Engineering Employers’ 
Federation with a view to getting agreed rates 
established in respect to the machine question.” 


The Ministry of Labour states that on May 7, 1928, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,103,800, 
of whom 769,900 were wholly unemployed, 260,600 
were temporarily stopped, and 73,300 were persons 
normally in casual employment. Of the total number, 
887,700 were men, 33,100 boys, 151,600 women, and 
31,400 girls. On April 30, 1928, the number of unem- 





[Mayi18, 1928. 
ployed persons was 1,136,003. Of these, 770,810 were 
wholly unemployed, 293,106 were temporarily stopped, 
and 72,087 were persons normally in casual employ- 
ment; 918,434 were men, 35,642 boys, 149,389 women, 
and 32,538 girls. On May 9, 1927, the number of 
unemployed persons was 998,291, of whom 797,697 
were men, 30,233 boys, 138,406 women, and 31,955 
girls. 








THE SOCIETY OF GLASS 
TECHNOLOGY. 


Tue President, Mr. W. Butterworth, Senr., M.A.. 
occupied the chair at the meeting of the Society of 
Glass Technology held in Sheffield on April 18, 192s, 
when a paper entitled ‘“‘ Some New Facts arising from 
a Study of the Casing of Colourless by Coloured Glass” 
was presented by Mr. S. English, D.Sc., F.I.C., Professor 
W. E. S. Turner, and Mr. F. Winks, M.Sc., Tech. 
The paper stated that three series of glasses had been 
employed, the one being soda-lime-silica glasses 
coloured by cobalt oxide up to 0-49 per cent. The 
second consisted of potash-lead oxide-silica glasses 
coloured by cobalt oxide up to 0-9 per cent., while 
the third series consisted of commercial soda-potash- 
lead oxide-silica glasses, colourless, ruby, green, 
and blue. The coefficients of expansion of these 
glasses were determined by a differential method, the 
results being plotted graphically against temperature 
over the range from 0 deg. to the upper annealing 
temperature. It was found that in the first series 
of glasses the greatest difference produced, by the 
addition of 0:49 per cent. of cobalt oxide, in the 
expansion up to the lower annealing temperature was 
not greater than 3 per cent., while the maximum 
displacement of the lower and upper annealing tem- 
peratures was of the order of 5 deg. Hence, no 
difficulty should be found in welding any of these 
glasses. 

With the second series of glasses it was found that 
the expansion did not differ appreciably up to the 
lower annealing temperature, but this temperature 
was displaced progressively upwards, the displacement 
reaching some 25 deg. for the glass containing 0-9 per 
cent. cobalt oxide, as compared with the parent glass. 
Similar displacement of the lower annealing tempera- 
ture was found in the series of commercial glasses. 
It was found to be possible experimentally to weld 
any of the glasses successfully. The rate of setting 
and the effect of radiation were investigated for the 
soda-lime-silica and potash-lead oxide-silica glasses, 
while the viscosities were also determined over a wide 
temperature range for the former series. When 
worked commercially the blue glasses set more rapidly 
than the colourless one, yet the viscosities as measured 
in a closed vessel were not greatly different at any 
given temperature. The outer layers of the coloured 
glasses cooled more rapidly than the colourless, due 
to more rapid loss of heat by radiation. 

A number of important principles were established, 
including :—(1) The rate of thermal expansion in 
some glasses, such as the soda-lime-silica, soda-potash- 
lead oxide-silica, and soda-iron oxide-silica undergoes 
changes, not only at the lower annealing temperature, 
but also at one or more definite points below that 
temperature. Some series, however, such as the potash- 
lead oxide-silica series, have constant thermal expansion 
coefficient up to the lower annealing temperature. 
(2) In some glasses, especially lead-oxide glasses, 
quite small amounts of colouring oxides appear to 
raise the lower annealing temperature substantially. 
(3) Viscosity determinations in closed vessels do not 
necessarily afford a measure of the rate of setting of 
glasses worked under commercial conditions. This is 
specially true of coloured glasses. The rate of loss of 
heat from the outer layers either of radiation or by 
conduction must be taken into account. 








ARTIFICIAL-STONE PATTERN Puates.—Some particulars 
have reached us from the Constructional Engineering 
Company, Limited, Titan Works, Charles Henry-strect, 
Birmingham, of a composition, known as Titanite 
stone mixture, for the construction of pattern plates 
for moulding machines, and other forms of moulded 
patterns. It is supplied in the form of a powder, which 
is mixed with a special solution and poured into & 
mould in which it hardens, without contraction, 1m 
from six to eight hours. When set, the hardness of 
the material is about equal to that of marble, and it 
can be turned, planed, drilled, filed or finished with 
emery paper, if required. The material, as cast, however, 
reproduces the mould with great accuracy of definition. 
as is evidenced by the fact that a sample we have 
received, in the form of an ashtray, clearly shows the 
grain of the sand mould in which it was cast. snerenors 
to the pattern plate, after it has been made and used, 
can be carried out by adding newly-mixed material 
which adheres to, and sets as hard as, the old. rhe 
makers recommend the use of Titanite in place of either 
metal or plaster-of-Paris patterns, and claim that up 
to 40,000 casts have been made from one pattern plate 
with only negligible wear of the latter. 
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CHROMIUM-STEEL RAILS.* 


By Tuomas SwinpeEn, D.Met., and P. H. Jounson, 
r Assoc.M. Inst.C.E. 


Iv is much to be regretted that there is still no 
laboratory or workshop test that provides a reliable 
result concerning resistance to wear. Several types of 
machines are available, and some interesting results 
have been obtained, but owing no doubt to the complex 
nature of the physical characteristics involved, and 
also to the wide range of conditions affecting wear in 
service, such data must still have only a limited accept- 
ance. This is particularly unfortunate in the case of 
steel rails for permanent way, and the only method of 
obtaining reliable information is to observe test rails 
under service conditions for years, and to test the wear 
by weighing or by accurate measurements of the 
profile. Correlative data, as between behaviour in 
service on the one hand, and physical tests, chemical 
composition, and microstructure on the other, are 
no doubt available to the engineers in charge of our large 
railways, and the wider dissemination of such informa- 
tion would be of great advantage in promoting greater 
interest in, and research upon, the subject which must 
ultimately result in benefit to the user. It is therefore 
with great pleasure that the authors record their thanks 
to Mr. H. P. Miles, Divisional Engineer of the London, 
Midland and Scottish Railway, Midland Division, for 
permission to communicate in these notes certain data 
concerning the behaviour in service of a quantity of 
special chromium-steel rails supplied to the Midland 
Railway some 13 years ago. 

Consideration of space has prevented the inclusion 
in this paper of an historical sketch of the development 
of rail steel, but it is well known that, during the last 
20 years, the British Standard Specifications, and also 
those of many of our large railway companies, for 
bull-head railway rails have been amended. The 
trend of development has been towards a harder rail, 
and this has been sought by increasing the carbon 
content. At the same time, the manganese maximum 
has been reduced, and as the bulk of the rails in this 
country are now produced by the basic open-hearth 
process, this has led to the fixing of a lower maximum 
for sulphur and phosphorus. 

The advisability of asking for increased hardness 
{in this case hardness being obviously interpreted 
as resistance to wear by abrasion) by increasing 
the carbon range and reducing the maximum man- 
ganese permitted is not beyond doubt. It is well 
known that at least certain large users formerly per- 
mitted makers to supply with manganese even up to 
1-20 per cent. in acid Bessemer steel, with carbon up 
to 0:50 per cent. in ordinary and 0-55 per cent. in 
higher-carbon steel, and no untoward result has 
been forthcoming. It would appear to be rather 
drastic, therefore, to limit manganese to 0°80 per cent. 
maximum in to-day’s specifications, and, in the 
authors’ opinion, there is small room to doubt that 
better results from every standpoint would be obtained 
by taking manganese at least up to 0-90 per cent. (and 
preferably 1-0 per cent.), even if the carbon maximum 
were slightly reduced. If the carbon were reduced, 
it would no doubt be considered possible to increase 
the phosphorus limit somewhat. This opinion is 
evidently not universally accepted, and in America, 
for example, the adherence to a high-carbon and low- 
phosphorus rail is still followed. 


TaBLe II.—Influence of Reheating and Air-Cooling on 
Acid-Bessemer Chromium-Steel Rail. 




















Tensile Test. 
No. | Heated to— 
. ee. Elongation | Reduction of 
? on 3 in. Area. 
square inch. 
Deg. C. Per cent. Per cent. 
1 400 59-4 8-0 10-4 
2 500 62-2 8-5 11:6 
3 600 60-48 8-5 11-6 
me | 700 59-55 11-0 19-18 
a | 800 61°44 10-5 20-8 








Nevertheless, the authors’ view is that manganese 
should not be regarded merelyas an element, the amount 
of which should be limited .to the minimum at which 
sound steel can be produced, but as a valuable alloying 
element to increase the resistance to wear with less 
danger than the corresponding increase in carbon. A 
Teconsideration of the British Standard Specification 
on these points has lately been advocated in an able 
article.+ There is no doubt that an increase of 5 per 
cent. in the resistance of rails to abrasive wear would 
Mean a very large economy, although the authors are 
inclined to regard the writer’s estimate of this (which 
18 Ziven as over 100,0001. in the cost of track materials 





les Paper read before the Iron and Steel Institute, 
ondon, on May 4, 1928. Abridged. 


alone to British railways) as somewhat exaggerated. 
Moreover, the authors are not in complete accord with 
the writer of the article, when he states that “the 
desired solution is not the costly alloy, nor even the 
heat-treated rail, but the correct composition of the 
rail itself.” The tests quoted later indicate very 
definitely that an alloy (chromium) steel which can be 
produced at a reasonable commercial price has very 
distinct claims towards the solution of this problem. 
Chromium-Steel Rails—In October, 1913, arrange- 
ments were made for the production of a special rail 
which, whilst being sufficiently tough in the rolled 
condition, capable of being drilled and planed without 
difficulty, and free from adverse air-hardening proper- 
ties, would give an economically advantageous life in the 
form of switches and crossings. Several casts of steel 
were made by the acid-Bessemer process containing 
varying amounts of chromium up to 2 per cent. A 
chromium content of approximately 1 per cent. was 
adopted as being most satisfactory. The carbon 
percentage was about 0-50 and the manganese content 
about 0-85 per cent. The maximum stress of the 
material was approximately 60 tons per square inch. 
The ingots rolled well into 100-Ib. M.R. section rails 
and were hot-sawn, cold-straightened, drilled and 
milled (where necessary) without difficulty. Typical 
tests carried out on three casts (designated AB, BB, and 
CB) of the rails, showed that the aggregate foot-tons 
in the falling-weight tests were respectively 96, 95, 84, 
and 84, and the test-piece was unbroken in each case. 
The conditions of the test were :—Weight of tup 1 ton, 
distance of bearings apart 4 ft. 3 in., and height of fall 


| 


softened by the process, and this effect is brought out 
in the deflection test. Thus, after the third blow, the 
deflection was rather greater on the treated than on 
the untreated rail, owing to the fact that the foot 
elongated and contracted in width after the manner of 
a ductile steel in tensile test after passing the yield 
point. 

Micrographs of the chromium steel “as rolled” show 
a dense sorbitic pearlite matrix with a fine broken 
network of ferrite, the surface structure being some- 
what finer than the interior. The heat treatment 
reduces the quantity of free ferrite, but preserves 
the sorbitic nature of the pearlite. Thus, the effect of 
| the chromium addition, from a metallographic view- 
| point, is to reduce the proportion of the soft ferrite 
constituent and to emulsify or “‘ sorbitise ” the carbide, 
| both of which features contribute to the greater 
| hardness and toughness of the chromium steel, as 
|demonstrated in the tests of physical properties. 
| Service Reports on Chromium-Steel Rails.—Reverting 
|to the actual service of these chromium-steel rails, 
jit will readily be understood that a considerable 
| period of time must elapse before data as to relative 
| wear are available concerning the supplies of rails 
|of the open-hearth quality, the supply of which 
|commenced about 1921. The authors are indebted 
| to the courtesy of Mr. H. P. Miles, Divisional Engineer 
| of the Midland Division, London, Midland and Scottish 
| Railway, for the following data concerning the 100-Ib. 
| Bessemer chromium-steel rails, and the following is 
extracted therefrom :— 

1. Service Reports on Acid-Bessemer Chromium-Steel 





TABLE V.—Acip Oren-HEARTH CHROMIUM-STEEL RAIL, 









































Analysis. 
C. Mn. Si. 8. Pr Cr. 
0-51 0-83 0-176 0-030 0-037 1-01 per cent. 
Section.—90-lb. R.B.S. Test length, 5 ft.; bearings, 3 ft. 6 in. apart ; weight of tup, 1 ton. 
Falling-Weight Test. Tensile Test. 
as eta l Brinell 
Max. Elon- Reduc- Yield Hard- 
Stress. gation. tion of Stress. | ness of 
Height of Fall (ft.) : 6. | 18. 18. 18. 12. Tons per | percent. Area. Tons per | Lensile 
squarein. | on 3 in. | percent. |squareinch| Heads. 
| 
Deflection, in. (as rolled) 0-60 2-40 4-20 6-00 7:10 59-92 | 15-5 36-7 37-22 27 
Deflection, in. (treated) 0-55 2°25 4-15 6-20 7-45 62-64 13-5 29-4 41-10* 286 
59-06 15-0 33-6 38 -46t 265 
* Head. t+ Foot. 


(usually) 12 ft. By way of rough comparison with 
carbon-steel rails, it may be noted that the specification 
governing 100-Ib. rails at that time was that three blows 
of a tup weighing 1 ton falling from 12 ft., using bearings 
4 ft. 3 in. apart (aggregate, 36 ft.-tons), should give a 
deflection not exceeding 5-5 in. The usual quality 
acid-Bessemer carbon-steel rails gave about 5-0. The 
chromium-steel rails at the same point gave 3-0, 3-7, 
and 3-2 in.,respectively. These results were sufficiently 
promising to warrant service tests being carried out, 
and the whole of the rails were put into service under 
such conditions as would test out, as severely as 
possible, the wear-resisting value. Reports on this 
follow later in the paper. 

Influence of Reheating and Cooling in Air.—Full 
section test lengths of all the acid-Bessemer casts 
mentioned above were reheated and cooled in air from 
temperatures of 400 deg. to 800 deg. C., in order to 
determine whether any adverse effect would result 
from heating a rail for bending. The tests showed a 
slight gradual improvement inductility as the reheating 
temperature rose. The results are given in Table II. 
As the sources of supply of Bessemer steel were becom- 
ing more and more limited, the next step was to make a 
series of casts of similar steel by the acid open-hearth 
process. The outstanding feature of the tests on 
acid open-hearth chromium-steel rails is the toughness 
under the falling-weight tests, having in mind the 
comparatively high tensile strength. 

Influence of a Simple Heat Treatment.—The wear of 
the nose and knuckle of a crossing determines the life 
of the crossing, and certain methods have been used 
from time to time to improve ordinary quality rails 
by case or potash hardening. By way of experiment, 
a length of rail was reheated to 950 deg. C. and subjected 
to an air-blast on the head for 7 minutes, during which 
time the temperature of the surface of the head fell to 
550 deg. C. The result of this test is shown in Table V. 
The depth of effect of the simple air-blast cooling of the 
head is important, and the Brinell hardness tests, given 
below, show clearly that the head is fairly uniformly 


Crossings.—Sufficient steel was made to produce rails 
for eight complete crossings with point, splice and 
wing rails, each 24 ft. long. The crossings were 
of various angles, and were laid in such places that 
the maximum amount of data might be obtained in 
regard to the properties of resistance to wear. 
There is no satisfactory method of testing, physical 
or mechanical, which represents even approximately 
the conditions which are to be met with in the 
permanent way. Cuttings, embankments, sub-soil, 
drainage, and other considerations all tend, separately 
or conjointly, to produce results which are not always 
expected, and the very best materials may give only 
moderate satisfaction if there be any neglect in main- 
tenance. One of these crossings was laid at the 
departure end of an open station, where the bulk of 
the trains are brought to a stop, but a certain number 
of important passenger trains run through the station 
within a 30 miles an hour speed restriction. At this 
particular station, there is a deep bed of clay, also coal 
workings, and the line is in a cutting. In consequence 
of this, it is not a simple matter to maintain efficient 
drainage, and periodically the crossing timbers. would 
‘““work”’ as the greasy clay penetrated through the 
ample supply of ballast. This crossing gave a better 
life than a 0-55 per cent. carbon Bessemer steel, 
but the increase in life was not considered altogether 
satisfactory. : 
Another crossing laid at the entrance to a very 
busy station is, on the other hand, exceeding the 
most sanguine expectations, the life of the high-carbon 
Bessemer steel crossing being 24 years, whereas the 
chromium crossing has already had a life of 134 years, 
and is not yet worn out. Particulars are given in (6) 
below. Another crossing atthe same station, but on the 
departure lines, had a life of 6} years, against 2 years’ 
life of the 0-55 per cent. carbon Bessemer steel. This 
particular crossing was considered the most important 
on account of the heavy traffic it had to bear, and 
its life is considered to be conclusive evidence of the 
efficiency of this class of steel. See particulars in 


(a) below. A further crossing in an important passenger 
line junction has had a life of 12} years, whilst the 
remainder of the junction has been replaced a second 
time during that period. See particulars in (c) below. 

A trailing crossing in a main-line junction, where 








t Railway Engineer, July, 1927. 


stiffened. It will be noticed that the foot is slightly 
Brinell 
Position Hardness. 
1 in. under surface of head 288 
Centre of head 286 
Centre of web 3737 
Centre of foot 269 


trains are passing over regularly at a speed of 70 miles 
an hour, is wearing so well that the decrease in depth 
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caliper. Further experiments are worth contemplating 
for the use of this steel in tunnels, or any point where 


| 
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per annum can only be obtained by using the vernier | THE CAUSES OF FAILURE OF 


WROUGHT-IRON CHAIN AND CABLE.* 


a state of brittleness. 
whole becomes “ burnt” during the manufacturine 
process, and the application of a sudden shock to such 


the rate of wear and corrosion greatly exceeds the | By H. J. Goveu, M.B.E., D.Sc., Ph.D., and A. J. | a link will produce a fracture similar to that of the 


normal. 


work, its great advantage is the absence of any difficulty | 


in machining. 


The toughness under the falling-weight test | 
is an indication of its safety, and, for point and crossing | 


was laid in at Derby on May 24, 1914, at a place | 


where the life of an ordinary steel crossing was not 
more than two years. The latest report of September 


30, 1919, says that the nose of this crossing has worn | 


down about 3 in., and the life to date is five years 
five months. Taken out August, 
6} years. 
from the same blow as the above was also laid in 
at Derby on May 24, 1914, at a place where the life 
of an ordinary steel crossing was not more than 
24 years. The latest report says that this crossing is 
wearing satisfactorily, the life to this date being 
133 years. (c) A 1-in-10 facing crossing manufactured 
from acid-Bessemer steel, cast A.B., has been in 
service in the up-line at St. Paul’s Road passenger 
junction, London, for 12} years. It was laid in 
March, 1914, and taken out in June, 1926, thus 
showing 148 per cent. longer life than an ordinary 
steel crossing taken out at the same place. 

General Remarks.—Although this steel is  ex- 
ceptionally hard, we did not find it much more difficult 
to plane than our higher carbon steel. This steel is 
also so tough that it is practically impossible to break 
it under any ordinary testing conditions. This steel 
can be reheated for bending and cooled in air without 
any adverse effect, in the same manner as ordinary 
steel, and, therefore, can be drilled and manipulated 
by a ganger on the line as required. 

The data given in the above report will probably 
appeal to railway engineers more than the test data 
previously submitted, and should, it is suggested, 
encourage a deeper interest in the use of special steel 
for this purpose. 

Chromium-Steel Fishplates—In May, 1925, at the 
authors’ suggestion, a quantity of acid open-hearth 
chromium rail steel was rolled into fishplates and 
tested. It is not proposed to go into details concerning 
the results obtained, but a few figures may be quoted 
as a matter of interest. The tensile tests were of the 
following order :—Yield stress, 37 tons per square inch ; 
maximum stress, 60 tons per square inch; elongation, 
on 2 in., 15 per cent.; reduction of area, 36 per 
cent. Joints were made using chromium-steel fish- 
plates with both ordinary and chromium-steel rails, 
and the results were compared with joints built with 
ordinary steel fishplates and both qualities of rail 
steel. All were of the 95-lb. R.B.S. section. The 
joints made using chromium.steel plates were naturally 
very much stronger. 

Tested on 2-ft. centres, joints built with ordinary 
plates gave a set of 0-07 in. at 20 tons load, whereas 
37 tons was required to produce the same amount of 
set with chromium-steel-plated joints. Tested on 
3 ft. 6 in. centres, ordinary-steel joints showed a set 
of 0-01 in. after a load of 74 tons, whilst chromium- 
steel joints withstood 15 tons before sustaining the 
same amount of set. The joints were built up with a 
}-in. gap, and in each case the loading was continued 
until the heads of the rails touched. On the 2-ft. 
bearings, this load was 60 tons in the case of the 
chromium-steel plates, the joints being sound ;_ the 
deflection under load was 0-99 in., and the permanent 
set 0-75 in. There is probably a field worth developing 
with a view to strengthening the joint by the use of a 
stronger plate, and the tests indicate briefly what 
may be expected in this direction, although it is not 
suggested that the chromium steel is necessarily the 
most economical type of steel to employ for this 
particular purpose. 





BrapsHaw’'s Rartway Gutpe.—The general railway 
and steam-navigation guide, known to every adult person 
in this country as ‘*‘ Brads 1aw,”’ was first issued in October, 
1839. Subsequent issues were intermittent and without 
regular dates, but, in December, 1841, under the title of 
Bradshaw's Monthly Railway Guide, it made its first 
appearance as a regular monthly publication, containing 
32 pages of the same size and shape as those of the 
present guide. It is interesting to record that this 
monthly issue has never, so far, been interrupted. In 
order further to increase the usefulness of the guide, 
several new features have been introduced for the first 
time in the May issue. These comprise new and enlarged 
maps of England and Wales, Scotland, Ireland, and the 
London district. The maps are divided into numbered 
and lettered squares, which, in turn, are repeated in a 
separate column in the new and revised index; the 
table page references on the maps are printed in red. 
In addition, 16 pages in which are set out through 
train services to and from all parts of the country, have 
been included at the end of the guide. 


1920. Total life, | 
(6) A 1-in-8 facing crossing manufactured | 
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For many years wrought iron has been used exten- 
| sively for the manufacture of chains and cables. It 
2 dated Wow of Chvemiam: Mtad tw the Ea | possesses excellent welding and _ corrosion-resisting 
2. Act ear oO rromium steel in th sune.— | : P 
: ae é | properties, and 

-in- trailing crossing manufacture om | . : cn ae : 

a Rit Seatac easel aaak eR nan pes | property is of extreme importance in lifting-gear chain 


is extremely ductile. The latter 
or cable, with which type engineers are chiefly con- 
cerned. In the event of the application of an unusually 
heavy static load, or of a shock load (often caused 
by a snatch or sling movement) a well-made chain, 


giving visible warning) and will absorb a large amount 
of energy before finally fracturing. There is a long 
record of cases, however, where a chain has behaved in 
an extremely brittle manner. 
occur under shock loading, often of a magnitude 
absurdly small in comparison with the normal capacity 
of the chain; for example, many cable links have 
fractured when the chain has been dropped into a 
chain-hold for stowage. The appearance of the face 
of the fracture of a link thus broken} shows that it is 
clearly not a ‘‘ fatigue” failure. Moreover, had it 
failed by fatigue, it must have done so under a cycle 
of repeated-tensile loading which, in a ductile material 
like wrought iron, would have produced considerable 
deformation of the link as a whole. In the majority 
of failures, the shape of the link shows that practically 
no total deformation has occurred. Many links have, 
after failure, been submitted to a careful mechanical 
and metallurgical examination. Test-pieces cut from 
the interior of the link have shown test properties 
and microstructure comparable with those of wrought 
iron in its most ductile state. The cure adopted for 
many years for such a brittle state is a prolonged 
low-temperature annealing treatment (at a dull red 
heat, 650 deg. C. to 750 deg. C.) followed by slow 
cooling. 

The origin of this treatment is obscure and the 
practice has developed simply as the result of wide 
experience; in some cases, periodic annealing is a 
statutory requirement. The view held by many chain- 
smiths on the cause of brittleness and the effect of 
annealing is that the iron tends, in service, to become 
crystallised, a condition which is removed by the 
annealing process. In view of the fact that the mate- 
rial is originally in a finely-divided crystalline state, 
and that the critical point for normal wrought iron 
is in the neighbourhood of 900 deg. C., this explanation 
cannot be correct. In many instances, sudden chain 
failures have involved fatal accidents and it became 
imperative, in the interests of public safety, that the 
causes of chain failure should be investigated in a 
systematic manner. A recommendation that such 
an investigation should be carried out was forwarded 
by the Home Office to the Department of Scientific 
and Industrial Research, and, in the autumn of 1924, 
an experimental investigation was commenced at the 
National Physical Laboratory. A very lengthy 
research programme has now been completed and the 
full reportt is in course of publication. In view of 
the voluminous nature of this report and of the impor- 
tance of the subject to engineers, it was considered 
that a shorter account of the results of the research 
should be communicated elsewhere, and the present 
paper has therefore been prepared. 


FAILURES AND CHARACTERISTICS OF OVERHEATED 
Wrovent Iron. 


There is no doubt that overheating wrought iron 
produces extreme brittleness which cannot be removed 
by any subsequent heat-treatment. In experiments 
made on this point, four bars of best quality wrought 
iron (Reference Mark CRK) were heated to various 
temperatures, notched, and broken under hammer 
blows with the following results :— 


Blows Required to 


Bar. Temperature. Fracture. 
Al 1,100 deg. C. 7 
A2 1,200 deg. C. + 
A3 1,300 deg. C. 2 
A4 1,400 deg. C. 1 


Varying degree of “ crystallinity’ were exhibited 
in the fractures, and in the microstructure, on longi- 
tudinal sections, of these bars there is no marked 
difference in grain size between the specimens and no 
sign of oxidisation in the interior of the metal. There 
is thus no doubt that overheated material produces 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, April 20, 1928. Abridged. 

+ 3g in. diameter, 20 in. long, studded (Reference 
Mark CUX). 

t The Causes of Failure of Wrought-Iron Chains, 
by H. J. Gough and A, J. Murphy, Department of 
Scientific and Industrial Research, Engineering Research 
Special Report, No. 3. H.M. Stationery Office. 


Such failures usually | 


| cable link mentioned in the opening paragraph which 
| had broken off “‘ short.” In other cases, a fractured 
| link shows a cross-section containing two or more layers 
| of ‘ burnt ”’ iron, which have been overheated in the 
| puddling or mill furnaces. The intermediate layers 
| are in the normal ductile state. A link, showing such 

a fracture, was normalised (heated to 1,000 deg. C. and 
| cooled in air) before testing, and it was thus demon- 
| strated that the overheated material cannot be restored 
| by subsequent heat treatment of this nature. In 





|: ae . : | other cases, a link made of good ir ay be overheate 
|in normal condition, will deform considerably (thus | pect ; good iron may be overheated 


| on the smith’s hearth, producing a “ burnt” .zone on 
|the surface of the link. These are general cases of 
| failures due to brittleness caused by overheating, 
| but, in these cases, the causes of failure can usually be 
| determined from the appearance of the fracture and 
| by the usual tests. 


Fatmtures DvE To FAutty or DETERIORATED 
WELDs. 


If the weld is made at too low a temperature, or is 
dirty, or is incompletely closed during manufacture, 
a very weak joint is obtained offering low resistance to 
shock. <A dirty weld may open up entirely along the 
scarf. Etched cross-sections through welded crowns 
of new links (#-in. chain, Reference Mark CDG) show 
varying qualities of weld. The manner in which the 
metal has flowed during working is evident. Attention 
may here be drawn to a very insidious defect met 
with in practice. Under repeated shocks received 
in service, the welded joints tend to separate. Some- 
times the scarf opens on the outside; this can be 
detected by visual examination. A much more 
dangerous form of deterioration is that in which the 
weld separates within the link. Samples A, B, © and 
D, were cut from a #-in. crane chain (Reference Mark 
CSJ) which has been regularly annealed, tested and 
examined during thirteen years’ service. The welds 
were, apparently, in good condition. A minute ex- 
amination of the exterior of all the links of the chain 
failed to show the slightest sign of scarf movement. 
This chain easily passed the required static tensile tests 
(proof load), but when tested under shock, failed at 
the welded joints, with a low absorption of energy. 
Sample A was the chain as received, while samples B, 
C, and D were all tested (under tensile impact) in the 
** as received,” annealed (650 deg. C.), and normalised 
(1,000 deg. C.) conditions, respectively. All showed 
weld failures, indicating that heat-treatment cannot 
cure this dangerous defect to which chains are liable. 
(A very lengthy series of tests was made on a new 
chain (Reference Mark CEM) and this progressive 
deterioration of the weld under repeated shock was 
reproduced in the laboratory with results exactly 
similar to those described above.) 


EFFECT OF REPEATED STATIC STRAINING. 


It is well known that overstraining followed by 
suitable heat-treatment can, in some metals, produce 
a coarsened grain structure, and the opinion has been 
expressed that the practice of “ periodic’’ proofing 
and low-temperature annealing of wrought-iron chains 
might conceivably lead to such grain growth with the 
attainment of a state of brittleness. This possibility 
has been experimentally explored in a very complete 
manner. The experiments and results may be sum- 
marised as follows:—A new  -in. chain (Reference 
Mark CDG) was used in the tests, and all samples were 
given a preliminary normalising treatment. These 
samples were submitted to a combination of static 
tensile straining with, in some cases, intermediate 
and, or instead, final heat-treatment. Two standard 
heat-treatments were employed: (a) normalising 
(heating to 1,000 deg. C., maintaining for 15 minutes at 
this temperature, and finally cooling in air), denoted 
by N; and (6) annealing (heating to 650 deg. C. for one 
hour, and then cooling in the furnace), denoted by A. 
The overstraining was performed on an energy basis, 
the amounts of energy absorbed in samples containing 
ten links in the first, second and third overstrainings 
being adjusted to 4-7, 3-6 and 2-5-in-tons, respect ively. 
(These are equivalent to the energies absorbed during 
a single application of a tensile load of 10 tons.) The 
complete programme of treatments used is as follows, 
where O denotes overstraining :— £1 

(1) One, two, and three overstrainings (NO, NOO, 
NOOO). (2) As (1), with a final annealing treatment 
(NOA, NOOA, NOOOA). (3) As (1), with a final 
normalising treatment (NON, NOON, NOOON )s 
(4) Two and three overstrainings with intermediate 
and final annealing treatments (NOAOA, NOAOAOA). 
(5) As (4), but with normalising substituted for anneal- 
ing (NONON, NONONON). (6) Two and = 
overstrainings with intermediate annealing and fina 
normalising treatments (NOAON, NOAOAON). 
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Tests were also made on samples in the as received, | tion by shock loading (tensile-impact in the railway- 
annealed, and normalised conditions for purposes of | coupling testing machine). From other samples, 
comparison. Each of the samples used consisted | notched-bar test pieces were cut. The results obtained, 
of length of ten links. After the required treatment, | which represent the average of tests on eight samples, 
the sample was cut up to provide :—(a) A length of | are summarised in Table I. 
six links for static-tensile tests to destruction. (b) Four| The notched-bar test results reproduce exactly the 
separate links, which were cut up to provide small | features of those of the previous experiments on 3-in. 
specimens for (i) complete static-tensile test ; (ii)impact- | chain. The overstraining causes a reduction in the 
tensile tests; (iii) notched-bar and Brinell hardness | value of the energy absorbed, which a subsequent 
tests; and (iv) microscopical examination. | annealing still further reduces by 50 per cent. This 
All tests were in quadruplicate. In Figs. 1 and 2/ behaviour is confined, however, to these test specimens ; 
the principal results are expressed graphically. It| it is certainly not reflected in the behaviour of the 
will be seen that the usual strain-hardening effects | chain when tested. to destruction, as a whole, under 
due to the overstraining are clearly demonstrated, but | shock. On the contrary, it is found that the annealing 
that annealing or normalising is very effective in| treatment has conferred additional ductility on the 
restoring the material to its original ductile state. | material and has at least removed the strain-hardening 
In Fig. 1, attention is especially directed to the value | due to the overstraining. The exact significance of 
of the energy absorbed to fracture in the final test to| the notched-bar test is stil] obscure, and the above 


destruction. The chief result of the tests is to show | tests are regarded as decisive evidence that annealing 
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careful grain counts were made on these sections after 
polishing and etching. As would be expected, wide 
variations in grain size exist in any one sample of 
wrought iron, and this presents some difficulty in 
estimating the effect of different treatments on grain size. 
It is evident, nevertheless, that with the conditions of 
overstraining, and with the heat-treatments employed, 
corresponding changes in grain size are not produced 
and, more important still, that no combination of over- 
straining and annealing has produced a coarsened 
structure. Now the specimen for microstructure 
represented a complete section of the link taken at the 
crown, and had been subjected to strains varying from 
a maximum compression, through zero, to a maximum 
tensile strain. At no point, therefore, had the strain 
been critical with regard to the heat-treatment used. 
In other experiments made on tapered test-pieces, the 
authors were unable to produce any coarsened grain 
growth by a combination of strain up to 16 per,cent. 
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Static-Tensile Tests on Overstrained }-in. Chain. Mechanical Tests on Small Specimens Cut from the Chain Links. 
Curve a.—Extension in Overstraining Test. Curve a.—Tensile Limit of Proportionality. 
» oO es Test to Destruction. » b— » Yield Stress. 
»  ¢—Total Extension. »  ¢.—Ultimate Tensile Strength. 
», d,—Energy absorbed in Overstraining. », @.—Energy absorbed to fracture in Static-Tensile Test. 
9» eo fe a Destruction Test. »»  @.—Energy absorbed in Impact-Tensile Test (Un-Notched Specimens). 
»  f-—Total Energy absorbed. »  f-—Results of Charpy (Beam) Impact Tests (Notched Specimens). 


that repeated overstraining and low-temperature} TABLE I.—Tests on 1}-in. New Chain (Reference Mark 
annealing applied to a wrought-iron chain does not CET) Overstrained in Static-Tension and Tested to 
produce any shortness or brittleness—as disclosed | Destruction under Shock (Impact-Tensile). 

by static-tensile tests—but, on the contrary, it induces | ee 
a state of great ductility. Fig. 2 shows that the | Treatment. 
mechanical tests on specimens cut from the links | 











teflect broadly the above conclusions deduced from the Os) Over 
behaviour of the chain. The notched-bar test results, Test. Test Data. Over- ananeail Brute oh 
however, show that annealing following overstraining | As __|strained| and an-} and 


did not restore the notched-bar value ; in fact, in some 
cases, a further drop in notched-bar value resulted 
from the annealing. It appears entirely contrary to 
the ductile nature of the material after such annealing | 
and to general experience of the behaviour of annealed | Shock tests to| Energy ab-| 23-9 | 18-7 | 24-8 | 32-8 
chains in pension, & that the ok Rents destruction on sorbed to | 
ae f e, to suppose e characteristics | chain lengths| fracture, 
tevealed by the notched-bar test would be reflected (impact - ten-| ine -tons 
in the behaviour of chain lengths tested under shock | ile) Average ex-| 0°63 | 0-48) 0-80 | 0-99 


conditions. The matter was investigated, however, oe 


received} (O). | nealed | normal- 
(OA) | ised 
(ON) 


























in a thorough manner, by a series of tests. A new test, in. 

1} in. open-link chain (Reference Mark CET) was 7 ms bon —, = 50 41 20 45 
u yhic ve ~Arv an . ests on speci-| sorbe 

= Which possessed welded scarves of a very high| menscutfrom| fracture, 

nd uniform quality. A number of samples, each! links ft.-lb. 


containing eight links, was overstrained by a static- | 
tensile load of 28 tons (this is exactly equivalent to | 
the load of 10 tons applied to the 3-in. chain in the | following overstraining does not reduce the resistance 
Previous tests). Some samples were then annealed | of the chain to shock, but increases these shock-resisting 
and others were normalised. These three conditions properties. Returning to the tests on the ?-in. chain, 








elongation and subsequent annealing at 650 deg.'|-C- 
Thus, it will be seen that the experiments failed 
completely to produce a state of brittleness by; any 
combination of static straining and annealing at 
650 deg. On the contrary, annealing was found to be 
extremely beneficial in restoring overstrained material 
to a condition nearly approaching its original ductile 
state. 
(To be continued.) 








TriaL Trip oF THE §S.S. ‘ Rio Diamante.” —The Rio 
Diamante, a single-screw cargo steamer built by Messrs. 
Wm. Gray and Company, Limited, to the order of the 
Thompson Steamshipping Company, Limited, of London, 
successfully ran her official sea trial on May 5. She 
has been constructed to the design of the Monitor 
Shipping Corporation, Limited, Newcastle-on-Tyne, and 
it is expected that the combination of Monitor design 
and high-pressure quadruple-expansion machinery, with 
which she is fitted, will give most economical results. 
A speed of 13 knots was obtained on the trial, and the 
absence of vibration at all speeds was most noticeable. 
The vessel complies with Lloyd’s highest class, and 
has the following dimensions: Length, 400 ft.; breadth, 
53 ft.; and depth to upper deck, 28 ft. 14 in. She is 
fitted with six watertight bulkheads, together with 
steel centre-line bulkheads in the holds, and wood 
shifting boards for grain cargoes. The cargo is handled 
by 10 derricks worked by 11 steam winches, which 
have been supplied by Messrs. Clarke, Chapman and 








will be distinguished by the symbols O, OA, and ON. | two transverse sections were cut from the end of each 


mples in each condition were then tested to destruc- | of two links of every chain sample employed. Very 


Company, Limited, Gateshead-on-Tyne. 
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THE MICROSCOPIC EXAMINATION 
OF SOME ELECTRICAL INSULATING 


MATERIALS. 


By Artuor B. Everest, Ph.D. 
In modern engineering practice, with the develop- 


| 
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fibres are used for high quality papers for particular 


purposes. 

By the microscopic examination of the paper, in 
general its quality may be determined not only by the 
identification of the fibres of which it is composed, 
but also by the length and condition of the fibres. 
For examination of the paper, a small piece of it is 


ment of the larger and more efficient machinery | shaken up in a tube with water, and is boiled if 
associated with the generation of ever-increasing | necessary, until it becomes pulped and disintegrated. 


























Fie. 1. Corron Raa Putp. x 40. 











Fie. 4. Paper MuLBerry. xX 40. 


amounts of energy, further demands are continually 
being made on the physical properties of the varjous 
materials of construction of the plant for the mani- 
pulation of this energy. Accordingly much more 
attention must now be given to the testing and exam- 
ination of these materials, that the most suitable may 
be selected for a particular service and also to ascertain 
that compliance is made with the necessarily more 
rigid specifications of to-day. In the electrical indus- 
try the tendency now is towards the employment of 
higher voltages, especially in the transmission of 
energy, and this has led naturally to further study of 
the properties of the common materials used for in- 
sulating purposes, «s further demands are made of 
such materials. 

The first tests to be applied to an insulating material 
must obviously be directed towards ascertaining its 
electrical properties ; but underlying the properties of 
any material are its composition and structure; and 
it is in determining these, as well as in the study of 
defective material that microscopic examination has 
proved of service to the electrical engineer, in connec- 
tion with his study of insulating materials. The 
author has had occasion to examine microscopically 
various such materials, insulating papers, varnished 
cloths, and vulcanised fibre, and the photomicrographs 
which accompany this article illustrate some of these. 

Insulating Papers.—Papers are used for electrical 
insulation purposes in engineering in connection with 
the manufacture of cables, of insulating tubes and 
sheets, and in the manufacture of electrical machines, 
for insulation between layers of windings and in slot 
insulation, &c.; also for insulation in condensers. 
The grades of paper used for these purposes are made 
up from various organic fibres, among which we find 


most commonly jute and manilla, cotton fibre derived | 


from rags, and wood pulp produced from various 
chemical processes (“‘ chemical wood pump”) or by 
grinding (*‘ mechanical wood pulp”). Various special 





| 





Fig. 5. Section oF BamBoo STEM. xX 40. 





Fic. 7. 


VARNISHED CLOTH. 


A small portion of the pulp is then removed and placed 
on a microscope slide and covered with a thin piece 
of glass. To bring up the details of the fibres, and in 
some cases to distinguish between one fibre and 
another, chemical staining is used, and the reagents 
selected for this often attack different fibres in 
different manners, thus providing some clue to their 
identity. 


In general the different fibres are identified by their | 


form, dimensions and markings when viewed under the 
microscope. Thus a paper made from cotton rags 
appears as shown in Fig. 1—a tangle of broken and 
frayed fibres. Rag pulp is found as an ingredient 


of many of the better quality papers, especially of | 


English tissue papers and general good quality light 
weight paper. 





Such paper may often be identified | 
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from the nature of its “ tear,” showing a clean tear 
free from protruding hairs. Many qualities of paper 
are made up containing chemical wood pulp. They 
show microscopically a very different structure from 
that of the rag paper mentioned above, the wood pulp 
showing long soft ribbon-like fibres as shown in Fig. 2. 
These woody fibres usually have markings along their 


length by which the origin of the wood may be deter- 


mined. These fibres are frequently found in various 
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grades of paper, intermixed with fibres from other 
sources. 

In poorer quality paper, however, mechanical wood 
pulp is frequently found. In this case a coarse hetero- 
geneous pulp is seen, as shown in Fig. 3, with the 
fibres much broken down, and in some cases bunched 

| together. Such pulp is more often than not mixed 
| with chemical wood pulp as described above. 

Finer quality tissue papers, and especially those of 
| Japanese origin, are made from bamboo, paper mul- 
| berry, or grass fibres. Fig. 4 shows the pulp from 
| Japanese tissue paper made from paper mulberry. 
| It will be noticed that there are besides the long fibres 
of the paper itself numerous short, broad fibres. These 
are the parenchymateous cells by which these fibres 
are often identified. Fig. 5 explains their presence 
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with the long fibres of the paper; it shows in section 
part of the stem of a bamboo-like plant, and shows 
how the long woody fibrous bundles of the fibro- 
vascular bundle are interspersed with the masses of the 
soft tissue of the stem, shown as a typical plant cell 
structure made up like a brick wall. When such a 
stem is pulped for paper-making, some of these soft 
cells, called the parenchymateous cells, remain en- 
tangled in the long woody fibres and are, consequently, 
not washed away and are seen in the final product as 
indicated in Fig. 4. In cable manufacture, also for 
insulation between layers of windings and in slot 
insulation, where mechanical protection for the slot 
conductors is required, heavy grades of paper are used. 
Such grades are usually made up from manilla or jute 
generally mixed with chemical wood pulp and perhaps 
some cotton rags. An example is shown in Fig. 6. 





of any desired thickness may be cut by drawing the 
razor across this surface. For the present work, the 
average thickness of section obtained was 0-003 in. 
Examination by this method reveals in striking con- 
trast the difference between general British and foreign 
practice with regard to the manufacture of varnished 
cloths. For whereas in the former case heavily-rolled 
smooth-finished fabrics are used, yielding a smooth- 
finished, varnished cloth, it has been found, especially 
in the United States, that a rough, undressed fabric, 
yielding on varnishing a rough surfaced product, has 
in some respects better properties than the smoother 
variety. 

Two types of section of the cloth may be cut parallel 
to one set of threads in the cloth; first, a section 
entirely between the threads parallel to the plane of 
section. In this case, the nature of the varnish film 


Vulcanised Fibre-—Another insulating material sub- 
jected to microscopic examination is vulcanised fibre. 
Better quality fibre is made up from rag which is 
pulped to the paper-making stage and deposited in 
sheet form. The sheet is treated in baths of sulphuric 
acid, or of zinc chloride solution, to soften the fibre 
walls so that when several sheets of treated paper are 
pressed together, the fibres tend to mat or cohere, to 
yield a homogeneous product; finally, the product is 
soaked in water to remove all chemicals. The quality 
of the finished product depends to a large extent on 
how far the fibres of the original paper are destroyed 
in the process, and consequently microscopic examina- 
tion, revealing the condition of the fibre, is of great 
assistance in determining the quality of the product. 

Sections are cut across the original layers of paper 





by means of a very sharp plane. In some cases, parti- 
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SEcTION OF UNDRESSED VARNISHED CLOTS. 
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Fic. 13. SEcTION OF VULCANISED Fipre. X 10. 


Varnished Cloths.—Varnished cloth is usually made 
by applying suitable yellow or black varnish to the 
surface of the cotton cloth which has previously been 
“dressed,” to remove, as far as possible, the hairy 
surface. Several coats are usually required to produce 
the desired thickness of varnish film. If the cloth has 
not been “‘ filled ” the varnish will fill in the interstices 
between the threads of the original cloth, but as long 
as the process is carried out at atmospheric pressure, 
it is found that there is little penetration of the varnish 
into the threads themselves. 

Black varnish is so opaque that only special methods 
of microscopic examination are applicable to it. 


SECTION OF UNDRESSED VARNISHED CLOTH. 





Yellow varnished cloth is microscopically examined | 


first on the flat when by transmitted light the uni- 
formity of the varnish film may be determined, and air 
bubbles trapped between the fibres may be located. 
Fig. 7 shows the surface view of a typical yellow 
varnished cloth. 


are clearly seen. It will also be appreciated that by 
this method the quality and nature of the original cloth 
may be studied. 


| 
| 





x 80. 
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in the interstices of the cloth will be revealed. Such a 
section of a rough-finished “‘ undressed ” cloth is shown 
in Fig. 9. The hairyness of the undressed fabric will 
be noticed, and the irregularity of the varnish film. 
As a contrast to this, Fig. 10 shows the section of a 
dressed cloth. Here a smooth clean film is seen. It 
will be noticed that the film in this case is definitely 
“striated,” and there is distinct evidence of three 
separate varnish layers on the cloth. The cloth in 


| this case has also a much closer weave than has that 


| 


| shown in Fig. 9. 


Now, if the section be cut actually 


| through a thread parallel to the plane of section, then 


' Towards the centre of this figure, | 
air bubbles trapped in the varnish between the fibres | 


Much more information concerning the cloth and the | 


form of the varnish film may, however, be obtained 
from sections cut through the cloth. Sections are 
cut by means of a razor, while the specimen, supported 
by some suitable mounting medium, is held in a 
microtome, as shown in Fig. 8. By means of the milled 
head the specimen and mounting may be raised above 


| in Fig. 12. 
the plane upper surface of the microtome, and sections | fibre in this case. 


the microscopic appearance of the undressed cloth, 
is as shown in Fig. 11, the parallel thread is seen wind- 
ing in and out of the threads perpendicular to the 
section. The thinness of the varnish layer will be 
noticed here, indicating that with the rougher cloths, 
the varnish actually penetrates the open weave rather 
than being built up on it, as in the case of the dressed 
cloths. With the close woven, heavily-rolled dressed 


| cloth, it is found that often the penetration of the 


cloth itself is very slight. Sections along a thread 
show a great tendency to split longitudinally as shown 
There is no evidence of varnish inside the 


SECTION 








oF DRESSED VARNISHED CLOTH. 





Fig. 15. 


VULCANISED FIBRE. 


x 80. 


cularly with low-grade fibre, the section shows stria- 
tions marking the position of the original layers of 
paper, as in Fig. 13. In other cases, these striations 
are entirely absent. Depending on the degree of 
softening of the fibres by chemical attack, and the 
extent of pressing the sheets of paper together after 
this treatment, the fibre shows an open or completely 
closed structure as shown in Figs. 14 and 15. Various 
intermediate stages occur, and in cases where the 
original paper has received insufficient treatment, un- 
changed fibres may occasionally be found. Naturally, 
the insulating properties of varnished cloths and vulcan- 
ised fibre are dependent on the qualities of the product, 
and particularly on the absence of inclusions of foreign 
matter, moisture and gas bubbles; it is in the detec- 


tion and location of such inclusions that the microscope - 


can be of special value to the engineer, as well as in 
the determination of the quality of the material under 
examination. 








Gotp PRODUCTION OF ONTARIO.—The output of 
gold from the Province of Ontario, Canada, last year, 
was 1,630,433 oz., compared with 1,497,215 oz. in 
the previous year. Each year shows an increase, the 


| output in 1920 having been only 565,283 oz. 
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HEAT RESISTING STEELS. 
Part IJ.—MercHANICAL PROPERTIES.* 
By Dr. W. H. Hatrievp. 
(Concluded from page 590.) 


Consideration of the Data given in the Tables.— 

rought iron, when pulled in tension at 800 deg. C., 
gives a value as low as 2-03 tons per square inch, and 
this is of interest as a basis of comparison for the steels 
under consideration, since it is a near commercial 
representative of pure iron. With 0-15 per cent. 
carbon steel a value of 4 tons is obtained, and the 
increased strength is most probably due to the carbon 
and manganese content. The other four steels tested 
were typical of the modern high tensile hardened and 
tempered alloy steels, nickel, nickel-chromium, nickel- 
chromium-molybdenum, and  chromium-vanadium. 
The highest value obtained at 800 deg. C. was that 
given by the nickel-chromium-molybdenum steel with 
a maximum stress of 7-68 tons per square inch. Thus 
it may be considered that in the ordinary steels em- 
ployed in engineering, 7 to 8 tons per square inch 
indicates the limiting maximum stress value at 800 deg. 
C. Tests disclosed the very illuminating fact that the 
silicon-chromium heat-resisting steels are already 
softened so considerably by a temperature of 800 deg. C. 
that values of only 4 tons to 6 tons per square inch are 
obtained. Table IV clearly shows that the high- 
speed tool steels tested only gave values ranging from 
8 tons to 10-5 tons per square inch, and the cobalt- 
chromium valve steel gave a value of 13 tons per square 
inch, but was deficient in ductility. 

It is of interest to turn now to the general data with 
a view to deducing the effect of the addition of some 
of the elements available upon the resistance to soften- 
ing at high temperatures, as indicated by the tests 
performed at 800 deg. C. The remarkable fact was 
disclosed as a result of investigation that with the 
carbon at 0-07 to 0-09 per cent. chromium contents of 
14 and 18 per cent. respectively were without influence, 
since values were not obtained equal to the mild steel 
of commerce. In both cases a value of 3 tons per square 
inch was obtained. With the chromium stationary at 
14 per cent., however, it is possible, by increasing the 
carbon to 0-54 per cent., to raise the strength at 
800 deg. C. to 9-30 tons per square inch. As a matter 
of fact, the last steel has been successfully employed 
in large quantities as a heat-resisting steel, but it is 
clear that the increase in strength at the high tem- 
perature is due to the combined effect of the carbon 
and the chromium. As regards the influence of nickel, 
it was found that in the case of three steels, the 
presence of nickel up to 36-5 per cent., even with 
0-23 per cent. of carbon, did not give a value greater 
than 7-85 tons per square inch. 

With such data before us concerning the effect of 
chromium or nickel, even when added in large per- 
centages, it is instructive to study the effect when 
both elements are present together. The results 
obtained from Nos. 34 and 35, Table VI, indicate that 
with 18 to 20 per cent. of chromium, and 8 to 9 per cent. 
of nickel, with a range of carbon from 0-13 to 0-41 per 
cent., values of only 7 to 9 tons per square inch may be 
expected. With carbon at 0-06 per cent., as shown by 
steel No. 41, Table VII, a steel containing 23-22 per 
cent. of chromium and 24-02 per cent. of nickel gave a 
value of 13-2 tons, whilst with 0-11 per cent. of carbon, 
a steel containing 14-84 per cent. of chromium and 
10-16 per cent. of nickel, gave a value of 10-17 tons 
per square inch, but with values indicative of much 
greater ductility at the temperature. 

Attention should now be directed to the enhanced 
values obtained by adding tungsten to the chromium. 
nickel steels. Steels Nos. 29 and 30, Table V, con- 
taining 13 to 14 per cent. of chromium, and 9 to 10 per 
cent. of nickel, with 3 to 4 per cent. of tungsten, give 
values of 22-75 and 22-50 tons per square inch. Steels 
Nos. 36 and 37, with 18 to 19 per cent. of chromium and 
similar nickel and tungsten contents, give values of 
21-3 and 20-0 tons per square inch. Steel No. 44, 
Table VII, containing 14-95 per cent. of chromium and 
24-82 per cent. of nickel, and nearly 3 per cent. of 
tungsten, gives a value of 19 58 tons per square inch. 
It will thus be seen that the addition of tungsten results 
in a very marked increase in strength when added 
along with nickel and chromium. Values of 20 to 
25 tons per square inch are obtainable with steels of 
this class compared with 2 to 3 tons from wrought iron 
and mild steel. This evidence would point to 14 per 
cent. of chromium being about the requisite addition 
required of that element, but that, as regards nickel, 
similar results are obtained over a wide range of compo- 
sition. 

Other results enable the deduction to be drawn that 
the addition of molybdenum (see No. 40, Table V1), 
and to a lesser degree silicon (see No. 39, Table VI), 
strengthens the iron-nickel-chromium steels at high 








* Paper read before the Iron and Steel Institute, 
London, on May 4, 1928. Abridged. 
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temperature. Carbon plays an important part, and 
there is clearly an optimum percentage for the maxi- 
mum strength in each combination in the alloys. In 
concluding this section, the author would state that he 
realises that the data given naturally apply only to the 
particular condition of the steels and alloys when tested. 
He has reason to believe that the values obtained would 
be to some extent modified by varying the heat treat- 
ment accorded to the material. The data are, however, 


sufficiently defined and explained to make possible | 


general deductions as regards the influence of the 
addition of the elements dealt with upon the strength at 
the temperature in question. 

Commentary.—The plan of the paper was designed to 
record the influence of modified composition upon the 
maximum stress value at a high and arbitrarily selected 
temperature. The author appreciates the limitations 
of the data given, but it is fully established from experi- 
ence gained with steels under service conditions, that 
an ordinary tensile test at a high temperature enables 
a discriminating selection to be made of materials for 
such service. But before heat-resisting steels can be 
used by the engineer for working under conditions of 
high temperature, with the same economy of weight 
as in the most enlightened practice of to-day at ordinary 
temperatures, much more information is required 
concerning their physical characteristics as affected by 
temperature. 

It is, of course, obvious that data concerning the 
safe range of stress for materials at high temperatures 
must be provided ; and, furthermore, that the method 
of providing them must be one that can be performed 
in a reasonable time, and they should be capable of 
reference back to fundamental and more refined and 
lengthy observations. The method adopted at the 
Brown-Firth Research Laboratories consists of deducing 
the safe stress by discovering by static loading the 
stress within which, at the temperature, stability 
of dimensions is attained within a period of 24 hours 
for a further period of 48 hours, with an extension 
not exceeding the elastic deformation by 0:5 per 
cent. on the gauge length with limitation as regards 
measurement for permanence of dimensions to 0-1 per 
cent. of the gauge length. Even such an arbitrary 
method requires a long time for the completion of the 
large series of steels for the whole range of temperature 
under examination. In due course, however, the 
author trusts to have the pleasure of presenting the 
data. In the meantime the method employed, and 
its value in the direction indicated, can well form 
the subject of valuable discussion. 

Turning now to the discussion of the general problem 
dealt with, the author would like to be able to give 
satisfactory explanations of (1) Why the characteristics 
of steel are so modified with increasing temperature. 
(2) Why the added elements modify the properties of 
the steel at the high temperature in the manner 
disclosed. The whole of the explanation turns upon 
an understanding of the nature of cohesion, and that 
again awaits the more complete elucidation of the 
nature of the atom and the electron. Whether this 
will help to produce materials of exceptional charac- 
teristics is problematical, because, even when our 
knowledge of the atom and its fields of force is complete, 
we shall still have to await the next phase, which 
obviously consists in understanding how to make use 
of that knowledge. Progress will probably take the 
same line as in the past, i.e, by experimentally 
determining, in a more or less empirical manner, 
the various factors which affect the cohesive forces. 
It is, of course, extremely desirable to know many 
things. For instance, what determines the space 
lattice with which the various atoms crystallise ‘ 
Why such different space lattices behave differently, 
as under the conditions dealt with in the present 
reseaic':; the causes of different solubilities; whether 
compounds can exist as such in solid solution; a 
visualisation of the mechanism of the effect of the 
speed of application of stress. 

As regards slip, the author has always been led 


to the conclusion that the smaller the crystals, the | 


higher the resistance, owing to the multiplication 
of diverse orientations, whereas evidence would show 
that those steels have greatest strength at high 
temperature which consist of very considerable sized 
crystals, thus leaving the resistance to slip to be 


mainly due to interatomic forces in their effect in | 


influencing the intrinsic resistance of individual 
crystals to slip and rupture. 

With regard to (1), when a tensile test piece is 
stressed, motion of the atoms in relation to one 
unother takes place with the resulting elastic 
deformation. After passing a certain value of stress, 
plastic deformation occurs. This is associated with 
slip along certain planes, and the movement is 
constrained to the degree to which the progressive 
balancing of the effort applied in overcoming the 
interatomic forces has taken place. If the stress 
applied is high enough, deformation proceeds until 
rupture occurs. At higher temperatures the effort 
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required to overcome the interatomic forces is less, 
owing to the modification in these forces with 
temperature. Under static loads, below the con- 
tinuous creep limit, the test piece will elongate 
elastically at first, and then plastically until the 
opposition due to resistance to slip, balances the applied 
load. With greater loads the balance cannot occur. 
and the piece elongates until fracture takes place. 
Increasing temperature will decrease the resistance 
to slip, and hence ‘continuous creep” stress is 
|lowered. With rapid loading, as in the case of a 
normal short-time tensile test, time is not allowed 
for the test piece to develop the amount of deformation 
which for the temperature and stress would otherwise 
occur. In consequence, the load required to fracture 
jis greater than in the case of continuous loading. 
|The difference between the two increases with rise 
of temperature and with increase in the rate of 
application of the load. The influence of the reduction 
of area of cross section during the test must be con- 
sidered as regards its influence in increasing the 
effective stress upon the material. 

With regard to (2), in our actual present ignorance 
of the nature of slip, it is difficult to discuss the influ- 
ence of the various elements introduced into the 
material. The author presumes—and indeed there is 
ample evidence that such is the case—that if the 
stress required to break the material at 800 deg. C. 
under the ordinary tensile test is higher, then the 
elastic range and also the “‘ continuous creep” stress 
jare raised. Discussing, then, these general pheno- 
mena, it seems fair to postulate that the kind of atoms 
most likely to prevent slip, which is clearly the means 
by which improvements in these steels are made, 
would be those which, on account of the nature and 
magnitude of their fields of force, would cause most 
disturbance of the lattice. This would provide an 
influence operating at all temperatures, but modified 
by the mobility of the atoms coincident with the 
temperature. Unfortunately, the strength at high 
temperature bears little relation to the strength at 
low temperature. Nickel is an element with a similar 
atom to iron, and crystallises in the same manner 
at high temperatures; it would, therefore, not be 
expected to increase the strength at such tempera- 
tures much when added to iron. 

It is interesting to note, as is well known, that a 
critical percentage of nickel increases the strength of 
iron at ordinary temperatures five-fold ; at 800 deg. C. 
the effect of hardening is small. Chromium is an 
atom approximately similar to iron, which crystallises 
with a body-centred configuration. Reference to the 
experiments will show that neither at ordinary tem- 
peratures nor at 800 deg. C. does this element, even 
when present in large proportion, materially harden the 
steels, and yet it would appear to be of material help 
in providing great strength at high temperature. It 
| might be deduced from the experiments that nickel 
| had some little influence in hardening up the iron, but 
that chromium had less. The two elements together 
| certainly resulted in making it necessary to apply a 
| stress several times greater at 800 deg. C. than in 
| the case of iron. The addition of tungsten in relatively 
| small quantities in the presence of the elements nickel 
|}and chromium, without carbon, has not been deter- 
| mined. If, however, the same amount of tungsten is 
| added to iron alone, the result is negligible, and, inci- 
| dentally, if the tungsten is added with only chromium 
| present, such is also the case; likewise, if only nickel 

is present. 
| One has, therefore, to consider that the effect to be 
| explained is that tungsten added to iron in the presence 
| of a sufficient quantity of nickel, chromium, and carbon 
| produces this effect, yet, clearly, there is also an opti- 
|mum carbon content. Now all that can be said is 
| that tungsten is a heavier and larger atom, and the 
|implication is that it should increase the strength of 
| the iron, but why should it need a critical accompan!- 
| ment of carbon, chromium, and nickel for strength at 
| high temperatures, and why should its influence not 
| be more marked at ordinary temperatures ? It would 











| appear that its influence is most effective when added to 
| alloys in which the iron throughout the whole range of 
| temperature exists in the y condition, the most success- 
ful of the steels being in the austenitic condition. 





TRIALS OF THE M.S, “ CHESAPEAKE.”’—The motor oil- 
| tank vessel Chesapeake, constructed by Messrs. Wo1 kman- 
| Clark and Company, Limited, to the order of the Anglo- 
American Oil Company, Limited, completed her otticial 
trials on January 16 last. The vessel is built on the 
| Isherwood system of longitudinal framing under Lloyd's 
| special survey to comply with their highest class 100 A.1, 
| for the carriage of petroleum in bulk. Her main dimen- 
| sions are: length, 470 ft., breadth, 63 ft. 6 in., and 
| depth, 34 ft. 9 in. Twenty-two main tanks and 10 
= tanks are provided for the oil cargo, whicli 1s 


handled by two duplex, steam-driven pumps, each 
dealing with 300 tons of heavy oil per hour. The pro- 
irk 


pelling machinery consists of a set of Workman-C! 


Sulzer eight-cylinder, single-acting, two-cycle Di sel 


engines. 
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MEASURING-TAPE TESTS ; UNITED| SODIUM-PEROXIDE BOMB CALORI- 


STATES BUREAU OF STANDARDS. 


Ix the Bureau of Standards, at Washington, steel | 


METER. 


THE use of calorimeters for determining the heat 


tapes for ordinary surveying, and for the more precise | value of ordinary fuels, coal and oil, is fortunately 
geodetic work, are tested on a steel bench in the tape- | increasing, though fuel is not yet sold by its calorific 


tunnel, an underground passage, 7 ft. wide, 170 ft. long, | value in this country. 


In the original bomb calori- 


extending between two buildings. The tunnel is | meters of Berthelot, 1881, and others, the substance 


provided with steam pipes and with brine coils, so| was burnt with an excess of oxygen. 
| bomb calorimeter remains the standard instrument, 


that the temperature can be kept at any level between 
8 and 35 deg. C. In ordinary practice, measurements 
are taken at a temperature of a little more than 20 deg. 
C. (68 deg. F.), and are reduced to that average tempera- 
ture on the assumption that the expansion coefficient 





This oxygen 


but it is inconvenient for routine work and expensive. 
In 1900, Professor Parr described, in the Journal 
of the American Chemical Society, a calorimeter 
in which the gaseous oxygen was replaced by the 


of the Invar tape will have the value 0-0000116 per/ solid sodium peroxide, with which the fuel to be 


deg. C. The bench consists of two parallel steel bars, 
2 in. wide, 0-5 in. thick, 164 ft. long, resting in the 
tunnel on rollers on brackets which are bolted to the 
brick walls. The inner one of these bars is so graduated, 
on platinum plugs, both in feet and metres, that a 
supported tape can be compared throughout its 
length. The division lines of the outer bar extend 
tothe edge ; this is convenient for the direct comparison 
of a tape which is suspended at points. The tape to be 
tested is stretched by means of a calibrated spring 
balance. The tension apparatus, we learn from Circular 
No. 328 of the Bureau of Standards, by Lewis V. Judson, 
on “Testing of Measuring Tapes of the Bureau of 
Standards,”’ was constructed on the lines of the balance 
used in the Topographical Survey Laboratory at 
Ottawa. 

The geodetic comparator was designed especially for 
50 m. tapes, but can also deal with lengths of 25, 30, 
40 and 45 m. The apparatus is modelled on the field 
apparatus used at the Holton base, Indiana, in 1891, 
and the whole outfit has given so much satisfaction that 
no material improvements are contemplated. Along 
the wall, opposite the two bars mentioned, eleven 
concrete pillars are set at intervals of 5m. The 5 m. 
standard bar in ordinary use is known as the Woodward 
iced bar, No. B17. This bar, 5-02 m. long, 8 mm. 
thick, 32 mm. deep, is placed in a trough of Y-shape, in 
which it rests on saddles. The Y is formed of two steel 
plates, 5-14 m. long and 25-5 cm. wide, riveted together 
in the stem of the Y and then opening out at an angle of 
60 deg. The trough is packed with ice, the ends are 
closed by wood, and drain holes for the water are 
provided. The trough is mounted on two trucks 
running on wheels. The bar is aligned with the aid 
of eleven German-silver plugs inserted at intervals of 
495 mm. along the bar. At either end of the bar, the 
upper half is cut away for about 2 cm. to receive the 
graduation plugs of platinum-iridium. Each plug is 
ruled with 3 lines, two in the longitudinal direction, close 
to a diameter and 0-2 mm. apart, and the third at 
right angles to the first two. 

The position of each end microscope, which might 
be moved accidentally, as well as intentionally, is 
determined with relation to one of two fiducial points 
in the floor level, by means of a device known as a cut-off 
cylinder. The object of this device, the Ablothung 
cylinder of Messrs. Repsold, instrument makers, of 
Hamburg, is to project a point in the focal plane of the 
microscope down to a horizontal plane passing through 
the centre of a sphere in the floor level. The cut-off 
cylinder has a conical hole in its lower horizontal end 
plane. By the aid of a rack and pinion and a spirit level, 
the cylinder, which is mounted in a frame, is set on the 
sphere, which is itself specially mounted on a pier. 
The axis of the cone will always pass through the 
sphere centre. When the two cut-offs are so adjusted 
that that plane through the axis of each cylinder, which 
is parallel to the level vial, is a common vertical plane 
through the centres of the two spheres, and when the 
graduations on the upper surface of each cut-off are 
perpendicular to this plane, then a reading on each 
vial will give that inclination of the cut-off which, 
together with a reading of each micrometer microscope 
on some known line on the scale of its cut-off, will 
determine the location of the line in space. In that 
way, a position, relatively unstable in the focal plane 
of the microscope, can be transferred to the stable 
pier below, and vice versa. 





‘ Britisu STanDARD TRAMWAY TRACKWORK.—The 
ane x vised edition of the Report on British Standard 
hen ial T rackwork for Tramways has recently heen issued 
dy the British Engineering Standards Association. The 
oo was first published in 1919. In the revision, the 
7 ing arrangement for the 5} in. rail has been superseded 
as tmilar. arrangement for a 5-in. rail, corresponding to 
ie new British Standard Section No. 10. Plates are 
given showing the complete details of the holes. The 
Position from which the reduced depth of groove at 


i in the open type of switches and crossings is 
this > Ineasured is indicated, and the depth of groove at 
'S point has been increased from } in. to gin. Approxi- 


awe metric equivalents for all dimensions in the report 
i ow included. Copies of the report (No. 79-1927) 
‘ay be obtained from the B.E.S.A. Publications Depart- 


ment, 28, Victoria-street, L ice ¢ 
m9 My » London, 8.W.1, price 2s. 2d., 





tested was mixed. The charge was ignited by drop- 
ping a red-hot iron wire into it, and there was the 
further drawback that the outside walls of the bomb 
were in constant direct contact with the calorimeter 
water which was thus cooled from the start. The 
modifications of the Parr calorimeter which Messrs. 
John J. Griffin and Sons, Limited, of Kemble-street, 
W.C.2, and Messrs. Baird and Tatlock, Limited, of 
Glasgow, Edinburgh, Manchester and Liverpool, have 
adopted, have overcome those drawbacks. The new 
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calorimeter is illustrated in our diagrams, Fig. 1 giving 
a vertical section through the complete instrument, and 
Fig. 2 showing details of the bomb. The outer cylindrical 
vessel, of polished copper, about 16 in. high, serves as 
container for the water and the bomb, which is rotated 
about its vertical axis; the vessel is fitted with two 
screens to reduce heat losses. 

Dealing first with the bomb, we may explain that the 
charge is put into the cup A, which is about 1} in. dia- 
meter and 1}? in. deep, and is made of nickel-chromium 
steel and seated in an outer cylinder B of mild steel. 
The cup is closed by a steel cover D, a lead washer 
being interposed between the flange of A as shown. 
The electrodes for the loop of platinum or nickel, 
by means of which the charge is fired, are attached to 
the cover D, the heating current passing from the 
stud F, which projects above the top of the copper 
container, down a wire suspended in the upper tubular 
portion of D, which is also the axis of rotation for the 
whole bomb. To fire the charge, the contact 6, Fig. 1, 
is pressed down on to the stud F; the return circuit 
is through the water of the calorimeter and the bind- 
ing screws and wire, as shown. The lower face of 
D is lined with nickel-chromium steel. The water 
container proper is formed by the cylinder 1 and the 
inner wide copper tube 2 of Fig. 1; the tube is provided 
with large openings, one of which is shown, for the 
circulation of the water. The assembled bomb rotates 
on the pivot bearing 3 attached to the frame, and in 
the bearing of the tube D. Spring stirring-vanes are 
slipped over the outer wall of B when the bomb has 
been closed. By means of the pulley 5 the bomb is 
rotated in the water at about 150 r.p.m. 

Underneath the bomb in Fig. 2 will be seen the 
floating bottom C, which rests loosely on the pivot 
mentioned and also fits loosely into the outer chamber. 
This bottom is perforated, so that the water can pass 
upward through it and fill the narrow space between 
the cup A and the cylinder B. This, however, can only 
take place after the ignition and combustion. At first, 
the space will be filled with air. The combustion, 
however, heats the cup and expels the air; on cooling, 
the water is drawn up into the evacuated space. There 
is thus rapid cooling, owing to the rotation and 
to the action of the stirrers, but no initial cooling. 





About 5 mins. after the ignition, the temperature of 
the calorimeter will have become sufficiently steady for 
a reading to be taken on the Beckmann thermometer, 
which is graduated in hundredths of a deg. C.; the 
divisions are read off with the aid of the lens 8. 
The two heat-insulating jackets 9 and 10 are made 
of polished copper. 

The usual sample of coal for a test, about 0-5 gramme, 
is mixed with a very large excess of sodium peroxide, 
about 15 grammes, to which 1 gramme of potassium 
perchlorate is also added. The two salts are supplied 
separately, though the perchlorate is not explosive like 
the chlorate and produces a less violent combustion. 
Sodium peroxide is also not explosive, even when hot, 
as long as it is kept dry and not mixed with com- 
bustibles. At the end of the test, the parts can as 
quickly be dismantled as they were assembled, and 
the cup may be placed directly in a beaker filled with 
water, to conduct a sulphur test; any sulphur in the 
fuel will have been oxidised into sulphate. The water 
equivalent of the calorimeter is generally determined 
by a test made with pure benzoic acid, the calorific 
value of which is well known; the difference between 
the theoretical calorific value and the value observed 
gives the loss of heat by radiation and in other ways. 
When fuels of high calorific value are to be dealt with, 
such as anthracite or coke, either naphthalene or 
camphor are recommended for calibration. Volatile 
liquid fuels are tested in the calorimeter by filling 
small glass globules with the fuel and breaking the 
globules beneath the charge in the cup. 








CATALOGUES. 


Machine Tools.—Messrs. Pidgen Brothers, Helmet- 
row, Old-street, London, E.C.1, have issued a new edition 
of their list of new and secondhand machine tools. 


Motor Cars.—An illustrated description of the Bean 
cars and commercial vehicles, appears in Bulletin No. 4, 
issued by Bean Cars, L'mited, Tipton, near Birmingham. 


Turbo-Fans.—A number of sets of fans, with direct 
steam-turbine drive, are illustrated and described in 
Bulletin No. 123, issued by the Rateau Company, 40, 
Rue-du-Colisée, Paris. 

Gasholders.—Messrs. Newton, Chambers and Company, 
Limited, Thorncliffe, near Sheffield, have issued a leaflet 
illustrating their standard and spirally-guided gasholders, 
and also a holder of the dry type. 

Electrical Plant.—The A.C.E.C. Company, of Charleroi, 
Belgium, have issued a set of 16 illustrations of turbo- 
generators. They have also sent us a copy of their 
periodical dealing mainly with transformers. 

Cranes.—The Demag Company, Duisburg, devote most 
of their periodical Vol.11, No. 2, to descriptions and illustra- 
tions of cranes for waterside, foundry and excavating work, 
showing many examples of plant supplied by them for 
special purposes, 

Electrical Machinery.—The English Electrie Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, have 
sent us a copy of their journal Vol. IV, No. 2, containing 
excellent matter dealing with the interlinking of supply 
systems in this country, electric motors for stone quarries, 
electric motor road vehicles, and electric locomotives for 
service in Rhodesia. 

Steam Turbines.—Messrs. Escher, Wyss and Company, 
of Zurich, have issued a periodical of which we have 
received a copy of the first number. It contains a short 
history of the firm, founded in 1805, and articles on the 
Zoelly steam turbine and on paper-making machinery. 
The text is in English, and the London address of the firm 
is 20, Grosvenor-gardens, 8.W.1 

Electric Generators.—Messrs. Oerlikon, Limited, 28, 
Essex-street, Strand, London, W.C.2, have published, in 
their Bulletin No. 81, a description of a vertical water- 
driven 10,000-volt generator, of 17,000 kv.-a., running 
at 250 r.p.m., and also a partial description of two similar 
generators, of nearly double the output, which are in 
course of erection at their works in Switzerland. 

Coal-Mining Machinery.—The catalogues issued by 
Messrs. Mavor and Coulson, Limited, 47 Broad-street, 
Mile End, Glasgow, of which three new copies are tc 
hand, show that the difficulties of applying mechanical 
methods to the cutting and conveying of coal in mines 
have been overcome to a remarkable extent. Colliery 
engineers are offered coal cutters, conveyors, motors and 
transmission gear, which are worthy of careful con- 
sideration. 

Driving Chains.—A catalogue of chain drives issued by 
Messrs. Crofts (Engineers), Limited, Thornbury, Bradford, 
will be found very useful to millwrights and engineers 
generally, on account of the complete and well-arranged 
information it gives on chains, wheels and housings for 
drives up to 100 h.p. It deals with roller chains and 
inverted-tooth silent chains for general work, and also 
with cast-malleable chains for conveyors, elevators, and 
slow-speed drives. 

Pumping Plants.—Messrs. Tangyes, Limited, Bir- 
mingham, have issued a book of illustrations of a number 
of large pumping plants recently set to work by them. 
These include bore-hole ram, and centrifugal pumps, 
driven by steam, oil and gas engines, and by electric 
motors. The capacities are from a few thousand to 
over 50,000 gallons per hour, The booklet serves to 
show that the most efficient service under the various 
conditions to be provided for involves the use of all the 
principal types of pumps and motors. ’ 
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*“* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919, 
The numer of views given in the Specification Drawings is stated 

in each case ; where none is mentioned, the Specification is not 
tllustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of gay ead may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 

the uniform price of 18. 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “* Sealed ’’ is appended. 

—— may, at any time within two months from the date of 

advertisement of the acceptance of a Complete Specification 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, Kc. 


276,817. A. G. Pitt, South Farnborough, A. C. 
Stevenson, South Farnborough and W. H. Crozier, 
South Farnborough. Internal-Combustion En- 
gines. (2 Figs.) August 12, 1926. The invention relates 
to fuel pumps for spontaneous-ignition internal-combus- 
tion engines. According to the invention, a casing 1 
carries a ring of pump plungers 2 and barrels 3 with their 
axes parallel to a central driving shaft 4. Each plunger 
barrel is provided with a suction valve 5 and with a de- 
livery valve 6 which controls a pipe 8 leading to the fuel 
valves. The suction valves are mechanically operated, 
against the action of springs 9, by a non-rotary swivelling- 
disc 10. The disc 10 is mounted by a ball-and-socket 13 on 
a sleeve 14 fast on the driving shaft. The disc 10 is held to 
its seating by a spring 15, and is carried by an upper ball 
race 17 coacting with a lower ball race 18 on the central 
ball seating 13. The ball races 17, 18 form part of a 
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valve rotary-disc and lie in, a plane which is inclined to the 
axis of the central driving shaft, so as to cause the disc 
10 to rock on its bearing and give the required normal 
lift to the valves. The plungers 2 are mechanically 
operated against the springs 9 by a swivelling disc 19. 

he disc 19 is mounted by. a central ball-and-socket 20 
on the driving shaft 4. The face of the plunger operating- 
disc 19 is formed as a ball race 21. Coacting with this 
ball race is an upper ball race 22 forming part of a plunger 
rotary disc fast on the central ball seating 20. The ball 
race 22 is inclined so as to cause the disc 19 to rock on its 
bearing and give the required stroke to the plungers. An 
outer cylindrical flange 23 is fast on the central ball 
seating 20. The central ball seating 20, the upper ball 
race 22, and the outer flange 23, are fitted with a pin 25. 
The upper ball race 22 engages trunnions 27 on a trunnion 
ring 28 surrounding the outer flange 23. The trunnions 
are arranged in line with the pin 25. (Sealed.) 


MINING, METALLURGY, &c. 
282,135. C. Nelson, Sheffield, and King, Taudevin 
and Gregson, Limited, Sheffield. Rotary Hearths 
for Furnaces. (2 Figs.) September 9, 1926.—The 
invention relates to rotary hearths for furnaces, of the 
type in which a table or charge support is rotatably 


Fig. 





Das 














SY 
= 
— 
<= 
— 


Y, 
z/ 
fh 


ime 
= 





mounted on ball bearings: In a rotary hearth for 
furnaces, in accordance with the invention, a shallow 
bath e is disposed beneath the hearth a and is adapted 
to act as a supporting container for the ball bearings 6 
and driving gear 7, k. 


Preferably, though not neces- 





sarily, the ball race comprises an upper member c fast 
to the hearth a and a loose lower member d, the lower 
member being thereby self-aligning and its position 
governed by the balls located in the ball race. The 
lower member d is supported in the bottom of the bath 
e, which supports a central shaft h about which the furnace 
hearth rotates. The means for rotating the furnace 
comprises a worm j and pinion k operating in the bath e. 
(Sealed.) 


282,137. J. S. Highfield, London, and W. E. 
Highfield, London. Compressed-Air Engines. 
(6 Figs.) September 10, 1926.—The invention relates 
to installations for operating sluice valves, or similar 
wheel-operated devices, which have to be driven alter- 
nately in opposite directions and have only to be 
operated intermittently. The invention aims at employ- 
ing a reversible compressed-air motor as the source of 
power for operating such valves and other devices, and 
to arrange such a motor so that while it can be readily 
started, stopped and reversed from a control point 
relatively remote from the motor, the necessary piping 
and other apparatus, and consequently the capital cost, 
are reduced to aminimum. According to the invention, 
in an installation of the type described, the main air 
supply for an air motor 2 arranged to drive the sluice 
valve 1, that is the total air which actually drives the 
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motor 2, is supplied to the chest of a reversing valve $ 
which is provided upon the motor and serves to actuate 
this valve 9. This main air supply is fed to the valve 
chest through one of two pipes 10, 11, the choice of pipe 
depending upon the direction of rotation of the motor 
which is desired. Thus, by admitting the air to the one 
pipe or the other, the motor is at once driven in the 
correct direction, since the main air itself actuates the 
reversing valve. By this construction, the necessity 
for separate pipes for the air supplying the power and 
the air controlling the valves is eliminated. Moreover, 
the provision of two pipes necessitated by this arrange- 
ment enables a portion of the air exhausted from the 
motor to be returned through the pipe not employed as 


in the frame or.support 13 to receive it, this also serving 
to retain the split parts of the sleeve in engagement with 
one another. With this arrangement, therefore, the 
shock-absorbing mounting is first mounted as a unit 
on the foundation, support or frame, as the case may be, 
in which the bore is provided for the split sleeve. When 
secured in place, the end of the arm 6, ora lug or the like 
on the engine or other part to be supported, rests on the 
end of the spigot portion 2 and the securing bolt 5 passes 
through the hole provided for it in the spigot and in the 
arm, and thus firmly secures these two parts together. 
(Sealed.) 


RAILWAYS AND TRAMWAYS. 


276,791. Babcock & Wilcox, Limited, London, 
and R. B. Wright, Cardonald, near Glasgow. 
Rotary Wagon Tipplers. (2 Figs.) July 16, 1926.— 
This invention has reference to rotary tipplers for use 
in discharging coal from wagons. The invention com- 
prises a rotary tippler, in which the means for holding 
the wagon 4 firmly on the rails 2 of the cradle consists 
of levers 21 pivoted to the oscillatory structure and each 
connected at one end to a bar 24 adapted to rest against 


Fig.1. 
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the supply pipe at any given time. This portion of the 
air will thus return to the remote-control point, and | 
serves as an indication of the operation of the motor. 
(Sealed.) 


MOTOR ROAD VEHICLES. 


282,188. Riley (Coventry), Limited, Coventry, 
and H. Rush, Coventry. Engine and Gear-Box 
Mountings. (4 Figs.) October 18, 1926.—The inven- 
tion relates to mountings for an engine or other mechanism, 
of the kind in which shock-resisting material is employed 
to prevent metallic contact of the connected parts. The 
shock absorbing mounting forms a self-contained unit, 
one part of which is adapted to be bolted securely to a 
foundation or frame, whilst the other can be similarly 
attached to the engine or other mechanism to be secured 
to the frame. One part of this unit is a spigot member 
constituted by a block 2 of circular cross section with 
circumferential grooves 3 in its periphery, giving to it a 
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corrugated profile, and an axial hole 4 for a securing 
bolt 5 extending through an arm 6 on the engine or other 
mechanism. These grooves provide a number of surfaces 
which are transverse to the line of thrust acting on the 
block, ¢.e., the axial line of the bolt 5. This spigot member 
is surrounded by a sleeve 7, of rubber, which is either 
initially moulded with corrugations or acquires these 
through its engagement with the corrugations on the 
spigot part 2. The socket member is a split metal 
sleeve 8 internally corrugated at 9 to co-operate with 
the corrugations 3 on the spigot and to engage with the 
corrugations on the outer surface of the rubber sleeve. 
It is provided, at one end, witha radial flange 10 to enable 














276,791 


the upper edges of the end walls of the wagon, and con- 
nected at the other end to a rope which is led over 
stationary pulleys and anchored to a weight 30, the 
levers 21 being provided with counterbalance weights 
34 so that, when the tippler is in the normal position, 
the bar 24 is clear of the wagon. The member 17, 
which bears against the side of the wagon during the 
tipping operation, slides on inclined guides 18 towards 
the side of the wagon, and is connected to the cradle by 
means of links 19. (Sealed.) 


278,809. Brecknell, Munro and Rogers, Limited, 
Bristol, and A. M. Willis, Keynsham. Bow 
Collectors. (8 Figs.) July 15, 1926.—The invention 
relates to bow collectors for overhead systems of electric 
traction. According to the invention, the bow collector 
has two main operating springs 11, 11, for maintaining 
contact of the bow with the conductor wire. The bow 
is secured to a crosshead 25, in turn secured to legs 26 
mounted on pins 27 fixed in lugs 28 on the base plate 29. 
Fixed on the pins 27 are flanged cams 30, to each 
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of which chains 31 and 32 are anchored. The chains 
extend to, and are attached to, the main operating 
springs 11, 11. The bow assumes a vertical position 
normally, but as it is depressed in a clockwise direction 
to a horizontal position, the chains 31 lap round the 
cams 30, thereby stretching the springs 11. <A torque 
is exerted about the hinge pins 27 tending to return the 
bow to a vertical position. The chains 32, fall away 
inactive as represented. The operation to a horisonte! 
position in a counterclockwise direction from a vertica 
position is similar, only chains 32 lap round the opposite 
faces of cams 30, while the chains 31 fall away out of 





it to be secured to the end face 11 of a bore 12 provided 





action. (Sealed.) 
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WIND STRESSES IN MANY-STORIED 
BUILDINGS. 


By Rosrys FLEmine. 


Tue subject of wind resistance in tier buildings 
of many storeys may be divided into three parts : 
(i) the wind pressure to be assumed ; (ii) the deter- 
mination of stresses in the structure due to the 
assumed pressure ; (iii) the working or unit stresses 
to be used in proportioning the members of the 
structure. 


J.—WIND PRESSURE ON STRUCTURES. 


Sir Thomas Stanton, in a valuable paper, 
“Report on the Measurement of the Pressure of 
Wind on Structures ” (Proceedings of the Institution 
of Civil Engineers, vol. ccxix, p. 125, December, 
1924), says that the magnitude of the wind forces 
to be provided for in the design of a structure 
depends upon (1) the form and relative distribution 
of the members composing the structure, and 
(2) the intensity of the strongest wind gust which 
may occur in the vicinity during the lifetime of 
the structure. 

In form of structure, high buildings almost 
invariably present a flat surface to the wind. The 
intensity of pressure to be assumed is the real 
problem. Wind velocity in the United States is 
measured in miles per hour (m.p.h.), usually as 
recorded by the Robinson anemometer. Actual 
velocities, however, are less than recorded veloci- 
ties. The correction formula used by the Weather 
Bureau is 

Log V = 0-509 + 0-9012v, 
in which V is velocity of wind in m.p.h., and 
v is the linear velocity, also in m.p.h., of the 
cup centres. This equation applies only to the 
Weather Bureau anemometer having 4-in. hemi- 
spherical cups on arms 6-72 in. long. The 
velocities published are those recorded by the 
anemometer. The pressure P per square foot 
on a flat plate normal to the direction of the 
wind is given by the equation :— 
P=EKV* 


in which V is the actual velocity in m.p.h. The 
value of the constant K used by the Weather 
Bureau is 0-004, which may be rather high. 
Careful British experiments, notably those of 
Sir Thomas Stanton, give a value of 0-0032. 

Maximum average wind pressures per unit of 
area are less on large surfaces than on small ones. 
Sir Thomas, however, dissents from the generally- 
accepted opinion, and thinks that the same intensity 
of pressure should be used for a large area as for 
asmall one. He admitted, however, in the discussion 
following his paper, that it would be quite safe 
to assume a pressure over a large area near the 
ground as being 75 per cent. of the pressure at 
a point. Again, the recorded velocities are the 
average of those indicated for a period of five 
minutes, but during that period there may be 
gusts of greater velocity. It is difficult to decide 
what importance shall be given to these gusts, while 
the question is further complicated by the fact 
that wind velocity increases with distance from the 
ground. On this phase of the subject, the meteor- 
ologist has given the structural engineer but little 
help. One may search in vain for data relating to 
velocities at heights of 300 ft. or 400 ft. when the 
Velocity at ground level is 60 m.p.h. or 80 m.p.h. 
Formule given for increase of velocity due to increase 
of height are based upon a low velocity at ground 
level, and give absurd results if a high velocity be 
assumed. 

In the United States, buildings of 10, 12 and 
More storeys are numbered not by the hundred, 
but by the thousand. The skyscraper has been 
followed by the skypiercer of 30, 40 and more 
stories. The tower portion of the Book Building 


in Detroit is 81 storeys in height. Many of these | 


uildings have withstood high wind pressure, and 
no failure due to wind has been recorded. British 
‘ngineers may not feel specially interested in such 
buildings, as London does not want skyscrapers, and 
skyscraper construction is not adapted to London, 
but the subject is of general interest, and the time 
may be coming when they will be obliged to take 
Cognisance of high-building construction and be 


prepared to meet the problems connected therewith. 
Many-storied buildings of the office or hotel 
type are seldom found outside cities, and for them 
municipal building codes specify the minimum 
wind pressure to be used. A surprising variation is 
found in the requirements of such codes. In New 
York, an assumption of 30 lb. per square foot of 
exposed surface measured from the ground to the 
top of the roof is to be made for all buildings over 
150 ft. in height and for all buildings in which the 
height is more than four times the least horizontal 
dimension. The wind is assumed to blow horizon- 
tally in any direction. The Chicago Building 
Ordinance specifies “‘ All buildings shall be designed 
to resist a horizontal wind pressure of 20 lb. per 
square foot of exposed surface.” In San Francisco, 
for buildings over 102 ft. high or where the height 
exceeds three times the least horizontal dimension, 
the steel or concrete frame is required to be designed 
to resist a wind pressure of 15 lb. per square foot, 
acting in any direction upon the entire exposed 
surface. In each of these three cities there are 
buildings of monumental height. The pertinent 
question arises: Is the New York Code needlessly 
severe or is that of San Francisco dangerously 
lax ? Boston, Philadelphia and other cities have 
variations of their own. 

The Building Code recommended by the National 
Board or Fire Underwriters specifies a horizontal 
wind pressure be assumed in any direction of 20 lb. 
for every square foot of exposed surface for all 
buildings or parts of buildings in which the height 
is more than three times the minimum horizontal 
dimension. 

The leading steel manufacturers handbooks used 
in the United States are the Carnegie Pocket Com- 
panion and the Bethlehem Structural Shapes. The 
Carnegie handbook specifies for wind blowing 
horizontally in any direction a pressure of 20 lb. 
per square foot for the finished structure, and a 
pressure of 30 lb. per square foot for vertical surfaces 
and the vertical projection of inclined surfaces of all 
exposed metal or other framework during the process 
| of construction. The Bethlehem handbook recom- 
|mends 15 lb. per square foot for the finished struc- 
ture and 20 lb. per square foot during erection. 

The London County Council (General Powers) 
Act of 1909 specifies ‘‘ All buildings shall be so 
designed as to resist safely a wind pressure of not 
less than 30 lb. per square foot of the upper two- 
thirds of such buildings exposed to wind pressure.” 
It is readily seen that the total wind shear above 
the base of the building with 30 lb. per square foot 
over the upper two-thirds is the same as 20 lb. per 
square foot over the entire area. The distribution 
is more severe. That is, the London Code is less 
severe than that of New York and more so than that 
of Chicago. In London, buildings are at present 
restricted to a height of not more than 80 ft. 

The committee of the Institution of Structural 
Engineers on steelwork for buildings break away 
from the London Code. In Part I., Loads and 
Stresses (June, 1927), they recommend that build- 
ings be designed to resist a horizontal wind load 
equivalent to a wind pressure on a projected vertical 
surface of 15 lb. per square foot up to a level of 
30 ft. above the ground, a pressure of 20 Ib. per 
square foot above that level, and a pressure of 30 Ib. 
per square foot on towers, turrets or like structures 
projecting above the roof. The horizontal load on 
sloping roofs is to be assumed at 10 1b. per square foot 
for an inclination up to 40 deg., and 15 lb. up to 
75 deg. Sloping roofs with an inclination more than 
75 deg., are to be treated as vertical surfaces. These 
excellent recommendations are the outcome of much 
thought and study. 

A conclusion of interest to structural engineers, 
derived from the monograph, Wind Pressure on 
Structures, by Hugh L. Dryden and George C. 
Hill, issued by the United States Bureau of 
Standards in 1926, is that the greatest average 
pressures against buildings are in accordance with 
the table given on this page. 

This table is the outcome of careful experiment 
and study. The structural engineer is responsible 
and must decide the wind velocity for which to 
make provision. Building codes only specify the 


minimum pressure to be used. Maximum wind 





velocities in miles per hour, as reported for a number 


of cities by the U.S. Weather Bureau, are New York, 
96; Chicago, 84; San Francisco, 64; Boston, 72; 
Philadelphia, 75. It should be remembered that 
these velocities are determined from the number of 
revolutions made by the anemometer in a 5-minute 
unit of time. As already mentioned, during that 
period there may be gusts of greater velocity. Thus, 
during the 96 m.p.h. observation at New York, the 
anemometer registered, for one minute, 120 m.p.h. 
The New York records cover a period of 55 years. 

Since the force of the wind increases as the square 
of the velocity, the stresses due to wind pressure 
increase accordingly. To specify undue wind 
pressure is to provide an insurance that the pur- 
chaser might not think necessary, and would uot 
take on account of the cost. No known building 
construction can withstand a tornado in its fury. 
It would not be practicable to attempt to design a 
building to withstand such a wind. Fortunately, 
the probability of a tornado devastating a definite 
area is exceedingly remote. 
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A.—Gives speed indicated by United States Weather Bureau 
standard anemometer in miles per hour. 

B.—Gives true wind speed in miles per hour. 

C.—Gives maximum average pressure against sides of building 
in pounds per square foot. 

The writer several years ago, in his own specifica- 
tions, recommended that where matters were not 
settled by a municipal code, a wind pressure be 
assumed of not less than 20 lb. per square foot 
of side area and the corresponding normal pressure 
on the roof. By normal pressure on the roof is 
meant that obtained by the Duchemin formula: 
ane 2 sin 0 

a" 1+ sin? 0 
pressure on a plane inclined at an angle @ to the 
horizontal and P = intensity of pressure on a plane 
normal to the wind. It is believed that such a pro- 
vision is sufficient for a recorded velocity of 100 
m.p-h. The increase of intensity due to gusts is 
balanced by the decrease of average intensity, due 
to the large area over which they are extended. 
For buildings in regions of frequent hurricanes or of 
exceptional high winds, and where unusual insurance 
against wind damage is wanted, not less than 
25 lb. or 30 lb. per square foot is recommended. 

It is to be observed that the recommendations 
made apply to buildings and not to open structures, 
such as bridges and towers, where some parts are 
sheltered by others and where, because of the 
lightness of the structure, the wind may have a 
pulsating effect. 


in which P, = intensity of normal 


II. Tot DETERMINATION OF STRESSES. 


It is the province of the structural engineer to 
determine the stresses from an assumed wind force 
acting on a steel-frame structure. The first 
question that arises is whether or not the steel 
frame shall be designed to resist the entire force 
of the wind, or whether the walls and partitions can 
be assumed to carry part of it to the ground. If 
so, what portion can be thus carried ? Building 
codes are often ambiguous in this respect. For 
instance, that of Detroit reads :— 

“In all structures exposed to winds, if the 
resisting moments of the ordinary materials of 
construction, such as masonry, partitions, floors 
and connections, are not sufficient to resist the 
moment of distortion due to wind pressure taken 
in any direction on any part of the structure, 
additional bracing shall be introduced sufficient 
to make up the difference in the moments.” 

A provision like the foregoing does not tend to 
uniformity in design. The opinion of one engineer 





may be quite different from that of another. 
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Rulings of one building official may be reversed by 
his successor. 

Many engineers believe that it is inadvisable to 
allocate a certain amount of wind force to the walls 


Methods of Determining Wind Stress.—It is 
evident that, for horizontal wind pressure, a trans- 
verse bent of the structure is a cantilever beam or 
truss with its fixed end at the foundation. Architects 


and the remainder to the structural frame. An | and engineers of the first high office buildings—in 


editorial, “‘ Bracing of Tall Buildings,” in The 
Canadian Engineer (vol. li, page 645, November 16, 
1926), written after the Florida hurricane, stated :— 
“From the general racking of the walls of tall 
buildings in Miami, it appears that the structural 
frame cannot begin to function effectively against 
heavy wind force until ultimate loads are brought 
to bear on walls and partitions. It would therefore 
seem that assumptions to the effect that the walls 
resist a certain proportion of the wind force and 
the wind bracing resists the remainder cannot be 
supported by the performance of tall buildings in 
Miami. At the outset, in a storm, the walls and 
partitions undoubtedly take a considerable share 
of the imposed wind force, but as soon as they 





Fig.1. METHOD I. DIRECT AND BENDING STRESS. 


LOADS AND SHEARS GIVEN INPOUNOS 
109,134 - BENDING MOMENT OF 109,134 FT. POUNDS 
(61,638)- DIRECT STRESS OF 61,638 POUNDS 
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have been shattered, the structural frame must 
take over all of the force. 
load, then, between the fragile walls and the | out. 
structural frame appears to be unwarranted.” 
An exception will be taken by some engineers 
to the opinions here expressed. 
in a personal note to the writer, says, “I very 


much 


The walls and the framework certainly do act 
together. 
enough to avoid ‘ shattering’ of its walls under 
a reasonable wind force. 
and walls play a prominent part in the distribution | 
of the wind pressure, and all of the construction 
plays a part in adding to the mass or weight that 
resists the larger sudden pressure or gusts, thus 
preventing pulsation and tending to lower the maxi- 
mum average pressure by distribution over large | 
areas and time periods.” 
but the correspondent places no definite value upon 
the walls. This value is uncertain; it is not known 
to the designer of the steel framework, and, there- 
fore, in the opinion of the writer, the steelwork 


disagree with 








can be made. 


December, 1905). 


area method. 


the 80’s and the early 90’s—usually followed one of 
four types of wind bracing: Vertical sway-rod type, 
latticed-girder type, portal type and kneebrace 
type. These early types are now seldom used. 
On account of their interference with architectural 
features all have given place to the gusset-plate type 
of wind bracing without diagonals. 
plate type is not an economical type. Large 
bending moments occur in girders and columns, 
and a considerable amount of field riveting is 
These items are more than offset by 
others: the architect and engineer are allowed 
greater freedom in design, and there is less en- 
croachment upon space below floor levels than by 
any other type. 


The gusset- 





The slope-deflection method of Wilson and Maney, 


as given in their monograph, Wind Stresses in 
the Steel Frames of Office Buildings (Bulletin 80, 
June, 1915, Engineering Experiment Station of 
the University of Illinois) greatly reduces the 
number of unknowns and requires less labour than 
previous methods. 

The exact methods all have one fault in common; 
they are not workable. It is doubtful if there are a 
dozen high buildings in the United States in which 
any of these methods have been followed. Recourse 
must be had to approximate methods, two of which 
may be given. 

Approximate Method I. The Cantilever Method.— 
For convenience, the first method presented will be 
called the cantilever method, although in both 
methods the structure as a whole is a cantilever, 
The section or bent of the building is considered as a 
cantilever beam with concentrated loads. If the 
beam had a solid web, the internal stresses at any 


Fig. 2. DIRECT STRESSES IN COLUMNS AND GIRDERS 


SHEAR AND MOMENT DIAGRAMS. 
NINTH FLOOR METHOD I. 
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Different methods of determining stresses in the 
Any division of wind | gusset-plate type of buildings have been brought 
A broad classification may be: 
methods and (2) approximate methods. The exact 
methods regard the building as statically indeter- 
One engineer,|minate and the tedious method of determining 
stresses in structures according to the deformation 
The Canadian Engineer.|of their members must be followed. To do this 
requires that the section of the members be known. 
A building should be strong| At the best but a close approximation of these 
| The pioneer of the exact methods is 
Still further, the floors | probably that presented by Ernst A. Jonson in a 
paper, “The Theory of Frameworks with Rect- 
angular Panels and Its Application to Buildings 
Which Have to Resist Wind” (Transactions, Ameri- 
can Society of Civil Engineers, vol. lv, page 413, 
Another method, the method of 
least work, is that presented by Professor Albert 
This is undoubtedly true, | Smith in a paper, “‘ Wind Stresses in the Steel Frames 
of Office Buildings” (Journal of the Western Society 
of Engineers, vol. xx, page 341, April, 1915). 
Stresses may also be determined by the moment 


(1) exact 


(See Chapter XVII, “Stresses in 


should be designed to resist the entire force of the Stiff Frames by Area Moments” of Professor 
wind. 





The error, if any, is on the side of safety. | Ketchum’s Steel Mill Buildings, 4th edition, 1921). 








Fig.4. NINTH FLOOR JOINT. COLUMN 8. 
METHOD I. 
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point could be determined by the theory of 
flexure; 

“Tf, however, rectangles be cut out of the beam 
between the loads, there will then be a different 
condition of stress. What was the horizontal 
shear of the beam will now be a shear at the point 
of the contraflexure of the floor girders, causing 
bending, and, as in the beam, the nearer the neutral 
axis the greater the shear. The vertical shear in the 
beam would be taken up by the columns as a shear 
at the points of contraflexure, and the amount of 
this shear taken by each column would, as in the 
beam, increase toward the neutral axis. The direct 
stresses of tension or compression in the beam would 
act on the columns as a direct load of either tension 
or compression, and, as in the beam, would decrease 
toward the neutral axis. 

“Each intersection of column with floor girders 
would be held in equilibrium by forces acting at the 
points ot contraflexure, and, to find all the forces 
acting around a joint at any floor, the bending 
moments of the building at the points of contra 
flexure of the columns above and below the floor m 
question are found. 

“Tt is assumed that if a beam of constant 
symmetrical cross-section and homogeneous material 
is fixed at both ends, and that if forces tend 
move those ends from a position in the same an 
line to a position to one side with the ends stil 
parallel, reversed bending will occur with the 
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point of contraflexure in the centre of the 
unsupported span. And since this condition 
exists in all columns and floor girders, it will be 
necessary to find the shears at the points of contra- 
fexure as well as the direct stresses in all 
members.’’* 

Fig. 1, on the opposite page, gives direct stresses 
and maximum shears and moments in all members 
of athree-aisle bent in a 12-storey building, as found 
in accordance with the foregoing statement. For 
the bent under consideration, it is assumed that all 
columns in any given storey have the same sectional 
area. As the aisles are of the same width, the neutral 
axis coincides with the centre line of the building. 
It is also assumed that the point of contraflexure 
of each column is at mid-height of the storey, 


be the direct stress in each of the ninth-storey 
columns B and OC, then 27X will be the direct 
stress in the ninth-storey columns A and D. Hence 
we have— 
(3,000) (42) + (4,200) (30) + (4,200) (18) + (4,200)(6) = 
27X) (27) + (9X) (9) + (9X) (9) + (27X) (27) 
from which 9X = 1,960 and 27X = 5,880. 
In the same way we have for the eighth-storey 
columns— 
(3,000) (54) + (4,200) (42 + 30 + 18 + 6) = 
(27X) (27) + (9X) (9) + (9X) (9) + (27X) (27) 
from which 9X = 3,140 and 27X = 9,420. 
<yThe total horizontal shear on any line across 
the building is the sum of the wind loads above 
that line. The shear taken by any column is 





that the point of contraflexure of each girder is 


Fig.6. NINTH FLOOR JOINT. 














proportional to the horizontal shear in that storey. 
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The difference between 3,140 and 1,960 = 1,180 
acts as a shear in the girder between columns B 
and C. The shear of 3,540 in the girder between 
A and B is continued and, with the shear of 1,180, 
makes a total shear of 4,720. The equation of 
moments is 


(Fore X) 12) + (Foy X) (6 = (8,540) (9) + (4.720) (9) 


19-8 ~ 19-8 
from which 
= 15-6 4-2 
X = 6,930, i9-8 X = 5460 and To-8 X = 1470, 


These are the shears taken by column B to hold 
the joint in equilibrium. The bending moment M, 
of the girder from A to B at column B is the same 
as at column A with an opposite sign; M; of the 
girder from B to C is (4,720) (9) = 42,480 ft.-Ib. 


Fig.7. METHOD II. DIRECT AND BENDING STRESSES 
LOADS AND SHEARS GIVEN IN THOUSANDS OF POUNDS 





























































































S ~ [2t-1= BENDING MOMENT OF /21,100 POUNDS 
Fig.5. NINTH FLOOR JOINT. & (68-48) = DIRECT STRESS OF 68,480 POUNDS 

0 5-0 ey) 0 ROOF ’ 

LUMN C. METHOD. hia 50. nor 
: B Shes BS 

$ 

Kz o1Z 

42 (ELOOR ¥ 

Cy therg 

é og anlhell 

Ed MPFLOOR + 

& $9 oie 8 

z S| 

S rer 6 

42 43-8 _|8™FLOOR | 

(un) & oo ; ! 

: 68 

9 ‘ ' 

Fig.8. DIRECT STRESSES IN COLUMNS AND GIRDERS 42, TZELOOR + H 
SHEAR AND MOMENT DIAGRAMS. > s S 

NINTH FLOOR METHOD II. 5) - 3 

| | 42 6™FLOOR 4 = 

TH, TN 2: ' 

f ‘ f 10™"FLOOR R : 5-4 Pe : 

meee Ee: SIMFLOOR + H 

= thisLine o = > A 

bition 3) 61 § 

FLOOR 2 FLOOR + : 

3 68 

<< 49 SAOFLOOR ; : 

‘ ’ ! 

> it > & 

8™FLOOR be 761 8 SO+15-22 3 7-61 is ' 

~ ‘ ' 

4 j 56 atm 2M°FLOOR | 

a coLB | cot C coLD —| war 27 ae a | 

5 854 : So=77.08 F : So< 854 

Fig.9. CROSS SECTIONS OF COLUMNS -—-18°0"--—->pe 1850" O"----*lisr FLOOR § y 

IN TRANSVERSE BENT. juz) A B C D 


a cd 


Y ie - oom oe D 


A 8 Cc D 


211.6.) 











“ENGINEERING’ 


at its centre of span, and that the joints are 
perfectly rigid. The wind loads are applied hori- 
zontally at the intersection of columns and girders. 
The windward columns receive a direct tensile 
stress and the leeward column a direct compressive 
stress, varying in a given horizontal plane as 
their distances from the neutral axis. For the 
first storey columns it may often be advisable to 
take the point of contraflexure at or near the 
base, depending upon the degree of fixity given 
'o the column by the base and end connections. 

_ The calculation of stresses and bending moments 
1 members about the ninth floor will be given in 
detail. The total moment of the wind loads about 
the line of inflection of the ninth storey columns 
must equal the moment of the direct stresses in 
these columns about the neutral axis. Let 9X 


a Wind Bracing with Kneebraces or Gusset-Plates,” 
by A.C. Wilson, Engineering Record, vol. lviii, page 272, 
September 5, 1908. 








In Fig. 2,if X = shear of any ecighth-storey column 
15,600 


at its point of inflection, then ina X = shear 
at point of inflection of the ninth-storey length of 
4,200 


the same column, and X = increment of 


19,800 
shear taken by the column at the floor girder. 
The forces at the intersection of column A 
with the ninth-floor girder are shown in Fig. 3. 
The difference between 9,420 and 5,880 = 3,540 
is taken up as a shear in the floor girder between 
columns A and B. The moments of the shears 
must hold the joint in equilibrium. Taking moments 
about the lower point of inflection we have— 


(8 x) (12) 4 ( 4-2 





19-8 ~ 19-8 * 


from which 


‘) (6) = (3,540) (9), 


- on SOO, 4-2 
X = 2,970, 5-4 X = 2,840 and = 
The bending moment of the floor girder is 
(3,540) (9) = 31,860 ft.-lb. The bending moment 
of the eighth-storey column is (2,970) (6) = 17,820 
ft.-lb., and of the ninth-storey column is 





X = 630. 


(2,340) (6) = 14,040 ft.-lb. The direct thrust on. 
the floor girder is 4,200 — 630 = 3,570. 

We may now proceed to the consideration 
of the second joint, which is shown in Fig. 4. 





The bending moment of the eighth-storey column 
is (6,930) (6) = 41,580 ft.-lb. and that of the ninth- 
storey column is (5,460) (6) = 32,760 ft.-lb. The 
direct thrust on the girder is 3,570 — 1,470 = 2,100. 

At the third joint, Fig. 5, the shear taken by the 
girder between C and D is 4,720 — (3,140 — 1,960) 
= 3,540. From the equation of moments 


GS x) (12) + (es) (6) = (4,720) (9) + (3,540) (9), 


19-8 19-8 
from which 
15-6 4-2 
X = 6 ———- a — = 1,470, 
930, 75-4 X = 5,460, X= 1,470 


As expected, the moments in column @ are numeric- 
ally equal to those in column. B, and the girder 
moments M, = M,, and M; = M,. The compres- 
sion in the floor girder between C and D is 2,100 
— 1,470 = 630. 

At the fourth joint, Fig. 6, we have the same 
equations as at the first joint, and hence the same 
numerical values for moments and shears. 

If the aisles are of unequal width, the neutral 
axis is first located. Direct stresses are then deter- 
mined, and with these the shears and bending 
moments in the columns and girders are obtained. 

The designer will find short cuts and ways of 
checking his work. A relationship between columns 
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is easily established. In Fig. 1 it is observed that 
shear and bending moments of interior columns are 
two and a-third times that of exterior columns. Of 
course, the sum of the moments of the floor girders 
at any joint is equal to the sum of the column 
moments about that joint. 

Approximate Method II. The Portal Method.— 
For lack of a better name this will be called the 
portal method. With exceptions noted, the assump- 
tions are the same as in Method I. The structure 
is regarded as equivalent to a series of independent 
portals. The total horizontal shear on any plane 
is divided equally between the number of aisles. 
An outer column thus takes but one-half the shear 
of an interior column. The stresses and maximum 
bending moments for a transverse cross-section of 
the building considered are given in Fig. 7. 

For equal transverse spacing of columns, the 
direct or vertical axial stress due to the over- 
turning moment of the wind is all taken by the 
outside columns. Considering in detail the ninth 
floor, we have, in Fig. 8, the direct stresses and 
shears in the columns. 

The shear in each girder is 10466 — 6533 = 3933. 
The bending moment in each girder is therefore 
(3,933) (9) = 35,400 ft.-lb. Equations for bend- 
ing moments for the girders of the ninth floor 
may also be written, 


M, = (2,600) (6) +- (3,300) (6) = +35,400 
Me = (2,600 + 3,300) (6) — (10,460 — 6,520) 

(18) = —35,400 
Mz = (2,600 + 3,300 +- 5,200 + 6,600) (6)— 

(10,460) — 6,530) (18) = -+35,400 
Mg = (2,600 + 3,300 + 5,200 +4- 6,600) (6)— 

(10,460 — 6,530) (36) = —365,400 
Ms = (2,600 + 3,300) (6) + 2 (5,200 + 

6,600) (6) — (10,460—8,530)(36) = -+35,400 
Mg = (2,600 + 3,300) (6) + 2 (5,200 + 

6,600) (6)— (10,460 — 6,530) (54) = —35,400 


The bending moments in columns are the shears 
given at points of contraflexure multiplied by one- 
half the storey heights. The direct compression 
stresses in the ninth floor girders are, from A to 
B, 4,200 — 700 = 3,500; B to C, 3,500 — 1,400 = 
2,100; and C to D, 2,100 — 1,400 = 700. 

The simplicity of the calculations and the checks 
thereon of Method II are seen at once. The bend- 
ing moments in girders of the same floor are the 
same and equal to the sum of the outer columns 
above and below the girder. Their value is not 
affected by the width of the aisle. The bending 
in an outer column in any storey equals the total 
shear in that storey multiplied by the storey height 
and the product divided by four times the number 
of aisles. The bending moment in an interior 
column equals twice that in an outer column. 

Choice of Methods.—Each of the foregoing 
approximate methods has its advocates. The 
writer believes that Method I is more in accord- 
ance with the theoretical distribution of stresses, 
but because Method II simplifies and duplicates 
connections he is inclined to use it. For a twenty- 
storey building in Philadelphia, ten or twelve 
years ago, he used Method I, while for another 
twenty-storey building in Philadelphia, designed 
three or four years ago, he used Method II. Inci- 
dentally, Method I is followed by the Bethlehem 
handbook in its formule for determining wind 
stresses in tell buildings. Method II is followed 
by Professor Ketchum in his Steel Mill Build- 
ings, and is probably at present more used than all 
other methods. Some engineers divide the hori- 
zontal shear equally among all the columns in a 
bent. This method, for the bent under considera- 
tion, makes the bending moments in columns of the 
same storey numerically equal, but those of girders 
in the same floor are different. The direct stress 
in columns with aisles of equal width is carried by 
the outer or wall columns. 

Wall columns in high buildings are sometimes 
turned as in Fig. 9. This allows a lateral adjust- 
ment of spandrels and an ease in erection not 
obtained if turned with the web at right angles to 
the building line. For suchcases, as well as forthose 
with wall columns having relatively small sectional 
areas, Method 2 is specially well adapted. 

After the Florida hurricane, it was found that 
the floor construction of high buildings was little 
damaged. Hardly a crack was seen in stone- 
concrete or cinder-concrete floors where windows 
were blown in and walls considerably damaged. 








This would seem to indicate that the horizontal 
wind pressure was distributed by the floor to all 
columns, regardless of their location. 

It is not always practicable, or even advisable, 
to hold to one system of bracing throughout. A 
considerable portion of wind pressure may some- 
times be carried to the ends and sides of a building, 
and thence transferred to the foundations by 
bracing not permissible in interior bays. For 
monumental and unusual structures, careful study 
must be made and special methods often devised. 

The Design of Details.—The part that the detailer 
plays in making sure that the completed structure 
will be capable of doing what it is intended to 
do is often underrated. This is especially the 
case with wind-bracing. High buildings that have 
been designed to resist any wind pressure liable 
to come upon them are sometimes sadly deficient 
in the connections of beams and girders to columns. 
Both designer and detailer should bear in mind 
that it is folly to add material to girders and 
columns to resist stress and moments due to wind 
and then to slight the details. ‘‘ Steel columns 
for tier buildings should be used in lengths of two 
or more storeys and spliced with sufficient plates and 
rivets to make them continuous with respect to 
transverse bending. All column splices and the 
connections of girders and beams to the columns 
should be riveted. With a properly constructed 
steel frame of this kind special wind-bracing will 
seldom be needed, unless the height of the building 
is more than twice its least base.”’* 


III. Untr on Workrne STRESSES. 

Because wind loads are intermittent and seldom 
reach their maximum, greater working stresses are 
permissible for them than for live and dead loads. 
This is recognised in most building codes. In 
New York City, when the stress in any member due 
to wind plus other loads does not exceed 50 per 
cent. of the stress due to live and dead loads alone, 
stress due to wind may be neglected. When such 
stress exceeds 50 per cent. of the stress due to 
live and dead loads, the working stresses prescribed 
elsewhere may be increased by 50 per cent. in 
designing such members to resist the combined 
stress; that is, with the limitations mentioned, 
working stresses based upon 24,000 lb. per square 
inch tension may be used, provided the resultant 
sections are not less than those obtained from live 
and dead loads alone. This same unit stress is 
followed in the code recommended by the National 
Board of Fire Underwriters. In Chicago, where a 
tensile stress of 18,000 lb. per square inch is 
specified, the allowable increase for wind is 334 
per cent., making 24,000 lb. the allowable working 
stress, the same as in New York. San Francisco 
allows an increase of 334 per cent., but there the 
basic unit stress is 16,000. The Code of Detroit, 
where the basic stress is also 16,000, reads, ‘‘ In 
calculations for wind bracing, the working stresses 
may be increased by 25 per cent.” The Carnegie 
Pocket Companion follows a_ basic stress of 
16,000 and allows an increase of 50 per cent. for 
wind stresses, while Bethlehem Structural Shapes, 
with 18,000, allows an increase of 334 per cent. for 
wind stresses. In both handbooks, the working 
stress for wind is thus 24,000 lb. per square inch. 
The London County Council allow an increase of 
25 per cent. on a basic stress of 16,800 lb. (7-5 tons) 
per square inch, or 21,000 lb. The Recommended 
Building Code Requirements for Working Stresses 
in Building Materials, 1926, of the U.S. Bureau 
of Standards, favour an increase of 25 per cent. 
based on 18,000 Ib. in maximum tension. 

The writer recommends the following units, in 
pounds per square inch, for stresses due to wind 
loads combined with live and dead loads. They 
should not be followed, however, if they give 
sections less than those obtained if wind loads were 
neglected. 

Tension, rolled steel, net section 24,000 
Compression in columns, gross section, 

(with a maximum of 20,000) oe 

Shear on gross area of webs of beams 


and girders where height between 
flanges is not more than 60 times the 


24,000 — 105 l/r 


thickness of web eee 16,000 
Shear when h/t exceeds 60 20,000 — 70 h/t 
Shear in power-driven rivets ... 18,000 





* Bethlehem, Structural Shapes. 








Shear in hand-driven rivets, or in rough 
bolts... aes aoa oye 13,500 
Bearing upon power-driven rivets 27,000 
Bearing upon hand-driven rivets or on 
rough bolts... ese sae 20,000 


It is seen that all these stresses are well within'the 
elastic limit. : 








EXPERIMENTS IN VISCOMETRY, 


Tue last paper of this season, brought before the 
Institution of Petroleum Technologists on May 8, 
was a very instructive contribution to the subject 
of viscosity at high temperatures, made by Messrs, 
H. 8. Rowell and D. Finlayson, who are in charge 
of the research work of the Research Association of 
the British Motor and Allied Manufacturers Aggo. 
ciation. At the commencement of their work, five 
years ago, Mr. Rowell stated, little was known 
about the viscosity of lubricants at temperatures 
much above 100 deg. C. Temperatures above 
250 deg. C., however, had recently been observed 
between pistons and cylinders, and their own work, 
up to 250 deg. C., did not thus exceed the limits of 
practical needs, as some speakers suggested during 
the discussion. For such experiments, the Bingham 
viscometer, of the Ostwald capillary type, seemed 
best suited. It was advisable to express viscosity 
in c.g.s. units, and better still, for many purposes, 
to plot the fluidity, the reciprocal of viscosity. 
Since, moreover, slight variations in temperature 
greatly affected the viscosity at low temperatures 
and hardly affected it at high temperatures, whilst 
the opposite applied to fluidity, and since logarithmic 
plotting tended to close up the scale and to mask 
differences and experimental errors, they proposed 
to plot, with the aid of tables, the viscosity multiplied 
by the factor (7 — P 
as @t = A(10 + T). 

Such curves had their peculiarities, depending 
upon the arbitrary choice of the vertex, but they 
showed at a glance the viscosity ratios of different 
oils at different temperatures. Fluidity and kine- 
matic fluidity were much more nearly linear func- 
tions of the temperature than viscosity was. The 
fuel flow through a carburettor jet depended more 
upon the diameter and shape of the jet, and upon the 
speed and density of the fuel, than upon viscosity ; 
at high rates of flow, increase of temperature might 
decrease the mass of the flow. As regards the 
fluidity of motor fuels and its variation with tem- 
perature, the fuels fel! into groups, the fluidity 
decreasing in the order :—Pentane, isopentane and 
hexane; heptane; octane, and also toluene and 
benzene; water; ethyl alcohol; and kerosene. 
Similar grouping was observable in the relation of 
fluidity to specific volume. In order to obtain con- 
sistent viscosity data for lubricants at higher tem- 
peratures, and to eliminate temperature-hysteresis 
effects, a preliminary heat treatment was necessary. 
Stability was obtained by heating the oil, in the 
capillary viscometer, for 15 hours or more to 200 
deg. C. This heating changed the oil, probably oxi- 
dising or polymerising it, as Dr. Thole suggested 
during the discussion, or by physical effects, a8 
Mr. Evans and other speakers held. The figures, 
however, Mr. Rowell pointed out, were afterwards 
reproducible, and in bearings and engines the oil 
did not long remain in its original condition. With 
respect to the authors’ experiments on bubble visco- 
meters (made with bubbles of air, hydrogen, mercury, 
petrol and water, in oil, water and sugar solution) 
and also with the Michell viscometer, Dr. Guy Barr 
remarked that the bubble viscometer was only of 
value for the comparison of similar liquids, and the 
Michell viscometer, he thought, involved too many 
assumptions. The paper showed that if an oil were 
more viscous than another at 50 deg. C., it would 
also be so at higher temperatures; the numerous 
tables and curves given in the paper will repay 
careful study. 





or the square root of fluidity 








LauncH oF THE T.S.S. “ Japwica.”—The second 
Polish vessel to be built in a British yard was launched 
by Messrs. Palmer’s Shipbuilding and Iron Company, 
Limited, at Jarrow, on April 20. The vessel, which has 
been named Jadwiga, is a twin-screw passenger steamer, 
and is the first of two on order for the Polish State Steam- 
ship Company, of Gdynia. The main engines tor pee 
sels, which are intended for passenger servic _— ps! 

1c 0. 


of Dantzig, are being supplied by Messrs. .! 
Pollock, Limited, of Sunderland. 
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Fie. 107. 4,000-Kw. GEARED 


THE TRENTON CHANNEL STATION 
OF THE DETROIT EDISON COMPANY. 
(Continued from page 606.) 

AUXILIARY ELECTRICAL SUPPLY. 

Brrore proceeding further with the description 
of the plant itself it is necessary to digress some- 
What to discuss matters affecting the auxiliary 
‘quipment as a whole. In the early part of this 
series of articles we explained that the station 
was loose-linked into the general transmission 
system, and took its share of the load with others, 
mainly supplying two sub-stations, to suit the 
Tequirements of which the Trenton Channel voltage 
— Adjusted. As this involves considerable fluc- 
uation in voltage it was decided that the auxiliary 
gu should be completely independent, by 
Ww ty, attangement a wide choice of generating 
Be Itions became available, while the cost of 
ep-down transformers, circuit breakers, &c., for 

gh voltage was avoided. Again, since part of 





Hovsst-GENERATOR D.C. SET. 


the auxiliary equipment is essentially variable- 
speed plant, and involved motors in many cases 
of small power, direct-current supply appeared the 
more suitable for this, owing to the advantage 
of greatly simplified control, and ease of hand- 
ling of the generators; but, on the other hand, 
direct-current machines might in certain circum- 
stances give rise to danger. This point has already 
been referred to in connection with the coal 
preparation house machinery, where the presence 
of dust would involve the risk of explosion from 


|sparking at the commutators of direct-current 


motors. The argument for this part of the installa- 
tion was, therefore, in favour of alternating- 
current machinery. This was further enforced by 
the fact that the storage capacity provided 
makes it possible to run such alternating-current 
machines intermittently if of ample, but not neces- 
sarily excessive, capacity, and there is thus little 
need in this section of the plant for speed adjust- 





ment. This again suggested the elimination of 


many otherwise essential safeguards, since small 
interruptions for attention or repairs could be 
quickly overtaken without effect on operation as 
a whole. In the case of the alternating-current 
auxiliaries the larger machines are run direct 
off the main ’bus bars, the smaller with low voltage 
supplied through transformers. 

The Detroit Edison Company has had a con- 
siderable amount of experience with direct-current 
auxiliary equipment. In the Delray and Connors 
Creek plants certain equipment such as circulating 
and hot-well pumps were driven by alternating- 
current supply, but in Marysville and Trenton 
Channel are on direct-current supply, and, at 
Connors Creek, have since been converted to this. 
Further, much of the earlier steam plant, such as 
|stoker and pump engines, fan turbines, &c., has, 
/in course of time, been replaced by direct-current 
motors. This experience has proved that direct- 
current meets the conditions excellently and at 
moderate cost, if the current can be produced 
cheaply. 

For the reasons stated, at Trenton Channel, 
two auxiliary supply systems have been installed. 
The one is direct current for the plant requiring 
speed adjustment to meet the load on the station, 
and the other is alternating current, adopted for 
reasons of safety at specific points, and for constant- 
speed intermittent driving and lighting. The first 
supply is at 250 volts, a relatively low pressure 
adopted to avoid risk from accidental grounding, 
this low voltage, although involving heavy copper 
conductors, being used wherever there might be 
possible risk to workmen. This supply is generated 
by 4,000-kw. machines, situated as shown in Fig. 86, 
on page 603 ante, parallel with the wall, and in a 
bay between the main turbine room and the boiler 
house. Provision was made for six of these sets, 
but five only are being installed for the completed 
plant. The generators are driven by compound 
turbines, by the De Laval Steam Turbine Company, 
through reduction gearing. The arrangement of 
these sets is shown in Figs. 102 to 106, and a 
side view of one in Fig. 107, annexed, while the 
sets in the bay are shown in Fig. 108, on page 630. 
Each turbine consists of two cylinders, one a 
high-pressure cylinder with 11 stages, and the other 
low-pressure with eight stages. The high-pressure 
shaft runs at 4,000 r.p.m. and the low-pressure at 
3,000 r.p.m. The pinions are 7-8 in and 10-2 in. in 
diameter, respectively. They are on each side of 
the main gear on the generator shaft. This gear is 
of 85-in. pitch diameter, with a 36-in. face. The 
turbines are supplied with main-system steam at 
385-lb. pressure and 245 deg. F. superheat. There 
are two 2,000-kw. generators on the one shaft, which 
runs at 360 r.p.m. The generators have 14 poles, 
are shunt wound, and have compensated pole 
windings. Each generator has its own commutator. 
The shaft is carried in a single pair of bearings. 
To meet emergencies these machines are designed 
to carry 50 per cent. continuous overload, and 
if one is cut out the others can take up its load. 
Each of these generating units is ventilated by air 
supplied by a fan capable of delivering 29,000 
cub. ft. per min. against a static pressure of 23 in., 
driven direct at 460 r.p.m. by a 20 h.p. motor. 
The air after passing through the machine is dis- 
charged into the turbine room bay. 

The alternating-current supply is, as will have 
been gathered by previous reference to alternating 
current motors installed, at 2,400 volts, three-phase, 
60 cycles. This current is generated by three 
turbo generators by the Westinghouse Electric and 
Manufacturing Company, of a capacity of 2,000 kw. 
at 60 per cent. power factor. The turbines are 
12-stage, straight-flow units. To supplement this 
supply, there is a connection with the local distri- 
buting system, supplied from a substation about 
4 miles away, and current for the alternating-current- 
driven plant is normally taken from this source, in 
parallel with that generated inside the plant, or can 
be used in substitution for the latter. The alternat- 
ing-current generators are placed, as may be seen in 
Fig. 86, page 603 ante, parallel with, and between 
the main units on the main turbine room floor. A 
view of one of the 2,000-kw. alternator sets is shown 








in Fig. 109 on page 630. In some of the sub- 
sequent sets the equipment of the turbines was 
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rearranged for the sake of appearance, but was not 
altered in character. The steam for these units is 
also taken from the main superheated system. One 
house alternator is maintained as a stand-by. In 
the case of these alternators, the condenser auxili- 
aries, that is the circulating pump, air pump and 
hot-well pump, are connected direct to the alternator 
terminals, and start up with the unit. 

Steam is extracted from the auxiliary turbines to 
feed a heating header supplying steam at 15 to 20 Ib. 
pressure for heating to radiators &c., where necessary 
about the buildings, and for the coal dryers. This 
system may also be fed, if necessary, direct from 
the auxiliary steam mains through reducing valves, 
as mentioned when dealing with the piping (page 
536 ante). 

The electrical diagram for the plant is given in 
Fig. 110, on page 631, which shows both direct- 
current and alternating-current systems. The direct- 
current system consists of two ring ’bus bars, one 
below the turbine room floor and one in the boiler- 
house at the level of the induced-draught fans. The 
plant supplied by the former includes the crane 
equipment, ventilating fans, circulating and hot-well 
pumps, boiler feed pumps, ‘balancer set, motor- 
generator sets, &c. The ring ’bus on the fan floor 
supplies current for the Lopulco feeders, primary 
and secondary air fans, ventilating fans and induced- 
draught fans. The direct-current ’bus bar in the 
basement consists of eight 6-in. by }-in. copper bars 
and that on the fan floor, of four 4-in. by }-in. 
bars. Anticipating somewhat, the general sequence, 
we introduce here Fig. 111, which shows one of the 
ring ’bus bars fixed overhead and protected by wire 
caging. The bars, insulated by alberene blocks, are 
carried on steel frames. They are wrapped in sewn 
and painted double canvas. 

The alternating-current diagram occupies the 
upper part of Fig. 110. The 2,000-kw. generators 
supply current to a 2,400-volt ring ’bus in the pul- 
verising house, and to a 2,400-volt ’bus for coal- 
handling plant such as apron, and bucket conveyors, 
breakers, and breaker exhausters. By means of 
two 15 kv.-a. banks of three transformers (on the left 
of the diagram), current from the pulveriser house 
ring ’bus is reduced to 120 volts for the pulverising 
mills and exhauster fans. Another 75-kv.-a. triple 
bank transformer supplies 240—120-volt current to 
the belt shuttle conveyor. Three transformers (on 
the right), of 75 kv.-a., supply similar current to the 
short apron conveyors, and transformer capacity of 
600 kv.-a., also shown on the right, is provided 
for the lighting supply. On the extreme left are 
depicted four banks of transformers. The upper- 
most in the figure is the main transformer plant 
on the incoming 24,000-volt supply, which has 
been spoken of above as having been introduced 
to supplement the current furnished by the house 
generators, or if need arises, for use in substitution 


for it. This is the main system distribution supply, | 
the station, when drawing on it, being virtually | 


its own customer. This transformer capacity is 
of 3,000 kv.-a., in 3 units of 1,000 kv.-a. each, the 
voltage being brought down, of course, to 2,400. 
Next to this comes a bank of three Cottrell precipi- 
tator 2,400-240-volt transformers, of a capacity of 
600 kv.-a. Contiguous to this, is shown further 
lighting transformer capacity of 600 kv.-a.; another 
installation of similar capacity will be seen providing 
for miscellaneous requirements, such as battery, 
lighting, roller-blind doors, machine shop, office 
building, &c. All these transformers are oil in- 
sulated, self-cooled and delta-delta connected. 


(To be continued.) 








Motor VEHICLES IN ALBERTA.—From a study of 
statistics which have recently been published, showing 
the registrations of mctor-cars and commercial vehicles 
in the Province of Alberta, Canada, during the year 1927, 
it is disappointing to find that in a total of a little over 
100 firms only three English makes are represented, and 
that the total number of vehicles supplied by these three 
firms only amount to the insignificant figure of five 
out of a grand total of 34,364. The three most popular 
makes, according to the report, are: Chevrolet, with a 
total of 12,452; McLaughlin-Buick, with a total of 
4,230, and Star, American, with a total of 2,843 vehicles. 
It is not surprising to find that the bulk of the imported 
vehicles came from the United States of America, owing 
to their geographical and other advantages, but we 
confidently believe that much more could be done in the 
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way of encouraging the purchase of English makes. 
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THE IRON AND STEEL INSTITUTE. mens did not appear to have been carried out 
quantitatively hitherto. The effect of tensile 


7, ' 2 ibili 
hatanty rom gags G03.) stress and of compression on corrodibility was 
Corrosion oF WrovuGcut IRoN AND CARBON accordingly investigated. The duration of the 
STEEL. |tests was, in the majority of cases, two years. 


THE second paper on Friday afternoon, May 4,/It was found that the corrodibility of wrought 
was entitled ‘A Study of the Resistance of Over-|iron in salt water was not enhanced by stretching 
stressed Wrought Irons and Carbon Steels to Salt-| even to rupture, by twisting, or by compression up 
Water Corrosion.” Dr. J. Newton Friend, the | to 30 per cent. The corrodibility of carbon steels 
author, who read his contribution in abstract, | (0-025 per cent. to 1-35 per cent. of carbon) 1m 
stated that it had now been well established that | salt water did not appear to be enhanced by stretch- 
over-strained iron and steel were attacked more | ing even to rupture. Torsion and compression within 
rapidly in acid media than the unstrained, un-| certain limits did not appear to affect appreciably 
annealed metals. The results of laboratory tests | the rate of corrosion of 0-11 per cent. carbon stee 
on stretched irons and carbon steels in neutral|in salt water. Torsion and compression increas 
media, however, had not pointed so clearly in the | slightly the corrodibility of 0-20 per cent. carbon 
same direction, for sometimes the stretched metals | steel in salt water. 
proved a little more corrodible than the annealed| As a general conclusion, therefore, it would appear 
specimens, and sometimes the reverse was the case. | that neither wrought iron nor steel up to 0-11 per 
Usually there was but little to choose between the | cent. carbon was rendered more corrodible in salt 
two, and the mean results practically coincided. | water by stretching, even to rupture, by torsiop 
Experiments with compressed and twisted speci-| through 45 deg., or by compression, provided the 
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last-named did not lead to cracking. In the 
case of 0-20 per cent. carbon steel, twisting through 
45 deg., and compression appeared to enhance 
‘orrosion slightly. The above results, it should be 
emphasised, referred to iron and steel at rest. It 
frequently happened in practice that the metals 
Were subjected to alternating stresses, as in pier 
Piles, &c. These alternating stresses might lead 
to cracks and structural failure, the effect being 
enhanced by the penetration of salt water into the 
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cracks, thus accelerating disruption. Such in- 
creased corrosion was, however, really a secondary 
effect due to cracking rather than a primary effect 
of stress per se. 

Dr. G. D. Bengough, in opening the discussion, 
stated that the paper raised the question of the 
methods that were desirable in laboratory researches 
on corrosion and the useful relations that should 
exist between different researches, and between 
them and industrial conditions. In this paper, he 


believed these relations to be wanting. The criticisms 

he had to make appeared to him to be fundamental. 
| If they were justified it would mean that measure- 
| ments of the kind made in this paper, unless sup- 
| ported by other evidence of a more searching kind, 
had no general significance, and were thereforeyof 
little value ; they could not be fitted into a general 
scheme of corrosion research. Dr. Friend gave reason- 
ably full information on the metal factors, but very 
little on the external factors, namely, temperatures, 
conductivity of the water and the specific nature of 
the ions present in solution, and the rate of oxygen 
supply. He did not wish to assert, as against the 
author, that strain did greatly affect the rate of 
corrosion in salt solution. He thought the effect was 
probably small and only detectable in certain sets of 
conditions and by refined methods of work. What 
he did wish to point out was that the measurements 
given in the paper were not capable of satisfactory 
interpretation, and were therefore of limited ‘value, 
and could not be regarded as proving generally the 
conclusions stated. 

Mr. U. R. Evans stated that an explanation might 
be suggested for the fact that, although acids 
attacked strained iron more rapidly than unstrained 
material, in neutral liquids, under the conditions 
studied strain had very little effect on the corrosion 
ofiron. Acids could attack iron readily even in the 
absence of oxygen, yielding soluble salts; any 
traces of insoluble products (rust) formed by hydro- 
lysis were usually produced far away from the 
surface, and generally in a diffuse form which did 
not seriously interfere with diffusion. On the 
other hand, neutral liquids only corroded rapidly 
in the presence of oxygen, and they produced 
insoluble compounds (rust) close to the metallic 
surface ; if the whole surface became blanketed with 
rust the corrosion would be slowed down, being 
controlled by the rate at which oxygen could diffuse 
through the rust layer to the metal; and, as there 
was no reason why it should diffuse more quickly 
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towards strained iron than towards unstrained, 
the two materials would, under these conditions, 
be eaten away at approximately the same rate, 
except in the initial period before the rust blanket 
had developed sufficiently to control the rate of 
attack. 

It seemed undeniable, however, that in some cases 
local strain was very dangerous, because it concen- 
trated on the intensely strained portion an attack | 
which would otherwise be spread out over the whole | 
surface. In one case, which he had recently | 
examined, a piece of steel had been punched with | 
an identification mark and immersed in salt water ; 
the corrosion had produced complete perforation 
all along the outline of the punch-mark, although 
elsewhere there was only mild general attack. 
There was no reason to think that the total corrosion 
was abnormally high; the effect of the strain was 
simply to localise upon a small area the attack, 
which would otherwise have been harmlessly spread 
out. Strains might produce dangerous localisation 
of attack in three different ways—namely : (1) the 
potential of the highly strained area being different 
from that of the less strained area, the former was 
liable to suffer anodic attack ; (2) the strain might 
produce incipient cracks, the interiors of which 
being less accessible to dissolved oxygen, might 
suffer anodic corrosion through the differential 
aeration effect ; (3) the strain might continually 
crack protective films of oxide produced by direct 
oxidation by the air. 

Mr. J. H. Whiteley, who closed the discussion, 
remarked that the sheared edges of a plate did not 
seem to corrode more quickly than the remainder. 
This would seem to agree with the author’s finding 
that strained steels did not corrode more than 
unstrained. On the other hand, stress under certain 
conditions could cause corrosion. He had recently 
had occasion to examine a series of ship’s bilge 
plates, and had found that where these had been 
bent to fit them into place, and had therefore been 
subjected to strain, a line of corrosion pits had 
appeared at regular intervals. In his reply, Dr. J. N. 
Friend stated that long-period corrosion tests were 
always open to criticism. It should be pointed out 
however, that the scheme under discussion had 
been inaugurated eight years previously, and since 
that time a great mass of facts regarding corrosion 
had come to light. It seemed to have been assumed 
that he had drawn a number of definite general 
conclusions. He could only assure members that 
the conclusion had not been drawn that stress 
had not increased corrosion. What he had said 
was that, under the condition of test, stress had not 
materially increased corrosion. 








THE NORMALISING OF OVER-STRAINED STEEL. 


{>The third and last paper considered on Friday 
afternoon was entitled ‘‘ The Rapid Normalising of 
Overstrained Steel”’; it was read in abstract by 
the. author, Mr. W. E. Woodward. The experi- 
ments described consisted in normalising pieces 
of mild steel, which had been given a definite 
permanent set, by passing very large currents 
directly through them. We intend to reproduce 
this contribution to the proceedings in a forth- 
coming issue. 

Mr. E. A. Atkins thought that there was nothing 
particularly novel in the heating up of steels in the 
manner described. He desired to know if the 
author claimed any particular virtue in the use of 
electricity other than as a source of heat. The 
only other speaker, Mr. H. Sutton, said that the 
author had compared steels normalised electrically 
with similar specimens normalised in the ‘ordinary 
way.” )He would like to know how the temperature 
had been measured in each case, because it was 
necessary for the temperature to be very carefully 
determined in order to be in a position to compare 
effectively the two processes. It was very easy to 
overheat a steel by passing an electric current 
through it. In his reply, Mr. Woodward stated 
that one reason which led him to carry out the 
experiments was the remarkably small amount of 
power used for each specimen. If alternating 
current were employed, the whole process was 
finished in from 2} to 3 minutes. He had 100 volts 
and 30 amperes on the primary side and trans- 
formed it suitably. This meant an expenditure 


this figure with the current used in ordinary electric- 
muffle heating it would be seen that a much greater 
number of specimens could be treated by the direct 
electrical method than in the muffle, for the same 
expenditure of current. He was also of the opinion 
that there was indeed something in the direct 
method over and above the heating of the specimen. 
He had used a number of reliable methods for the 
measurement of temperature, and among the 
apparatus employed was a_ platinum-rhodium 
thermo-couple which had been bound to the speci- 
men, and a Cambridge optical pyrometer. He 
ventured to state, however, that a consideration of 
his results would indicate that he had measured his 
temperatures correctly. 

The other papers on the agenda were taken as 
read, and the chairman thanked all the authors 
for their contributions. The usual votes of thanks 
to the Institution of Civil Engineers for the accom- 
modation which they had kindly afforded for the 
meeting, and to the President, terminated the 
proceedings. 


MEETING IN SHEFFIELD. 


A further discussion of five of the papers presented 
at the London meeting took place, on May 10 last, 
in the Mappin Hall, Sheffield University. Mr. 
F. W. Harbord occupied the Chair, and the Lord 
Mayor of Sheffield and Sir William Clegg, chairman 
of the Committee of the Department of Applied 
Science of the University, were present and spoke 
at the opening of the proceedings. Tributes 
regarding the value to the industry of the Second 
Report on the Heterogeneity of Steel Ingots, 
presented to the meeting by Dr. W. H. Hatfield, 
were paid by several speakers in the subsequent 
discussion. During his speech, Dr. T. Swinden 
expressed the opinion that if an ingot were trans- 
ferred to a soaking pit, as soon as possible after 
casting, and were afterwards forged or rolled, 
without being allowed to go cold, this procedure 
would tend to lessen piping and segregation. Dr. 
Hatfield, however, felt that the heterogeneity 
existing in an ingot could not be dissipated success- 
fully by what was, after all, but a short-time 
temperature treatment. The next paper put before 
the meeting was that by Mr. J. Swan on “‘ The Effect 
of Silicon on Tungsten Magnet Steel.” A speaker 
in the discussion, Mr. J. F. Kayser, took exception 
to the high figures given for BH,x, in the paper, 
namely, 360,000, and even 380,000. He thought 
that magnet-steel manufacturers were not agreed 
about their methods of test, and that the different 
results obtained by various individuals in the 
determination of the magnetic properties of steels 
were due to the different standards adopted. He 
put in a plea for the standardisation of methods of 
test. On the other hand, another speaker, Mr. J. 
Woolman, stated that, at his works, they had 
obtained values for BHyax. of the same order as 
those recorded in the paper. 

The third paper taken was that entitled ‘“‘ The 
Properties of Nickel Steels with Special Reference 
to the Influence of Manganese.” The author, Mr. 
J. A. Jones, read a brief abstract of his contribution. 
Mr. T. P. Colclough, who opened the discussion, 
stated that a large portion of the 3 per cent. nickel 
steel turned out was used for motor-car parts. If, 
in the case of these latter, the manganese reached 
0-7 per cent. or 0-8 per cent., the number of cases 
of cracking upon oil-quenching would be serious. 
Mr. G. Stanfield, another speaker, confirmed that 
high manganese tended to produce cracking, and 
thought that some of the enhanced properties which 
the author had claimed to have obtained by increas- 
ing the manganese could have been realised quite 
as easily by increasing the nickel’ content. Mr. Jones, 
in his reply, pointed out that all his results and 
observations applied to steels in large masses, which 
must be hardened completely before tempering, and 
manganese did help in securing adequate hardening 
in large masses. The fourth paper, ‘ Chromium- 
Steei Rails,” was presented to the meeting by 
Dr. T. Swinden. The discussion, which ensued, 
was chiefly concerned with the statement contained 
in the paper that reducing the carbon and increas- 
ing the manganese improved the mechanical proper- 
ties of a steel rail. Messrs. Colclough and J. A. 
Jones strongly supported this view. Dr. Hatfield 





of 3 kw. for a period of three minutes. Comparing 


asked if the application of alloy-steel rails had 





been made on a sufficiently large scale to show that 
they were proof against such defects as corrugation 
and failure following upon the formation of a 
martensitic layer produced as a result of the skidding 
of the rolling-stock. Dr. Swinden replied that, as 
regards the formation of a martensitic skin, at any 
rate, the rails had shown no tendency in that 
direction. He had no data regarding corrugation. 

The last paper dealt with by the meeting was 
Dr. Hatfield’s ‘‘ Heat-Resisting Steels ; Mechanical 
Properties.” The subsequent discussion turned 
chiefly on the question of the usefulness of the 
special test advocated in the paper. Mr. 8. A. Main 
considered that the test was arbitrary on several 
points, and might lead to misleading results ; on 
the other hand, he had no alternative to offer other 
than the very long creep tests, which, he thought, 
could not be avoided. Mr. J. H. G. Monypenny 
was of the opinion that all the authors who had 
dealt with the subject of creep, adopted a different 
standpoint for what constituted the actual creep 
limit. Meanwhile, the engineer was waiting for 
reliable tests. Therefore, some form of tensile 
test, such as Dr. Hatfield had used, would prove 
very useful because it gave, at all events, a first 
approximation of the relative values of steels at 
particular temperatures. Professor C. H. Desch, 
who closed the discussion, paid a tribute to the 
frankness shown in the paper regarding the composi- 
tion and heat treatment of all the materials tested. 








THE NAPIER LION SCHNEIDER 
TROPHY AERO ENGINE. 


PERMISSION has now been granted to disclose in 
greater detail some of the general features of the 
Napier Lion Series VII B aero engine, which met with 
such success in the race for the Schneider Trophy at 
Venice last year. On page 569 of our last volume 
we published an illustrated description of the Napier 
Lion Series V standard engine, manufactured by 
Messrs. D. Napier and Son, Limited, of Acton Vale, 
London, W.3, and used extensively in the Royal Air 
Force and by Messrs. Imperial Airways, Limited, &c., 
and it is our present intention to point out the prin- 
cipal modifications in design which have been embodied 
in the Series VII B engine. 

In a paper which he read recently before the Royal 
Aeronautical Society, Captain G. 8. Wilkinson, Messrs. 
Napier’s chief designer, said that, from a study of the 
machines used in the 1925 race, the following points 
were found to require attention in the new engine :— 
(a) The frontal area to be smaller; (6) the engine to 
be of such a form that the fuselage could generally 
be of a fine streamline shape and of small dimensions, 
particularly immediately behind the airscrew; (c) the 
power of the engine to be increased as much as pos- 
sible; (d) the weight of the engine to be kept as low 
as possible, consistent with reliability. It was thought 
that the redesign of the engine so as to enable the drag 
of the fuselage to be reduced would have a greater 
influence in improving the performance of the aircraft 
as a whole, than any increase of power which appeared 
feasible. To study the problem, Messrs. Napier pre- 
pared a drawing showing a fuselage of the smallest 
size in which it appeared possible to house a pilot, 
making the nose with a fine entry. In designing this 
ideal fuselage, no consideration was given to questions 
of stress in the fuselage and engine mounting, or to 
the possibility of installing the necessary tanks, pipes, 
instruments and controls, as this came outside the pro- 
vince of engine design. The engine was then rede- 
signed to cause as little interference as possible with 
the ideal fuselage shape. 

We are indebted to Captain Wilkinson for much of 
our information, and to Messrs. Napier for permission 
to reproduce the longitudinal section and general views 
of the Series VII B engine, which are given on Plate 
LXV and on page 633. It is of great interest to 
compare these with the illustrations of the standard 
Series V engine in our previous article, referred to 
above. It will be seen that the general lay-out of the 
two engines is very similar, the 12 cylinders being still 
arranged in three blocks in the inverted broad-arrow 
fashion. The elimination of all the piping, &c., from 
between the cylinder blocks should be carefully noted, 
and also the new positions of the magnetos, carbu- 
rettors and their connections, so that there should be 
no projections beyond the fairings of the engine. | A 
further point, which is clearly shown in the section 
Fig. 1 on Plate LXV, is the method of preserving & fine 
point of entry, the airscrew shaft being coaxial with the 
crankshaft, and the reduction gear taking the form of 
an overhead layshaft, so as to fit inside the fairing of 
the centre cylinder block. : 

The overall dimensions of the Serics VII B engine 
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are :—Height 2ft. 10} in., width 3ft. 24 in., and length 
5 ft. 6} in.; these figures give a reduction of 1} in. in 
height, 3} in. in width, and an increase in length of 
8t in., over the standard Series V engine. The reduc- 
tion in the width and height is due both to the fact 
that the accessories have been mounted in such posi- 
tions that they are masked by the engine, and that the 
cylinders have been reduced in overall length and 
slightly sunk into the crankcase. The increase in length, 
as may be seen from the section Fig. 1, is the result 
of the carburettors being moved to the rear of the 
engine, and the airscrew shaft being coaxial with the 
crankshaft. The total weight of the engine, when dry, 
has been reduced from 940 Ib. to 930 1b., which, as the 
maximum horse-power developed by the racing engine 
is 875, gives the remarkable figure of 1-063 lb. per 
horse-power. 

The increased output of the engine has been arrived 
at principally by raising the revolutions per minute 
from 2,000 to 3,300, and by increasing the compression 
Tatioto 10-0 to 1. It is of interest, at this point, to 
study the power curves given in Fig. 5, which show 
the development in power and speed of the successive 
engines used since the Aerial Derby race in 1919; the 
increase in compression ratio is also indicated below the 
figure. The combined effects of the increase in engine 





speed and compression ratio threw a considerable extra 





4, 


strain on the ignition system, particularly the sparking 
plugs, the high gas temperatures and pressures neces- 
sitating exceptionally good jointing between the various 
components of the plugs, and small surfaces exposed 
to the gas. To avoid deposits, and the consequent 
electrical leakage over the small insulating surfaces, 
special care had to be taken in the cylinder design as 
well as in the fuel used, and, to prevent undesirable 
bulges on the cylinder block cowls, a special type of 
plug was made, having a very short body with a cable 
terminal designed to reduce the length of the projecting 
part of the electrode. Lengthy experiments were 
carried out to discover the most suitable fuel to ensure 
sweet running, the final choice being spirit containing 
75 per cent. petrol, and 25 per cent. benzole, to which 
mixture tetra-ethyl lead dope was added in the propor- 
tion of 13 c.c. per gallon; the total consumption of 
this fuel is approximately 50 gallons per hour. 

To follow the constructional details, reference should 
be made to the longitudinal section, Fig. 1, Plate LXV. 
It will be seen, as mentioned above, that the cylinders 
extend slightly farther into the crankcase than in the 
case of the series V engine, and that both the overall 
and internal lengths have been decreased. As might 
have been expected, on account of the considerable 
increase in the engine speed, radical changes were 
necessary in piston design in order to reduce the weight 
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of the reciprocating parts. In the first place, the 
pistons are of forged ‘‘ Y ”’ alloy, instead of aluminium 
castings. The bearing surface taking the lateral thrust 
due to the obliquity of the connecting-rod, has been 
cut down to the lowest possible limits, and, in fact, is 
now only just sufficient to accommodate the gudgeon- 
pin bosses. In contrast to the standard engine, both 
ends of the gudgeon-pin are blanked off by domed 
plugs, and the pin is allowed to float in its bearings. 
A second scraper ring has been added below the 
gudgeon-pin bosses, which, in conjunction with a larger 
number of drain holes cut through the piston walls, 
was found necessary to cope with the extra quantity 
of oil splashed up on to the cylinder walls. A slight 
crown has been given to the piston top, and by this 
means the clearance space has been reduced as well as 
by the fact that the cylinder head has been lowered, 
thus raising the compression ratio. 

The connecting-rod assembly, except for the fact 
that all the rods have been shortened, is similar to that 
of the standard pattern. There are two modifications 
which should be noted in the crankshaft design : firstly, 
the forward end has been extended and slightly changed 
to accommodate the double-reduction gearing and the 
plain floating bearing of the airscrew shaft, and secondly, 
a thin metal plug, or cylinder, has been inserted inside 
the hollow crankpins. It will be seen that this cylinder 
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is fixed in position by a screwed pin, the primary object 
of the arrangement being for the cylinder to act as a 
dirt collector ; the oil, in its passage forward through 
the hollow crankpins and journals, first enters the 
right-hand chamber of the cylinder, where any im- 
purities tend to collect on the outer wall, due to 
centrifugal force, the purer oil flowing on into the 
centre chamber. A single hole is cut through the 
wall of this centre chamber, coinciding with a hole 
through the crankpin and in direct alignment with the 
oil ducts of the connecting-rods, through which oil is 
fed to the gudgeon-pin bearings. By this means only 
an intermittent supply, one pulse per revolution, is 
allowed to reach the gudgeon-pin bearings, thereby 
materially reducing the possibility of an excess of oil 
being present in the combustion space, and con- 
sequent trouble from dirty plugs, etc. There is very 
little change in the design of the crankshaft main 
bearings, except that the steel caps, which form the 
lower half of the housings, have two lugs forged on 
each end, which are bolted to the sides of the crank- 
case. These caps thus perform the duties of tie-rods, 
adding generally to the rigidity of the engine frame, 
and relieving the oil sump, which is made of a very light 
magnesium alloy, from any lateral strains which may 
occur. 

Possibly the most striking feature of the whole 
engine, from the point of view of design, is the double- 
reduction gearing. This fact may be even more fully 
appreciated when it is realised that the original intention 
was to build only direct-drive engines, and it was not 
until after the design of the aircraft had been completed, 
that the decision was made to construct a geared engine. 
Consequently, it was of the utmost importance to 
devise a method of gearing which would not cause any 
interference with the designed point of entry of the 
fuselage. For this reason, the single pair type of gear 
used on the standard Lion engine was quite unsuit- 
able. The gear finally adopted was of the double- 
reduction type, as shown in Fig. 1. This gives a 
gear ratio of 1:0-765, and has a single lay-shaft 
situated immediately over the crankshaft and airscrew 
shaft, the latter shafts being coaxial. It will be seen 
that the crankshaft is tapered beyond the front end 
main bearing, and that the gear pinion is keyed 
to the shaft and gripped on the taper by a nut. 
The lay-shaft, which is, of course, drilled out centrally 
for lightness, runs in two roller bearings, as shown, 
being held at the front end between a shoulder 
machined on the shaft and a nut threaded on to the 
outside of the shaft, while the inner race of the rear- 
end roller bearing is held by a similar shoulder, but the 
nut, in this case, is threaded into the inner surface of 
the lay-shaft, and is locked by a tab washer. A point 
of interest is that the driven pinion is forged solid 
with the lay-shaft, while the driving pinion is bolted 
to a flange. The final pinion is bolted to a flange 
forged on the extreme rear end of the airscrew shaft. 
The latter shaft, as will be seen, runs in a duplex ball 
and roller bearing at the front end, in a further plain 
roller bearing at the rear end, and on a plain white- 
metal bearing on the extended end of the crankshaft. 

As previously mentioned, with the object of keeping 
all the auxiliaries within the ideal fuselage, the mag- 
netos have been moved to the front end of the engine, 
and mounted nearly parallel to the crankshaft in such 
a manner that they come inside the fairings of the side 
cylinder blocks, as shown in Figs. 2 and 4, the neces- 
sary drive being obtained through a bevel wheel 
mounted on the airscrew shaft, just behind the front 
duplex bearing. The forward thrust of the airscrew 
is taken from a shoulder machined on the airscrew 
shaft near the rear end, and is passed forward, via 
the inner race of the rear single roller bearing, the 
airscrew shaft guard, and the bevel gear wheel for the 
magneto drive to the front double bearing, whence it 
is finally transmitted to the engine frame by means 
of a collar held by a ring of studs. The airscrew boss 
arrangement is very similar to the standard pattern 
as mounted on the Series V engine, and calls for no 
special comment. 

Turning now to the rear end of the engine, it 
will be seen that the rear end cover and hand- 
starting gear have ‘een entirely done away with, 
although the camshafts, driveshafts, and the vertical 
driveshaft for the weter pump, have been retained 
with very little change, except for a slight reduction 
in length to conform with the reduction in the overall 
height of the engine. The auxiliary driveshaft is 
driven, as before, directly off the end of the crankshaft 
through dogs, but its length has been reduced con- 
siderably, as its only function now is to provide the 
necessary drive for the above-mentioned driveshafts. 
For this purpose, a single bevel wheel is keyed on to the 
shaft, the rear end of which runs in a plain whitemetal 
bearing and is blanked off by a hollow plug, through 
which is fed the main oil supply to the crankshaft. 
As regards the camshafts and valve gear, both the lift 
of the valves and the diameter of the ports have been 
increased ; otherwise the arrangement is similar to that 








of the standard engine, the inlet valves being made 
of a nickel-chrome steel and the exhaust valves of a 
special heat and erosion-resisting steel. 

A brief study of the photograph reproduced in Fig. 3 
will be sufficient to show that the arrangement of the 
carburettors and induction pipes has been greatly modi- 
fied. In the first place, three special Napier-Claudel- 
Hobson carburettors, one for each block of cylinders, are 
fitted instead of the standard arrangement of two, in 
which the port carburettor is of the duplex type, supply- 
ing both the centre and wing blocks. The only points 
in the actual design of the carburettors which call for 
comment as modifications from the single standard 
starboard pattern, are that the overall height has been 
lowered, in accordance with the general reduction in 
frontal area of the engine, and the cross-sectional area 
of the throat has been increased to give the extra 
power. It should be also noted that the induction 
pipes are carefully hidden behind the cylinder blocks, 
and that the induction manifolds have been sunk into 
the headers. 

Drastic changes had also to be made in the system of 
water circulation, which are clearly shown in Figs. 2 
and 3. Normally, a water system is arranged so that 
the water is flowing in a natural direction, and will circu- 
late by thermo-syphon if the engine is turning at a low 
speed, when the pump is ineffective. In such a system, 
the outlet pipe to the radiator is taken from the highest 
point of the water jacket at the front end of the engine, 
as in the series V engine, but in the case of the racing 
engine, where the space between the cylinder blocks had 
to be kept clear, the outlet pipes had to be taken down 
the front end of the blocks and led back along the 
bottom of the vees, the connection to the radiator being 
at the rear end, as shown in Fig. 3. The unusually 
shaped outlet pipes at the front end of the headers, 
shown in Fig. 2, were designed for the purpose of 
avoiding trouble from air locks. As before, hot water 
is tapped from the outlet pipes and is passed through 
the carburettor and induction pipe jackets, returning 
directly to the pump. This arrangement of cooling- 
water circulation was fitted to an ordinary standard 
Lion engine, and tests were made with the engine in- 
clined both upwards and downwards at an angle of 25 
deg. In this way it was proved that the system would 
operate satisfactorily for the conditions of the race. 

Lubricating oil is fed to the engine through two main 
supplies, the direct connection through the oil sump 
to the front end of the crankshaft having been dis- 
pensed with. The first supply, as before, enters the 
rear end of the crankshaft, via the auxiliary drive- 
shaft and the hollow plug previously mentioned, and is 
fed to the big-end bearings, an intermittent supply 
passing up the connecting-rod oil ducts to the gudgeon 
pin bearings, as already explained. At the front end 
of the crankshaft, the oil emerges into a conical space 
inside the airscrew-shaft, which is plugged by a light 
steel cap, shown in Fig. 1. Holes are cut through the 
airscrew shaft through which oil is fed to a banjo bear- 
ing on the outside of the airscrew shaft guard tube, 
whence a supply is taken to two jets, which direct it 
on to the reduction gearing just before the point of 
contact. The remainder of the oil works its way along 
the annular space between the airscrew shaft and the 
guard tube, and lubricates the magneto drive and the 
front end bearings. The second supply is fed to the 
camshafts and valves in a similar manner to that em- 
ployed in the standard engine, the overflow at the 
front end of the headers being directed on to the 
reduction-gear pinions, and, at the rear end, flowing 
down inside the guard tubes of the camshafts drive- 
shafts, and lubricating the bevel gearing. The pumps 
are identical to those fitted on the standard series V 
engine, and the minimum pressure allowed is 60 Ib. 
per square inch, the consumption being approximately 
3 gallons per hour. 








THE INSTITUTE OF TRANSPORT. 


THE seventh congress of the Institute of Transport 
was held in Liverpool from Thursday, May 17, to 
Saturday, May 19, under the presidency of Mr. Roger 
T. Smith. On the first day, the morning was devoted 
to the opening proceedings and to the reading and 
discussion of papers, while the afternoon was spent 
in visits to various works. The proceedings were 
opened by the Lord Mayor of Liverpool, Councillor 
Miss Margaret Bevan, who extended a civic welcome 
to the members and visitors. The President then 
thanked the Lord Mayor on behalf of the members 
of the Institute, and declared the congress open. 


Tue Mersey Dock EstatE—Its MANAGEMENT AND 
Principat TRADES. 


The first paper, bearing the above title, was sum- 
marised by the author, Mr. L. A. P. Warner, General 
Manager and Secretary of the Mersey Docks and 
Harbour Board. 

In this paper, Mr. Warner first gave a brief history 
of the Port of Liverpool, in which he mentioned that 





the Mersey Docks and Harbour Board took over the 
management of the docks from the previously-existing 
Corporation Dock Committee in 1858. It is interest. 
ing to note that this step was made as a result of a 
Bill promoted by the Manchester Chamber of Com- 
merce, the Manchester Commercial Association, and 
the Great Western Railway. Prior to this date, no 
less than 18 docks had been constructed in a period 
of fifty-seven years. The Birkenhead Estate was 
purchased in 1855. Continuing, the author gave par- 
ticulars of the Dock Estate as it exists to-day, and 
explained the system of control. He stated that, in 
his opinion, the primary duty of port management 
was to attract the ships by securing a rapid turn round, 
He then referred to the extent to which the Port 
Authority should perform the actual work of loading 
and discharging vessels, and explained the system of 
master porterage in use in Liverpool. He did not 
think that this practice existed in any other port. 
The master porters, who receive import cargoes from 
the ships slings and are liable for their safety until 
they are delivered into the railway wagons, road 
vehicles or small craft, are governed by bye-laws, and 
a rate is fixed for every variety of commodity handled. 
The rates are fixed by agreement between the master 
porters and the traders interested, subject to the 
approval of the Board and, ultimately, of the Minister 
of Transport. 

The next point discussed by the author was the 
incidence of the charges levied by the Port Authority. 
In Liverpool, about 79 per cent. of the revenue was 
derived from dues on ships and goods, the respec- 
tive amounts in 1927 being 1,646,236/. and 1,271,453I. 
If the dues on ships and those on cargoes carried by 
vessels coming to the port were all transferred to the 
cargoes entering and leaving the port in 1927, the 
amount per ton of cargo worked out at 3s. 8d., a small 
sum when compared with handling costs or with 
ordinary market fluctuations. 

The author next reviewed the equipment for handling 
cargoes, and said that, in Liverpool, two appliances 
stood out as pre-eminently useful, namely, cranes of 
every description and runabout electric trucks. 

Continuing, the author described the new Glad- 
stone Dock, of which particulars will be found on 
page 70 of vol. cxxiv. of ENGINEERING. Mention was 
made of the fact that the Gladstone entrance would 
take a vessel of 70,000 tons. Referring to the ap- 
proaches to the port from the sea, the author stated 
that, by constant dredging and by building revetments 
or training walls, a minimum depth of 25 ft. at L.W.S.T. 
was maintained over the Bar and in the main approach 
channel. The main channels from the Bar to the 
port, and the dock entrances on both sides of the 
river, were surveyed each month, and a working model 
of the bay and estuary had been constructed for 
studying the action of the tidal waters. Other points 
referred to in the paper were the piloting arrangements 
and the warehouse facilities. The paper concluded with 
a summary of the trade of Liverpool, in which it was 
mentioned that, in the year ending December 31, 1926, 
the imports were 245,974,863 tons, the exports 
239,529,595 tons, and the re-exports 22,496,263 tons, 
giving a total of 508,000,721 tons. 

A vote of thanks to the author was then proposed 
by the President, and the discussion was opened by 
Mr. W. Hopperton. After referring to the important 
part played by the Mersey Docks and Harbour Board 
in the life of the nation, the speaker asked whether the 
cost of the Gladstone Dock would fall, in part, upon 
the small trader, to whom the facilities which it afforded 
would not be of any value. 

Mr. R. J. Hall, referring to the question of master 
porterage mentioned in the paper, said that opinion 
amongst those who had to pay for the system was 
anything but unanimous with regard to its merits, and 
that he personally was of opinion that a decidedly 
better system was possible. He considered that one of 
the advantages possessed by the port was that it was 
free from railway control, because, although the latter 
sometimes resulted in the provision of port services 
at less than cost, it, in effect, reduced the dock to the 
position of a goods station. ; ; 

Mr. A. H. Roberts said that he was particularly 
interested in the statement regarding cranes and run- 
about trucks, but thought that it was only true In 
cases where a general trade had to be dealt with, as 
mechanical conveyors were more economical when 
large quantities of the same material had to si 
handled. The speaker concluded his remarks by 4 
reference to the model made to study tidal and other 
effects, stating that the expense, although high, was 
fully justified when the cost of dredging operations 
at the port were considered. 

Mr. W. H. Gaunt asked the author whether he w oul 
agree that the Port of Liverpool had almost been — 
by the introduction of motor haulage. He said wi 
was afraid the traders using the port looked upon = 
system of master porterage as one tending to atrang a 
it. Mr. S.J. Jude, the next speaker, paid 4 tribute 
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to the admirable publicity work undertaken by the| It had been intended that the road should terminate 


Mersey Docks and Harbour Board. 

Mr. H. A. Watson, referring to the employment of 
cranes for handling cargoes, expressed the opinion that 
it was difficult to make the cranes sufficiently mobile. 
Floating cranes solved the difficulty, but the system 
was not yet employed to any extent for small units. 
Mr. A. L. Gratt, who followed, said that there could 
not be much criticism of the system of master porterage 
in view of the figure of 3s. 8d. per ton given in the 
paper, and Major F. Bustard pointed out that very little 
reference had been made to passenger-carrying interests, 
which were of great importance in Liverpool. 

In replying to the discussion, the author stated that 
he had been asked to explain the position with regard 
to the Birkenhead Docks. He would say that these 
formed part of the dock estate, and that the Birkenhead 
entrances were being remodelled and deepened to keep in 
line with the greater depth provided in the Suez Canal. 
A speaker had raised the question of motor haulage. 
It was undoubtedly a controversial subject, but the 
attitude of the Board was sufficiently shown by the 
sum they had subscribed towards the cost of Lancashire 
roads. In reply to Mr. Hopperton, he would say that 
the costs of a big business must be spread over every 
user, and this was just; since all improvements affected 
every user in some way. He would like to thank 
various speakers for their kind references to the paper. 
With regard to advertising, there was was no doubt 
that the visit of Col. Hawkins to Australia and New 
Zealand, on behalf of the Board, did an immense 
amount of good, and was still producing results. It 
was hoped that a similar visit might be carried out 
shortly. In reference to Mr. Gratt’s remarks, he would 
point out that master porterage was not included in the 
charge of 3s. 8d. per ton. He was glad that Major 
Bustard had raised the question of passenger facilities, 
and endorsed his suggestion that members of the 
Congress should visit the landing stage. He believed 
that all liners using the port, with the exception of the 
Majestic, had been alongside. In conclusion, he said 
that members might be interested to know that the 
new facilities provided by the Gladstone Dock permitted 
five or six hours longer to be worked on a ship in dock, 
as she could leave at any time direct for the landing 
stage. 


A Survey or Liverpoow’s Roap-TRAFFIC REQUIRE- 
MENTS. 

The President next called upon Mr. J. A. Brodie to 
summarise his paper bearing the above title. The 
author first discussed the local conditions, pointing out 
that the river frontage, for a length of approximately 
seven miles, was wholly absorbed by the docks. The 
space behind the docks, being for the most part level 
with the quays, was particularly suitable for warehouses. 
A broad road flanked the dock estate for its whole length, 
and was well provided with railway termini. These were 
collocated with the docks by a line of rail parallel with 
the river. The canal companies also had depots at 
convenient points. As regards transport across the river, 
this was effected by boats carrying complete cargoes, 
or by the Birkenhead and Wallasey Corporation ferries, 
which dealt with all classes of wheeled traffic. 

Turning to the problem of the transport of goods be- 
tween the docks and the factory, the author called 
attention to an early proposal to cover certain of the 
Lancashire roads with iron plates, with a view to reduc- 
ing frictional resistance, before the introduction of 
rubber tyres. The importance of the feeder roads 
for the docks was brought out by a table giving the 
gross tonnage of road traffic, into and out of Liverpool, 
between the years 1913 and 1927, the figures for 1913 
being 884,208 tons, and for 1927, 15,201,576 tons. There 
had also been a remarkable growth of traffic on the 
Cheshire side, and a further marked increase might 
be anticipated with the opening of the new Mersey 
tunnel. Analysing the traffic returns, it was stated that 
there had been practically no increase in the last few 
years in the traffic using the Dock road. This traffic 
was very largely of the two-horse lorry type, the 
average speed being about 24 m.p.h. On account of 
the congestion caused by this traffic, faster moving 
motor lorries used the Dock road as little as possible, 
employing an alternative parallel route on which 
there was no congestion. 

Dealing with the question of road improvements, 
the author stated that the problem of providing 
improved road communication with the manufacturing 
districts of Lancashire, and a new tunnel under the 
Mersey, had been receiving consideration for some 
considerable time. Parliamentary powers were obtained 
for the new tunnel in 1925, and one of the two headings 
was “holed through” in April last. An arterial road, 
known as the East Lancashire Traffic road, was proposed 
many years ago. In 1910, the author proposed that a 
new road should be constructed from the port in the 
direction of Manchester, a second road being provided 
through Southport to Preston and East Lancashire. 
The first scheme was adopted by the Road Board. 





in Manchester or Salford, but opposition was met with, 
and the easterly end of the road was changed to provide 
a suitable lead for subsequent continuation into York- 
shire. A start had been made on this road on the out- 
skirts of Liverpool, and considerable lengths within 
the city had been completed. It was proposed to 
provide a tunnel through Everton Brow, and it was 
hoped that this portion, together with the length in 
the county area, would be completed at the same time 
as the Mersey tunnel. The latter would accommodate 
four lines of traffic, and would form a continuation 
of the new road to Birkenhead Town and docks, and to 
Cheshire generally. The main Liverpool entrance 
would be at the Old Haymarket, and there would be 
a second entrance from the northern line of docks. 
Similarly, on the Birkenhead side, there would be a 
main and a dock entrance. The author completed his 
paper by a survey of future needs, in which he referred 
to the advantages of a road across the river Dee from 
Hoylake to some point near Rhyl, and to the importance 
of improving the direct north road through Preston. 
The south road through Widnes and Warrington would 
also have to be improved before Liverpool could be 
regarded as reasonably provided with suitable approach 
roads. 

After proposing a vote of thanks to the author, 
the President called upon Colonel E. 8. Sinnott to 
open the discussion. Colonel Sinnott, after mentioning 
the great value of a general survey such as that 
given in the paper, referred to the early suggestion 
for a plateway, and asked whether such a system 
had ever been considered for the present Dock road, 
the horses being shoed with rubber pads. He would 
like to ask the author how the census figures given in 
the paper were obtained, as if they were taken on the 
Ministry of Transport basis, they did not represent 
actual tonnage. In conclusion, would the author 
tell them what class of road surface he had found 
most suitable for the various types of traffic dealt 
with in the city. 

Major-General 8S. S. Long, who followed, referring 
to the competition between rail and road, said that 
motor traffic had the advantage that the shipper 
was in personal contact with the men actually 
handling the goods. There was no doubt that this 
led to better feeling and resulted in greater care 
being taken in handling. Referring to co-ordination 
between the two bodies, the speaker said that free 
discussion between rail and road transport interests 
was still wanting, and he suggested that the railway 
interests might well invite such a conference through 
the: medium of the Institute. 

Mr. T. Pierson Frank, the Liverpool City Engineer, 
said that Mr. Brodie had carried out magnificent 
work for road transport in the locality, as instanced 
by the fact that there were some 40 miles of road 
having a minimum width of 120 ft. The author had 
referred to the congestion on the Dock road, and it 
appeared that, as much of this traffic was from the 
docks to the adjacent warehouses, aerial ropeways 
at specified points might afford a measure of relief. 
With regard to the question raised by a previous 
speaker, he might explain that the traffic census 
figures were taken over a week at the different key 
points at least twice a year. 

Mr. W. H. Gaunt asked what precautions would be 
taken to prevent pollution of the atmosphere in the 
new Mersey tunnel, as fumes had been a serious 
trouble in the tunnels under the Thames. He also 
asked for information regarding the character of 
the entrances, and whether the tunnel would be 
toll-free. 

The remaining speakers confined their remarks to 
the relative merits of ’buses and trams. Mr. H. 
Mozley, of the Burnley Corporation Tramways, 
expressed the opinion that the motor ’bus was not 
equal to a well-designed bogie tramcar, from the points 
of view of cost, safety and speed. Mr. J. M’Donnell 
said that, generally, tram design had been allowed 
to fall behind that of ’buses. In Birmingham, how- 
ever, they had modern tram cars capable of travelling 
at 30 m.p.h., a speed which they frequently reached. 
None the less, they found the motor ’bus almost as 
cheap as the tram, but the latter scored from the point 
of view of quiet running. 

In replying to the discussion, the author said that he 
himself was very favourably disposed with regard to 
trams, but he thought there was room for advance in 
the direction of increased speeds and reduction in 
weight. In reply to the inquiry about road surfacing, 
North-Wales setts were largely in use, and had proved 
most economical, some of the dock roads having been 
surfaced with these setts over thirty years ago and 
having cost practically nothing since. In the Waver- 
tree district, some of the concrete roads were surfaced 
with a coating of Penmaenmawr stone embodied in the 
concrete, and the results were very promising. As 


without damage. In reply to Mr. W. H. Gaunt, he 
said that careful measures were being taken to ventilate 
-the Mersey tunnel, and that no trouble need be antici- 
pated on this score. The construction of the tunnel was 
so costly that it had been decided to level tolls for a 
period of 20 years. 

On the afternoon of Thursday, May 17, visits were 
made to the new Gladstone Dock, and to the ship- 
building yard of Messrs. Cammell Laird and Company, 
Limited. In the evening, the members were enter- 
tained at a reception and dance given in the Town Hall 
by the Lord Mayor. 


OcEAN TRANSPORT IN INTERNATIONAL TRADE. 


In this paper, which was the first taken on Friday 
morning, May 18, the author, Sir Norman Hill, 
described the nature of the services which ocean 
transport rendered to international trade, and the con- 
ditions under which those services could be most effec- 
tively carried on. After dealing with the possible 
influence of tariff walls, it was pointed out that the 
services which ocean transport could render were always 
limited and controlled by the flow of trade. If no control 
were exercised as between flag and flag, only then had the 
nation the advantage of the best of the world’s ocean- 
transport services. 

The author next dealt with freight charges, and 
pointed out the difference in charges as between 
open and protected markets. Continuing, he said that 
it had often been suggested that the maintenance 
of an adequate merchant service under its own flag 
was essential to the well being, if not, indeed, the 
safety, of every maritime nation, and that the ad- 
vantages of the open freight market would be purchased 
too dearly if they involved the sacrifice of the shipping 
of a nation. It was, however, obvious that it would be 
ridiculous for every maritime country to endeavour to 
transport in its own shipping the whole of its imports 
and exports, as such an arrangement would involve 
one-half of the voyages being made without cargoes. 
As tending to show that the possession of shipping 
under a national flag was not essential to the prosperity 
of a nation in international trade, the author quoted 
figures covering the tonnage owned by Great Britain 
and the United States between the years 1820 and 
1910. It was shown that, between 1850 and 1910, 
the tonnage under the British flag increased nearly 
threefold, and its international trade between four and 
five-fold. Within the same period, the tonnage 
employed in foreign trade under the flag of the United 
States decreased by nearly one-half, while its inter- 
national trade increased nearly seven-fold. 

A vote of thanks having been accorded to the 
author on the motion of the President, the discussion 
was opened by Mr. W. H. Gaunt who, referring to the 
value of utilising shipping facilities both ways, quoted 
the case of the Canadian Pacific Railway. This 
company had developed a market for British Columbian 
ore in China and Japan, thus producing a balance on 
goods carried in the opposite direction. With regard 
to the question of shipping under the national flag 
raised by the author, an advantage of the system was 
that it afforded employment not only in the ships, 
but, indirectly, in their construction. 

Professor Dewsnup, of Liverpool University, said 
that a definite action and reaction had taken place 
between the shipping of Great Britain and her inter- 
national trade, and that entrepét trade was promoted 
by the development of shipping services, resulting in 
an enlarged number of financial transactions based 
on London. 

Mr. S. L. Jude said that he was doubtful whether 
it was true that transport did not create traffic, 
as stated by the author. After quoting examples in 
which the contrary appeared to be true, he said that 
in new countries trade followed the introduction of 
transport to a great extent. 

Major F. Bustard commented on the fact that little 
attention was given in the paper or discussion to passen- 
ger transport. The latter was often in conflict with 
goods-carrying interests, and must therefore receive 
careful consideration. 

Mr. R. D. Holt, referring to the remarks of the last 
speaker, said he could not agree that there was any 
economic distinction between passenger and goods 
traffic, the difficulties being no greater than those 
between different classes of goods transport. 

In replying to the discussion, the author said he was 
prepared to admit that a mercantile marine offered 
great advantages to a nation. The same remark, 
however, applied to the possession of a gdod climate, 
abundant oil reserves, and so on, and trade consisted 
in an exchange of those things which each nation was 
best able to supply. He was also open to admit that 
national ships helped national exports, but, as stated in 
his paper, the question of the return cargo must always 
be borne in mind. Retaliation was perfectly easy and 
natural, and, in his opinion, fair. In reply to those 





regards the setts, it was interesting to record that loads 
of over 100 tons on four wheels had passed over them 


speakers who suggested that transport created traffic, 
and quoted instances in which this had occurred, 
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AXLE-JOURNAL RE-GRINDING MACHINE. 


CONSTRUCTED BY MESSRS. NOBLE AND LUND, LIMITED, ENGINEERS, FELLING-ON-TYNE. 
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industrial co-operation might be summed up by saying 
that these results were the best illustration of the 
solidarity in industry under modern conditions, since 
it was difficult to confine their benefits to any one section 
of the community. 

_ The discussion was opened by Dr. H. J. W. Hether- 
ington, Vice-Chancellor of Liverpool University, who 
took exception to the views of an American writer 
mentioned in the paper. This writer suggested that 
this country was many years behind America in the 
management of human relations, and from this the 
speaker disagreed. He thought the true facts were 
that American conditions roughly corresponded to 
those existing in this country in the middle of the last 
century, representing the easy conditions of expanding 
prosperity and opening markets. 

Mr. R. H. Selbie said that, at the time of this country’s 
greatest commercial prosperity, there was a much closer 

nd between employer and employed than there was 
to-day, and the problem was how to revive the spirit 
then existing. He expressed himself strongly in favour 
of the education of the lower executive officer, as such 
men had an enormous influence on good relations 
between executive and employees. 

Among the remaining speakers, Major-General S. S. 
Long said that, while everything should be done to 
neourage the worker to bring forward his ideas, the 
bulk of the population wanted to earn a living with 
decent comfort and preferred to be led rather than to 
have the trouble of leading. 

Replying to the discussion, the author stated that he 
jw in general agreement with Dr. Hetherington, and 
h “ - only wished to convey that more experiments 
af een tried in America than in this country. He 
~ d be the last to belittle the importance of the 

uman bond, but there was a danger of regarding the 
past too romantically. 
At the conclusion of the morning session, a hearty 
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vote of thanks was accorded, on the motion of the 
President, to all those who had participated in making 
the Congress a success. The afternoon was spent by 
the members in visits to the works of Messrs. Lever 
Brothers, Limited, the tramway works of the Liverpool 
Corporation, and the marshalling yard of the L.M.S. 
Railway at Edge Hill. The annual dinner of the 
North-Western section of the Institute was held in 
the evening, the chair being occupied by Mr. C. 
Bentham. 








CANADIAN RAILWAY STATISTICS.—The gross revenue 
of the Canadian railways during 1927 amounted to 
493,574,000 dols., and the freight carried to 121,616,686 
tons. These figures constitute a high record. The 
number of passengers carried was 39,381,565, a slight 
decrease from the figure for 1926, which was 40,536,162 ; 
there was, however, a considerable increase in the 
passenger miles during 1927. 





Tue InstituTE oF Mertats.—As already announced 
on page 573 of our issue of May 11 last, the members 
of the Institute of Metals have been invited to visit 
the United States during 1932. The secretary of the 
Institute informs us that the Council is endeavouring 
to arrange for an inclusive fare of about 100l. to cover 
the entire cost of the trip. This, it is anticipated, will be 
of about five weeks’ duration, and will take place in the 
autumn, both Canada and the United States being visited. 


VEHICULAR TUNNEL UNDER THE DETROIT RIVER.— 
Final arrangements were completed on May 21, in New 
York, for the financing of an important vehicular tunnel 
under the Detroit River, which will link Canada with the 
United States of America. The cities on the Canadian 
side which will be affected by the project, chief of which 
is the city of Windsor in Ontario, expect that the new 
facilities for communication with the neighbouring 


American industrial centres will bring an immediate 
stimulus to their industries_and_ population, 
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AXLE RE-GRINDING MACHINE FOR 
ROLLING STOCK. 

WE commented in a recent article on the growing 
popularity of grinding as a machining process, using 
the latter word in its widest sense, and are therefore 
glad to have the opportunity to describe the machine 
illustrated on this and the opposite pages and on page 
640. The use of the grinding head for truing up the 
worn outside journals of carriage, wagon, and other 
axles, without removing the wheels on them, is not a 
new application, though it has been considerably deve- 
loped recently, but the machine illustrated in Figs. 
1 to 6, made by Messrs. Noble and Lund, Limited, 
Felling-on-Tyne, possesses so many novel points and 
seems of such an eminently practical design as to merit 
close attention. A cursory inspection of the figures 
will show that the machine is a double one; that is, it is 
arranged to operate on both axles simultaneously, 
and that each grinding head has an independent drive. 
Further, the axle revolves on two dead centres, 
each of which is carried in a separate headstock pro- 
vided with a spindle longitudinally adjustable by means 
of a handwheel. One of these headstocks can be 
traversed along the bed, so that axles for different gauges 
of railway line can be accommodated, the limits of gauge 
being 3 ft. 33 in. (1 metre), and 5 ft. 6in. The maximum 
length of axle that can be dealt with is 9 ft. 

The general features above outlined are shown in 
Figs. 1 and 2, but in Figs. 3 and 4 one of the most 
interesting features is more prominent, namely, the 
method by which the axle is rotated during the 
grinding of the journals. This method involves 
the employment of a special textile rope driving the 
axle by transmission of power from a triple-grooved 
pulley, at the back of the machine, to the tread of 
the left-hand wheel on the axle. As provision is 
made to accommodate different gauges, so also dif- 
ferent wheel diameters, the maximum being 4 ft., are 
provided for, and, the rope being endless, the conse- 
quent necessary adjustment of the driving and driven 
centres is made by mounting the triple pulley on a 
swinging frame. The required position of the frame 
is determined by a worm and sector operated by a hand- 
wheel at the front of the machine. The correct tension, 
it is clear, can also be given to the rope by this device. 
The rope drive is very efficient and free from vibration, 
and, as the rope has no tendency to creep up the tread 
of the wheel towards the flange, it is safe and easy to 
handle. After completion of a grinding operation, the 
tension is relaxed, and the rope is slipped off, to rest on 
the headstock, where it is out of the way during un- 
loading and loading with a fresh axle. Its continuity 
dispenses with the, often awkward, coupling and 
uncoupling of joints. 

The triple pulley, provided to give three speeds to the 
work, is driven by a belt from a pulley on the axis of the 
swinging arm, which pulley receives its motion from 
the drive of the left-hand head through single reduction 
gear. This gear-box also contains the clutch for starting 
and stopping, which clutch is operated by a lever near 
the tensioning handwheel. The arrangement of the 
swinging frame is best seen in Figs. 3 and 6, and the 
gear-box and triple pulley in Figs. 2 and 4, the former 
of which also shows the method adopted to ensure 
axial parallelism of the triple pulley. As already 
stated, the left-hand headstock is fixed, its saddle 
being bolted to the bed. The right-hand saddle can 
be moved along the bed, to suit the gauge of wheels on 
the axle being re-ground, by means of the hand-operated 
rack and pinion seen in Fig. 5. The left-hand head- 
stock is fitted with an adjustable stop for setting the 
position of the axle. The headstock spindles are 
5 in. in diameter. The upper part of each saddle is 
provided with two slides for carrying the wheel heads. 
Particular attention had been paid to the lubrication 
of these slides. The bed is of simple design and very 
rigid, being heavily ribbed. All lubricating fluid finds 
its way into a central tank in the bed, whence it is 
drawn by the pump. 

The grinding heads have a longitudinal traverse 
of 14 in. along the slides: just referred to, and a 
transverse adjustment to suit the diameter of journal 
being ground, which diameter may range from 38 in. 
to 7 in., in addition, of course, to the transverse 
feed motion. The drive to the grinding heads is, 
perhaps, best seen in Figs. 5 and 6. At each end of the 
bedplate is a bracket carrying a 15 h.p. motor running 
at a constant speed of 950 r.p.m. This is coupled 
direct to a shaft carrying a long belt drum, from which 
the drive is transmitted to an intermediate shaft on 
the grinding head, and thence to the grinding wheel 
spindle. Proper tension is given to the intermediate 
belts by means of weighted jockey pulleys, and to 
the final drive belts by screw-operated slides. The 
high-speed shafts and jockey pulleys all run on ball 
bearings. Two speeds are provided for the grinding 
wheel head, in order to allow for grinding wheel 
wear, the original size of the wheels being 18 in. 





in diameter by 5 in. wide. The wheel spindles are 
of forged steel, ground very accurately. They run 








in adjustable self-oiling gun-metal bearings, and the 
end thrust is taken by means of a double ball-thrust 
bearing. 

As will be seen in Fig. 4, page 637, all the traverse 
and feed controls are grouped coveniently together 
on the saddles at the front of the machine. They are 
thus very accessible and, further, are interlocked 
where necessary so that damage by wrong sequence 
of movements is impossible. The reversing traverse 
on each wheel head is driven by belt from the first 
motion shaft, and roughing and finishing traverses 
are provided which can be instantaneously interchanged 
by means of levers at the front. The position of the 
traverse relative to the axle end, and also its length, 
is determined by means of dogs, having both coarse 
and fine hand adjustment, which engage with notches 
on the periphery of large discs. The mechanism 
provides for a pause at each end of the stroke. The 
grinding-wheel feed is normally automatic. It operates 
at the end of each stroke, and can be varied from 
0-00025 in. to 0-003 in. by means of a simple device 
having a small regulator. In addition, both fine 
hand feed and quick-withdraw motions are fitted 
to the wheel head. These are operated by a handwheel 
on the saddle. Provision is made for disengaging the 
feed for any desired diameter of journal by means of 
an adjustable stop. Backlash on the wheel heads is 
eliminated by holding them back by means of suitable 
weights. 

Very effective means are employed to protect both 
machine and operator from splashing of the cutting 
lubricant. The wheel head slides are covered over 
their entire length by sheet-steel guards, and large 
portable guards are also provided over the railway 
wheels. These tend to promote the safety of the 
operator, and strong steel guards, adjustable for wheel 
wear, are, of course, fitted over the grinding wheels. 
A diamond-tool holder and radius truing device for 
dressing the grinding wheels form part of the normal 
equipment. The overall dimensions of the machine, 
as above described, are approximately 22 ft. 3 in. 
by 9 ft. 4 in. The approximate net weight, exclusive 
of electrical equipment, is 10 tons. Wheels can be 
lifted into the machine by the ordinary shop crane, 
but as it is possible for this machine to deal with 
some 35 axles in an eight-hour day, this would virtu- 
ally mean continuous use of the crane. The makers 
have, therefore, devised a mechanically-operated load- 
ing apparatus, by which the wheels and axles can be 
transferred from the shop tracks to the headstock 
centres without having to employ acrane. This appa- 
ratus is supplied, when required, as an extra fitting. 

Two other additional devices can also be provided 
when it is desired to grind the fillets to match the 
journal bearings. Modern practice is introducing stan- 
dard fillets, but it is well known that in existing rolling 
stock there is much individual variation which, with 
a grinding wheel, can only be met by the formation 
of new radii on its edges. To meet such variations, 
the makers of this grinding machine have designed 
a form-grinding feed motion, which will operate when 
the wheel heads are not traversing. This feed motion 
is actuated by separate mechanism which operates 
the same feed regulator and auto-stop used for the 
traverse feed described above. They have also devised 
turning-tool rests which can be fitted to the saddles 
for forming the fillets in those cases where the batches 
of axles to be reconditioned have such a heterogeneous 
assortment of radii of fillets that a grinding operation, 
with its necessarily less flexible cutting surface, cannot 
be employed if the fillets on the axles and those on the 
bearings are to match exactly. Though the machine 
is manufactured by Messrs. Noble and Lund, Limited, 
it should be noted that it is distributed by Messrs. 
Alfred Herbert, Limited, Coventry, which firm has the 
sole selling rights. 








THE MARKING OF IMPORTED BALL AND ROLLER 
BEARINGS.—We understand that the standing committee 
on the marking of foreign merchandise, appointed by 
the Board of Trade, will hold their inquiry as to whether 
imported ball and roller bearings should bear an indication 
of origin, at 11.30 a.m. on June 4 next. If necessary, 
a further meeting will b» held on June 5. The inquiry 
will take place at the Board of Trade Offices, Great 
George-street, London, 8.W.1. All communications 
should be addressed to the secretary, Mr. E. W. Reardon, 
at that address. 


DESTROYERS FOR THE DutcH Navy.—The Dutch 
torpedo-boat destroyer Piet Hein, built by Messrs. 
Burgerhout, of Rotterdam, to the designs of Messrs. 
Yarrow and Company, Limited, Scotstoun, Glasgow, 
successfully ran the official full-speed trial on the Clyde 
on May 17 last, when a speed of 36-1 knots was obtained, 
this figure exceeding the contract speed by over 
2 knots. The result of the trial is interesting in view 
of the fact that the vessel had a full load on board. 
The Piet Hein is the second destroyer built by Messrs. 
Burgerhout, and is one of eight vessels of similar type 
under construction in Holland for the Dutch Navy. 
All these vessels have been designed by Messrs. Yarrow, 
and are being constructed with their technical assistance. 
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ENGINEERING TRAINING AND 
EDUCATION. 


The Surveyors’ InstitutionWe understand that the 
Council of the Surveyors’ Institution has decided to 
reorganise the examinations of the Institution. The 
more strictly professional and technical subjects will 
henceforth be taken in the final examination, while the 
intermediate examination, which will be divided into 
two parts, is to comprise subjects the study of which 
will better enable candidates to develop, and direct to 
professional requirements, the knowledge they have 
gained at school. Although the intermediate exami- 
nation will be divided into two parts, candidates will 
be able to pass the examination in one year as before. 
Part I, however, may be taken separately, and before 
the prescribed age of 19, if the candidate so desires. Full 
particulars regarding the new scheme may be obtained 
from the Secretary of.the Institution, 12, Great George- 
street, London, 8.W.1. 


Manchester College of Technology.—A prospectus of 
short evening courses of lectures and laboratory work, 
to be held at the Manchester Municipal College of 
Technology during the summer, from June 11 to 
July 24 next, has just reached us. The subjects of 
the courses include mechanical, electrical, and municipal 
and sanitary engineering, building, chemistry and 
chemical technology, textile industries, printing and 
photographic technology, mathematics, mining, and 
industrial administration. Generally speaking, the 
classes meet on Mondays and Tuesdays at various times 
ranging from 6 p.m. to 7 p.m.; the fee for each indi- 
vidual course is, in the majority of cases, 10s. 6d. 
The prospectus, which gives full information regarding 
the ground covered in each course and all other neces- 
sary particulars, may be obtained on application to 
the Principal, College of Technology, Sackville-street, 
Manchester. 








BOOKS RECEIVED. 


Reports of the Progress of Applied Chemistry. Vol. XII. 
1927. Issued by the Society of Chemical Industry. 
London : Offices of the Society. [Price 7s. 6d. net.] 

A History of Lloyd’s. From the Founding of Lloyd’s 
Coffee House to the Present Day. By CHARLES WRIGHT 
and C. Ernest Faytre. London : Macmillan and 
Company, Limited. [Price 25s. net.] 

Le Molle. By ING. Prero GRADENIGO. Vol. I. Strutture 
Degli Acciai. | Particolari Costruttivi delle Molle e 
Loro Applicazioni. [Price Lire 35.] Vol. II. Tec- 
nologia delle Molle. [Price Lire 35.] Vol. III. Collaudo 
delle Molle. [Price Lire 30.] Vol. IV. Calcolo delle 
Molle. Metodi di Calcolo ed Esempi Numerici. Turin: 
8. Lattes e C. 

Steam Condensing Plant. By JoHN Evans. London: 
Sir Isaac Pitman and Sons, Limited. [Price 7s. 6d. 
net.] 

How to Drive a Car. London : 
Limited. [Price 2s. 6d. net.] 

A First Course in Experimental Science for Technical 
Students. By RoBERtT WILLIAM Hutcuinson. London: 
University Tutorial Press, Limited. [Price 4s. 6d. 
net. ] 

Die Wasserbewegung im Dammkérper. LErforschung der 
inneren Vergange im Wege von Versuchen. By Ina. 
Ienaz ScuMIED. Vienna: Julius Springer. [Price 
22 marks. ] 

Department of Scientific and Industrial Research. Building 
Science Abstracts. Vol. I. No. 3. March, 1928. 
Abstracts. No. 355-530. London: His Majesty’s 
Stationery Office. [Price 9d. net.] 

United States Bureau of Standards. Technologic Papers 
No. 363. Endurance and Other Properties of Rail 
Steel. By J. R. FREEMAN and Others. [Price 35 
cents.] Washington : Government Printing Office. 

Transactions of the Institution of Water Engineers. Vol. 
XXXII. 1927. Edited by A. T. Hopss. London: 
Offices of the Institution. 

Mines Department. Safety Pamphlet No. 5. Fencing 
and Other Safety Precautions for Machinery at Mines. 
London : His Majesty’s Stationery Office. [Price 
6d. net.] 

Die Bestimmung der Baustoffdampfung nach dem Verdre- 
hungsauschwingverfahren. By Dr. Ine. Ewatp 
Pertz. Brunswick: Friedr. Vieweg and Sohn A.-.G. 
[Price 3.60 marks. } 

United States Bureau of Mines. Bulletin No. 229. Fifty- 
nine Coal Mine Fires. How They Were Fought and 
What They Teach. By G. 8. Rick and others. [Price 
40 cents.] No. 244. Potash Mining in Germany and 
France. By G. S. Rice and J. A. Davis. [Price 
25 cents.] No. 289. Petroleum Refinery Statistics, 1926. 
By G. R. Hopxriyns. [Price 20 cents.] Technical 
Paper No. 417. Analyses of Indiana Coals. [Price 
10 cents.] No. 437. Coke-Oven Accidents in the United 
States during the Calendar Year, 1926. By W. W. 
Apams. [Price 10 cents.] Washington: Govern- 
ment Printing Office. 

Studies in Malaria as it Affects Indian Railways. By 
RonaLtp SENIOR WHITE. Technical Paper No. 258. 
Calcutta: Government of India Central Publication 
Branch. [Price Rs. 3, As. 6, or 5s. 10d.] 

Two Essays in Early Locomotive History. I. The First 
Hundred Railway Engines. II. British Locomotives in 
North America. By C. F. DEnpy MarsnHatu. London : 
The Locomotive Publishing Company, Limited. 
{Price 12s. 6d. net.]} 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is little business 
passing in Cleveland pig iron. Buyers are less disinclined 
to negotiate than of late, but makers, having disposed 
of their output for some time ahead and having only 
very small stocks, are not at all keen to sell. The aggre- 
gate tonnage of Cleveland pig iron stored at makers’ 
yards is now no more than the daily output of all 
descriptions of pig ¢ron on Tees-side in normal pre-war 
days. Makers are thus in a very strong position, and 
they adhere firmly to their fixed prices. The bulk of the 
make is still going into direct use at ironmasters’ own 
consuming plant, and the surplus is barely sufficient to 
meet requirements against running contracts with home 
firms and customers in Scotland. No. 1 grade of iron is 
68s. 6d.; No. 3 g.m.b., 66s.; No. 4 foundry, 65s.; and 
No. 4 forge, 64s. 6d. 

Hematite.—While advances in the unprofitable quota- 
tions for East Coast hematite iron cannot be reported, it 
is somewhat gratifying to learn that continued small 
sales to home and Continental firms were tempting 
producers to take a slightly firmer stand. Stocks, how- 
ever, are rather large and are still being added to. Prices 
are not fixed, and terms on which business is put through 
vary a great deal, but, nominally, market rates are still 
governed by mixed numbers at 70s. 

Foreign Ore.—Sellers of foreign ore adhere to prices 
that have ruled for some weeks, and opine that values 
may advance in view of likely shortage of supply. Best 
rubio remains at 22s. 6d. c.i.f. Tees. 

Coke.—Coke is now selling fairly well for shipment 
overseas, but home demand is quiet. Local consumers 
are buying very sparingly. Durham good medium 
blast-furnace qualities are 17s. 6d. to 17s. 9d., delivered 
here. 

Manufactured Iron and Steel.—Outlook in one or two 
branches’of finished iron and steel is a shade brighter, 
but new business matures very slowly. Demand for 
shipbuilding requisites is light. Quotations, all round, 
are, however, steady. Common iron bars are 10I. 5s. ; 
best bars, 101. 10s. ; double best bars, 11/.; iron rivets, 
lll. 5s.; packing (parallel), 8/.; packing (tapered), 
101. ; steel billets (soft), 67. 15s. ; steel billets (medium), 
il. 28. 6d.; steel billets (hard), 77. 12s. 6d.; steel ship 
plates, 81. 7s. 6d.; steel angles, 7/. 17s. 6d. ; steel joists, 
7l. 178. 6d.; heavy steel rails, 87. 10s.; and galvanised 
corrugated sheets (No, 24 gauge, in bundles), 13/. 








TorPEDO-Boat DESTROYER FOR THE CHILEAN Navy.— 
The third of six torpedo-boat destroyers, which Messrs. 
JohnI. Thornycroft and Company, Limited, are construct- 
ing for the Chilean Government, was launched success- 
fully from the firm’s shipyard at Woolston, Southampton, 
on May 21 last. This vessel, the Riquelme, is identical 
in dimensions, type of propelling machinery, and arma- 
ment, with the first of the series, the Serrano, a detailed 
description of which appeared in our issue of January 27 
last, page 111. The second vessel, the Orella, was 
launched in March last. 


PERSONAL.—Owing to the increasing demand for 
Plenty oil engines, a new company has been formed, 
under the name of The Plenty-Still Oil Engines, Limited, 
which has taken over from Messrs. Plenty and Son, 
Limited, the whole of their oil-engine interests, together 
with their King’s Road Works and the oil engine staff. 
All correspondence, regarding new oil engine work, 
should be sent to the new company at King’s Road, New- 
bury, Berks.—Mr. A. J. T. Taylor, who lately became a 
director of Messrs. Sir W. G. Armstrong, Whitworth and 
Company, Limited, and managing director of Messrs. 
Ruths Steam Storage, Limited, has been appointed 
chairman of Messrs. Craven Bros (Manchester), Limited, 
makers of machine tools.—All the offices and works of 
Messrs. Alfred Herbert, Limited, are now concentrated 
at the New Works, Canal-road, and Cross-road, Foleshill, 
in the city of Coventry.—Messrs. Dorman Long and 
Company, Limited, Middlesbrough, have entered into a 
contract with Messrs. The Anglo-Galvanizing Company, 
Limited, Abbey House, Victoria-street, London, S.W.1, 
for the use of their process for the electro-galvanizing of 
wire. 


INstTITUTION OF ELEcTRICAL ENGINEERS. SUMMER 
MEETING.—A programme of the summer meeting o! the 
Institution of Electrical Engineers, which, as already 
announced, will be held in Scotland from Tuesday, 
June 26 to Friday, June 29, has now been issued. We 
are asked to state that members, who wish to take part, 
but who have not already informed the secretary, 
should do so without delay. On the opening day ®@ 
reception will be held at the University of Glasgow, oe 
the Lord Provost (Sir David Mason) and the a 
(Sir Donald MacAlister), after which a visit will be paid 
to the hydro-electric stations of the Clyde Valley —ar 
Power Company. In the evening a conversazione — 
dance will be held at the Central Station Hotel. “= ihe 
Wednesday the party will proceed to Edinburgh, wher 
visits will be paid to the Corporation generating a 
at Portobello and to the works of Messrs. Bruce Peebles -— 
Co., Limited. Alternatively, visits can be made to places 
non-engineering interest in the city and neighbourhoot 
On the following day the headquarters will be chang 
to Fort William, a halt being made en route at Tullo ‘ 
to inspect the Lochaber power scheme. On aS 
steamer trip will be made from Fort W illiam, the part! 
disembarking at Oban in the evening. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—Though the position is not without its 
brighter features, there has been no development of 
sufficient importance during the past week to warrant a 
change in the outlook. While steady production may be 
said to be the order of the day in the bulk of the steel and 
engineering sections, the general position is largely feature- 
less. The latest monthly return shows a production of 
iron and steel ingots and castings in the Sheffield district 
of 112,900 tons. Though this was 23,000 tons below the 
total for the corresponding month in 1927, it represented 
an advance of about 12,000 tons on the preceding month 
this year, and was substantially above the pre-war 
normal average. Rather more basic steel than acid 
steel was produced. The Lincolnshire return for the same 
period showed a comparable tendency, the total in that 
area of 45,000 tons comparing with 42,000 tons in the 
preceding month, and nearly 56,000 tons in the corres- 
ponding month last year. That these totals (in many 
respects considered satisfactory) will prove to have been 
maintained during more recent months is considered 
unlikely. The disposition has been for outputs to 
contract in face of exceptionally cautious buying, though 
hope of a further reversion to British steel on export 
account is based on the continued unsettlement of 
production costs on the Continent, and the comparable 
character of British and foreign quotations. Output of 
railway rolling stock is on the down-grade, but an early 
improvement is considered likely. Manufacturers of 
electrical requirements are experiencing a brisk demand. 
The tool trades are patchy. Firms making engineers’ 
small tools are doing better, while the output of farm 
and garden implements has been more than maintained. 


South Yorkshire Coal Trade.—While the general position 
shows little change, prices of industrial fuels tend to 
harden. Collieries are asking for an increase of 1s. to 2s. 
per ton, and in isolated cases 3s. Gross output remains 
at about the same level. The call from steelmaking 
works shows a tendency to rise, but the market is well 
below normal. In best sorts of house coal the demand 
is more encouraging, but collieries still have big stocks to 
dispose of before sidings can be cleared. With prices 
inclined to weaken there is every prospect of an early 
improvement. Foundry and furnace coke are a good 
market on export account, while home requirements 
tend toincrease. Gascoke continues firm. Quotations: 
Best hand-picked branch, 27s. 6d. to 29s. 6d. ; Derbyshire 
best brights, 20s. 6d. to 21s. 6d.;\ybest house coal, 
19s. to 20s. 6d. ; screened house coal, 16s. to 17s. 6d. ; 
screened house nuts, 15s. 6d. to 16s.; Yorkshire hards, 
15s. to 16s.; Derbyshire hards, 15s. to 16s.; rough 
slacks, 8s. 6d. to 9s. 6d. ; nutty slacks, 6s. to 7s. ; smalls, 
3s. to 4s. 6d. 








EcurrseE Hack-Saw Buape.—The firm of Messrs. 
James Neill and Company, Limited., Composite Steel 
Works, Napier-street, Sheffield, have recently placed a 
high-speed steel saw blade on the market under the name 
of the “ Eclipse.” Although these blades cost three 
and a-half to four times more than ordinary 1 to 2 per 
cent. tungsten blades, they are claimed to cut twice 
as quickly and to last considerably longer. The speed 
of the machine on which they are used can be safely 
brought up to 120 r.p.m., or, as an alternative, the normal 
speed may be retained and the weight on the saw arm 
increased proportionately, when the blades will do 
from five to seven times more work than those of the 
usual type. The advantages of the high-speed steel 
blades is particularly marked when cutting hard steels 
on @ modern machine, as full advantage cannot be 
taken of the power of the latter with an ordinary blade 
owing to the danger of drawing the temper of the teeth. 
We understand that many of the larger manufacturers 
have already adopted the ‘“ Eclipse” blades, but the 
makers will be pleased to supply a free sample blade to 
those who have not done so, on receipt of particulars 
as to the type and make of machine on which it is pro- 
posed to use it, the class of material to be cut, and some 
indication of the dimensions of the bar. 





ConTRActs.—The Edinburgh Corporation has placed 
an order with Ateliers de Constructions Electriques de 
Charleroi for a 1,000-kw. La Cour motor converter.— 
Messrs. C. M. Hill and Company, Coventry House, South- 
place, E.C.2, have received an order from the Bengal- 
Nagpur Railway Company, Limited, for 15 oil-tank 
wagons to suit 5 ft. 6 in. gauge. These are for manufac- 
ture in Belgium by the Soc. Anon. des Usines et Fonderies 
du Roeulx.—The Bedford Engineering Company has 
secured a contract for the supply of 13 electric jib cranes, 
several of which are of the level-luffing type, for Messrs. 
Oxo’s new warehouses on the Thames.—The contracts 
have now been placed by the Central Electricity Board 
for the switchgear required for the main substations in 
the Central Scotland Section of the “ grid.” The new 
orders, which total in value about 350,000/., are divided 
in approximately equal parts between the Metropolitan- 
Vickers Electrical Company, Limited, and The British 
Thomson-Houston Company, Limited—Amongst recent 
contracts secured by Soc. Anon. Ateliers T. Hanrez, 
the licensees in Belgium of Messrs. Alfred Herbert, 
Limited, of Coventry, for the manufacture of the Atritor 
coal-drying, pulverising and firing machine, are the follow- 
ing :—three atritors, each capable of pulverising 3,000 Ib. 
of coal per hour, for Soc. Anon. Fabrique de Soie Arti- 
ficielle de Tubize; four similar atritors for Soc. Anon. 
des Usines Remy, 4 Wygmael; three atritors, each 
aoe of pulverising 2,000 lb. of coal per hour, for 
ren _Anon. Franco-Belge Cimenterie A Calonne-lez- 
é ong. 





ENGINEERING. 
NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—Very quiet conditions have ruled in 
the Welsh steam-coal trade during the past week, and 
the immediate prospects are not hopeful. Demand has 
slackened off, and though some collieries are fairly well 
booked up on paper, a shortage of shipping, due to 
labour troubles in Germany and South America, has 
made it impossible for exporters to work off orders, 
a fact which has checked the demand for coal. At 
the same time, collieries have been unable to secure a 
sufficiency of empty wagons to keep pits working any- 
thing like regularly. Prices, however, show no change of 
note, for colliery salesmen maintain the voluntary 
minima figures agreed by the executive committee of 
the Marketing Association. In fact, the minima in 
respect to most descriptions of second Admiralty large, 
and all Monmouthshire large coals has been increased 
by 3d. per ton. This had no actual effect on the market, 
for the new minima prices were the market values. It 
has, however, prevented collieries from lowering their 
prices. In a few isolated cases 3d. to 6d. above the 
minima is still being secured for the best descriptions of 
Admiralty large and the leading Monmouthshires. A 
minimum has also been arranged for house coals, but is 
6d. below current market values, The scarcity of 
shipping had an adverse influence on shipments in the 
past week, cargo exports foreign amounting to only 
393,530 tons, of which 239,210 tons were despatched 
from Cardiff, 78,300 tons from Newport, 38,270 tons 
from Swansea, 28,750 tons from Port Talbot, and 
9,000 tons from Llanelly. 


Anthracite Colliery Deal.—It has been officially 
announced that arrangements have been made for the 
taking over of the Vale of Neath Colliery Company 
and the Gwaun-cae-Gurwen Colliery Company, Limited, 
by Amalgamated Anthracite Collieries, Limited, on the 
completion of which Lord Buckland (since suddenly 
deceased) and Sir David Llewellyn, Bart., will join the 
board of Amalgamated Anthracite. The amalgamation 
is of considerable importance, as it gives the Amalga- 
mated Anthracite Company control of about 70 per 
cent. of the Welsh anthracite output, which amounts to 
about 5,000,000 tons per annum. 


Sudden Death of Lord Buckland.—The Welsh coal 
trade to-day received a shock by the news of the tragic 
death of Lord Buckland of Bwlch, who was a prominent 
industrialist in South Wales, and connected with a 
number of Welsh colliery undertakings. Lord Buckland, 
who was Chairman of Messrs. Guest, Keen and Nettle- 
folds, Limited, was riding in his grounds at Bwlch, 
Breconshire, and collided with a telegraph pole, death 
being instantaneous. Lord Buckland was 51 years of age, 
and was connected in business with the late Lord Rhondda. 
At one time he was a director of 56 companies. 


Iron and Steel.—Exports of iron and steel goods in 
the past week amounted to 10,604 tons, compared with 
26,448 tons in the preceding week. Shipments of 
tinplates were reduced from 12,147 tons to 7,636 tons 
as a result of the strike at the Gorseinon Works, which 
has now ended. Exports of iron and steel goods were 
also lowered from 9,596 tons to 849 tons, blackplates 
and sheets from 3,161 tons to 753 tons, and galvanised 
sheets from 1,645 to 1,367 tons. 








TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—It is reported from South Africa that the Durban 
Corporation is inviting tenders, to be presented by June 
22, for a cable trailer capable of accommodating a cable 
drum 7 ft. in diameter and 4 ft. wide, the maximum load 
being 5 tons. Local representation is essential. (Ref. 
No. A.X. 6311).—It is reported from Port of Spain, Trini- 
dad, that quotations are required for a complete motor 
omnibus, in view of a proposed service. (Ref. No. A.X. 
6316.)—The Danish State Railways have published the 
call for tenders for construction of the bridge across the 
Little Belt. Tenders to be received by October 1. 
(Ref. No. A.X. 6323.) 





SumMMER MEETING OF THE NEWCOMEN Socrety.—As 
already announced, the summer meeting of the New- 
comen Society is arranged to take place in the Stour- 
bridge district, and the council hopes that as many 
members as possible will take part in the proceedings 
even if they attend on only one of the days. Arrange- 
ments have been made as follows:—The party will 
assemble at the Talbot Hotel on Wednesday evening, 
June 20. During the morning of Thursday, June 21, 
visits will be made to Messrs. Baillie’s Chain-Making 
Works, Messrs. Bradley’s Rolling Mills to inspect the 
remains of Messrs. Foster and Rastrick’s foundry, and 
various glass-making furnaces. After lunch at Dudley, 
the party will inspect the atmospheric winding engine at 
the pumping station of the Staffordshire Mines Drainage 
Commissioners, and the production of fire-clay at the 
works of Messrs. G. King Harrison, Limited. The 
Society’s dinner will be held in the evening, after which 
notes on the industries of the district will be given by 
Messrs. Rhys Jenkins, H. E, Palfrey, and W. J. Jenkins. 
On Friday, June 22, visits will be paid to the works of 
Messrs. C. Homes, Limited, at Halesowen, and Messrs. 
Isaac Nash, Limited, at Belbroughton. Further particu- 
lars may be obtained from the honorary secretary, 
Mr. H. W. Dickinson, The Science Museum, South 
Kensington, London, 8.W.7. 


NOTICES OF MEETINGS. 





Roya Institution.—To-night 9 p.m., Albemarle- 
street, W.1. ‘Engine Knock and Related Problems,” 
by Mr. A. C. Egerton. 


Royat AERONAUTICAL SociETY.—Wednesday, May 30, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2, Wilbur Wright Memorial Lecture. “Slotted 
hea and the Automatic Slot,” by Mr. F. Handley 

age. 


INSTITUTION OF MUNICIPAL AND CounTY ENGINEERS : 
Scottish District—Thursday, May 31, to Saturday, 
June 2. The Hydro, Peebles. Thursday, May 31, 
8.30 p.m. Business Meeting. Friday, June 1, 10.30 
a.m. ‘*‘ Road Maintenance in Smaller Burghs,” by Mr. 
T. Culbert. ‘‘ Roads Construction and Maintenance, 
Past and Present,” by Mr. J. Watson. ‘‘ Border Rural 
Road Problems,” by Mr. A. S. Macvey. Saturday, 
June 2, 9.30 a.m., Various visits. West Midland District. 
—Friday, June 1, 5.30 p.m., Council House, Birming- 
ham. “ Roads 1888-1928,” by Mr. A. W. Cross. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade——The state of affairs in the 
Scottish steel trade is as unsatisfactory generally as it 
has been for some months back. Consumers are not 
ordering much material, for the simple reason that their 
requirements are small and they have still no desire to 
book forward. In consequence of this, plant at the steel 
works is not fully occupied. The demand from the ship- 
yards continues poor because of the dearth of shipbuilding 
contracts, and both plates and sections are very slow of 
sale at present. Dullness is also general in the black 
sheet trade, and the heavier gauges are perhaps quieter 
than they were. For light and galvanised sorts there is 
only a fair business going through. Prices show little 
change and are quoted as follow :—Boiler plates, 10/. 10s. 
per ton; ship plates, 8/. 7s. 6d. per ton; sections, 
7l. 17s. 6d. per ton; sheets, }-in., 8/. 12s. 6d. per ton ; 
sheets, galvanised corrugated, 24 b.g., 131. to 131. 15s. 
per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland malle- 
able-iron trade the dull tone is still prevalent all round. 
One or two works have a fair number of orders on hand 
at the moment, but nothing approaching capacity. In 
the majority of cases, however, the hand-to-mouth state 
is general. In the steel re-rolling departments quietness 
is the order of the day. The following are the current 
prices :—‘‘ Crown” bars, 101. 5s. per ton for home, and 
9l. 15s. per ton for export delivery ; re-rolled steel bars, 
7l. 15s. per ton for home, and 7/. per ton for export 
delivery. 

Scottish Pig-iron Trade.—In the pig-iron trade of Scot- 
land there is only a very moderate business passing and 
stocks are on the increase. Home consumers are quiet 
and are buying little more than their actual require- 
ments, while the demand from overseas continues on 
small lines, although last week’s tonnage showed im- 
provement. Owing to the strength of the prices of raw 
material, local quotations remain firm and are quoted as 
follow :—Hematite 74s. per ton, delivered at the steel 
works ; foundry iron, No. 1, 75s. to 768. per ton, and 
No. 3, 70s. to 71s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, May 19, was rather better and amounted 
to 1,003 tons. Of the total 929 tons went overseas and 
74 tons coastwise. For the corresponding week of last 
year the figures were 735 tons overseas and 39 tons coast- 
wise, making a total shipment of 774 tons. 

Clyde Shipbuilding.—Messrs. Alexr. Stephen and Sons, 
Limited, Linthouse, Glasgow, have secured an order 
from Messrs. James Nourse, Limited, London (one of 
Lord Inchcape’s associated firms), for a cargo steamer. 
This vessel will be propelled by triple expansion recipro- 
cating steam engines and a Bauer-Wach exhaust steam 
turbine. 








Banquet To Mr. A. V. Roz.—We have been informed 
that a banquet is to be given to Mr. A. V. Roe, in recogni- 
tion of his services to aviation during the past 20 years, 
by the Royal Aeronautical Society, the Royal Aero Club, 
the Air League of the British Empire, and the Society of 
British Aircraft Constructors. The function is to take 
place at 7.30 p.m., on June 8 next, at the Savoy Hotel, 
Strand, London, W.C.2. H.R.H. the Duke of York has 
graciously consented to be present. Tickets and further 
particulars may be obtained from the secretary of the 
Royal Aero Club, or from the secretary of the Royal 
Aeronautical Society. 


Horizontal Misting Macuines Recuiations.—The 
Home Secretary has issued a revised draft of the regu- 
lations Lee ers to be made under Section 79 of the Fac- 
tory and orkshop Act, 1901, for factories in which 
horizontal milling machines are used. This draft, copies 
of which may be obtained on application to the Factory 
Department, Home Office, London, 8.W.1, represents 
the agreement reached as a result of protracted negotia- 
tions with the Engineering and Allied Employers’ 
National Federation and with the railway companies. 
Should any further objections to the draft regulations 
arise, these must be sent, not later than May 29 next, 
to the Secretary of State, Home Office, Whitehall, 





London, 8.W.1. 
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DESIGN AND MANUFACTURE. 


A RECENT visitor to the works of a not undistin- 
guished British engineering firm was regretfully 
assured by his cicerone that English engineers 
were hopeless as designers. The observation was 
undoubtedly made in good faith, but had the 
speaker only realised it, his lament was actually a 
reflection upon the capacity and insight of his own 
directorate rather than on the class so unjustly 
maligned. Indeed, had his opinion held good in the 
past history of his firm, it would never have attained 
the leading position it holds for certain standard 
products. The Forth Bridge, the Mauretania, 
the Dreadnought, and the steam turbine constitute 
in themselves more than a sufficient refutation of 
the accusation in question, and only last year the 
design of the locomotive King George V was most 
generously applauded by American engineers. 
Within the past year, moreover, an aeroplane of 
British design gained the Schneider Cup, and a motor 
car broke the world’s record. Our electrical switch- 
gear, again, has an international reputation. More- 
over, certain widely-advertised continental tests of 
steam turbines seem to indicate very clearly that 
our large electric generators have to-day decidedly 
higher efficiencies than Continental machines, and 
the record for turbine efficiency rests also with the 
reaction turbine, which as a type originated in this 
country, though Sweden must be given the credit 
for a most ingenious and highly-efficient variant. 
Nevertheless, the belief in the incapacity of the 
British engineer seems to be widely held by those 
who control many of our engineering works. The 
financial heads of these establishments, ignoring 
the fact that we led the world in modernising the 
design of surface condensers, in the use of steam jet 
extraction pumps and the like, are too often ready 
to pay large sums for foreign patents of little 
originality and of less intrinsic value, rather than 
employ themselves the class of engineer capable of 
originating such devices in their own shops. It is 
curious to note that it is generally just those firms 
that so freely invest in trivial foreign patents which 
commonly complain the loudest of foreign competi- 
tion, whilst thus artlessly enhancing the prestige of 


8} than in engineering. 





these very competitors. When, for example, the 
steam turbine first came into prominence some 
quite prominent firms took up licences for exceed- 
ingly crude foreign patterns, some of which any 
engineer with a competent knowledge of hydraulics 
and thermodynamics would have condemned off 
hand as worthless, as the actual event proved them 
to be. 

The real gist of the matter seems to be that many 
of these firms were interested in manufacture rather 
Experience is the best of all 
guides to the profitable production of established 
standard articles and the purely shop and office- 
trained chief draughtsman who has spent his whole 
career in, say, the design of triple-expansion marine 
engineers, becomes extremely competent in this 
particular line. He may, however, be a very unsafe 
guide if any fundamentally new departure becomes 
necessary. Such new departures, quite commonly, 
require some scientific and mathematical equip- 
ment, in which such a specialist is, not infrequently, 
deficient. Hence, if called upon to design a com- 
pound turbine pump, an air ejector, or to modernise 
a surface condenser, he may, in spite of his high com- 
petence in his own speciality, prove a very unsafe 
and unsatisfactory pioneer. Of the many old 
engineering firms which have fallen on evil times 
or have even ceased to exist, not a few owe their 
fate to a failure to recognise that whilst mere 
experience provides more than adequately for the 
needs of the immediate moment, the prospective 
requirements of the future cannot be adequately 
met, unless there is a reasonable expenditure on 
experiment and research. Sir Charles Parsons has 
estimated the amount thus required, to keep an 
engineering firm in the forefront, should represent 
from 1 per cent. to 3 per cent. of the annual turnover. 

A striking instance of the limitations of an 
inadequate staff is provided by the pre-war history 
of a firm of high-speed engine builders. At the 
outset their engine had been designed quite com- 
petently, to meet the demand for non-condensing 
engines. Later on, however, it became necessary to 
provide a condenser. The designs for this were 
obtained from an outside source, and for very many 
years although full test data of performances had 
been carefully stored in the archives of the firm, 
no use whatever was made of them, and their 
condensers continued to be proportioned by the 
external expert, who. was, of course, liberally paid 
for his services. This procedure was the more 
striking in that the engines, being reciprocators, 
were incapable of utilising a high vacuum, and 
almost any rough and ready rule for proportioning 
surface condensers would have met the actual require- 
ments. Ultimately, a newcomer to the drawing office, 
equipped, as it chanced, with an adequate technical 
training, insisted that the test data in the possession 
of the firm, provided all the information necessary 
for meeting their condenser requirements, and that 
it was quite unnecessary to allot this elementary 
task to others. Much persistence was, however, 
necessary to convince the financial heads of the firm 
of the desirability of this procedure, and they yielded 
at length with very serious but quite uncalled-for 
misgivings. In another instance, a firm engaged in 
the production of ventilators, had for many: years 
obtained their designs from a consultant. Ulti- 
mately, it was thought that sufficient experience 
had been accumulated for his services to be dispensed 
with, and a draughtsman was told off to investigate 
the matter. At the end of a fortnight, however, he 
had failed to attain the desired end, and, and having 
thus expended two weeks wages at pre-war rates, 
say, 4l. 10s., on research, the firm relapsed into its 
previous dependent position. In this case it is quite 
probable that the individual selected for the in- 
vestigation, having but the rudimentary theoretical 
knowledge generally characteristic of the purely 
shop-trained man, would have failed to make good, 
even if a more liberal view had been taken as to the 
proportion of the turnover that could legitimately 
be expended in scientific and industrial research. 

An instance of another kind is provided by the 
early experiences of one of the leading engineers 
of to-day. On leaving college as a youth barely 
of age, he entered the works of a firm engaged 
in structural steelwork, where he found employ- 
ment at the marking-off table. As the result of 
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experience and of a special ability, the chief draughts- 
man of the firm had acquired an almost instinctive 
knowledge of plate girder construction, and of the 
general type of steel work used on British roads 
and railways. He could estimate costs and weights 
almost at a glance, and was able to fix proportions 
with the aid of a little more than the rule of three. 
His knowledge of stress analysis was, however, 
rudimentary, and when the question arose of prepar- 
ing designs for railway bridges to be erected in a very 
distant quarter of the globe, so that weights had to 
be redyced to a minimum, he very frankly confessed 
his incapacity. Whilst in a quandary as to what 
action was to be taken, the attention of the manage- 
ment was called to the fact that they had in their 
shops the youth who had recently joined them after 
a brilliant college career, and it was decided to 
transfer him to the drawing office, and to give him 
the task of making the calculations necessary. The 
responsibility thus thrown on very young shoulders 
was successfully borne, and promotion thence- 
forward became rapid. In the subsequent decades, 
it may be added, many millions of capital have 
been profitably expended under his direction. In 
the instance just quoted the managing director of 
the works in question was himself an engineer. 
Had he been merely a business man or financier, 
outside help would undoubtedly have been requisi- 
tioned, and many years might have elapsed before 
the highly capable youth concerned, got the chance 
of demonstrating his powers. 

Whilst financial heads of some engineering estab- 
lishments are, as stated, often reluctant to give 
our better-trained young engineers a chance to 
show insight and initiative, they not unfrequently 
fall victims to mere charlatans. An amusing 
instance occurred during the war, where an amateur 
model maker was installed off hand as chief aero- 
nautical engineer to a firm establishing an aeroplane 
department. The intent, to be not wholly depen- 
dent on official designs was praiseworthy, but little 
can be said in favour of the choice made, whose 
ignorance of aeronautics was only excelled by his 
capacity for bluff. In support of the latter, he had 
lined his office walls with a most elaborate library, 
the volumes of which included Forsyth’s treatise 
on Differential Equations. A casual visitor entering 
the office and glancing round the book shelves compli- 
mented the owner on his selection, but remarked 
that Forsyth’s work was stiff. “* Differential 
Equations,” responded the surprised youth, ‘‘ Differ- 
ential Equations? I have heard of quadratic 
equations.” In spite of his impressive library, 
therefore, his mathematical attainments did not 
even include a mastery of elementary algebra, of 
the very existence of which he had apparently only 
heard rumours. 





GOVERNMENT ADMINISTRATION OF 
PUBLIC UTILITIES. 


THE last century has seen a notable advance of 
the standard of living in all civilised countries, 
which as a matter of historical fact has been pro- 
duced by the operation of private enterprise. The 
fact, however, that this advance has been so pro- 
duced is not conclusive on the question of whether 
it might not have been obtained better or have been 
more extensive if the work had been done by Govern- 
ment. Probably only a small minority believe that 
Jovernment administration could have produced 
any such result, and those of this opinion will be 
found almost entirely among persons whose train- 
ing and experience would not have fitted them to 
control or perhaps even to take part in the work. 
There are, certainly, communal functions which in 
the last resort the Government must discharge. 
The defence of a country, for example, or the main- 
tenance of order can rarely be entrusted with advan- 
tage to private enterprise, though the results when 
exceptional circumstances have justified this course 
have not always been unsatisfactory. In the pro- 
vision of public utility services, however, originally 
entrusted to private enterprise, the question is 
more often raised whether the interest of the com- 
munity would not be served better if the adminis- 
tration was conducted by Government. Here again 
those who would wish to see such work under 
Government administration are in a_ minority, 











which is drawn mainly from the same class of 
inexperienced and untrained person as provides the 
smaller minority who regard still wider Government 
administration as desirable. 

The difference of opinion is not confined to one 
country, and of late it has appeared in a notable 
form in the United States, which for the time being 
is the most prosperous of civilised nations. It has 
been suggested recently that the development and 
operation of water-power should be put under 
Government, and, as might have been expected, the 
proposal is being criticised severely among American 
engineers. In a recent address Colonel Hugh L. 
Cooper, whose reputation in hydro-electric work is 
well known, has summarised some of the facts and 
considerations which in his view are conclusive 
against any such course. His address, which was 
given to the Economic Club of New York, is neces- 
sarily only an outline of his case, and an independent 
judgment in regard to some of its elements could 
only be formed with the help of further particulars 
than he gives. Put forward, however, as they are 
with Colonel Cooper’s considerable experience and 
authority, they may be taken for the time being at 
face value, and may serve to illustrate what the 
history of the United States and Canada during the 
present century has been in regard to the relative 
efficiency of government and private administra- 
tion. To the United States, indeed, the question 
is of capital importance. Already water energy of 
some 12,000,000 h.p. has been harnessed, leaving 
an estimated 40,000,000 h.p. for further develop- 
ment at a cost for generation and transmission 
estimated at about 9,000,000,000 dols. This vast 
expenditure must extend over a long period, and the 
problems that are likely to arise in the course of it 
are, as Colonel Cooper remarks, among the most 
difficult, intricate and hazardous to be found in the 
field of science and industry. It seems, therefore, 
clear that such an enterprise should not be under- 
taken except under the conditions which experi- 
ence has shown to be most likely to yield the 
best results. Colonel Cooper’s argument, based on 
the history of earlier developments of technical in- 
dustries, asserts that the most conspicuous success 
has invariably involved the operation both of 
competition and of evolution. Had he developed 
this argument in detail, he would no doubt have 
pointed out that in industry, as in nature, the two 
processes are necessary for each other. To commit 
the development of a great industry to the charge 
of a single authority is to deprive it of the advantage 
of competitive development in independent hands, 
and of the evolutionary process which enables the 
work to be carried on with the help of whatever 
method has proved to be the best. The body 
responsible for the work has thus to be given the 
authority necessary for carrying it out, without 
having at its disposal the variety of experience and 
invention which would be available under a com- 
petitive system. 

These disadvantages would be found by any 
single body to whom such a work was entrusted, 
and to them are added the several well-known 
difficulties under which Government administration 
must necessarily labour. Such difficulties are par- 
ticularly serious when the subject matter is tech- 
nical, and often requires critical decisions from the 
technical aspect, which a body in which a non- 
technical element is dominant is in no position to 
make justly or promptly. Apart, however, from ob- 
jections in general terms, Colonel Cooper gives a series 
of examples in which Government administration has 
been found to give results notably inferior to those of 
private enterprise. In the first instance he contrasts 
the results of public and private ownership of power 
stations in Canada. In the province of Quebec, 
where the power supplies are owned and operated 
by private companies, electric energy is supplied at 
roughly half the price and with half the staff and 
not much more than two-thirds of the capital 
required per horse-power of the supplies of Ontario, 
which are owned and operated publicly. Taken also 
over the whole of Canada, a similar comparison 
shows that the private companies supply energy at 
about half the price of the public plants, with 
considerably less than half the number of employees 
for a given amount of power generated, while the 





public plant costs 30 per cent. more in capital 


outlay than the private. To some extent, doubtless, 
this disparity may be explained by a difference in 
the quantity of energy supplied to customers with 
favourable load factors. A comparison, however, 
between the rates at which current is supplied 
in Toronto and in Montreal, which are not likely 
to be so affected, shows that the Toronto price 
charged by the public plant are over a fourth 
more than the Montreal rates of the private com- 
panies. In the comparison, moreover, of Quebec 
with Ontario and of private with public plants in 
Canada at large, the private plants are debited 
with taxes to a substantial amount, from which the 
public plants are free. 


In the United States up to now, even the muni- 
cipal control of plant has been shown repeatedly 
to be much inferior to that of private companies, 
To-day 95 per cent. of the total installed 
generating capacity and output is produced by 
private plants, and in the last ten years more than 
a thousand municipal plants have been either 
abandoned or sold to private undertakers. The 
only district in the United States supplied by 
privately-owned companies which can be compared 
with the publicly-owned Ontario group is Western 
New York, in which in the last year for which 
figures are available (1925) electric current was 
supplied at a rate fractionally less than the average 
of that charged by the Ontario plants to all their 
customers, though nearly a fourth of the revenue of 
the Western New York companies was absorbed 
in taxes, from which the Ontario plants were entirely 
free. The comparison, moreover, is unfair to the 
Western New York plant in that to provide for their 
occasional load their hydro-electric power had to 
be supplemented by that of six large auxiliary 
steam-power stations. Colonel Cooper also gives 
a number of examples of civil engineering work 
carried out by Government on a large scale, in which, 
from whatever cause, the Government estimates 
have been enormously exceeded in the execution 
of the work, while he goes as far as to say that such 
excesses are entirely unknown in the history of esti- 
mates given by competent engineers for the schemes 
of private concerns. It is clear, therefore, that in 
Colonel Cooper’s opinion nothing like the same 
exact estimates can be expected from a Govern- 
ment development of water power as would 
be obtained from private companies, especially 
if subject to the supervision of public service 
commissions. The importance of correct estimates 
in respect of hydro-electric power is now greater 
than ever in view of the great reduction in 
the cost of steam-generated power which has 
been made in the last twenty years, and the con- 
siderable increases in the cost of labour and materials 
involved in hydro-electric work. At the present time 
there is, indeed, very keen economic competition be- 
tween steam-generated and water-generated electric 
power, and in the development of most of the virgin 
American sources of water power it may well be 
believed that only the greatest skill in design and 
economy in construction will enable these powers 
to compete with steam-generated plant under 
favourable conditions. There is, in fact, no margin 
whatever in favour of hydro-electric power to pro- 
vide for mistakes either in designs or estimates. 

It cannot be said that in this country the experi- 
ence of municipal plant has led to conclusions 
such as are drawn by Colonel Cooper in regard to 
American plant. The legislation, however, 1D- 
troduced in the last few years has placed the supply 
of electric energy in this country on a fresh basis, 
and it is premature to criticize the efficiency of 
the new arrangements until further experience has 
been obtained. Colonel Cooper views with approval 
the growing tendency in his country to entrust 
public utilities to companies with a large public 
shareholding under the supervision of strong 
public service commissions. In some classes of public 
services this, indeed, is the type of administ ration 
employed most generally in this country. The 
administration of docks, for example, is undertaken 
variously by municipalities, private companies, 
railway companies and public trusts, but not less 
than 70 per cent. of the export and import trade 
of the country passes through ports administered by 
public trusts. The advantages these bodies offer 
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the various interests affected by the working 
of the enterprises which they control, and appear 
to contain an effective system of checks in matters 
material to these interests, which it would be diffi- 
cult, if not indeed impossible, to obtain under 
Government control. The object lesson suggested 
by Colonel Cooper’s address may well be borne in 
mind when proposals arise for enlarging the Govern- 
ment administration of commercial services. 








THE CHEMICAL INDUSTRY 
CONFERENCE. 
(Concluded from page 612.) 
In concluding our report of this conference, we 
may now deal with the proceedings of Tuesday 
morning, May 15. Sir Ernest Rutherford was in 


the chair, and the first paper was contributed by 
Sir Alfred Mond, Bart. 


ScIENTIFIC RESEARCH AS APPLIED TO INDUSTRY. 


In opening his discourse, Sir Alfred Mond referred 
to a statement which has recently been attributed 
to Lord Balfour, to the effect that Great Britain, 
whilst always excelling in pure science, had never 
applied science satisfactorily to industry, but had 
allowed brilliant ideas to slip abroad and to return 
as fully-fledged industrial processes. Sir Alfred 
said he was going to contradict both those state- 
ments. Pure science was not the monopoly of 
any country, and Great Britain was not in any way 
behind in its application. He denied the over- 
whelming importance of the German dye industry, 
to which reference was usually made in this connec- 
tion; dyes were not the beginning and the end of 
chemical industry, and their development in this 
country had been slow because it was legally tied up 
with patents. The beginning of the industrial era was 
definitely and completely a British movement. In 
the sphere of engineering, one had only to recall the 
names of Watt and Stephenson, and in chemistry 
those of Tennant, Henry Muspratt, Deacon, Alfred 
Noble, Ludwig Mond, and Cross and Bevan. The 
Mond nickel process was unique, and Mond gas 
might be classified among the early attempts at 
low-temperature carbonisation. The ammonia pro- 
cess had grown out of the pure research of Haber, 
taken up by enlightened manufacturers as the 
ammonium-nitrate process, and worked out during 
the war by Major Freeth; it was based upon the 
phase rule of Willard Gibbs. 

Discoveries could not be made to order, Sir Alfred 
continued, but there had not been sufficient liaison 
between the academic and practical sides. He had 
met this in his company, Imperial Chemical Indus- 
tries, by forming a Research Council, of which he 
was Chairman. One of the disadvantages of the 
chemical industry had been that the laboratory man 
and the works man had existed in almost hostile 
compartments, but this was not so now. We were, 
however, short of first-class men in organisation. 
Amalgamation made researches possible which could 
not be undertaken otherwise, such as that required 
for the Bergius liquefaction of coal. In other coun- 
tries, however, research laboratories were worked 
on a scale that made financial directors over here 
tremble. Concluding, Sir Alfred stated that he had 
just returned from a ten days’ conference, held on 
board ship in the Adriatic, on the all-important food 
problem for the solution of which cheap nitrogen 
was needed. Chemistry did not stagnate. The 
ammonia-soda process, which had seriously threat- 
ened the Leblanc process, had itself been superseded 
by electrolytic processes. The high pressures and 
temperatures of synthetic processes relied more and 
more on the assistance of physicists and engineers, 
and bio-chemistry was now pressed into service. 

Before calling upon Sir Richard Gregory to 
Propose the vote of thanks, Sir E. Rutherford 
pointed out that the purely theoretical investigation 
of equilibria by Willard Gibbs, of Yale College, 
Connecticut, had remained unheeded until taken 
up by Ostwald. 

NitRoGEN FERTILISERS. 
Presenting the paper by Sir John Russell, F.R.S., 


Director of the Rothamsted Experimental Station, 
on the ‘Part Played by British Workers in the 


Dr. B. A. Keen, Assistant Director, said that 
the British workers, John Bennet Lawes and 
Joseph Henry Gilbert, had first demonstrated, 
in 1840, the advantage of adding nitrogen com- 
pounds to the soil. Liebig had dealt chiefly with 
alkali salts and phosphates, and had left nitrogen 
out of account. For nearly sixty years these 
two workers had carried on experiments at 
Rothamsted in partnership, growing various crops 
continuously on the same ground, and those fields 
were now the oldest experimental fields in the 
world. When Sir John Russell followed Sir A. 
Daniel Hall as Director, a statistical department 
was set up to deal with the mass of data, and new 
methods were adopted. There were now several 
plots under each treatment, each plot being 
regarded as distinct, and the plots were set out 
in random order, determined by drawing lots ; 
not according to any bias. This made it possible 
to correlate crop yields with weather and soil 
conditions. 

The continued experiments had done much to 
clear up some of the uncertainties attached to the 
use of nitrogenous fertilisers. The chief lines of 
investigation concerned the influence of season and 
weather on the efficiency of fertilisers; the relations 
between quantity of fertiliser and yield of crop; 
the effects of the composition of the fertiliser and of 
varying the time of its application on the com- 
position of crop. These experiments were, of 
course, not limited to nitrogenous fertilisers. When 
a crop was sown late, the yield improvement 
as a result of applying fertilisers was small, 
and the result might even be a decrease in the 
yield. Rain had very different effects at different 
times ; stable manure was least affected by these 
variations. Some grass land was much improved 
by nitrogen, but whether it was advisable to put 
wheat land to grass was dependent upon the 
wheat market. The nitrogen contents in the 
grain were chiefly influenced by the early history 
of the plant. Additional nitrogen in the grain 
was generally advantageous, but not in the case 
of barley, as it lowered the value of the malt for 
brewing. The reason of that was not clear, and 
many points required further research which 
the Ministry of Agriculture and the large fertiliser 
organisations now supported. Crop production 
was always near the unprofitable state, but science 
could show agriculturists how to improve the 
quantity and quality of the crops and to modify 
the composition and habits of growth. 


DEVELOPMENTS IN THE HeAavy-CHEMICAL INDUSTRY. 


The keynote of this last paper on the agenda, by 
Lieutenant-Colonel C. P. Pollitt, was that the chemi- 
cal industry was at the beginning of a period tending 
to supplement and replace natural products by 
synthetic products. The heavy-chemical industry 
had been defined as the industry of alkalis and 
acids. With the decline of the Leblanc process, 
which finally died out during the war, that definition 
had lost its significance. The war had stimulated 
invention to an unprecedented extent, and pre-war 
and post-war conditions differed. High-pressure 
reactions, almost unapplied before the war except 
in Germany, were depriving water-power countries 
of their advantages. Sir Alexander Gibb had 
drawn attention to these important considerations. 
The amount of accessible water power was nearly ex- 
ploited, and the efficiency of hydro-electric stations, | 
already approaching the theoretical limit, did | 
not admit of great improvement; much, however, 
was possible with coal power. The new methods 
encouraged large-scale working, and the need for 


| possible in connection with large-scale hydrogen 
| manufacture. Every effort should be made to meet 
‘the demand for synthetic oils, and Colonel Pollitt 
thought we were very near the solution of the 
problem. The production of nitrogen products 
had risen from 15,000 tons in 1913 to 815,000 
tonsin 1927. The figures for the cellulose industry, 
which grew out of the purely theoretical work 
of Cross and Bevan, were likewise phenomenal, viz., 
13,000 tons in 1913 and 135,000 tons in 1927. The 
cellulose group comprised, in addition to artificial 
silk and explosives, nitrated-cellulose lacquers used 
for motor cars, for the leather cloth employed in 
upholstery, and for fabric motor-car bodies. Other 
groups of modern developments, not quite so large, 
were artificial resin and acetic acid, now made in 
Canada and Germany by oxidising calcium carbide 
and acetylene. Sulphuric acid itself, free from 
arsenic, was made in Germany from gypsum, with 
cement as a by-product, and we were gaining 
more and more control over chemical products 
independent of special raw materials. High pres- 
sures of hundreds of atmospheres would become 
more general, but this required further research 
on the properties of gases and metals at high pres- 
sures and on the nature of the indispensable 
catalysts. From the world point of view, the pro- 
duction of fertilisers and the improvement of 
agriculture, which sustained 1,400 millions out of 
the 1,800 millions of the world population, was the 
most important development of the heavy chemical 
industry. If Great Britain had fallen behind in 
some fields, in spite of her natural resources and 
advantages, her engineers, chemists and highly- 
trained labour, it was because she had adhered to 
small units and not grasped the possibilities of 
the application of science to industry. 

Mr. H. T. Tizard, who was in the chair, dwelling 
upon the importance of research, remarked that the 
British Empire was very fortunately situated as to 
most resources. But a world shortage of cellulose 
was threatening ; we had no substitute for cellulose, 
and to mention one point, no films were produced 
in this country, though experiments to make non- 
inflammable films, suitable for all purposes, were 
being carried on. 








THE ROYAL SOCIETY 
CONVERSAZIONE. 


Ar the conversazione of the Royal Society, held 
on May 17, there were some historical exhibits, 
to two of which we may refer. The first, an oil 
painting by C. Netscher, of Isaac Newton, standing 
by a marble table which supports mathematical 
instruments, was exhibited by Captain R. Berkeley. 
The second, shown by Mr. George H. Gabb, was the 
oldest theodolite known, which bears the signature 
of its maker, H. Cole, 1574. It was described in 
1571, as an English invention by Leonard Digges in 
his Pantometria, a book finished by his son Thomas. 
Those dates make the theodolite older than the 
incomplete theodolite of 1586, recently found at 
Oxford and described by Dr. P. T. Giinther, in the 
Oxford Archeologia. ‘The semi-circle of the Cole 
instrument was missing when the theodolite was 
found 15 years ago. The base plate, a divided 
circle, is 6} in. in diameter ; there is an inner divided 
circle, and inside this a geometrical square surround- 
ing a compass card. The index for taking horizontal 
readings is fitted with two rotating lugs to which is 
attached the compass box ; the magnetic variation 
for the year, 11 degrees east, is marked on this box, 
which carries the supports for the semi-circle and 
plummet. 





large research staffs involved too much expenditure 
for the small manufacturer. The tendency towards | 
large-scale working, he was aware, was in some | 
respects in opposition to the encouragement of local | 
industries, but those industries were better off 
when formed into large organisations. 
tendencies facilitated international arrangements | 
for improving both manufacture and distribution. 


Harper. 





Application of Fixed Nitrogen to the Soil,”’ 





The astronomical exhibits of the Greenwich Ob- 
servatory comprised a transparency of the eclipse 
of June 29, 1927, taken with a 45-ft. refractor of 
6-in. aperture by Mr. Worthington, and an album 
of large magnetic storms of the period 1874 to 1926, 


These | with photographs of the accompanying sunspots. 


Other transparencies illustrated experiments made 


|to determine the relative intensities of the Ca + 
Most synthetic processes required high pressures. | lines at H and K and in the infra-red, the object being 
The manufacture of the hydrogen required for many | to determine the relative probability of a transition 
processes, had grown out of the pure research of | of an electron from one state of the Ca -+- atom to 
Development, first in connection with | one of two other states, and thusto check predictions 
the fixation of nitrogen, had been phenomenal ;' made by E. A. Milne from considerations of atomic 
the hydrogenation of fats and of coal had only been | mechanics. There was, further, a framed comparison 
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diagram of the variation of latitude as observed at 
Greenwich and at international stations in latitude 
38 deg. 

These were the only astronomical exhibits, and 
Sir Robert Hadfield’s specimens, illustrating pro- 
perties of ferrous alloys and special metallurgical 
processes, were the only strictly metallurgical 
exhibits. _ These included a machineable non- 
magnetic steel of high yield point, over 30 tons per 
square inch, suitable for the support rings of turbo- 
generator armatures; samples of non-corroding 
steels, resistant particularly to sulphuric and phos- 
phoric acids; and specimens of Era/A.T.V. steel 
which had been provided with a protecting adherent 
skin of oxide. 

Dr. W. D. Dye, F.R.S., of the National Physical 
Laboratory, demonstrated an optical interference 
method of observing the mode of vibration of 
quartz-plate piezo-electric resonators. These plates 
are used for standardising high frequencies. Dr. 
Dye mounts the quartz plate, the upper surface 
of which is planed and polished, on a vertically 
adjustable metal base, and fixes above it a plane 
glass plate. When the two plates are brought to 
approximate parallelism, interference bands are seen 
under illumination from a mercury-vapour lamp. 
An electric field is applied to the quartz plate by 
means of the metal base (the lower electrode) and a 
very fine sheet of copper gauze attached to the lower 
surface of the glass plate. In one arrangement de- 
monstrated, the field had the appearance of a bluish 
disc. When the alternating currents were applied 
and the frequency was slowly raised, the blue field 
suddenly broke up and showed yellow patches on 
steady, beautiful patterns. The slightest alteration 
in the frequency would destroy the pattern, which 
would be restored when the frequency again corre- 
sponded with that mode of the plate vibration. 
Another pattern would be obtained at a higher 
frequency ; at a very high frequency the pattern 
apparently became less sensitive to changes, because 
the plate then steadied the alternating circuit. The 
patterns marked the cutting-up of the interference 
bands to correspond with the nodes and anti-nodes 
of the vibrating plate, which would also be shown 
in other ways, and they represented all the varieties 
of the acoustical dust figures of Chladni. 

Sir William Bragg’s demonstrations of the 
crispations of liquids were very opportune to eluci- 
date these plate vibrations. Crispations are the 
peculiar criss-cross ripples visible on thin layers of 
liquids resting on vibrating surfaces. Faraday 
described the crispations in 1831, having observed 
them on the little pools of rain water lying on the 
top of a barrel in a brewer’s dray, which was ratt- 
ling over the streets of London, and also on shallow 
pools of the shore near Hastings. It is prob- 
ably significant that Faraday’s description of 
those strangely regular and steady patterns in his 
MS. notes is followed by notes on electromagnetic 
experiments. His explanation of the crispations 
was confirmed by Rayleigh in 1883, but the beauti- 
ful experiments seem to have been almost forgotten. 
Sir William Bragg showed them by placing shallow 
trays of water or. the prongs of tuning forks, and 
demonstrated also, with the aid of two systems of 
balls, alternately depressed and raised, that the 
ripples are really produced by the alternating 
up-and-down motions of water particles and not by 
travelling waves. When the movements were regular, 
the ripples appeared as if the surface were divided 
into squares. The crispations were also produced 
in thin liquid films on steel plates when set into 
vibration by a violin bow. 

The demonstrations by Professor G. I. Taylor 
of bodies suspended in curved and constricted 
air streams illustrated experiments undertaken 
to verify theoretical predictions (which were 
confirmed) as to resistances to the motion of air- 
craft. The stream channels were made of sheet 
metal witha glass front and back. The first channel 
had a curvature resembling a human foot, and 
a sausage-shaped body suspended in it turned 
its curved back to the toe of the foot so that the 
curvature of its centre line was opposite to that of 
the curved stream. The second channel was nozzle- 
shaped, first converging and then diverging, and 
the body had the shape of half a biconvex lens (cut 
across horizontally). This body set itself perpendi- 








cular to the glass front in the converging portion, 
and parallel to it in the diverging portion. In a 
third channel, converging and wedge shaped, the 
upper part of the suspended body was cylindrical 
and the lower part flattened. This body also set 
itself parallel to the glass front, though the stream 
was now convergent. 

The demonstrations by Dr. R. 8. Clay and 
Mr. T. H. Court, of the Northampton Institute, 
illustrated experiments on stereoscopic vision des- 
cribed in Robert Smith’s Opticks of 1738. A 
narrow V is drawn on paper and the card looked 
at obliquely through holes or eyepieces for the two 
eyes. A vertical rod then appeared to stand on the 
apex of the V, and when the V is moved the rod 
appeared to wobble. An ordinary cylindrical 
glass beaker viewed pseudoscopically, appeared 
to taper when rotated. These and other peculiar 
effects cannot be seen by persons whose two eyes are 
unequal. The solid dipleidoscope prisms, exhibited 
by Mr. C. V. Boys, F.R.S., represented an old 
invention of his, a modification of the dipleidoscope 
(an instrument for seeing a double image) of Dent, of 
1844, who used the hollow prisms, built up of glass 
plates, of Bloxam. Mr. Boys showed a solid prism 
with an angle the exact double of another smaller 
angle, which may range between 33 and 45 deg. 
The device forms an achromatic dipleidoscope ; that 
is to say, an object seen by external reflection from 
the face opposite the small angle can also be seen, 
without colours, in the same direction by light twice 
internally reflected. Thus dipleidoscopic prisms are 
self-sufficient for determining the direction of a 
plane (e.g., the meridian) in space; they are also 
very useful for comparing the intensity of refracted 
and reflected light with its theoretical value. 


(To be continued.) 








NOTES. 


RoyaLt Epwarp Dock EXTENSION. 


THE equipment and structures of the Royal 
Edward Dock at Avonmouth have been fully dealt 
with in these columns in our two previous issues, 
and it is pleasant to record that the extension of 
3,600 ft. of quay, which forms the Eastern arm, 
was inaugurated by a very successful ceremony on 
Wednesday, May 23. His Royal Highness the 
Prince of Wales, wearing for the first time the uni- 
form of Master of the Merchant Navy and Fishing 
Fleet, and accompanied by some of the dignitaries 
of the City, entered the extension on board R.M.S. 
Bayano, which, in steaming slowly up the basin, 
cut a tricolour ribbon across its entrance. At the 
reception and subsequent luncheon, the Prince of 
Wales congratulated the Port of Bristol Authority 
on the enterprise and faith in the advent of better 
trade which had been shown in the construction of 
the new extension. Progressive methods such as 
this were necessary to meet the attacks of present- 
day competition. The new granaries and other 
buildings certainly present an imposing, while 
entirely practical, appearance, and the adjacent 
sites would seem to afford excellent opportunities 
at the moment for any firm seeking quarters for 
development. The growing importance of the 
Port of Bristol may be shown by two instances: 
In 1907, the import of tobacco was 1-3 per cent. 
of the total of that of the United Kingdom; in 
1927 it was 24-7 per cent., namely, 22,574 tons. 
Corresponding figures in grain imports were 6-8 per 
cent. and 10-5 per cent., and in bananas 26-4 per 
cent. were imported in 1907, as against 44-1 per 
cent. in 1927, this latter figure representing nearly 
5$ million bunches. 


Tue St. Francts Dam DISASTER. 


Further particulars in regard to the catastrophic 
failure, last March, of the St. Francis dam, near 
Los Angeles, are given in the issue for May 10 
of the Engineering News-Record. These confirm the 
verdict already given that the disaster was due to 
defective foundations, but the new point brought 
out is that, shortly before the failure, the seepage 
had increased to about 2 cub. ft. per second. This 
amount is certainly not extravagant, but the sig- 
nificant fact now established is that there is reason 
to believe that this leakage water must have been 





heavily charged with dissolved gypsum, veins of 
which constituted as much as 2 per cent. of the rock 
in the fractured zones. Analyses made, since the 
break, of water leaking from a ravine just below the 
dam show that if the seepage from the dam had a 
similar constitution, no less than 97 tons of material 
must have been dissolved away from the foundations 
during the fifteen months in which the reservoir had 
been in use. At points, the flood eroded the bank 
to a depth of 55 ft. to 60 ft. below foundation level, 
The rescue work after the catastrophe was organised 
by the Southern California Chapter of Associated 
General Contractors, who, on the request of the City 
of Los Angelos, supplied men and plant, whilst: the 
city authorities attended to the camps and com- 
missariat. The agreement was signed ona Saturday, 
and by noon on the Monday following, 1} million 
dollars’ worth of plant and 1,300 men had been 
transported to the scene and were at work there on 
assigned jobs. The distance travelled ranged from 
60 miles to 80 miles. 








THE LATE HERR FELIX DEUTSCH. 


WE regret to record the death of Herr Felix Deutsch, 
Chairman of the Board of the Allgemeine Elektricitats 
Gesellschaft, which occurred suddenly on Saturday, May 
19, a few days after the celebration of his seventieth 
birthday. Deutsch was connected with the A.E.G. 
from its inception in 1887, and was very largely 
responsible for building it up into the enormous 
concern with world-wide ramifications, which it 
became before the war. It was his care and courage, 
too, which steered it through the difficult post-war 
period, and he played a leading part in the re- 
establishment of its prosperity. 

To understand the nature of the work that Herr 
Deutsch performed, it is necessary to recall the 
organisation of the German electrical industry, both 
before and after the war. Previous to 1914, that 
industry was based on the cartel, and there is no doubt 
that much of its immense prosperity was due to the 
elimination of uneconomic competition between pro- 
ducers and to other correlated advantages which 
this system made possible. It led to the concen- 
tration of German electrical activity in the hands of 
a few large firms working in close conjunction, not only 
with the banks and the electricity supply undertakings, 
but with concerns engaged in the manufacture of such 
plant as internal-combustion engines and pumps, 
as well as with firms producing iron and steel. During 
the inflation period (1919-24) it was sought to solve 
the overwhelming difficulties which then faced German 
industry by the establishment of “ vertical’’ trusts, 
as typified by the Stinnes concern. To this policy 
Deutsch was heartily opposed, pinning his faith to 
“horizontal”? amalgamations, a system of co-operation, 
which has played an important part in that process of 
rationalisation which has re-erected German industry 
on a sounder basis during the past four years. 

Felix Deutsch was born at Breslau on May 16, 
1858, and began his business career at the age of 
15, when he entered a firm engaged in the manufacture 
of sugar-refining machinery. Nine years later, when 
the boom which followed the Franco-German war 
had collapsed, he transferred to the banking business 
at a time when that close association between the 
latter and industry, which has been so characteristic 
of German industrial enterprise, was beginning. In 
1882, the German Edison Company was formed by 
Emil Rathenau, and Deutsch joined this concern, first 
in a subordinate position, and two years later as a 
director. In 1887, when it became the A.E.G., he 
took charge of the sales department, establishing 
branches all over the world. He was always a believer 
in the maintenance of a close trade relationship with 
Russia, and played no small part in the conclusion of 
the Treaty of Rapallo. He was also one of the first 
Germans to renew contact with the United States, 
and helped to create the ‘“‘ Committee of Understand- 
ing,” which was designed to further Franco-German 
rapprochement. He became Chairman of the Board of 
the A.E.G. on the death of Emil Rathenau in 1915. 








Launcu or H.M. SuBMARINE “ Ostris.”-——The first of 
the five submarines being built by private contractors 
under the 1926 naval programme, was launched at the 
naval construction works of Messrs. Vickers-Armstrong, 
Limited, at Barrow-in-Furness, on May 19, and was named 
Osiris by Lady Dixon, the wife of Engineer Vice-Admiral 
Sir Robert Dixon, K.C.B., the Engineer-in-Chief of the 
Fleet. In addition to the Osiris, Messrs. Vickers, Limited, 
are constructing two further ‘“‘O” class submarines 
under the same programme, the Oswald and Otus, which 
will be lawnabait da June and August, respectively. 1h 
same firm is also building four ‘‘ P”’ class submarines 
for the Royal Navy, under the 1927 programme, w*! th 
will be named Perseus, Poseidon, Proteus and Pandors : 
these, however, will not be launched until next year. 
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CENTENARY CELEBRATIONS OF THE 
INSTITUTION OF CIVIL ENGINEERS. 


An engineering conference, held to celebrate the 
centenary of the incorporation by Royal Charter of the 
Institution of Civil Engineers, will take place in London 
from June 3 to June 7 next. The proceedings will 
commence at 3 p.m. on Sunday, June 3, when the 
President and Council, delegates, and members of the 
Institution will attend Divine Service in Westminster 
Abbey. On Monday, June 4, at 11 a.m., an address will 
be delivered by the President in the Great Hall of the 
Institution, and this will be followed by the reception of 
the delegates by the President and Council and the pre- 
sentation of addresses. At 4.30 p.m., on the same day, 
the thirty-fourth James Forrest Lecture, entitled, ‘‘ A 
Century of Inventions,” will be delivered by Sir James 
A. Ewing, F.R.S. 

On Tuesday, June 5, at 10 a.m., the engineering 
conference proper will open with an address by the 
President, and thereafter, from 10.30 a.m. to 1 p.m., 
five meetings will be held concurrently, the programme 
of which is as follows:—In the Great Hall of the 
Institution, the first subject to be dealt with will be 
“Recent Developments in Concrete and Cement for 
Engineering Structures,” introduced by Mr. F. E. 
Wentworth-Shields ; 
ments in the Use of Materials in Railway Engineering,” 
introduced by Mr. C. J. Brown ; and the third subject, 
* Railway Design and Maintenance as Affected by the 
Application of Electricity,” introduced by Messrs. 
A. R. Cooper and G. Ellison. 

In the Theatre of the Institution three subjects will be 
introduced for discussion, namely, ‘‘ Steel for Ship- 
building,” by Sir W. J. Berry; “ The Generation and 
Utilisation of High-Pressure Superheated Steam for 
Marine Propulsion,” by Lord Weir and Mr. H. E. 
Yarrow; and ‘Progress in the Adoption of the 
Internal-Combustion Engine for Marine Purposes,” by 
Professor C. J. Hawkes. 

The subjects to be discussed in the Library of the 
Institution, and the engineers introducing them, will be 
“Utilisation of Solid and Liquid Fuels,” by Dr. C. H. 
Lander; “‘ Coke-Oven, Town and Producer Gas,” by 
Mr. R. Ray; and ‘‘ Waterless Gasholders,’ by Mr. 
F. Prentice. 

A meeting held on the premises of the Institution of 
Mechanical Engineers will consider two subjects, 
namely, “The Properties of Materials for Use at 
High Temperatures, with Special Reference to Boilers 
for Superheated Steam,” introduced by Mr. R. G. C. 
Batson, and ‘“‘ The Present Trend in Boiler Practice,” 
introduced by Mr. W. H. Patchell. 

Two subjects will also be dealt with at a meeting at 
the Surveyors’ Institution ; Mr. A. Page will introduce 
“Electric Transmission of Power as Applied to Large 
Areas,” and Mr. A. F. Berry will introduce “‘ Domestic 
Lighting and Heating and its Influence on Load-Factor 
of Supply.” The afternoon of Tuesday and the whole 
of Wednesday will be devoted to visits to works in the 
London district and at Bedford, Oxford, Crewe and 
Sheffield. A conversazione will be held at the Institu- 
tion on Tuesday evening from 8 to 11.30 p.m. 

On Thursday, June 7, five further meetings will be 
held concurrently from 10 a.m. to 1 p.m. In the Great 
Hall of the Institution the subjects to be discussed 
will be, “The Dimensions of Harbour and Dock 
Approaches,” introduced by Sir C. R. 8. Kirkpatrick ; 
Harbour Breakwaters,” by Mr. H. H. G. Mitchell ; 

‘Modern Road and Bridge Construction,” by Mr. F. C. 
Cook; and “The Problem of Road Traffic from the 
Engineering Point of View,” by Mr. H. R. Hepworth. 

The subjects to be dealt with in the Theatre of the 
Institution, and the engineers introducing them, will be 

Latest Types of Steam and Internal-Combustion 
Locomotives,” by Sir H. Fowler and Mr. H. N. Gresley ; 

Light High-Speed Internal-Combustion Engines,” 
by Mr. H. R. Ricardo; and “Heavy Internal- 
Combustion Engines,” by Mr. G. Porter. 

Two subjects will be discussed in the Library of the 
Institution, namely, “The General Trend of Modern 
z velopment in Steam-Turbine Practice,” by Mr. H. L. 
Di. and “ Prospective Development in the Genera- 
am of Electricity and its Influence on the Design of 
“tation Plant,” by Dr. S. L. Pearce. 

; Four subjects, ‘in all, will be under discussion at 
1 meeting held in the building of the Institution of 
ag cal Engineers. These will comprise ‘ Tidal 
» ower, and Turbines Suitable for its Utilisation,” 
enced by Professor A. H. Gibson; “ Progress in 
Mv? Electric Installations, including Intakes, Leats, 
ce Dams, Headraces, Pipe Lines, and Tailraces,” 
Ge rd, McLellan ;_‘* Problems Involved in Mining at 
eat se by Mr. J. Whitehouse; and “ The 
Mr 8 urgy of Complex Lead-Zinc-Copper Ores,” by 
tr. S. } ield. 

an va tte will also be dealt with at a meeting held 
pai T a “ eyor’s Institution, namely, The Filtration 
len ment of Water for Domestic Purposes,” 
“FI uced by Sir A. Houston and Mr. H. E. Stilgoe ; 

Oods, with Special Reference to Waste-Weir 


the second subject, ‘‘ Develop- |’ 





Capacity,” by Mr. W. J. E. Binnie, and Dr. H. Lap- 
worth ; ‘“‘ The Advantages of Different Types of Sewage 
Tanks, by Mr. W. Clifford; and “Sewerage, with 
Special Relation to Run-Off,” by Mr. J. B. L. Meek. 
The afternoon of Thursday will be spent in visiting 
works in the London district, and, at 7.30 p.m., a 
banquet will be given to the delegates at the Connaught 
Rooms, Great Queen-street, W.C.2. 

The secretary of the Institution of Civil Engineers 
informs us that the meetings of the Conference for the 
discussion of engineering subjects are open to members 
of other engineering societies, who may obtain cards 
of admission on application to him at the offices of 
the Institution, Great George-street, London, 8.W.1. 
The visits to engineering works, however, are confined 
to members of the Institution, the numbers of the 
several parties being limited. 








LETTERS TO THE EDITOR. 


GOODS BY PASSENGER TRAIN. 


To Tue Eprror or ENGINEERING. 


Str,—The desire expressed by railway companies 
to the Commission now sitting to extend their facilities 
for the convenience of the trading community, prompts 
us to call attention to a useful privilege which formerly 
existed but has now been withdrawn. 

At one time, railway companies accepted traffic by 
passenger train, carriage forward, but to-day all pas- 
senger-carriage charges must be paid by the sender. The 
sender is, therefore, compelled to estimate the cost of 
passenger carriage, and as it is not always possible to 
estimate it accurately, discrepancies occur. Railway 
companies’ accounts are not rendered, as a general rule, 
until a week or so after the despatch of the goods, and 
if it is found that the carriage charges have been under- 
estimated, the customer is annoyed by receiving a 
request for payment of the balance of carriage. If, on 
the other hand, the customer discovers that the carriage 
has been over-estimated by the sender, he naturally 
feels that he has not been treated fairly. All this causes 
considerable friction, which would be eliminated if 
railway companies would revert to the old method of 
collecting passenger-carriage charges on delivery, in 
the same way as they now collect carriage charges 
from consignees in respect of traffic sent by goods train. 

Yours faithfully, 
BaRIMAR, LIMITED, 
G. E. Frost, 
Deputy Manager. 
14-18, Lamb’s Conduit-street, Theobald’s-road, 
London, W.C.1. 
May 19, 1928. 








WIRE ROPES FOR MINES. 
To THE EpITorR oF ENGINEERING. 


Sir,—Mining and mechanical engineers throughout 
the world are, no doubt, following. with interest the 
activities of the Safety in Mines Research Board. 
Appointed by the Government to undertake extensive 
investigations in all matters affecting safety in mining, 
this body has now published the report of its Wire 
Ropes Research Committee, composed of six eminent 
men of considerable scientific and mining experience, 
aided by a full-time staff. No one studying the report 
can fail to be impressed by the complexity of the 
problems of modern rope-making ; the multitudinous 
phases of the different operations from the conversion 
of iron ore into pig-iron, thence into steel, wire and 
rope; the interdependence of the different steps, 
and the danger of not being able to detect bad work- 
manship or inferior quality until later stages, and in 
many instances until the rope is actually at work, under 
conditions in which a manifestation of poor quality 
might be accompanied by a serious accident. As the 
Safety in Mines Research Board Paper No. 41 com- 
ments (page 34) :— 

yee rs . at any stage slight departure from 
the best practice may produce defective charac- 
teristics which lead to failure either at some later 
stage in the process or after the wire has gone into 
service. Seren 


Such a grave warning will surely have some effect 
upon responsible buyers of ropes in their attitude 
towards the rope trade. Present prices are tending 
towards a level where it is impossible for any maker 
to give of his best. The lowest price is becoming the 
only factor that counts, and first-class makers, without 
being relieved in any way of their immense responsi- 
bilities to the men whose lives depend upon the relia- 
bility of their ropes, are being pitted against each 
other on price, and ruthlessly forced down to figures 
which no honest costing can justify, and for which 
there is no excuse. 





Wire-rope makers have for some time viewed with 
alarm the position which has arisen, and it is in order 
to safeguard the interests of users as well as of makers, 
that a Federation of the Wire Rope Manufacturers of 
Great Britain has recently been formed. A full 
statement of its objects will be issued shortly, but in 
the meantime it should be known that the great 
endeavour of the Federation will be to ensure that the 
highest standards of quality and reliability of product, 
for which the leading British rope-makers have been 
justly renowned, shall not continue to be placed in 
jeopardy. 

Yours faithfully, 
Epwin J. Wotton Buckpirt, 

Secretary, THE FEDERATION OF WIRE RopE 

MANUFACTURERS OF GREAT BRITAIN. 
Bank Buildings, 16a, St. James’s-street, London, 8S.W.1. 
May, 1928. 








ROLLING-STOCK OVERHAUL WORKS 
OF THE LONDON UNDERGROUND 
RAILWAYS. 

To maintain the passenger services of the London 
Underground Railway system, comprising the Metro- 
politan-District, Piccadilly, Bakerloo, Central London, 
and Hampstead and City lines, over 2,000 vehicles are 
at present required, and the car mileage covered 
annually by these vehicles is nearly 95,000,000. To 
all familiar with the arduous character of the service 
it will be obvious that an extensive organisation is 
necessary to maintain this rolling stock in the efficient 
condition that is essential for safety and freedom from 
breakdown, and to enable any repairs required to be 
done with the least possible delay so that the propor- 
tion of the total stock out of service at any time shall 
be small. Actually, on the five lines mentioned, 
there are a total of 905 motor cars, 346 control trailer 
cars, and 839 ordinary trailer cars, and experience 
has shown that the average service mileage allowable 
between overhaul periods is 60,000 for motor cars and 
75,000 for trailer cars. Thus, 634 motor ears and 772 
trailer cars require to be overhauled annually. This 
work was formerly carried out in depots attached to 
each railway, but, as the number of cars in use in- 
creased, the depots became fully occupied with service 
repairs, inspection, cleaning, &c., and it was therefore 
decided to erect and equip a central overhaul shop 
in which all the periodic overhaul work could be 
concentrated. 

For this purpuse, a site of some 30 acres, located 
near the line between Chiswick Park and Acton Town 
stations, was acquired, shops were constructed and 
equipped, and the works were brought into use in 
December, 1922. A full account of these works and 
their equipment will be found on pages 195 and 229 
of our 117th volume. In 1925, however, it was found 
necessary to extend the works in order to allow for 
the complete overhaul there of the rolling-stock of the 
whole system. At present it is necessary to overhaul 
30 cars per week, but the works have been laid out 
so as to be capable of dealing with 40 cars per week 
to allow for future developments. Advantage was 
taken of the extension to reorganise the whole works, 
in order to introduce a more complete system of pro- 
gression through the shops than was originally em- 
ployed, although much of the existing plant was, of 
course, retained. The new system provides for the 
dismantling and reassembling of car-body equipment 
and bogies, car painting, and a considerable amount 
of repair work, which is carried out with the work in 
continuous movement. FElectrically-operated con- 
veyors, designed and constructed at the works, are 
installed in the truck and body shops, while in the 
paint shops, and other places where no dismantling 
is involved, endless chains are used for haulage pur- 
poses; in general, the movement is continuous. In 
the truck shop, the work is dismantled on one conveyor 
running the whole length of the shop on one side, and 
reassembled on another conveyor on the other side, 
the various sections dealing with the overhaul of unit 
parts being located at right angles to, and between, the 
main conveyors. In the sections, the parts are 
generally handled on material conveyors synchronising 
with the main conveyors. 

The works, as now arranged, comprise five main 
shops known, respectively, as the lifting shop, truck 
shop, body shop, paint shop and woodworking shop, 
and the main building, in which the truck, body and 
paint shops are accommodated, measures 400 ft. by 
375 ft. The lifting shop and woodworking shops are 
separate buildings on the northern and western sides, 
respectively, of the main building, at the ends of 
which traversers are installed in pits to enable rolling- 
stock to be moved from one shop to any other. The 
cars for overhaul and repair are brought to within a 
few feet of the lifting shop under their own power, and 
are then drawn by a haulage chain under a 30-ton 
duplex overhead travelling crane, which lifts them 
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from the bogies. The latter are run off to the truck 
shop, where they are dealt with as will be described 
later. The body is lowered by the crane on to a pair 
of accommodation bogies, on which it remains during 
its passage through the shops. These accommodation 
bogies are stored on tracks outside the lifting shop, a 
special crane being provided for handling them. The 
movable seats from the body are first removed and 
dumped in a cleaning and repairing area reserved for 
them, this area being located between the dismantling 
and assembling tracks, so that the minimum of handling 
is needed. The seats are first treated in a beating 
machine, in which they are subjected to the action of 
a large number of leather thongs attached to rotating 
shafts, and they are then vacuum cleaned and subse- 
quently dry cleaned by hand with reservoir brushes 
containing a non-inflammable cleaning fluid. Any 
seats needing repairs are delivered to the upholsterers’ 
shop, which is equipped with a teasing machine for 
horse hair, and has gravity-roller conveyors on each 
side on which the seats are moved from place to place. 
In general, we understand, the use of horse hair for 
upholstery is being abandoned in favour of steel springs. 

The body, on the accommodation bogies, is first 
taken to the blowing-out enclosure, shown in Fig. 1, 
where dust and dirt are removed from the electrical 
equipment and underframe. In this enclosure, which 
adjoins the lifting area, the dirt is disturbed by com- 
pressed-air jets applied from behind the screens 
shown, the dust-laden air being withdrawn by means 
of induced-draught fans through openings provided 
between the track rails. The fans are mounted on the 
flat roof of the enclosure, and a cyclone dust separator 
is used in conjunction with these. In dealing with the 
tube-railway motor cars, in which the equipment is 
enclosed in a cab, adjustable cowls slung from the roof, 
and clearly visible in the illustration, are used to carry 
away the dust. From the blow-out enclosure, the 
body is delivered by a haulage chain on to the traverser 
and taken by this into the body shop, a view of the 
interior of which is reproduced in Fig. 2. The first 
operation in the body shop is the testing of the insula- 
tion of all lighting and heating circuits of trailing cars 
and of all ’bus lines on motor cars. <A test pressure of 
1,250 volts, applied for one minute, is used for local 
circuits, and of 2,500 volts for the *bus lines. The body 
is then moved along on the dismantling track, which 
is of the chain-haulage type, and is shown on the right 
of Fig. 2, all the equipment, including the compressors 
and brake gear, and the pneumatic cylinders for operat- 
ing the doors, being removed and tested and repaired in 
the space between the dismantling track and the assem- 
bling conveyor on the opposite side of the shop, 7.e., on 
the left of Fig. 2. The assembling conveyor, which moves 
at 10 in. per minute, is provided with a moving floor 
between the rails, arrangements being made for small 
wheeled platforms to be dowelled on, on either side, 
so that men and their tools can travel along at the 
same speed as that at which the car is moving. Smiths’ 
areas are provided in the body shop for dealing with 
draw gear and other work, and there is also a washing 
plant for small parts. From the washing machine, the 
parts are placed on a slat conveyor which travels 
along by the ends of the work benches, the parts being 
removed by an operator as they arrive at the appro- 
priate bench. At the opposite ends of the benches, 
close to the assembling conveyor, storage racks are 
provided, and from these the parts are drawn as required 
for assembly. 

All the parts removed have been replaced by the 
time that the body reaches the end of the assembly- 
conveyor track, and the body is then taken by the 
traverser to the paint shop in which three haulage- 
chain tracks are provided. Two of these tracks are 
moving continuously at a speed of 3 in. per minute, 
which is sufficient to move a body from one end of the 
shop to the other in three working days. The third 
track is used for special work, requiring a longer period, 
the bodies on this track being moved at intervals by 
the haulage chain according to requirements. The 
body is washed by hand and by water jets, supplied by 
a pump, before painting, the latter process generally 
involving only touching up and varnishing, which can 
be finished during the three days that the body is 
travelling through the shop. When complete re- 
painting is required, the body is placed on the third 
track and moved interm:ttently as already mentioned. 
From the paint shop, the bodies, still mounted on the 
accommodation bogies, are taken by the traverser 
back to the lifting shop, where they are placed on the 
service bogies that have passed through the truck 
shop, the accommodation bogies being run out on to 
the special track provided for them. The seats are 
then replaced and the cars returned into service after 
inspection and testing. It may here be mentioned 
that any special repairs, which do not involve a com- 
plete overhaul, such as the replacement of a damaged 
motor or a broken gear, are carried out in the lifting 
shop, where the car remains until the work has been 
completed. Any bodies requiring heavy structural 
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repairs are dealt with in the woodworking shop, and a 
relief shop, capable of accommodating two cars, is 
provided for any other heavy repairs, which, if carried 
out in the ordinary way, would interfere with the 
progressive system. 

Technically, the most interesting feature of the 
works is the truck shop, but the space at our disposal, 
on this occasion, will not permit us to describe this 
in detail, particularly as much of the equipment in 
it was dealt with in the previous article, above referred 
to. The trucks from the lifting shop are drawn along 
by a haulage chain on to a moving track conveyor, 
on which they are dismantled. The conveyor, which 
is shown in Fig. 3, is formed of a series of plates on 
which the wheels rest without rotating, the bogie 
being drawn along in this way at a speed of 7 in. per 





minute. The first operation is the removal of the 
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motors, which are lifted by the 3-ton overhead crane 
shown in the illustration. The brake rigging is next 
removed in various stages, followed by the suspension 
gear, springs, axle boxes and truck frame, leaving the 
wheels and axles alone at the end of the conveyor. 
The small parts are passed in a transverse direction 
to washing machines, and, after the necessary inspec- 
tion and repairs have been carried out, are delivered 


to the assembling conveyor on the opposite side red 
tne 


the shop. The wheels and axles are run along ¢! 
track to a magnetic testing machine, in whic! the 
axle is examined for cracks. A powerful magnetic iie!d 
is applied to the axle, and, while this is on, a mixture 
of fine iron filings in kerosene is poured over the . 
by 


Any transverse crack is at once rendered visib! 
the fact that the filings collect in a little heap over ‘he 
crack. After this treatment, the wheels and axles “re 
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moved laterally by an electric transporter, and delivered 
into the wheel and tyre area for the necessary treat- 
ment. This area is equipped with wheel and tyre- 
boring mills, tyre-heating furnaces of the induction 
type, wheel lathes, a 300-ton wheel press and other 
tools, several of which have been designed or made at 
the works and include many interesting design features. 
Each wheel lathe is provided with an electric hoist on 
an overhead runway, and the wheels are delivered by 
the transporter previously mentioned on to a track 
running to the machine and, after turning, are lifted 
by the hoist and returned to the transporter by the 
runway. The transporter then delivers them on to the 
assembling conveyor. 

The washing machines, through which the dismantled 
parts are passed, as previously mentioned, consist of 
galvanised-steel casings, 15 ft. long, one of which is 
visible in Fig. 3. The parts are raised from the floor 
level by an inclined slat conveyor, at the top of which 
is a section which can be swung round by hand through 
an angle of 90 deg. From this they are pushed on toan 
open-slat conveyor in the casing of the washing machine, 
and boiling soda solution, circulated by a 5-in. centri- 
fugal pump, is delivered on to them in all directions 
through jets. After passing through the washer, the 
parts travel across the shop on a slat conveyor, from 
which they are removed according to the work required, 
and, after any necessary repairs have been carried 
out, they are dumped on the floor near the assembling 
conveyor. The truck frames are first brushed and 
scraped by hand, and then lifted on to a special trans- 
verse conveyor shown in Fig. 5. The frames on this 
conveyor are each supported on a pair of wheeled 
trestles, one of which can be distinguished in the 
illustration, and the necessary repairs are carried out 
as the frames travel along continuously at a speed of 
10 in. per minute. At the delivery end of the conveyor, 
which is that shown in Fig. 5, the frames are lifted off 
by a crane and placed on the wheels, which have been 
delivered on to the assembling conveyor by the trans- 
porter, as already mentioned. Fig. 4 shows this 
operation in progress. The work of assembling is, 
of course, continued as the truck travels along on the 
assembling conveyor, and is completed by the time it 
reaches the end of the shop. 

The other main sections of the truck shop are the 
smithy and the motor and armature sections, the latter 
being located near the end at which the trucks enter 
and leave. In dismantling the motor, after lifting it 
off the truck as already mentioned, the armature is 
first taken out of the casing and the latter is placed 
on the floor under a cleaning machine, in which an 
annular perforated tube, supplied with compressed 
air, is run up and down inside the casing to blow out 
the dust and dirt which have collected there in service. 
The dust is drawn out by a fan through a pit in the 
floor and collected in a settler outside the shop. All 
field windings are taken out and tested, and rewound 
if necessary, and the interiors of the casings are painted. 
A special machine, designed at the Acton Works, is 
provided for boring out the armature-shaft bearings 
in position in the frame heads, the machine being 
arranged so as to ensure correct alignment of the suspen- 
sion and armature bearings. For handling the arma- 
tures, an electrically-operated transporter is used, by 
which an armature can be picked up from, and deposited 
on, either side of a track running transversely through 
the shop. The armatures are first passed through a 
compressed-air blowing-out machine for removing the 
dust. They are examined for defects, and, if necessary, 
the windings are stripped off; the foreman of the 
area, under the supervision of technical assistants, 
decides. what repairs are necessary. In the next 
operation, the commutator is drawn off in a press 
provided for the purpose, and the shaft is pressed out 
of the core. The connecting slots in the lugs of the 
commutator segments are cleaned out, and any neces- 
sary repairs to the commutator are carried out. A 
new shaft can be turned, if required, and the core is 
then taken down and rebuilt on the new shaft using 
the same plates. The slots are straightened by a 
former on a press and the slots are filed out. After 
the core has been blown out, to remove filings, and 
painted, the commutator is replaced on the shaft, 
the core is insulated and the armature rewound. If 
necessary an entirely new commutator can be built 
up from purchased segments. After the winding is 
completed, core bands are fitted in a banding lathe, 
the end connections are soldered, the soldered joints 
are cleaned and tested, and the armature is dried 
and impregnated. 

Three electrically-heated drying ovens are provided, 
each capable of drying seven armatures mounted 
on a stand. The armatures are dried for twelve 
hours ‘before impregnating and for six hours after 
impregnating with ‘‘ Meggerlac.” While still hot, 
they are end banded, and, after another baking for 
twelve hours, are given a final brush coat of Megger- 
lac. The commutator is then turned and slotted, 
and oil-thrower rings are shrunk on to the shaft, 
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armatures are delivered to the assembly section when 
they are replaced in the casings. The operations on 
the latter include cleaning and painting, as already 
mentioned, repairs to suspension boxes and_ bolts, 
rough turning the bearings after metalling, fitting 
the bearings in the frame heads, and mounting the 
latter in the casing. When in position, the bearings 
are bored out on the special machine above referred 
to. After replacing the armature, the pinion and 
suspension bearings are fitted, the armature bearings 
are re-packed with wool, and the completed motor is 
mounted in the truck on the assembling conveyor. 

In concluding our account of the works, we should 
mention that there is a machine shop at the southern 
end of the truck shop, in which parts are manufactured 
in batches to replenish the stores, from which new 
parts are drawn to replace those which are too much 
worn or damaged for repair under the progressive 
system. The stores are located centrally in the main 
building between the truck shop and the body shop, 
and adjoining them is a tool room and millwrights’ 
department in which all the tools, including any 
special machine tools, are made and repaired. Steel 
tyres, and certain heavy materials, are stored in con- 
crete dumps outside the shops, these dumps, and the 
wheel park and scrap dumps, being served by a 3-ton 
electric gantry crane provided with a lifting magnet. 
At present, 845 men and 35 women are employed 
at the works, the latter being engaged in the manu- 
facture of armature coils and the re-winding of small 
coils, &e. 

It will be understood that in the limited space at our 
disposal it has been necessary to omit reference to 
many interesting and important operations and items 
of equipment, and to deal very briefly with others. 
Enough will, however, have been said to indicate 
the character of the work done and the methods 
employed in carrying it out, for which Mr. W. A. 
Agnew, the Chief Mechanical Engineer of the Under- 
ground Electric Railways, was responsible. 
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As insufficient majorities of employers in both 
sections of the trade have voted in favour of tendering 
notices to the men of a reduction of wages, the imme- 
diate danger of a stoppage in the Lancashire cotton 
industry has been averted. At a meeting in Manchester 
on Tuesday, of the General Committee of the Federation 
of Master Cotton Spinners’ Associations, it was stated 
that on the issue :—Are you willing to have the ques- 
tion of a reduction of wages dealt with by the Federa- 
tion Committee, and, if necessary, to close your mills 
to enforce the demand ?—the ballot showed the 
following figures:—American spinning section: In 
favour of the recommendation of a reduction of wages, 
66-68 per cent.; against, 24-10 per cent. ; no reply, 
9-22 per cent. Egyptian spinning section: In favour 
28-39 per cent. against, 64-50 per cent.; no reply, 
7-11 per cent. In view of these figures the committee 
decided to take no further action in the matter at 
present. At a meeting of the Cotton Spinners’ and 
Manufacturers’ Association, it was reported that the 
replies from the local associations showed that the 
necessary percentage of 80 per cent. in favour of giving 
notice for the reduction of wages had not been obtained. 


The difference between the employers and operatives 
in the textile finishing trades has taken a less hopeful 
turn. Ina letter sent to the trade unions, the previous 
week, the Allied Association of Bleachers, Dyers, 
Printers and Finishers had intimated that after again 
consulting their members on the subject, they had no 
objection to the establishment of any practicable 
method of piecework or other agreed system of pay- 
ment by results in any section of the allied trades. 
In these circumstances, it was added, there was no 
reason why progress along these lines should be de- 
layed. ‘‘ You will appeciate,”’ the employers’ letter 
went on to say, *‘ that the establishment of piecework 
on anything like the scale contemplated will not only 
require considerable time, but will involve many 
difficulties in certain sections in particular, and in the 
opinion of my committee, therefore, it will be to the 
mutual advantage of the employers and employees 
concerned that, where definite arrangements do not 
already exist, some memorandum or agreement be 
prepared detailing the procedure which should govern 
the arrangements in the various sections for the institu- 
tion of piecework and the establishment of rates. This 
my committee are willing to go into and discuss with 
you without delay.” ws 

On other points—notably the wages of time- 
workers and the remuneration of juveniles—the parties 
still differed, but in view of the concession regarding 
piecework, a joint conference was arranged. This 
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took place on Tuesday, in Manchester, but, after dis- 
cussion, there was failure to agree. ‘The final demand 
of the employers was as follows :—(1) The withdrawal 
of the letter of May 3 (threatening a strike to secure 
piece-work). (2) The appointment of a joint com- 
mittee to draft appropriate arrangements for the 
introduction of piece-work. (3) The appointment of 
a joint negotiating committee to deal with (a) the claim 
of the unions for an immediate advance to time- 
workers; (6) the question of the remuneration of 
juveniles; on the understanding that if they fail 
to settle the matters in dispute they shall be referred 
to arbitration. These proposals were rejected by the 
unions, and the employers intimated that they would 
not accept as valid the notices to cease work served 
on individual firms. A lock-out is now a possibility of 
the situation. 

At Southport, on Wednesday, the National Com- 
mittee of the Amalgamated Engineering Union adopted 
a resolution to the effect that as 75 per cent. of the 
membership was working on systems of payments by 
results, the union should ‘* recognise’? the practice 
and endeavour to negotiate a national agreement on 
it. 





According to The Ministry of Labour Gazette, 
employment during April was subject to considerable 
fluctuation, particularly after the Easter holiday 
and towards the end of the month. At the end of 
April it was not quite so good on the whole as at the 
end of March. The seasonal improvement in the build- 
ing trade, in public works contracting, and in the brick 
and tile and tailoring industries continued ; and there 
was also some improvement in the tinplate industry, 
in railway carriage and wagon building, in paper 
manufacture and in the food and drink industries. 
There was, however, a decline in coal mining, in ship- 
building and ship repairing, in the iron and steel and 
glass industries, in boot and shoe manufacture, and 
in most of the textile industries, as well as in the 
canal, river, dock and harbour service. 





Among the workpeople (aged 16-64 inclusive, and 
numbering approximately 11,800,000) insured against 
unemployment under the Unemployment Insurance 
Acts in Great Britain and Northern Ireland, the 
percentage unemployed (including those temporarily 
stopped as well as those wholly unemployed) in all 
industries taken together was 9-6 at April 23, 1928, 
as compared with 9-6 at March 26, 1928 and 9-4 at 
April 25, 1927. The percentage wholly unemployed 
was 7-6 at April 23, 1928, as compared with 7-7 at 
March 26, 1928; while the percentage temporarily 
stopped was 2-0, as compared with 1-9. 


During the first four months of 1928 the changes 
reported to the Ministry of Labour in the industries 
for which statistics have been compiled have resulted 
in net increases of 10,3501. in the weekly full-time 
wages of 105,000 workpeople, and in net reductions of 
115,100. in those of 1,114,500 workpeople. Of the 
total reduction just over one-half was accounted for 
by the coal-mining industry. In the corresponding 
period of 1927 there were net increases of over 33,5001. 
in the weekly full-time wages of 517,000 workpeople, 
and net reductions of 99,8001. in those of 685,000 
workpeople. 





The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning 
in April, was 16. In addition, 24 disputes which began 
before April were still in progress at the beginning of 
the month. The number of workpeople involved in 
all disputes in April (including workpeople thrown out 
of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 2,900, and the aggregate duration of all 
disputes during April was about 30,000 working days. 
These figures compare with totals of 38,000 workpeople 
involved and 168,000 working days lost in the previous 
month, and with 10,200 workpeople involved and 
79,000 days lost in April, 1927. The aggregate duration 
of all disputes in progress in the first four months of 
1928 was about 360,000 working days, and the total 
number of workpeople involved in these disputes was 
about 63,000. The figures for the corresponding 
period of 1927 were 520,000 days and 34,000 workpeople 
respectively. 

The claim of the Trade Union side of the Admiralty 
Joint Industrial Council for an advance of 10s. 6d. per 
week in the wages of adult employees of the Yard 
Craft Service in the royal dockyards and Admiralty 
home establishments has been rejected by the Indus- 
trial Court. The men affected included masters, 
coaling masters, mates, engineers, stokers, wireless 





telegraph operators, seamen, and harbourmen. 
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At a meeting in London last week, the Executive 
Committee of the Miners’ Federation of Great Britain 
decided to support the policy of the General Council of 
the Trades Union Congress in conducting joint con- 
ferences with Sir Alfred Mond’s group of employers, 
and to instruct its representatives on the General Council 
to co-operate in the work. These representatives are 
Mr. T. Richards, the vice-president of the Federation, 
and Mr. A. J. Cook, the secretary. Mr. Cook has been 
strongly opposed to the consultations since they began, 
and in a pamphlet entitled ‘“‘The Mond Moonshine ; 
My Case Against the Peace Surrender,” he has given 
expression to his views. The General Council took 
exception to the pamphlet, which was, they declared, 
“full of inaccuracies, misrepresentations, and delibe- 
rate falsehoods.” They drew the attention of the 
Federation to it, and asked for a clear statement as to 
whether or not the Executive Committee supported 
Mr. Cook’s action in writing it. Last week’s decision 
was the Executive Committee’s answer to the General 
Council; they accept no responsibility for the 
pamphlet. 





The Executive Committee also made it plain that 
they do not support the activities of the National 
Minority Movement. At last week’s meeting, a 
deputation was received from the Scottish Mine 
Workers’ Union whose organisation is in places, being 
seriously imperilled by the propaganda of this particu- 
lar auxiliary of the Communist Movement. The posi- 
tion in Scotland, especially in Lanarkshire, was fully 
explained, and after some discussion, the deputation 
was informed that the Executive Committee would do 
everything possible to assist them in their difficulties. 





The annual report of the Amalgamated Society, of 
Woodworkers states that at the end of 1927 the cash 
balance showed an increase of 62,463l. over the pre- 
vious year, while the net increase in membership 
totalled 1,562. The total income from members was 
350,399/., a substantial increase over the amount for 
the previous year. The expenditure for the year was 
300,533/.—a decrease of 88,9007. There was an in- 
creased expenditure on sickness, superannuation and 
funeral benefits. Unemployment cost the society 
66,3271.—more than twice as much as in 1925, but 
nearly 10,000/. less than in 1926, the year of the national 
strike. ¢ 





The weekly official organ of the International Labour 
Office states that a survey by the Chamber of Commerce 
of the United States indicates that the practice of 
providing special courses of training for foremen is 
growing rapidly. The report shows that 933 courses 
(conferences, lecture-meetings, &c.) were offered in 1927 
in 590 separate plants or organisations, as compared 
with 324 courses in 1926, and 105 in 1925. Courses of 
instruction are of all kinds, and for all industries, and are 
conducted by State vocational education departments, 
by the extension divisions of various State universities, 
by city school systems, by chambers of commerce, by 
manufacturer’s associations, by the Y.M.C.A., and by 
individual companies. A number are subsidised from 
Federal vocational education funds, and for these 
no fees are charged. The usual arrangement (obtaining 
in 50 per cent. of the cases analysed) is to hold the 
meetings weekly. 


There is a definite tendency, adds the report, to place 
foremanship training on an organised and permanent 
basis. Better and more leaders are being trained for 
the work, and manufacturers’ associations, trade associa- 
tions, chambers of commerce and other institutions 
are coming more and more to the assistance of the 
individual company. In answer to the question, Is 
foremanship training of value ?”’ the statement 1s made 
that probably the most conservative, yet most eloquent 
answer is that the companies which have been at 1t 
longest—5 to 8 years—are continuing, and in many 
instances, enlarging their programmes. 





The Industrial Court has issued an award in a 
reference submitted to it affecting the wages of the 
staff employed in railway electricity generating 
stations and sub-stations and on the high-tension 
cables between them. The Electrical Trades Union 
and the National Union of Railwaymen had asked 
that an increase of 4d. per hour should be granted, 
as from January 1 last, above the rates payable under 
previous awards and the sliding-scale agreements. 
The decision of the Court was against the claim. The 
unions had also asked for the stabilisation of wages 
for 1928, and the consequent suspension of the sliding 
scale agreement. On this the Court awarded that the 
reduction of 3d. an hour which took effect as ona 
April 1 should cease to operate from the beginning 
of last week, and that any changes that might fan 
due from July 1 to October 1 should be given effect 
to only after negotiation between the parties. 
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AUTOMATIC ELECTRIC SUB- 
AUTOMATIC ELECTRIC SUBSTATIONS AT BRIGHTON. STATIONS AT BRIGHTON. 


Ir would appear from recent statements that elec- 
MR. JOHN CHRISTIE, M.I.E.E., BOROUGH ELECTRICAL ENGINEER. tricity supply engineers are beginning to realise that 
the rapid development of the domestic load will mean 
that considerable work will have to be done on their 
distribution networks. Not only may a wholesale 
increase in the size of the mains be necessary, if 
apparatus continues to be added at the present rate, 
but more substations may have to be provided, both 
to relieve the low-tension system and to counteract 
the voltage drop. These problems are common to 
om 8 ~ aed both alternating-current and direct-current distribu- 
x | i | ay = = "LS tion, but are much more difficult to solve in the 
rite ad a od AAA * ae latter case, since the use of *‘ house-to-house ”’ trans- 
' oe ry re 8% formers is difficult, and, where rotary plant is 
: :"t. = ee : employed such factors as the land required for the 
substations and the attendance have also to be taken 
into consideration. There are, however, several 
possible solutions. One is to change the direct-current 
system over wholesale to alternating-current supply. 
This measure is, however, often not feasible for economic 
reasons. Another is to use rectifiers—a procedure 
which, for some reason or other, is not popular in this 
country ; while a third is to employ the conventional 
rotating converting plant, but to control it automati- 
cally, so that constant attendance is unnecessary. 

This last solution has already been adopted in many 
towns, one of the latest of which is Brighton. Here 
conditions made it impossible to convert the direct- 
current system to alternating current, except on 
the outer fringes, while at the same time the load 
on the existing direct-current mains was growing. 
It was therefore decided, besides increasing the capacity 
of the North Road substation in the centre of the 
town and laying more feeders, to install a chain of 
new substations in the outer zones of the existing 
direct-current network. This scheme was particularly 
attractive, because it enabled the capacity of the feeders 
already laid to be quadrupled for the same voltage 
drop, though in the ordinary course of events this would 
have been set off by the increased cost of operation. 
After careful investigation by Mr. John Christie, the 
Borough Electrical Engineer and Manager, it was 
found, however, that this latter drawback could be 
overcome by the use of automatic substations, and 
it was decided therefore to meet immediate require- 
ments by erecting three such substations at Preston 
® one ale ee. - Park, Lewes Road, and Kemp Town respectively. 
, a Boaters ' , ~ Vile The first two of these substations each contain 2,000 
kw. of plant, while the third contains 1,000 kw. They 
are equipped with Peebles-La Cour motor-converters, 
manufactured by Messrs. Bruce, Peebles and Com- 
pany, Limited, of Edinburgh, the automatic control 
system being that devised by Messrs. A. Reyrolle and 
Company, Limited, of Hebburn-on-Tyne who also 
supplied the switchgear. 

The control system used has already been fully de- 
scribed in ENGINEERING,* but it may be recalled that 
when originally introduced it provided mainly for the 
automatic starting of the plant, either by means of a 
reduction in voltage on the direct-current side, by a 
predetermined demand for current on that side, or 
by a switch set to operate at a given time. Certain 
operating safeguards were also provided. For instance, 
as it is important that a station should not be started 
for every momentary drop of voltage, the action of the 
starting relay was retarded, so that the condition of 
low voltage had to persist for a definite time before 
the plant began to run up. At the end of that time 
the starting-up device continued to run long enough to 
allow the plant three attempts to get on load, unless 
it was previously re-set by the functioning of some other 
apparatus. 

If at the end of a suitable time the plant had not 
got on load the master-control circuit was automatically 
opened, the plant was shut down and the devices used 
for running up were de-energised. The master-control 
circuit was then re-closed and the operations neces- 
sary to put the machine on load repeated. If this 
second attempt failed, the machine was again shut 
down and the above cycle of operations repeated for a 
third time. If this attempt was also unsuccessful 
the machine was finally shut down and locked out and 
an alarm given. These features are still retained, and 
it may be mentioned that the conditions, which bring 
about this state of things, are an overload on the 
alternating current feeder, excessive bearing or winding 
temperatures and abnormal speed. In’ the case of an 
electrical fault the plant is locked out, until it is delib- 
erately again put into commission, though it will 
automatically become available for duty when the 
temperature of an over-heated part has become 
reduced below the danger limit. The machine is also 
shut down, if the direct-current load falls below a pre- 
determined amount for a certain time or when an 
overload occurs on that side. 

All these operations are effected through the medium 


























Fic. 2. Controt Room at Nortu Roap SupstatTion. 




































































Fig. 3. INTERIOR oF PRESTON PARK SUBSTATION. See vol. cxviii, ENGINEERING, page 323, (1924). 
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of a multiple time-delay device and a series of relays, 
the ordered functioning of which was fully dealt 
with in our previous article. There is a separate set 
of these relays and devices for each machine. These 
are clearly visible at the extreme right and left of 
Fig. 1, which illustrates the low-tension board at 
Kemp Town substation, where two 500 kw. motor- 
converters are installed. These sets run at 750 r.p.m. 
Switches are provided, so that a visiting inspector may 
introduce either semi-automatic operation, and thus 
assure himself that the automatic equipment is working 
properly, or manual operation, so that the machines 
can be tested in case of need. The change-over from 
one system of working to the other can be made at 
any time during the sequence of operations. This 
applies both when starting up and when shutting down. 

Though fully automatic control, such as has been 
described above, fulfils most conditions, especially 
on traction systems, it has long been recognised that 
some supervision is often desirable, and provision for 
this to be introduced was made when the Peebles- 
Reyrolle equipment was first devised. The result 
is that by running pilot wires from the substations 
to special control panels at some central point it is 
possible for one attendant to shut down or start up 
any particular machine in any substation, to read the 
load on that machine at any time, to adjust the supply 
pressure and to prevent automatic paralleling. It is 
this supervisory, or as the makers prefer to call it, 
“centrevisory,’’ system which has been installed at 
Brighton, the distance control of the three automatic 
substations being concentrated at the North Road 
substation. The pedestals used for this purpose are 
clearly visible in Fig. 2. There is one for each 
machine and, as will be seen, those applying to the 
machines in the various substations are arranged in 
groups. 

These pedestals each carry 12 push buttons, which 
are mechanically interlocked to ensure correct sequence, 
and as they have to be deliberately turned before they 
are depressed, inadvertent operation is prevented. 
Pressing any particular button releases any other 
that may be depressed, while certain of the buttons 
spring back to their normal position when the pressure 
on them is relieved. Each pedestal is also provided 
with an ammeter and voltmeter, as well as with signal 
lamps, which indicate the correct performance of each 
operation. The buttons provided enable remote 
control to be commissioned or removed, the converter 
to be started up or shut down, the direct-current 
breaker to be tripped, the pressure raised or lowered, 
the converter to be locked out or prevented from 
operating in parallel, and the load at any time to be 
ascertained. Space does not allow us to describe in 
detail how these various operations are performed, 
and it must be sufficient to say that the pilot current, 
working through relays of the same general pattern 
as those used for fully automatic control, enables the 
starting and other relays to be energised and thus the 
same series of operations as those mentioned above to 
be controlled from a distance. It may be added that 
these relays work on the constant-current principle, 
i.e., their operation does not depend on the trans- 
mission of a series of impulses as it does in automatic 
telephony and certain other supervisory systems, but 
on the continuous flow through the appropriate appa- 
ratus of a certain pilot current. 

As will be seen from Fig. 1, all the relays are enclosed 
in dust-proof metal cases with glass fronts, so that a 
full view of the operating parts and contacts is obtained. 
They are mounted on slate panels. The synchronising 
and choke-coil contactors, which are in the main circuits, 
are oil-immersed. These contactors are provided with 
operating handles, as are all the portions of the equip- 
ment that would be operated manually under ordinary 
non-automatic conaitions. Synchronising is effected 
by the Bruce Peebles patented method, and the starting 
resistances and choke coils for this purpose are accom- 
modated in a basement below the machine-room floor. 
The motor-converters (Fig. 3) are supplied direct 
with three-phase current at 8,000 volts and 50 cycles, 
and deliver direct current on the three-wire system at 
490/245 volts. They are of the standard Peebles- 
La Cour type. 

As will be clear fron the illustrations, the sub- 
stations are roomy and well lighted, and the basement 
arrangements are such taat it has been possible to 
carry out the cable work very neatly. A novel feature 
is the use of standards for carrying the lighting fittings. 
This has the advantage that free head room for the 
crane is provided, though it has the disadvantage that 
the standards have to be moved when the plant is 
dismantled. This operation is, however, facilitated by 
supplying the circuit from a ceiling rose fixed on the 
ceiling of the basement, from which a short, easily 
detachable, tail is led out to the fitting itself. The lay- 
out of all three substations is similar, the high-tension 
ironclad switch-gear being erected at one end with the 
direct-current switchboard and automatic control panels 
at right angles down one side. The whole of the main 








switch-gear and automatic. control equipment is of 
Messrs. Reyrolle’s manufacture, the converter circuit- 
breakers being operated by three-phase motors through 
potential transformers. 

These stations, which were formally opened by the 
Mayoress of Brighton (Mrs. Kingston) on Wednesday, 
May 16, have been actually in operation for some time 
and last winter they carried a substantial portion of 
the load. 








THE ELECTRIFICATION OF THE 
PIETERMARITZBURG - GLENCOE 
SECTION OF THE SOUTH AFRICAN 
RAILWAYS.* 

By F. LypDA tt. 


Tue section of the South African Railway system 
which the Railways and Harbours Administration 
decided, in 1921, to electrify lies between Glencoe 
in the north of Natal, and Pietermaritzburg in the 
south, and forms part of the main line which connects 
Durban with the Transvaal. Glencoe is approxi- 
mately the centre of the Natal coalfields, and a large 
proportion of the traffic on this line consists of coal 
consigned to Durban for bunkering and export. 
Various reports outlining proposals for the electrifi- 
cation of one or other of the sections of the system 
had been prepared from 1903 onwards, but it was 
not until 1921 that it was decided to proceed imme- 
diately with the electrification of the section between 
Pietermaritzburg and Glencoe, the scheme being 
designed on the basis that 30,000 tons per day would 
have to be dealt with in the coastwise direction. This 
at the time seemed rather a bold decision, but the 
traffic has since increased rapidly, and on August 16 
of Jast year the gross tonnage hauled from Glencoe 
towards Pietermaritzburg was 34,000 tons, inclusive 
of about 1,200 tons of passenger trains. The electric 
working of this record traffic proceeded without a 
hitch. 

A plan of the electrified section is shown in Fig. 1, 
and a gradient sheet in Fig. 2. From these two figures 
it will be seen that the line is laid out with many sharp 
curves and steep gradients. The distance between 
Glencoe and Pietermaritzburg is 100 miles as the 
crow flies, whereas by railway it is about 171 miles. 
The sharpest curve 1s of 300-tt. radius, and there are 
very many curves of 573-ft. radius and 716-ft. radius. 
About 25 per cent. of the mileage of running tracks 
has a radius of 1,100 ft. or less. The gauge is 3 ft. 6 in. 
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Climatic conditions in this part of Natal are very 
severe, as during the summer season, from November 
to March, the temperature is high and there are 
tropical rainstorms and heavy lightning. The latter 
caused some difficulties during the early days of 
electric operation. 

Choice of Electric System.—The decision to use 
the 3,000-volt direct-current system was based on 
a number of factors, including the following :—(a) It 
was considered desirable to adopt a system of supply 
which would be suitable for general commercial and 
industrial purposes as well as for railway require- 
ments. (>) Assuming that, for this reason, the power 
was generated as 50-frequency 3-phase current, one 
of the main advantages of the single-phase system, 
viz., the absence of substations containing rotating 
machinery, could not be realised. (c) Locomotives of 
the requisite power for the 3-ft. 6-in. gauge could be 
provided of the simplest design on the direct-current 
system, whereas it was improbable that suitable 
locomotives of the same capacity could be designed 
for single-phase working, without a number of features 
considered at that time undesirable, or without a 
considerable increase in price as compared with 





* Paper read before the Institution of the Electrical 
Engineers on March 29, 1928. Abridged. 











those for the direct-current system. (d) All available 
estimates at that time showed that the maintenance 
cost of single-phase locomotives was substantially 
higher than that of direct-current locomotives, and 
with the very heavy traffic to be dealt with and 
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consequently the large number of locomotives re- 
quired, this was a factor of considerable importance. 
(e) Experience showed that if the single-phase system 
were adopted it would be probably necessary to 
remove all the telegraph and telephone wires adjacent 
to the line and provide an insulated cable in their 
place. (fj The nature of the traffic and the special 
characteristic of the line emphasised the desirability 
of providing for regenerative working of the locomotives. 
(g) Complications of overhead-line construction and 
the undesirable speed characteristics of 3-phase 
locomotives weighed against the adoption of the 
3-phase system. (h) Direct current being decided upon, 
a pressure of 3,000 volts was considered preferable 
to any lower pressure such as 1,500 volts, in view of 
the heavy traffic to be dealt with involving the use 
of locomotives of 3,600 h.p., and the fact that the 
greater part of the line was single-track, with theref ore 
a return circuit of no great capacity (two 80-lb. rails). 

The complete electrical system consists, theretore, 
of the power station, generating 3-phase 50-frequency 
current at 6,600 volts, stepped up to 88,000 voits; 
a high-tension transmission system; 12 substations, 
situated at an average spacing.of about 15 miles, 
11 of the substations being supplied at 88,000 volts, 
and one at Colenso fed direct from the power station ; 
an overhead contact line for distributing power from 
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the substations at 3,000 volts (direct-current) to the | about 31,000 kw. In view of the uncertainty of the 
trains, and the necessary number of electric loco-| demand, owing to unavoidable irregularity in the 





motives. 


Power Station—The power station is situated at 
Colenso where the coal and water facilities are good, 





working of the traffic, it was decided to make ample 
provision of generating capacity. and to instal five 
12,000-kw. turbo-alternators, of which three would 


Fig.3. DIAGRAM OF MAIN CONNECTIONS OF DOUBLE-UNIT SUBSTATION. 
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though, in order to secure an adequate supply of 
cooling water to the condensers during the dry season, 
it was considered advisable to build a small weir 
about 8 ft. 6 in. above the river bed and about 
1,860 ft. downstream from the power station, thus 
forming a reservoir of about 120,000,000 gallons, 
Which provided in effect a cooling pond of ample 
capacity during the period of minimum flow. 

On the basis of the traffic for which provision had 
to be made, and on a reasonable assumption as to 
the outside demand for power for general and industrial 
Purposes over the areas served by the transmission 
system, it was estimated that the maximum sustained 
demand (i.e., for ha'f an hour or an hour) would be 
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Fig. 5. SINGLE-TRACK OVERHEAD-LINE CONSTRUCTION 
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normally be working. Each set was designed to deal 
with a two-minute overload of 20,000 kw. The 
turbines have tandem high-pressure and low-pressure 
cylinders and twin condensers, and are so arranged 
that, in the event of the power station being shut 
down at any time, they can be started up again without 





any extraneous supply. The load on the generators, 
therefore, includes the supply to the power station 
auxiliaries, so that the estimated sustained maximum 
was about 33,000 kw. To meet this demand it was 
decided to install eight boilers, each having a normal 
capacity of 60,000 Ib. per hour. 

The power-station building was placed as close to 
the river bank as the ground and the foundations per- 
mitted, the level of the bank at this point being about 
35 ft. above the level of the river bed. For the purpose 
of the intake for the circulating water, the river bank 
was cut back into a bay in which the screen and pump 
chamber was built. This arrangement of the circulat- 
ing water intake proved unsatisfactory in the early 
days of operation while trial running on the line 
between Ladysmith and Estcourt was in progress. On 
two successive occasions the river came down in very 
heavy flood and with an enormous amount of suspended 
matter. The shape of the river banks and of the 
intake bay were such that eddies were formed in the 
bay, and a large amount of silt was deposited sufficient 
to choke the intake completely. The power station 
had therefore to be shut down until a channel had been 
cut through a deposit about 25 ft. deep. To overcome 
the liability to block the intake in this way, it was 
decided to build a new sluice gate regulator chamber 
in the river about 5 ft. in front of the original line of 
the river bank, with six separate compartments, 
each with its own screen and a sluice gate to control 


| the level at which the water is admitted, depending 


upon the condition of the river bed. The original 
40-in. diameter suction pipes were extended to connect 
the compartments of the regulator chamber with the 
pumps in the existing pump chamber, and a sixth 
pump suction pipe were installed. At the same time 
it was decided, in order to prevent any possibility of 
the silting up, to replace the original weir by a barrage 
lower down the river which would have the same 
effect in forming a cooling pond but would provide, by 
means of sluice gates, for scouring out the bed of the 
river in times of flood and thus prevent the accumula- 
tion of silt. 

The design of the boiler equipment is on lines gener- 
ally adopted for power stations of moderate size. 
The boilers are of the Babcock and Wilcox marine 
type suitable for a working pressure of 276 lb. per 
square inch, with superheaters, compartment stokers, 
forced- and induced-draught fans, air heaters, feed- 
water heaters and steam-driven feed pumps. Coal is 
distributed to the hoppers by belt conveyors, and the 
ashes are removed by an Usco plant. The electrical 
equipment, in addition to the five turbo-alternators 
already mentioned, includes five unit and four power- 
station transformers, the usual auxiliary motors, the 
main 6,600-volt switchgear of the ironclad type con- 
tained in the ground floor of the switch house, and an 
outdoor step-up substation consisting of five 13,500- 
kv.-a. transformers stepping up from 6,600 to 88,000 
volts, with the necessary high-tension switchgear 
and lightning arresters. The control of the whole of 
the switchgear is centralised in the control room on the 
first floor of the switch house. 

Transmissiom Lines.—The transmission system was 
designed for a pressure of 88,000 volts. In selecting 
the transmission voltage the following considerations 
had to be taken into account. It was desired, for the 
sake of economy in first cost, to keep down the voltage, 
provided that the line was capable of transmitting 
all the power required without excessive voltage-drop 
and of forming an adequate link with a new power 
station at Durban, if later such a development should 
occur. For climatic reasons it was considered inadvis- 
able to use aluminium-steel conductors, and if the 
pressure were too high the corona loss with copper 
conductors would be a serious factor in certain parts 
where the lines run across country at an altitude of 
4,000 to 5,000 ft. Four lines radiate from the power 
station, two north towards Glencoe and two south 
towards Pietermaritzburg. Each line consists of 
three 0-125 sq. in. copper conductors supported in 
a horizontal plane on single-circuit towers. In order 
to maintain the lines as free as possible from trouble 
due to lighting storms, it was decided to separate 
the two single-circuit lines in each direction north and 
south by a distance of not less than about half a mile. 
The two lines were also kept away from the railway so 
as to avoid, as far as possible, interference with the 
open telegraph and telephone lines which run 
close alongside the track. Each of the two lines 
feeding north and south is teed off at the substations, 
thus providing a duplicate supply. The selecting 
switches at the substations are interlocked, so that the 
transmission lines cannot be paralleled. The two lines 
between Colenso and Pietermaritzburg are sectioned 
at New Leigh, so that, if desired, the east line north 
of this point can be connected to the west line south 
of this point, or vice versa. ‘ 

Substations.—In view of the density of the traffic 
and the importance of working as nearly as practicable 
to schedule speeds so as to facilitate the crossings of 
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sidered advisable to put down substations at distances 
which in comparison with other 3,000-volt direct- 
current railways may seem very short. On the Chicago, 
Milwaukee and St. Paul Railway, the average distance 
between substations is something like 35 miles. With 
a single track and two heavy trains taking maximum 
power simultaneously in the middle of a section of this 
length, the drop of voltage at the trains would have 
been very considerable and would have resulted in a 
temporary slowing-down of the traffic. It was there- 
fore decided to put down substations at intervals of 
about 15 miles and to make them alternately single- 
unit and double-unit substations. This general scheme 
is naturally subject to modification depending on local 
conditions such as the positions of junctions, and 
while it was necessary to put down a substation at or 
close to Ladysmith and another one at Glencoe, the 
distance between these points made a double-unit 
substation midway between them essential. At Est- 
court three units are provided, as this point is approxi- 
mately in the middle of the long climb from Colenso 
to the summit of the pass near New Dell. Estcourt 
is also a junction for an old line still in use, but not yet 
electrified, which follows a different route between 
there and New Leigh. The complete layout is indi- 
cated diagrammatically in Fig. 2; it was designed to 
make the best possible use of a minimum number of 
sets. When all substations are working, which, 
according to the records, is something like 90 per cent. 
of the total working time, the average drop of pressure 
between the substations and the locomotives is very 
small. 

The type of plant installed in the substations was 
mainly determined by the pressure of the direct- 
current supply. Each set consists of a synchronous 
motor with two 1,500-volt direct-current generators 
connected in series and two exciters, one for the 
synchronous motor and the other for the generators. 
The diagram of the main connections in a double-unit 
substation is shown in Fig. 3. 

All substations are equipped with automatic control 
apparatus, which was adopted partly as the result 
of the decision to provide a considerable number of 
substations at comparatively short distances apart, 
thus saving in housing and wages. 

As the character of the load would probably mean 
that the motor generators would be working almost 
continuously throughout the six days of every week 
it was decided to put the control of the substations 
in the hands of adjacent signalmen or station masters. 
The automatic apparatus in each substation provides 
all necessary protection against faults and incorrect 
operation, and, in the event of any trouble occurring 
leading to the shutting down of the motor generator, 
an audible and visual signal is given to the signalman 
or stationmaster advising him of what has occurred, 
so that he can communicate immediately with the 
control room at Colenso under whose direction he acts. 

Each motor generator has a capacity, on the con- 
tinuous rating, of 2,000 kw., or 667 amperes at 3,000 
volts, and is able to give an output of 2,000 amperes 
for 5 minutes, and 2,300 amperes momentarily. In 
order to avoid the tripping of the circuit breakers due 
to an excessive demand on a substation caused by the 
simultaneous starting of two trains in the immediate 
neighbourhood, which may happen occasionally, a 
motor-operated field rheostat controlled by a load- 
regulating relay, is provided with each motor generator. 
If the output exceeds a predetermined value, viz., 
about 1,000 amperes, the direct-current pressure is 
reduced and the adjacent substations are thus able to 
take a greater share of the load. 

Track Equipment.—The sections of copper provided 
for the running tracks oa the different portions of the 
line between Glencoe and Pietermaritzburg are shown 
in Fig. 2, and were chosen in view of the decision to 
provide for regenerative working, making it desirable 
to keep down as far as commercially practicable the 
variation of voltage at the train. With this provision 
of conductivity in the overhead construction, the volt- 
age regulation at the trains, so long as all substations 
are in service, is very good. 

The design of the overhead line is similar to that 
already adopted on other electrification schemes, 
notably the suburban electrification scheme in Mel- 
bourne, and is shown generally in Figs. 4 and 5. The 
contact wire throughout has a sectional area of 0-25 sq. 
in. For all running.lines the catenary is a copper 
cable with a sectional area of 0-375 sq. in., so that the 
area of the catenary and the contact wire combined 
is 0-625 sq. in. On both sections of the line where 
more copper is required, this is provided by means of 
supplementary feeders. These feeders are of two 
sizes, viz., 0-375 sq. in. and 0-25 sq. in. Where the 
copper section per track is 1-0 sq. in., the catenary 
and contact line are reinforced by a single feeder of 
0-375 sq. in. section. For the heaviest line a second 
feeder of 0-25 sq. in. is added. In addition to the 
contact catenary and feeders, a 0-15 sq. in. copper 





wire was provided clamped to each structure and 
connected at intervals to the rails: the purpose of 
this wire is to provide continuity in the rail return 
circuit in the event of this being broken at any time 
due to rail replacements or other causes. 

All the wires referre:1 to above are carried by diabolo 
porcelain insulators on lattice-work steel structures. 
On single track these structures are of the cantilever 
design bolted down to foundations on the inside of 
the curves. Bridge structures are used at anchorages 
and on double track, and also when necessary for 
carrying the supplementary feeders from one side 
of a single track to the other as the curvature 
changes. A pull-off registering arm is provided on 
every support. ‘The overhead line is anchored approxi- 
mately once every mile, and at these points the 
adjacent tension lengths are overlapped and are nor- 
mally connected together by flexible copper connectors. 
Where the line has to be electrically sectioned, the 
overlapping lengths are connected through air-break 
switches which are mounted on the structures, and 
can be operated by levers and rods from the ground. 
All the fittings for suspending catenary and contact 
lines and feeders and for registering their positions are 
of non-ferrous metal, with the exception of the steady 
arms, which are steel tubes. 

The track rails are bonded by means of protected- 
type joint bonds designed for attachment to the web 
of the rail inside the fishplate. Fach rail joint on 
the running tracks is provided with two bonds, the 
sectional area per bond being 0-112 sq. in. The 
two rails of each track are cross-bonded at intervals 
of about 100 yards, and where there is double track 
the two tracks are cross-connected at about the same 
interval. Experience has shown that it is cheaper 
to install gas-welded bonds attached to the outside 
of the rail head, and renewals are being carried out 
with this method. 


(To be continued.) 








THE CAUSES OF FAILURE OF 
WROUGHT-IRON CHAIN AND CABLE.* 


By H. J. Govan, M.B.E., D.Sc., Ph.D., and A. J. 
Morpary, M.Sc. 


(Concluded from page 619.) 


PROPERTIES OF WrovuGHT-IRON CHAINS DRAWN FROM 
SERVICE. 


ATTENTION was then directed to the investigation of 
the properties of a series of wrought-iron chains drawn 
from service of known history. An exhaustive series 
of tests was made on each chain. These included 
static and impact tests on sample lengths of chain, 
together with a full series of mechanical tests made on 
specimens cut from chain links. All these tests were 
made on chain in three conditions: (1) as received ; 
(2) after prolonged annealing at 650 deg. C.; and (3) after 
normalising at 1,000deg. C. It will be sufficient here to 
refer briefly only to some of the general conclusions 
arising from the tests. 

(i) Tests carried out showed that chains, periodically 
annealed, are in a very ductile state and free from 
brittleness when tested in the annealed condition. 

(a) Tests on a }-in. crane-chain (Reference Mark 
CSJ).—This chain had been used for thirteen years on 
a hydraulic crane and had been proof-tested and 
annealed six times during that service. It arrived in 
the annealed condition. Thus, should this service 
(with the loads and shocks associated with crane usage), 
coupled with periodic annealing, tend to produce a 
brittle chain, this particular chain should have been 
an excellent example. The tests made on specimens 
cut from the links, however, showed that the material 
was in a condition equal to that of best wrought iron 
in the annealed state. The static tensile tests made on 
chain lengths revealed a state of extreme ductility, 
the breaking loads and energy-absorbed values being 
comparable with that of new chain. There were, 
however, many signs that the welds had suffered 
deterioration during service. Shock tests (impact- 
tensile) revealed more clearly the defective condition 
of the welded joints, the energy-absorbed figures being 
low. In the cases where weld failure did not occur, 
high values of the figures for energy absorbed and 
elongation to cause fracture were obtained, showing 
that the wrought iron was in an essentially ductile 
state. 

(b) Tests on a l}-in. bucket lifting chain (Reference 
Mark CEQ).—This chain had been in use on a dredger 
for thirteen years, during which it had been proved and 
annealed on six occasions. It had been withdrawn 
from service owing to its worn condition (most of the 
links also showed the curious preferential corrosion, 
taking the form of grooves following the direction of 
piling, so often observed in old wrought iron). With 
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this chain, exactly similar test data were obtained as 
with the 2-in. crane-chain (CSJ). The material of the 
chain, judged from tests on small specimens, was in an 
excellent condition. The static tensile tests and impact 
tensile tests, also, while revealing a deteriorated con- 
dition of the welds showed that, apart from this 
deterioration, the material of the chain possessed 
excellent shock-resisting properties. 

The general conclusion made from the tests described 
briefly above is that chains which have been periodically 
annealed through a long and strenuous service (crane 
and dredger-bucket lifting services are particularly 
exacting) are not in a brittle condition when tested 
in the annealed state. The progressive deterioration 
of the welded joints is, however, clearly demonstrated ; 
no heat-treatment can, of course, repair this serious 
defect. 

(ii) Tests carried out showed a chain tends to become 
brittle in service and that annealing, while proving an 
effective cure, will not prevent the subsequent re- 
development of the brittle condition. 

Interesting test data on these points were obtained 
from a 1}-in. chain rigging (Reference Mark CEN) 
which had been in service, on a hydraulic crane, for a 
period of ten years. This chain was proved and 
annealed three times during the first seven years of 
its service. When received at the laboratory it had 
thus endured a further three years’ service without 
heat-treatment. The usual complete series of tests 
was made. Those made on small specimens cut from 
links failed to show that the material had suffered 
any deterioration in service. Static tensile tests on 
chain lengths in the ‘as received” condition while 
giving slightly reduced values of the maximum loads, 
extensions, and energies to cause fracture—indicating 
the presence of strain-hardening effects—were quite 
satisfactory in view of the past service and somewhat 
worn condition of the chain. The efficiencies of the 
welds, although showing sign of the usual service 
deterioration, were not unduly low. Annealing or 
normalising conferred additional ductility. Shock 
tests on chain samples, however, showed that the chain, 
as received, was in a brittle state. The energy ab- 
sorbed to cause fracture was low, and the actual fracture 
was of a very brittle (crystalline) appearance. Other 
samples were annealed or normalised with most bene- 
ficial results, the energy to cause fracture being between 
22 ft.-tons and 30 ft.-tons, as compared with 3 ft.-tons 
and 7-ft.-tons for the ‘“‘as received’ condition. 
Annealing gave beneficial results equal to those ob- 
tained after normalising. 

(iii) Tests carried out showed that a chain subjected 
to service and not periodically annealed, may acquire 
dangerous brittleness, which may be removed by an 
annealing or normalising treatment. 

The most instructive test data obtained in the present 
investigation, leading finally to the solution of the 
problem of the brittle failure of chains, were obtained 
from a l-in. studded chain (Reference Mark CER). 
This chain had been in service on an Admiralty dredger 
for six years, during which period it had been twice 
cleaned (in a rumbling machine) and tested. It has 
never been annealed, or otherwise heat-treated. To 
serve as a basis of comparison, 15 fathoms of new 1-in. 
studded cable (Reference Mark CES) were obtained, 
and a complete series of tests was made on samples 
taken from each chain. It is desirable to refer to the 
results of these tests in some detail. The more im- 
portant of the results of tests made on small specimens 
cut from links are summarised in Table II (page 654). 

Static tensile tests made on the dredger chain in 
the “as received” condition showed primarily that 
the welded joints were in a poor state. In some 
cases an extremely brittle type of fracture was 
obtained at a section remote from the weld. Fig. 3 A 
shows such a fractured link, and illustrates the 
extremely brittle type of fracture (occurring at the 
points of maximum stress for a studded link) which 
will be referred to as a “ double-crown ” fracture. 
The other end of the link is cracked nearly all round 
with a very fine crack; this is formed after the main 
fracture has occurred by bending actions tending to 
open the link, thus putting the inside of the crown 
of the unfractured end in a state of tensile strain. 
Although the amount of this strain must have been 
small, the inside of the crown has not deformed 
plastically but cracked in a very brittle manner. 
Samples tested in the annealed or normalised 
conditions did not exhibit any such cracks, but 
deformed in an extremely ductile manner. Fig. 3 B 
shows the fractured link of an annealed sample. 
Great ductility is exhibited, and there is complete 
absence of any cracks at the unfractured end of 
the link. The effect of annealing or normalising 
was to produce greatly-improved tensile propertics, 
especially in the values of the energy absorbed to 
cause fracture and the total elongation ; every fracture 
occurred at the welded crown of the link concerned. 
The very brittle condition of the dredger chain was 
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brought out in the most marked manner, however, 
by the shock tests (impact-tensile) on chain samples. 
Samples tested in the “as received’ condition broke 
with a double-crown fracture, in a very consistent 
manner, absorbing very little energy, while the links 
as a whole suffered very little deformation. Annealing 
or normalising removed this brittleness, and the 
fracture of such heat-treated samples always occurred 
at a welded joint. Examination showed that these 
welds were in a defective condition; many 
gaping widely at the centre of the link section, and 
had undoubtedly suffered marked deterioration under 
service shocks and snatches. 

The appearance of typical samples after test will 
be seen from Fig. 4, which shows three samples, all 
broken under shock. These samples—A, B and C— 
were tested in the ‘‘as received,” annealed and 
normalised conditions, respectively. Typical results 
of the static tensile and impact tensile tests on chain 
samples (each consisting of seven links are given in 
Table III. These tests show conclusively that the 
chain is in a highly brittle state, although specimens 
cut from the interior of the links exhibit great 
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was bending strain, and the links themselves were 
not in a deformed state when received. As a cause 
of the brittleness present, severe static straining could 
now be definitely discarded, in view of all the above 
evidence, and the conclusion was formed that the 
cause of brittleness was an impact-hardening of the 
surface of the link due to inter-link action, battering 
on chain-wheels, and other shocks encountered in 
service. Further, it appeared certain that the depth 
|to which this impact hardening had penetrated was 
| very small. A study of the microstructure of specimens 
|cut from the crowns of links of the dredger chain, 
and of the effect of annealing and normalising upon 
the microstructure furnished evidence entirely con- 
sistent with the mechanical test results. The crystals 
| close to the edge of the section did not show sign of 
|any marked distortion. Neumann lamelle were 
| present in large numbers, indicating that the metal 
has been subjected to shock. These lamelle* com- 
mence close to the surface of the link and are present 
to a depth of 0-05 in. to 0-10 in. After annealing 
a higher magnification showed that profuse recrystal- 
| lisation has occurred, resulting in a very finely-divided 
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ductility and shock-resisting properties. An annealing 
or normalising treatment restores the chain to a state 
of great ductility and very greatly increased resistance 
to shock; in fact, save for the condition of the welds 
which have deteriorated in service, an annealed or 
normalised sample is but little inferior to one taken 
from new chain. These facts led to the very definite 
conclusion that the brittleness present must be confined 
largely to the surface of the links particularly in the 
neighbourhood of the crowns of the link. A large 
number of the remaining links of the dredger chain 
were examined carefully in order to find out if cracks 
were present. None were found, but the inside of 
the crowns of the links presented a black, highly- 
polished appearance. This would normally be taken 
as evidence of wear, but measurements of the diameters 
of the link crowns failed to show any marked reduction 
in comparison with the remainder of the links. 

In chain-making and chain-repairing shops the 
workmanship in a chain is often tested by placing 
individual links end-up on an anvil and striking the 
crown of the link with repeated blows, using a sledge 


hammer. In new links of sound iron and correct 
elding, considerable deformation should occur before 
Tractures. This test, made on a great number of 


links of the CER and CES chains, afforded very 
useful information regarding the degree and location 
of the brittleness present; in particular, the course 
of the crack could be studied during successive 
impacts. In the tests made in the “as received ”’ 
condition, it was found that once a crack started, 
it quickly spread round the surface of the section 
and not through the section, indicating that this 
path was determined by a brittle surface rather than 
a brittle section. The appearance of each fracture 
was coarsely crystalline throughout with no visual 
indication of a defective outer skin. This entirely 
Tejects the possibility that the cause of brittleness 
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| structure. The maximum depth to which refinement 


extended, on a number of specimens, was found 
never to exceed 0-01 in. Thus, it is evident that the 
restoration of ductility conferred by low-temperature 
annealing or normalising on an impact-hardened chain 
is due to this recrystallisation of a very thin surface 
layer. 

, Errects oF REPEATED SMALL Impacts. 


It was recognised that to demonstrate satisfactorily 
that brittleness in chains is caused by surface impacts of 
such a character that the link as a whole is not deformed, 
it was essential to produce such brittleness on new 
chains links and chain iron, and experiments were made 
on these lines. 

(i) Tests on Chain Iron.—A number of bars of best 
quality chain iron (Reference Mark CRK), 1 in. diameter 
and 64 in. in length were-used. They were lightly 
hammered, using the flat end of a 2-lb. riveting hammer, 
over the complete circumference for a length of 34 in. 
symmetrically placed with regard to the middle of 
the bar. One thousand light blows were given to each 
bar, each square inch of surface thus receiving approxi- 
mately 90 blows. The blows were so light that the 
bar, as a whole, was not appreciably deformed, the 
surface merely showing signs of small local depressions. 
The specimens were tested under bending impact, 
resting on the bed of the anvil of the machine and 
supported at each end by hammer faces on the anvil, 
while the centre of the specimen was struck by the 
striker of the swinging hammer of the machine. A 
constant striking velocity and energy were used through- 
out. Some bars were tested as received, others after 
annealing or normalising (for comparative purposes). 
Hammered bars were tested (a) as hammered; (5) 





* See the full report for a series of photomicrographs 
showing the effect of heat-treatment upon the Neumann 





lamelle. 


hammered, then annealed; and (c) hammered, then 
normalised. Other bars were hammered, the surface 
being then removed by machining down to {-inch 
diameter and subsequently tested ; comparative tests 
were also made on new specimens (unhammered) turned 
down to %-in. diameter. The results of the tests are 
quite definite. Light surface hammering produces 
definite brittleness, which is completely removed by a 
subsequent annealing or normalising treatment. Fur- 
ther, the fact that a hammered bar from which the 
deformed surface has been removed, behaves in an 
entirely ductile manner, shows that the brittleness 
originates in the surface material. 

(ii) Tests on Chain Links.—Attempts were then made 
to produce a state of brittleness in new chain links by 
a series of light surface impacts, and to observe the 
effect of heat-treatment upon such hammered links. 
In order to make the results comparable with those 
already obtained from the very brittle dredger chain 
(CER) drawn from service, links of a new 1-inch studded 
chain (CES) were used. In the dredger chain, the 
maximum hardening effect was found to be present at 
the inside of the crown of the link;* owing to the 
presence of the stud in the links it was difficult to apply 
hammer blows at this exact point of the new links. 
However, the results show that the treatment applied 
has been sufficiently successful to prove the point at 
issue. A 2-lb. and a 1-lb. hammer were used, and a 
succession of lignt blows was given to every portion of 
the link except in the neighbourhood of the stud. As 
the result of trial experiments it was found that 500 
blows with the flat of the 2-lb. hammer applied to out- 
side surfaces, and 700 blows with the ball end of the 
1-lb. hammer applied to inside surfaces, produced an 
approximately uniform degree of local deformation over 
the complete link and these numbers were used through- 
out. The hammer test, previously described in con- 
nection with the tests on the dredger chain was again 
employed. To secure uniformity of blow, all the tests 
were made by the same operator. 

In certain cases, the same appearance was reached 
as in the dredger chain tested in the same manner ; 
the important features are the brittle type of failure 
and the fine crack on the inner edge of the crown. 
Annealing or normalising restores the original ductility 
of the iron as in the case of the dredger chain links. 
Finally, the microstructure of links subjected to impact 
shows exactly the same features as those observed in 
the sections of the dredger chain links, while annealing 
produces the same recrystallisation phenomena resulting 
in a great refinement of structure. It has thus been 
demonstrated that by the application of light surface 
impacts new chain links and new chain iron can be 
made to exhibit the brittle characteristics of wrought- 
iron chains drawn from service in such a precise manner 
as to leave little doubt that the brittleness in each case 
arises from the same common cause. 


EFFECT OF BRITTLE CASE ON DuctTILE CorRE. 


It may be argued that given the existence of a thin 
impact-hardened skin on the surface of a chain link, 
no evidence has yet been advanced to show that a 
crack started in the hardened surface skin will be 
propagated through the link section if the remaining 
material is in an essentially ductile state. Purely 
mathematical considerations would predict that failure 
would occur exactly in this manner, and would further 
demand that fracture across such a link would take 
the form of a very fine crack or cracks unaccompanied 
by any marked distortion of the crystals through 
which the crack passed. 

Micro-sections through the crown of one of the 
dredger chain links verified the latter prediction. 
This particular link had been placed end-up in a black- 
smith’s anvil, and had received one light blow with a 
sledge hammer. As a result it cracked at the crown, 
the course of the crack being first round the surface 
of the link and then inwards towards the centre, the 
section not being entirely severed. The general charac- 
teristics of the crack in all respects conform to those 
predicted above. Although mechanical tests (see 
Table II) had failed to show that any abnormality 
was displayed by the core of the links, yet it might 
still be argued that the propagation of a brittle form of 
crack across this core might be rendered possible by 
some defect caused by shocks and strains received in 
service by this chain. To remove this last possibility 
it was decided to reproduce the chain failure pheno- 
mena in chain links and chain iron, which, although 
covered with a brittle case, contained a core which had 
never been subjected to any shocks or static straining. 
The production of the case by surface impacts—as in 
the previous case—would not meet these required con- 
ditions, but case-hardening by carburisation offered 
an excellent means of demonstrating the point at issue. 
A number of new links from the CES chain, also 
some specimens of new chain iron (1 in. diameter by 





* A description of a large number of tests bearing on 





this point will be found in the original report. 
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in. long) were case-hardened.* The hammer 
test was then applied to the links. All behaved in an 
extremely brittle manner. The average number of 
blows to fracture was six only. Each fractured through 
the crown in an extremely “short” manner. The 
appearance of the face of the fracture was brittle 
throughout, the coarsely crystalline appearance of the 
core being precisely similar to that of the links of the 
old dredger chain when tested in the condition as re- 
ceived. The tests on the case-hardened bars of chain 
iron are even more convincing. These bars were tested 
under bending impact. They behaved in an extremely 
brittle manner throughout, the average value of the 
energy absorbed being 470 ft.-lb. They broke across 
without any appreciable deformation of the bar as 
a\whole, the fractured surfaces being in all respects 
similar to those of the case-hardened chain links. To 





deterioration may be of such a nature that the defect 
cannot be detected either by the usual method of test 
(proving) or by visual examination of the chain. Heat- 
treatment cannot cure either of these two types of 
defect. The third and most important cause of 
brittleness is associated with the type of service 
demanded of chain and cable. As a consequence of 
inter-link action, hammering on the ground, snatch- 
loading, rattling through hawse pipes, battering on 
chain wheels, cleaning by rumbling machines, and 
similar actions to which chain-cable may be subjected, 
the material of the surface of the link, in some cases to a 
very small depth only, becomes locally hardened to 
such a degree that its ductility is practically exhausted. 
The link section then consists of a thin, highly brittle 
case covering a core which may possess the ductile 
properties of best chain iron. When the link section 


TABLE II.—Resvutts or MECHANICAL TESTS ON SPECIMENS CUT FROM CHAIN LINKS (AVERAGE VALUES). 





Tensile Tests. 



































| Stresses, tons per square inch. 
aad ae ae ti Energy 
——__—_— —________— Elongation Reduction EB) 
= | | on 1 inch, of area, absorbed Pa a of 
| propor, |  Xield | Ultimate | — per cent. per cent. me ok anes. 
| tionality. | Point. Strength. 
| | { 
| | | 
Dredger chain ) 3 fe | 04. | 9 ° { Fibrous and 
(CER) f 11°5 15-0 24-4 | 28 45 1,250 rT ductile. 
| | | 
ES 2. | 5 +6 | 23-6 ° f Fibrous and 
New chain (CES) | 12-1 15°6 | 23-6 33 45 1,280 (ductile. 
| 
Tensile-[mpact Tests (Un-notched specimens). 
— Energy absorbed to | Elongation on 1-in., Reduction of area, 
fracture, ft.-lb. per cent. per cent. Type of fracture. 
F —_ | per cub. in. | — _ 
Dredgerchain .. .. | 1,580 | 24 | 40 Fibrous and ductile. 
New chain ee = sit 1,490 Fibrous and ductile. 


24 | 47 





— | Energy absorbed to fracture, ft.-Ib. 


Notched Bar and Brinell Hardness Tests. 





| Brinell Hardness Number. 





Dredger chain 55 (fibrous fracture) 


New chain 50 (fibrous fracture) 





TABLE III.—Statric TENSILE AND 


Static Tensile Tests. 





Impact TEesTts ON CHAIN SAMPLES. 





Impact Tensile Tests. 





| 
| 
| 
| 
| 








| 
} 
o rr | | Total ener Average 
Chain. Condition. | Viet | Stax. Extension at _| absorbed 4 extension of Type of 
| load, load, | fracture (measured | cause fracture, unbroken links fracture. 
| | tons. tons. on 4 links). | ft.-tons. | per link, 
| | | inches. 
| 
Old dredger | As received | 18-0* 26-5 | 0-89 } 2-48 | 0-04 Double crown. 
chain Annealed pial 12-0 | 26-3 | 1-86 | 11°45 | 0-49 Welded crown. 
(CER) | Normalised ..; 10-0 | 26-3 | 2-30 | 13-97 | 0-62 a 
New chain | Asreceived ..| 19-0* 30-9 | 2-07 | 11-14 0-41 a 
(CES) | | | | | ; 


| | 





* Note that the proof load for 1-in. studded cable is 18 tons (Anchors and Chain Cables Act, 1899). 


show that the core of these bars was essentially ductile, 
a series of tests was made on _ case-hardened bars 
after the case had been ground off, the diameter thus 
being reduced from 1 in. to } in. Under test, these 
bars were extremely ductile; they bent through a 
considerable angle (110 deg.) without cracking, while 
absorbing an average energy of 1,690 ft.-lb. These 
tests appear to be conclusive, and to complete the 
establishment of the chief cause of the brittle failure, 
of chains in service. 
CONCLUSIONS DRAWN FROM THE RESULTS OF THE | 
RESEARCH. 


Excluding failures due to such obvious causes as 
gross overloading (statical or snatch), defective chemical 
composition or bad workmanship in manufacture, 
which are easily identified, the research has shown that | 
the failure of wrought-iron chain and cable may be | 
caused by one or more of three main types of defect. 
In the first case, a brittle state may be set up as a result | 
of overheating or burning of the chain iron during one | 
of the stages of manufacture, or of the chain link | 
during the forging process. Secondly, it has been | 
shown that service shocks and strains tend to bring 
about a progressive deterioration of the weld, and this 


|is subjected to bending strains, particularly those 





caused by shock conditions, the hardened skin strains 
elastically and then cracks. This crack is of such a 
shape that very great stress concentration occurs at 
its root. When the crack reaches the underlying 
ductile material, the latter cannot exert its property 
of ductility because of the prevailing conditions of 
local constraint. The crank then continues its course 
throughout the section of the link, producing a frac- 


| ture which has an entirely brittle (apparently coarsely- 


crystalline) appearance throughout. Recrystallisa- 
tion proceeds readily at 650 deg. C. in this hardened 
surface layer. Hence, heat-treatment, either annealing 
at a dull red heat, or normalising at 1,000 deg. C., 
will effectively restore the chain to a condition of great 
ductility by effecting recrystallisation of the hardened 
surface layers of the chain links. Such heat-treatment 
must, therefore, be regarded only as a cure for surface 
embrittlement ; it is not a means of prevention of the 
subsequent redevelopment of brittleness in service. 
One of the main results of the present research is, 
therefore, to endorse the present practice of periodical 
low-temperature annealing* of wrought-iron chain 
and cable, and to place the employment of that prac- 
tice on a rational basis. 





* Carburizing mixture: 60 per cent. wood charcoal ; | 
40 per cent. BaCOg. Treatment: heat for 2 hours in| 


mixture at 930 deg. C. ; water-quench from 870 deg. C. 





* See Notes on the Annealing and Use of Wrought-Iron 
Chains. Form 1836, June, 1927, Factory Department, 


| Home Office. 





APPENDIX. 
CHEMICAL ANALYSES. 


Chemical analyses have been made of the chain links 
and chain iron used in the research; the results 
obtained are as follows :— 


























Distinguishing Content, per cent. 

Mark of chain — 
oe! 2 | Si 8 | P. | Mn. 
CER .. --| 0-01 0-15 0-022 0-32 | 0-08 
CEN .. --| 0-01 0-15 0-016 0-37 0-08 
CEQ .. --| 0-03 0-16 0-014 0-22 0-05 
CET 0-01 0-11 0-023 0-24 0-08 
SJ 0-02 0-12 0-022 0-28 0-08 
CES... --| 0-03 0-14 0-022 0-26 0-09 
CRK .. --| 0-01 0-11 0-018 0-27 0-11 
i>. ae --| 0°02 0-13 0-022 | 0-31 0-06 

CATALOGUES. 


Engineers’ Stores.—Messrs. Watts, Fincham and Com- 
pany, Limited, 22, Billiter-street, London, E.C.3, have 
sent us a copy of their new catalogue of materials, 
machinery, apparatus and general stores. 

Air Brakes for Motor Vehicles.—The Westinghouse 
and Saxby Signal Company, Limited, 82, York-road, 
King’s Cross, London, N.1, have issued a handbook 
of road and other information for motor-vehicle drivers, 
directing attention to their vacuum and air brakes. 

Marine Oil Engines.—Messrs. Sulzer Brothers, 3], 
Bedford-square, London, W.C.1, have issued a list of 
ships fitted with their two-cycle oil engines. Those of 
over 3,000 tons number 122, many of which were built 
by British firms. 

Tachometers.—The Budenberg Gauge Company, 
Limited, Broadheath, near Manchester, have sent us a 
catalogue of tachometers, indicating revolutions per 
minute on a dial; when required, counting or recording 
mechanisms are added. 

Bearing Metals——The Glacier Company, Limited, 
Ealing-road, Alperton, Middlesex, have issued a catalogue 
giving particulars of their various bearing metals, explain- 
ing the methods of casting and working them. It also 
deals with packing, solders, die-casting alloys and finished 
parts which they supply. 

Electric Line Fittings.—Three new editions of catalogues 
are to hand from Messrs. Siemens Brothers and Company, 
Limited, Woolwich, London, S.E.18, dealing with 
disconnecting boxes for underground low-tension lines, 
sealing-end and dividing boxes for indoor use, and service 
fuse boxes with porcelain-handle-type fuses. 

Spiral-Bevel Gears.—An explanation of the Branden- 
berger patent spiral-bevel gear is given in a pamphlet 
received from Messrs. Dowdings’ Machine Tool Company, 
Limited, 38, Albert-embankment, London, S.E.11, who 
are sole agents for the machines for cutting these gears, 
which are made by the Oerlikon Company. 

Machine Tools.—A catalogue received from Messrs. 
Soag Machine Tools, Limited, 45, Horseferry-road, 
London, S.W.1, shows machines for planing, shaping, 
boring, drilling, and keyway cutting, and also a large 
number of presses and punching machines. Tables of 
dimensions are given for a good range of sizes in each 
case. 

Fire Cements.—Circulars to hand describing the plastic 
fire cement, named ‘“ Pyruma,” made by Messrs. J. H 
Sankey and Son, Limited, Essex Wharf, Canning Town, 
London, E.16, deal with two grades: coarse for furnaces, 
etc., and fine for stoves, etc. These, it is claimed, are 
much more permanent than fire-clay, and are supplied 
ready for use. The coarse grade may be applied to a 
red-hot surface for repairs. 

Pulverised Coal Firing —The Rema system of pul- 
verised coal firing for boilers, kilns, and other furnaces, 
comprises a ring mill for grinding and apparatus for 
taking in and circulating coal and air, and expelling surplus 
moisture. A full and clear description appears in the 
catalogue issued by the British Rema Manufacturing 
Company, Limited, Highroad-well, Halifax, who have 
acquired the patent rights for the British Empire. 

Flexible Shafts——We have received a catalogue of 
flexible shafts and small portable machines from the 
Flexible Drive and Tool Company, 35, Bloomsbury- 
square, London, W.C.1. The shafts are supplied in ten 
standard sizes from 4 ft. to 10 ft. in length and capable 
of transmitting from ;4th h.p. to 44 h.p. The machines 
to which the trade name “ Biax” is applied, are for 
drilling, grinding and similar operations. 

Concrete Machines.—The tilting-drum mixing machines, 
made by Messrs. Ransomes and Rapier, Limited, Ipswich, 
are suitable for concrete, tar-macadam and chemicals, 
and are made for output batches of 34,5 and 10 cub. ft.— 
the smaller size being necessary for many conditions oi 
operation. Full particulars are given with illustrations 
of machines in operation, in a new catalogue recently 
issued, 

Electrical Machinery.—Messrs. British Brown-Boveri, 
Limited, Trafalgar House, Waterloo-place, London, 
S.W.1, have sent us a copy of their Review No. XV 2, 
containing descriptive matter dealing with single-phase 
locomotives, the parallel operation of generating stations, 
a direct-current pressure converter supplying a constant 
secondary pressure from variable primary pressure, “c., 
We have also received a leaf catalogue of high-power 
rectifiers. 
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THE ROYAL SOCIETY 
CONVERSAZIONE. 


(Concluded from page 644.) 


Lorp RAYLEIGH’s quite recent experiments on 
the fading of peacock feathers in ultra-violet light 
were undertaken to ascertain whether the colours 
of feathers are due to pigments or to interference. 
Lord Rayleigh showed the eye of a peacock tail- 
feather exposed to rays of a quartz mercury-vapour 
lamp. Fading is visible after an exposure of an 
hour, at a distance of 3 in., and there is further, 
a change of tint which depends upon the angle 
of incidence. The dark blue of the centre of the 
eye is most easily destroyed ; in a hundred hours 
or so nothing but the black background may be 
left. But the rays may also produce a blue colour, 
and Lord Rayleigh suggested that the effects were 
complex, the colours being partly pigmentary, and 
that the blue might appear owing to the destruc- 
tion of an overlying green. Beautiful fluorescence 
effects of minerals were shown, with the aid of a 
lamp from the British Hanovia Quartz Lamp 
Company, by Dr. L. J. Spencer, F.R.S., of the 
Natural History Museum. His specimens were 
willemite (zine silicate) fluorescing with a brilliant 
green, or a bright yellow; zine blende, showing 
also triboluminescence, glowing fiery yellow, and 
fluorspars, glowing blue. Minerals very different 
in appearance may fluoresce in the same colour, 
but there may also be differences, and diamonds, 
for instance, sometimes glow greenish-yellow or 
sky-blue, but are more frequently unresponsive. 

The Radiological Branch of the Woolwich 
Research Department showed a new combined 
spectrometer and metal X-ray tube. The tube is 
vertical, and the kathode fits into an anode tube, of 
metal, which has a horizontal ring slit near the 
bottom, and four film holders mounted symmetric- 
ally on the base. These holders are arc-shaped ; 
four spectrograms can be taken at the same time 
by this very compact apparatus. The department 
also exhibited Debye-Scherrer spectrograms of nickel 
electrolytically deposited from a special borate bath. 
From this bath, the nickel cubes fall out, not in 
random orientation, but almost regular, like the 
blocks of a wood pavement lying loosely on a con- 
crete foundation. Horizontal rays passing through 
the blocks then show reflections from the various 
planes very distinctly. 

The new high-temperature electric resistance fur- 
nace shown by Dr. W. Rosenhain, F.R.S., and Mr. 
W. E. Prytherch, of the National Physica! Labora- 
tory, has been developed since we mentioned it in 
last year’s account of the work of the Laboratory. 
Short lengths of carbon rod are fitted loosely into 
tubes of refractory materials, the tube ends being 
closed by graphite rods serving as electrodes. The 
small amount of oxygen in the tube will be quickly 
used, and it was stated that there was no appre- 
clable burning of the carbon parts even after weeks 
of heating to 1,300 deg. C. A muffle furnace fitted, 
at the top and bottom, with resistors of this type 
was also shown. The carbon pellets may be ring 
shaped or be replaced by spheres packed between 
two concentric tubes. 

The International Standard Electric Corporation, 
of Hendon, demonstrated the use of two of their 
own devices for investigations. One was an appa- 
ratus for measuring the resistance which cable dielec- 
trics offer to the flow of air and of impregnating 
compounds. The copper cores of cables are spirally 
wound with paper, and the question is whether the 
flow is through the pores of the paper or through 
the gaps of the convolutions. For the investigation, 
the cable section is further spirally wound with 
perforated tin foil, and the cable ends are fitted 
With conical caps, one of which is connected to a 
vacuum pump. The cables are placed in an oil 
tank, and the quantity of oil or air drawn through 
'Smeasured under different conditions. The main 
flow appears to be through the gaps. The other 
exhibit was an ingenious telephone traffic machine 
we the study of probability problems asso- 
a. ei automatic telephony, and to indicate 
i le number and grouping of automatic 
Switches are sufficient and suitable. When the 
hoe bg in simple grouping, the quantities 

© secure a certain grade of service during 


| 


the busy period can be deduced from probability 
curves. The machine exhibited was set up to 
demonstate the determination of the traffic distribu- 
tion of more complicated cases, in a group of 10 
fully-available trunks hunted for in a definite order, 
or in two groups of 10 trunks with various grading 
conditions direct, reversed, or mixed. In the 
mechanical model shown, incoming traffic was 
represented by a number of steel balls, which, 
impinging upon a larger ball, bounded from it to 
a perforated platform, in which they either found 
a tube for further travel, or were rolled off, repre- 
senting lost calls. |The travelling ball passed into 
one of two nearly horizontal conduits set with 
switches, entering the first pocket found open and 
leaving it free again after a certain period. The 
apparatus would also transfer a ball from one 
group to a disengaged pocket in the second group. 

Mr. E. B. Moullin, of the Cambridge Engineering 
Laboratory, exhibited a new form, made by the 
Cambridge Instrument Company, Limited, of his 
well-known ammeters, designed for use in connec- 
tion with the beam system of radio communication. 
Thermal measurements would be unreliable, because 


























the change of the resistance of the heating element 
with frequency cannot be calculated, and the use of 
shunts and transformers would magnify errors. 
The instrument, illustrated in Fig. 1, is a dyna- 
mometer consisting of two long, parallel cylinders, 
electrically connected at one end. One cylinder 
is fixed in the case, and the other is movable 
against an elastic constraint, and is displaced by 
the repulsion between the two cylinders ; the dis- 
placement is measured by a microscope. The force 
increases slightly with the frequency, because the 
current density in the cylinders becomes non- 
uniform, and because the capacity of the system 
causes a slight variation in the current along the 
length. The correction required for current density 
tends to a limit which does not exceed 3 per cent. ; 
the other correction may amount to 4 per cent. at 
a wavelength of 10 metres. 

Two of the exhibits of the Cambridge Instrument 
Company, Limited, have been described in our 
columns in other forms. The apparatus exhibited 
for automatic humidity control was developed 
in conjunction with the British Research Associa- 
tion for the Woollen and Worsted Industries 
of Leeds, and its principle was explained by 


Fig. 9, on page 50 of our issue of January 
13 last. The instrument is now conveniently 
mounted in a small case. The micro-photo- 


meter, the second exhibit, is a simple modifica- 
tion, by Dr. H. W. B. Skinner, of Bristol, of the 
photo-electric photometer of Professor Lindemann 


and Dr. Dobson, which we illustrated on page 403 
of our issue of September 24, 1926. Dr. Skinner 
has made the optical system horizontal instead of 
vertical, and has advanced the position of the 
shutter which cuts off one of the two alternating 
paths of the beam. The stage is also modified, 
but the essential features, the Clarendon photo- 
electric cell and the Lindemann electrometer, are 
retained. 

The third exhibit was a direct-reading micro- 
meter, a mechanical apparatus for measuring the 
diameters, up to 20 microns, of quartz threads and 
fine wires. The galvanometer shown in the dia- 
gram, Fig. 2, serves merely as indicator. The 
instrument is a square box with glass walls and 
a cover, not shown in Fig. 2, bearing the scale, 
which is divided to read fractions of a micron. The 
thread to be measured is. placed between the jaws, 
one of which is.a small vertical cylinder, and rests 
on two little cross bars mounted on the cover. 
The jaws are carried on thin flat steel springs which 
admit of a slight motion of the jaws. The right- 
hand jaw is moved by turning the milled head of a 
cam to open the jaw; a stop limits this motion. 
When the thread is inserted and the gap is closed, 
the left-hand jaw, nominally fixed, is slightly de- 
flected in a plane at right angles to the paper; this 
jaw is connected to an amplifying jointless lever 
carrying a platinum contact. This contact rests 
normally on another contact mounted on a fine 
helical spring. The deflected lever breaks the con- 
tact which is closed again by moving the knob in 
the centre of the scale, which extends the helical 
spring. When contact is restablished the galvano- 
meter deflects, and the diameter is then read off. 
The instrument is set to zero on the scale before 
each measurement. It will be understood that the 
electric circuit is broken only at the two contacts 
mentioned ; the screws in the diagram are stops. 
The flat steel springs ensure good contact between 
the thread and the jaws without compressing soft 
wires or fibres. 

The British Silk Research Association, of Leeds, 
founded in 1920, in succession to the Silk Research 
Association of Great Britain and Ireland of 1916, 
illustrated by its exhibits different stages in the 
preparation of silk and the testing of the materials 
and products. The ballistic pendulum used for 
measuring the strength of one or several fibres, 
which may be of short length, is of the usual type. 
The recording extensometer of Dr. T. Lonsdale, also 
shown, records up to 50 diagrams onaroll film. A 
fibre, which extends by 1 per cent. under a load of 
1 gramme, will extend by 5-7 per cent. under a load 
of 7 grammes, but these figures are influenced by 
temperature and humidity. For the electric re- 
sistance determination, the silk yarn is coiled round 
a flat, highly-polished, metal slab with rounded 
edges, forming one electrode, and the slab is placed 
on a copper plate which forms the other electrode. 
The resistance is deduced from the current across 
the yarn. The resistance of dyed silk is greatly 
diminished by the acid and basic rapicles which the 
fibre retains owing to its amphoteric character. 

The new ketone dyes of Imperial Chemical 
Industries, Limited, obtained by sodium synthesis, 








included pinks from xanthones. Dyeings of 
cellulose acetate were exhibited, showing the 


| influence of substituents on shade in the malachite 
|green series. We may mention here a delicate 
|and somewhat unexpected colour test, shown by 
| Dr. D. Keilin, F.R.S., of Cambridge. Yeast cells 

and many bacteria contain a pink pigment, which is 
‘related to the pigment of our blood, and transfers 
oxygen very readily to other substances in the cells. 
When a little air was blown through an emulsion of 
yeast, the oxygen absorption bands appeared at 
once in the spectrum, but disappeared quickly 
| again. 

The Explosives Branch of the Woolwich Research 
Department demonstrated the changes in the 
crystalline form of ammonium nitrate accompanying 
changes of temperature. This salt occurs in five 
crystalline forms which, it was found during the 
war, are sufficiently different in volume and other 
properties to cause trouble in the filling and storage 
of shells. For the demonstration, a little of the 
salt was fused on a cover glass; it set at 169 








deg. C., and suddenly changed its appearance 
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four million miles, the individual output of the 
turbines ranging from 1,620 shaft horse-power to 
6,500 shaft horse-power, Marine installations with 
the firm’s turbines and with other makes of reduc- 
tion gear are not included in the above. The much 
greater number of geared turbines in land installa- 
tions both for driving generators and line shafting 
through ropes has an equally clear record, and 
the same statement applies to over 60 auxiliary 
turbo-generator sets ranging from 95 kw. to 375 kw. 
that have been supplied for ship’s lighting and 
auxiliary power services. 

Next to the gear-cutting section, and on the 
same side of the aisle, is a group of three large 
planing machines of one of which a photograph is 
reproduced in Fig. 92,on Plate LXVI. The largest 
will take work 14 ft. wide by 10 ft. high by 30 ft. 
long, the other two have a capacity of 10 ft. by 10 ft. 
by 25 ft., and 6 ft. by 6 ft. by 20 ft. respectively. 
All are driven electrically on the firm’s single motor 
drive system, to be later referred to. 

A marking-off table for studding and jointing 
adjoins the planing machines, and then comes a 
floor work-plate and two heavy drills. The machine 
nearest the gangway is an 8-ft. portable radial drill 
and is shown in Fig. 93 at work on a condenser end. 
It isan electrically driven machine and is a good ex- 
ample of modern methods of centralisation of control, 
all the various devices being grouped together on 
the drill saddle, as shown in Fig. 107 on page 658. 
There are three motors on the machine, one for 
elevating the radial arm, one for swinging it and 
locking it to the pillar, and one for the spindle drive. 
This latter is controlled by the push-buttons seen 
at the right hand of the figure, the speed being 
altered by three gear changes, with a rheostat 
hand-wheel for intermediate changes. This control 
is engraved with speeds corresponding to the 
setting and the diameter of drill for which the speed 
is suitable, so that the foreman can see at a glance 
if the correct drilling speeds are being used. As 
will be seen from Fig. 93, the machine can be mounted 
on distance-pieces when deep castings are being 
dealt with. The other drill is also radial, having 
a 10-ft. arm, and, though it is not portable, is 
capable of a great range of movement, as the pillar 
can be traversed horizontally on a bedplate for a 
distance of 20 ft. A separate motor is used for 
this motion, three other motors also being fitted, 
as in the 8-ft. machine, all four motors being 
similarly arranged for centralised control. 

Other arrangements of tools on a common work- 
plate will be noticed later, but for a more detailed 
survey reference may be made to an investigation 
on recent developments in machine tools given in 
a paper read by Mr. G. E. Bailey and Mr. Tom 
Smith before the Manchester Association of Engi- 
neers, on February 25, 1927. In an earlier paper 
by Mr. Bailey read before the same Association it 
was shown that ordinary drilling machines are very 
often engaged in actual cutting work for not more 
than 15 per cent. of the total working time, largely 
Owing to the delays caused in changing and setting- 
up work. The combination of the two drills with 
a work plate above described reduces the idle time, 
as, while one part is being drilled another may be set. 
Again, a finished part may be left on the plate until 
it is convenient to obtain a crane, whilst the drill 
18 at work on another part. An example of another 
type of portable drill in operation is shown in Fig. 94. 
Here the feet of a condenser shell are being faced 
on a horizontal boring facing, and milling machine, 
while holes are being drilled in the body. This is a 
routine practice in the shops now being described. 
The movement of large and heavy castings, such 
8s condenser shells, is reduced to a minimum, and 
* many detail operations as possible are performed, 
while « long operation is in progress, by the use 
of suitable auxiliary machine tools. 

; A further example of a somewhat different usage is 
Given in Fig. 95, on Plate LXVII, which shows one 
of @ number of portable drilling machines, provided 
esa . iversal setting adjustments, set for drilling a 
oe ge ‘ole In an awkward position in the bottom half 

a turbine cylinder in course of erection. The 


reer of such a hole, which is too large for a 
‘nd ig, would otherwise entail a good deal of 


— ‘o set the part correctly on a standard machine 


An interesting type of fixed drilling machine 


may here be noticed. This is shown in Fig. 96, on 
Plate LXVII, and is specially adapted for drilling 
condenser-tube plates and diaphragm plates. An 
inspection of the figure will show that not only is 
the cross-bar for the drill slides perforated with 
holes of different pitch, but the horizontal bed for 
the work-table is similarly treated. The only 
marking-out necessary on the work is that of 
making two reference lines, the drilling itself being 
spaced by indexing devices incorporated in the 
drill slides and work-table. It will be noticed that 
one of the heads is fitted for tapping. 

Returning to Fig. 90, showing the lay-out of the 
mechanical section of the machine shop, the next 
important machines, south of the large radial drills, 
are a group of vertical boring mills. The largest 
of the group can be used in the machining of such 
castings as may be too big for the planing machines. 
This machine, shown in Fig. 97, is part of the 
original equipment of the shop, having been put 
down to deal with large flywheels for reciprocating 
engines and for large flywheel motor-generator sets. 
It will take work up to 28 ft. in diameter by 10 ft. 
6 in. high, and is driven by four motors of the 
following powers, 40-h.p. for rotating the table, 
93-h.p. for elevating the tool slide bed, 5-h.p. for 
traversing the heads, and 10-h.p. for moving the 
tools. The work shown in position in the figure 
is a portion of a 45,000-kw. turbine cylinder. The 
other machines of the group are smaller, and one has 
a particular interest in that it has vertical columns 
which are moveable from front to back of the 
machine. With these columns in such a position 
that a line joining the points of the tools lies on a 
diameter of the worktable, the normal capacity is 
16 ft. in diameter by 8 ft. 4 in. high. When the 
columns are moved backwards, so that a line join- 
ing the tools forms a chord of the worktable, work 
equivalent to a diameter of 24 ft. may be dealt 
with. Next to these boring machines is situated 
the condenser tube plate drilling machine, already 
described, which completes the machinery on the 
east side of the shop. 

The northerly portion of the west side contains 
lathes for machining turbine discs and shafts, and 
other apparatus employed in their assembly. 
Amongst the disc turning lathes, an outstanding 
example is one in which both inclined surfaces and 
the periphery of the disc are machined simul- 
taneously, the disc having been first bored and 
mounted on a mandrel carried between the face 
plate and an outer bearing. The other apparatus 
includes a keyway slotting machine and sets of 
balancing supports for the static balancing of 
individual discs after they have been bladed and the 
keyways cut. Before the blading is done, however, 
the turned discs are examined by the Research 
Department for such possible defects as slag inclu- 
sions, the machined surface being carefully gone 
over, usually with the aid of sulphur prints. There 
are also a couple of hydraulic presses used in the 
assembly of the discs on the spindle, the smaller 
ones being pressed into place cold, by a 100-ton 
press. The larger ones, which are a somewhat 
tighter fit on the spindle, are first heated by being 
suspended in a tank containing boiling water, and 
are then pressed on to the spindle by a 200-ton 
press. 

After static balancing of the turbine discs one by 
one before assembly, by rolling on balancing horses, 
dynamic balancing of the completely-assembled 
rotors is carried out on the special balancing machine 
shown in Fig. 98,on Plate LXVII. The ends of the 
roter spindle are carried in bearings which are 
supported by a vertical tongue or reed rigidly fixed 
at the bottom but sufficiently flexible to permit of 
some horizontal movement of the bearing when the 
transverse stops confining it are withdrawn. Motion 
is given to the rotor by the geared drive seen at the 
left-hand of the figure, the driving shaft being pro- 
vided with a tacheometer. This gear is made to 
slide so that the rotor can be disengaged and run 
free after the desired speed has been reached. As 
the sensitiveness of the machine depends upon the 
flexibility of the reeds, and these, in turn, must be 
proportioned to the weight they support, four sets 
of them are provided to cover a range of from 1 to 
10 tons weight of rotor and to give critical speeds 





variable from 200 r.p.m. to 500 r.p.m. 





A test is carried out by running the rotor above 
the critical speed with both bearings rigidly locked. 
After disconnecting the driving motor, one of the 
bearings is permitted to move transversely, under 
the influence of the unbalanced rotating force, by 
withdrawing the side stops. These stops are 
actuated by the hand-wheel and chain drive seen 
in the centre of the figure. The amplitude of 
movement of the free bearing is traced on an enlarged 
scale by the autographic recorder visible above the 
side stops. A small balance-weight, seen at the 
top of the first disc in the figure, is attached, and 
the reading is taken while the rotor runs down to 
below the critical speed. This operation is repeated 
with the balance weight in each of eight points 
equally spaced round the circumference. The chart 
from the recorder will show at which of these points 
there is least amplitude of vibration, and it is at 
this point that any permanent balance-weights 
should be added. A similar set of readings is then 
taken with the first bearing locked and the other 
bearing free. The primary balance at either end 
being thus determined, a series of runs is made with 
both ends free in order to make the final adjust- 
ment. As a measure of the accurate results attain- 
able, it may be noted that the machine enables an 
out-of-balance condition equal to less than } oz. 
at a radius of 18 in. to be detected on a rotor 
weighing 30 cwt. 

The centre section of the west side has a group of 
horizontal boring machines, one of which has 
already been referred to under Fig. 94 when com- 
menting on the use of portable drills. This figure, 
however, shows very well the normal functions of 
the machine, which are those of facing or boring 
large castings, both of which operations can be 
carried on simultaneously. The boring bar is 10 ft. 
long and is driven independently of the facing head, 
which is 6 ft. in diameter. The facing head is 
provided with a slide having an automatic feed, 
so that the radial speed of the cutting tool is main- 
tained at a uniform rate as the radius is altered. 
The slide is adapted for the use of snout facing tools, 
the largest of which has an overhang of 18 in., 
and can face up to a maximum of 9 ft. in diameter 
without extension tools. The work is carried on 
a turntable attached to a main work-table having 
a traverse of 10 ft. across the machine and of 13 ft. 
along the machine so that a very extended range 
of action is obtained. For work such as condenser 
shells with numerous small facings set round the 
casting, the machining of these facings can be 
quickly and cheaply performed by milling, as they 
can be readily brought to the cutting tool by 
rotating the work-table. A machine of such 
dimensions and capacity would clearly be very 
difficult for the operator to control were it not 
electrically driven, two motors of 30 h.p. and 
15 h.p. respectively being employed. The method 
of control enables the machine to be stopped or 
started and the speed to be regulated, from the 
point at which the work is actually being done, 
a portable push-button panel, which is seen hanging 
on the platform hand-rail to the left of the figure, 
being provided for this purpose. 

Before passing on to the erection sections, a brief 
reference may be made to the aisle in which the 
lighter parts, such as pedestals, bearings, steam 
chests, governors, coolers, feed heaters, air ejectors, 
and rotary air and extraction pumps are finished. 
This is a continuation of that part of “C” aisle 
in which diaphragm assembly is carried out, and 
extends the full length of the shop, while it widens 
out at the south end, as shown in Fig. 90. The 
machines may be said to be more remarkable for 
their number than for any peculiarities in size and 
type, as all the machines usually employed in such 
work are to be found there. A view of a part of this 
aisle is given in Fig. 104, on Plate LXIX and attention 
may be here drawn to the construction of the roof. 
This is formed by the floor of the gallery above, and, 
apart from the deep girders spanning the shop, it 
will be noticed that there is nothing in the nature 
of rafters, the reason being that the floor itself is 
composed of planks 10 in. by 2 in. set on edge 
and spiked to each other so as to form practically a 
solid floor. A light plank covering is laid above 
this. This is the method of flooring adopted 





in all the galleries to provide a sufficiently strong 
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structure tor the numerous, and often heavy, 
machines they carry. 

To return to the main aisle, the remaining 
machines in the section containing the horizontal 
boring mill may be passed over without comment 
and from Fig. 90, it will be seen that the space 
between the last of them and the south crossing of 


surface, with its equipment 
of pumps, &c., is shown in 
Fig. 100, on Plate LXVIII. 
The pumps are all coupled in 
line and are direct driven by 
the squirrel cage alternating- 
current motor at the right 





Fic. 106. 











aisle ‘‘ B”’ is allocated to the water testing of the | hand of the figure. <A cen- of t 
large castings. On the opposite, or east side of the | trifugal circulating pump ven 
aisle are two other floors set apart for erection, and in | adjoins the motor, and then a fil 
Fig. 99, on Plate LX VIII, is shown a portion of the | comes the rotary air pump. nat 
floor used for the building of condensers for turbine | This functions by entraining thre 
installations. The heavy ring in the foreground is|the air between successive syst 
the water box for the condenser in course of erec- | sheets of water which act as air- 
tion in the background, which has a cooling surface | pistons to force it through beir 
of 53,000 sq. ft. The completely-erected condenser | the ejector tube conspicuous ven: 
towards the right of the figure has a surface of| in the centre of the figure. free 
43,000 sq. ft., and is prepared for a water test, as This tube is coupled to the av 
the flat plate, reinforced by numerous * H_” section | sealing tank shown on the The 
beams, closing the exhaust inlet, indicates. Both left, to which the suction is stru 
these condensers are of the Metropolitan-Vickers also connected, the circuit the | 
central flow type, which is illustrated more clearly being a closed one. There tube 
in Fig. 105, above. This shows a part of the shell | are no valves or other wear- are | 
of a condenser of 13,100 sq. ft. cooling surface. A ing parts, andininstallations are { 
prominent feature is the air extraction system, running on a high vacuum, diat 
whereby the air is withdrawn from the centre of the efficiency is high, and for t 
the nest of tubes through the air cooler to the the pump even more eco- T 
perforated horizontal air extraction pipe with its nomical to run than the out 
vertical outlet through the shell, the whole being) perhaps more popularsteam- mod 
covered in with baffle plates. The arrangement of | operated air ejector. The thes 
tubes can be seen in the supporting diaphragm plate | last pump of the shaft is a arral 
in the background, ‘They are, of course, omitted | rotary high-lift condensate steal 
in way of the air removal baffle plates, and are extraction pump. In the set, 
arranged eccentrically to the shell, leaving a space | larger sizes, the casing is split thirc 
having a crescentic cross section. This arrange-| horizontally, and both suc- page 
ment, together with the arrangement of the air) tion and discharge branches heat, 
baffles, provides the efficient de-aerating property | are arranged on the lower auto 
and the high rate of heat transmission which are | half. The air-freeing cham- : loade 
valuable features of this type of condenser. bers on the suction side are ENGINEERS figur 

Apart from the erection of parts of heavy castings, connected to the air pump, for d 
the erection floors are used for the assembly of | and this device, combined Fie. 107. Pusu-Burron ContRoLs ON Rap1aL DRILL. a tri 
complete units, a practice invariably carried out| with the pressure sealing in th 
with machinery for export and largely with that} chambers around the shaft, keep the condensate In the centre of the figure is seen the air cooler close 
for the home market. An example of such assembly, | free from oxygen and therefore suitable for boiler |in its correct relative position to the other under- ~~ 

n 


consisting of a small condenser, of 1,860 sq. ft.' feed on a closed system. 


ground, i.e., condensing, plant. This is a feature 
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Fie. 108. 


GENERAL VIEW OF TURBINE ERECTION SECTION 


» LOOKING SoutTH. 


getting into the turbine. The particular set shown | of which expedients involve high running stresses. 


. 7 . «x | 
of the Metropolitan-Vickers system of closed circuit | 
ventilating for turbo-alternators. Instead of using | in the figure is operated by steam bled from the 
a filter, which is not always satisfactory, the alter-| turbine. The heaters are suitable for operation 


| One example of a rotor for multi-exhaust blading is 


shown in Fig. 48, Plate XVII ante. In the second 





nator is carefully cased in, and clean air is circulated |on the boiler side of a 450 1b. per square inch 
through it constantly. The air is kept cool by the 
system of gilled tubes previously referred to as the 


air-cooler, through which water is circulated, care | 
being taken to prevent moisture leaking into the | 


ventilating circuit. The alternator is thus kept 
free from dust, and the closed circuit only gives 
a very limited supply of oxygen in case of fire. 
The tubes are ? in. in diameter, and upon them are 
strung very closely-pitched tight-fitting copper gills, 
the gills being, further, metallically connected to the 
tubes. 
are assembled between tube plates, into which they 
are fitted with ordinary condenser packing. Imme- 
diately below the air cooler are seen the twin strainers 
for the water supply to it. 

Two more examples of assembly erection carried 
out in this area may be illustrated as showing 


modern practice in auxiliary plant. The first of | 


these, Fig. 101, on Plate LX VIII, shows a compact 
arrangement of the firm’s central-flow, two-stage, 
steam-operated air ejectors for a 25,000-kw. turbine 
set, 
third unit is provided as a stand-by. Fig. 106, on 
page 658, illustrates a pair of high-pressure feed 


heaters, with a common valve chest containing the | 


automatic inlet valves, non-return valves, and spring- 
loaded by-pass. The apparatus at the bottom of the 
figure consists of float traps between the heaters 
for dealing with the drain. These are equipped with 
a trip gear that operates the automatic inlet valve 
in the event of a burst tube. The inlet valve is 
closed when the emergency trip operates and the 
boiler feed passes through the spring-loaded by-pass 
and thus short-circuits the heaters. In this manner 
water is prevented rising up in the heaters and 


After hydraulic testing, the completed tubes | 


Two of the units are for full-load service, the | 


last wheel of this rotor the blades are divided across 
pressure system, and are capable of increasing | their length by a ring, which runs opposite to a 
100,000 Ib. of condensate per hour by a temperature | port division in special diaphragms between the 
rise of 140 deg. F. }end rings. The net result is that a part of the 
On the west side of the aisle, south of the south | steam passing through the outer annulus is ex- 
crossing, is the turbine erection bed, of which a| panded to condenser pressure, while the remaining 
view shown in Fig. 108, above. The work!steam passes through the inner annulus, to a 
appearing in the illustration is, commencing in the | diaphragm in which it also is expanded finally to 
foreground of the figure and following the left-hand | condenser pressure for the full length of the blades 
railway line, a nearly completed turbine of 3,000 kw. ; | in the last wheel. In other cases than that shown 
the bottom castings of three others of 10,000 kw.,| in the figure referred to, this steam from the inner 
12,500 kw., and 12,500 kw. respectively ; and two| annulus may pass to an intermediate diaphragm 
sets nearly finished, of 18,750 kw. and 20,000 kw. | in which a further subdivision occurs, the number of 
respectively. Nearer the gallery at the right-hand | exhaust stages being varied according to the 
side of the figure is a large set of 45,000 kw., and | particular conditions under which the turbine is 
In Fig. 48 it will be seen that the blades 


behind and at right angles to it a set of 5,600-kw. | to work. 

capacity. With the exception of the 45,000-kw. | of the last wheel are not subdivided, and the virtual 

set, which runs at 1,500 r.p.m., these are all designed | blade length is, accordingly, that of the blade of 

| for a speed of 3,000 r.p.m. It is not, however, the | the last wheel plus the outer portion of the preceding 
The factor of safety in large turbines 


is 


invariable practice to erect all turbines on this site ; | wheel. 

a good deal, for example, may depend upon the} constructed on the multi-exhaust system is equal 

state of progress of the generators they are to drive, | to, or even higher than, that in small ones of the 

and frequently enough the complete machine is | usual type. 

erected on the adjoining turbine test bed. Fig. 102, | 

on Plate LXVIII, shows a machine so completed | 

| and on the test bed with all its auxiliaries awaiting | 

|test. This set is 35,000 kw., 1,500 r.p.m. 

| os 1 hi t is 35,00( kw 1,500 P — launch took place on March 28, from the yard of Messrs. 
eferring to the various turbines shown in the| Napier and Miller, Limited, Old Kilpatrick, of the steel- 

last two and other figures, some differences in outline | screw cargo steamer Antigone, which is being built to 

may be noticed, and it may, accordingly, be pointed | the order pve New Pag pao Levant ; iy 

| : Eee pee pate Company, of London. She is of the shelter-deck type, 

| out that, while all the turbines manufactured PY | and is built to comply with Lloyd’s highest class with 

the firm are of the impulse type, a large number | the following dimensions :—Length, 400 ft.; breadth, 

|are constructed with the Bauman system of multi-| 54 ft.; and depth, 36 ft. 8 in.; the gross tonnage is 

| exhaust blading, an arrangement permitting large about 4,550 tons, and the deadweight 8,370 tons. Pro- 

| out t t hi i speeds without the use Pay te oa pelling machinery of 2,500 I.H.P. is being installed by 

outputs at high speeds w 

| of excessive lengths or discs of large diameter, both | Greenock. 


(To be continued.) 
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THE TRENTON CHANNEL STATION | spacing, centre to centre in the upper part, being| The turbine exhaust flange connection has a clear 
OF THE DETROIT EDISON COMPANY. | 2bout 4 in., while towards the bottom it is 1} in. | opening of 12 ft. 1} in. by 17 ft. 10} in. The con- 
(Continued from nage 630.) | centre tocentre. On the left-hand side, as shown in | densing water is admitted through two 48-in. dia- 
F ‘ | Fig. 115, steam is allowed to pass down the crescent- | meter inlets in one quadrant, and is divided and 
CONDENSER ARRANGEMENTS. | shaped space outside the tubes, to the bottom of the | directed upwards by diaphragms, so that the flow 
Tue general plan, Fig. 112, shows the arrange- | condenser, in order to prevent the condensate becom- | of cold water is towards the shell top where the tubes 
ment of the ground floor of the turbine house for | ing chilled in the cold months. This supply of steam | are widest apart and the steam hottest. The inlet 
the first three sets. The rest of the station follows | is regulated bya damper, shown in the left bottom | water-head is tapered. The outlet is 2 ft. 6 in. 
similar lines, but with certain alterations made | quadrant, and adjusted by a screwed stem and wheel | by 12 ft. The outlet head is furnished with a weir, 
necessary by modifications of plant. The main| outside the shell. A further adjustable damper is | and with two sets of gates worked by outside levers, 
condensers are arranged, under the main units, | hinged across the vertical axis of the condenser, | so that the flow through any part may be regulated 
between which are wells, and the main circulating | to deflect the steam among the tubes, and prevent | with a view to economy in winter. The hot-well 
pumps and motors are placed between the sets at | it finding its way direct to the bottom, along the|is large and is furnished with two 12-in. suction 
these points. The rest of the auxiliary plant is| centre lane in the tubes. Another baffle is carried | connections. The condenser is carried on four nests 
placed parallel with the circulating pumps, and on | vertically up the longitudinal axis of the condenser, | of eight helical springs, with eerie eapne =. 
the ground floor, on the side towards the boiler | from a point some distance off the bottom, and is| The condensers of the more recent units are il us- 
house. then bent at 45 deg. towards the shell on the right | trated by Figs. 117 to 120, on page 661. These have 
Two types of condensers have been installed for|side. The back of this baffle is fitted with angle | the same general shape and dimensions as the earlier 
the main units. In ail cases, they have been | irons, to cascade any condensate falling on it, to free| units, but the tube and _hot-well —— 
supplied by the Worthington Pump and Machinery | it of vapour. are quite different, as are also the water-heads. - 
Corporation. Units 1 to 3 are furnished with con-| A second baffle starting at the shell some 3 ft.| tube arrangement is shown in Fig. 119. The ee ie 
densers of the type shown in Figs. 113 to 115, on| below the tube plate centre line, is carried up close | diameter and length are as before, but the Boop : = 
page 670, and the illustration, Fig. 116, showing the | to the outside tubes, being then bent over towards | plates and shell are concentric. There are : se Th 
tube plate during tubing. These condensers have| the 45 deg. baffle just described. A 14-in. slot | tubes in these condensers, giving cooling surface = 
in two cases, 7,614 tubes and about 47,300 sq. ft.| is left between the two. The 16-in. air pump con-/ amounting to 51,866 sq. ft. These figures h we on 
of surface, but in the third these are increased | nection is in the crescent-shaped space thus formed, | slightly in the different units, owing to men a 
somewhat. The tubes are all 1 in. in outside| and this space acts as an equalising chamber for | modifications in the steam lanes. The = ia 
diameter and 24 ft. long, of Admiralty bronze.|the pump. The tube space below the 45 deg. baffle | arranged symetrically about the. vertical centre — the 
The condenser shell is circular, as are also the|is air cooling space, to reduce the volume of air|in a series of large groups, sub-divided into _— : rs 
tube plates, the latter being set in the lower part| to be handled by the pump. An emergency free | bundles by baffles. The main groups are a : " aa 
of the shell. They are of the single-pass type.| exhaust connection, 2 ft. 6 in. by 6 ft. inside, is| by larger wedge shaped spaces, and . . rea thr 
The tubes are set in expanding rows, the| situated above the air pump connection. |deflect the steam through the sub-division 
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downwards towards the interior of each main group 


where there is again an open leg fitted with baffles. 

The tubes in the bottom 90 deg., i.e., 45 deg. on 

each side of the centre line, are baffled off from the 

remainder, and, as before described, constitute an 

air cooler. The air and vapour pass into this and 

“9 towards a longitudinal pipe, placed just below 
cet 


vo Pl itral axis of the condenser and perforated 
inderneath, This is the air pump collector, and 
Mkts connection with the 16-in. suction pipe, 

Tough the inlet water-head. The inlet water-head 
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Fig.118. 
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Fie. 120. Tussr-PLate 


is parallel in this design, instead of tapered, and the 
two condensing water inlets enter in a horizontal 
line, one on each side, the two streams meeting in 
the centre and rising into the shell. 

The hot-well has been made separate from the 
condenser altogether in units Nos. 4 and 5, 
in order to secure still greater capacity than was 
provided in the earlier units. Water flows into 
the hot-well through a 16-in. connection on a 
deep pocket in the bottom of the middle part of 
the shell. This pocket is furnished with a raised 
rim and a raised cover plate. In the latter is 


a vent pipe extending upwards into the air cooling 
space. 


Any air or vapour freed from the water in 











For No. 4 Set CONDENSER. 


the pocket can escape by this pipe, and rises to the 
main air pump collector. Further, a vent from the 
hot-well is brought into the condenser to dispose of 
any vapour found in it, in a like manner. The 
new design of condenser is found to give about 0:1 in. 
better vacuum than the old. 

In both sets of drawings the connection may be 
noted in the inlet head, for the generator air cooler 
supply, referred to in an earlier article (page 606, ante). 

The condensers for the direct-current house 
generators are also placed immediately below their 
turbines. Those which are provided for the 
house-alternator sets, are of standard design, and 
require no description. The direct-current sets 
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have condensers of 7,500 sq. ft. of surface, with 
circular shells, the exhaust steam inlet being 66 in. 
in diameter. The water inlet and discharge are 
both 24 in. in diameter, the hot-well suction 6 in. 
in diameter, and the air-pump connection 8 in. in 
diameter. The condensers are of the two-pass type | 
with circulating water inlet and discharge in the 
same water head. These condensers are carried on 
springs. The 2,000 kw. alternating-current set con- 
densers have each 4,100 sq. ft. of surface. The | 

| 


exhaust opening in this case is 52 in. and the circu- 
lating water inlet and discharge 18 in., the other 
connections being as in the direct-current sets dealt | 
with above. 

The condensate is handled at Trenton Channel | 
in a rather unusual manner, the company having | 
adopted for this a combination set of hot-well and 
boiler feed pumps, as the result of its experience at 
previous plants. This combination was first tried | 
at Delray in 1912, but run by alternating-current | 
motors. In the Trenton Channel plant the subject 
has been carried rather further. The machines for 
the first three main units installed there constituted 
a mechanical combination of direct-current motor or 
turbine, driving direct a boiler feed pump, and from 
an extension of the pump shaft, a hot-well pump. 
In the later units, Nos. 4 and 5, this mechanical 
combination has been abandoned in favour of an 
electrical one. The sets for the first three units were | 
furnished by the De Laval Steam Turbine Company. 
There are two sets for each main generating unit, | 
and in each case one is motor-driven and the other 
operated by a steam turbine. In all these cases the | 
boiler feed pumps are six stage centrifugals, of | 
1,300 gallons per minute capacity, against a total 
of 1,090 ft. head. The hot-well pumps are single 
stage centrifugals of 1,500 gallons per minute 
capacity. The boiler feed pumps have suction and 
delivery connections 8 in. in diameter, and the 
hot-well pumps connections for 12-in. piping. The 
speed is from 1,200 r.p.m. to 1,000 r.p.m., the drive 
in three cases being by a 700-h.p. Westinghouse 
motor on the 240-volt direct-current supply, and, 
in the other three, by a single stage De Laval steam | 
turbine. Normally, the motor-driven set is used, 
the steam set of a pair being held in reserve for 
emergency use. <A pair of these earlier sets is 
shown in Fig. 121, while Figs. 122 and 125 illustrate 
the later arrangement. The mechanical combina- 
tion above referred to has not proved altogether 
satisfactory owing to the fact that the necessarily 
high speed of the boiler feed unit is not suitable 
for the hot well pump. For this reason the boiler 
feed pump (of seven stages) is now driven by a 
700-h.p. direct-current motor (or a steam turbine) 
as before, but the hot-well pump on the shaft exten- 
sion is replaced by an alternator of 125 kv.-a. | 
capacity and generating current at 220 volts, 60- 
cycles, 3-phase. This combination is illustrated in 
Figs. 122, 123 and 124. In the illustration, Fig. 122, | 
the small exciting machine will be recognised on | 
the near end of the alternator, the set illustrated in | 
this figure being one of the turbine-driven com- 
binations. The current so generated is supplied to a 
100-h.p. squirrel cage induction motor, designed for 
a synchronous speed of 900 r.p.m. and this is 
coupled direct to an 8-in. three-stage centrifugal 
hot-well pump, of the same capacity as formerly. 
The drawing reproduced in Fig. 127 shows the hot- | 
well pump and motor, while one of the duplicate | 
sets may be seen in the view reproduced in Fig. 125, 
as already noted. 

As in the earlier arrangement, there is one of 
these motor-driven boiler feed pumps to each main 
unit and one steam-driven boiler feed pump held as 
reserve ; for units Nos. 4 and 5 the latter are driven 
by single stage turbines by the Terry Steam Turbine 
Company. For unit No. 6 a De Laval turbine will 
be used. These turbines are of 725 h.p. and run at 
1,730 r.p.m. Fig. 125 shows the two hot-well pumps 
of No. 4 unit, corresponding to the boiler feed-motor 
generator sets shown in Fig. 122. When the boiler 
feed pump is run at 1,200 r.p.m. (full capacity), 
the hot-well pump motor runs at 870 r.p.m. When 
the boiler feed pump is slowed down, the frequency 
of the alternating-current generator falls, and when 
the boiler feed pump is running at only 1,000 r.p.m. 
the generator frequency will be reduced to 50 cycles. 
With this current the hoi-well pump motor will run 
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Fic. 121. Comspinep Hotwertt AnD Borwer FEED Pump; No. 3 Set. 
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Fie. 122. Bomer Freep Pump anp A.C. GENERATOR; No. 4 SET. 


at only 720 r.p.m. The later arrangement allows 
greater latitude in lay-out, and enables the hot-well 
pumps to be placed close to the condensers, as well 
as permitting of a more suitable lay-out from the 
point of view of overhaul. In the later units, the 
seven-stage boiler feed pumps have 8-in. suction 
and 6-in. delivery connections, while the three-stage 
hot-well pumps have a 14-in. suction and 8-in. 
discharge. 

The turbines for these pumps are arranged to 
start up as quickly as an electric motor. They 
are provided with automatic relief valves, which, 
when starting up, open the exhaust to atmosphere. 
After starting up, the operator opens a connection 
to the main condenser. This causes the relief valve 





to close automatically and the turbine exhausts 
into the condenser, with the object of economising 
steam. 

For the auxiliary systems, in the case of the 
A.C. system it has already been stated that the 
hot-well pumps are among the auxiliaries coupled 
direct to the generator terminals. These pumps have 
a capacity of 80 gallons per minute and are driven by 
15-h.p. motors at 1,800 r.p.m. The direct-current 
machine hot-well pumps are two-stage centrifugals 
of 150 gallons per minute, driven by 30-h.p. direct- 
current motors with a range of speed from 1,200 
to 1,600 r.p.m., one being provided for each con- 
denser. 

The air-vapour is withdrawn from the condensers, 
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Fic. 125. Syncuronous Motor-Driven HotTweEt Pumps ; No. 4 Set. Fig. 126. VeErticaL Dry-Vacuum Pump. 


the cylinder and valve arrangements are shown in 


2- 55/16" Figs. 128 to 130 on page 664. The machines are 
: known as Laidlaw—Dunn-Gordon dry-vacuum 
7- -The- pumps. They are fitted with valves of the Laidlaw 


feather type, consisting of series of thin strips of 
spring steel carried in cages, onthe method previously 
described in our columns and familiar to our readers. 
Suction valves are arranged in the top head, which 
is in communication by a 16-in. pipe with the 
condenser, and in the piston, discharge valves 
being fitted in the bottom head, which has an 8-in. 
outlet to atmosphere. In operation, assuming the 
piston to be on the top dead centre, as it is moved 
downwards air is drawn from the condenser into 
the cylinder. On the upward return stroke this 
air is passed through the valves in the piston, to 
the lower part of the cylinder, to be discharged on 
the next downward stroke, while more is drawn in 
on the upper side of the piston. The pumps are 
water-jacketed and have jacket-inlet and outlet 
connections of 1} in. and 2 in. diameter respectively. 
oe P ; oe ; : ee ; Operating with the condensers on a 29-in. vacuum 

the case of the main units, by vertical single-acting | have cylinders 33 in. in diameter, with a stroke of| and 60 deg. F. circulating-water temperature, the 

y vacuum pumps, constructed by the Worthington] 18in. They are single-crank motor-driven machines pumps have a capacity of 9-4 cub. ft. of free 

mp and Machinery Company. These machines| of the general type shown in Fig. 126. Details of|air per minute. One pump is furnished for each 
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current motor on the 240-volt supply, running 
at from 120 to 60 r.p.m. Between the two parts 
of the set is mounted a flywheel 7 ft. in diameter 
with 8-in. rim. The Detroit-Edison Company con- 
siders this an excellent type of machine for this 
work, giving very little trouble, and for its capacity, 
occupying very little floor space, in addition to 
which the sets can be so located that the suction 
is at a convenient height and requires only a short 
connection to the condenser. The floor-space 
occupied is about 10 ft. 9 in. by 7 ft. 

In the case of the direct-current auxiliary sets, 
dry vacuum reciprocating pumps are also employed, 
but of the horizontal type. These are located di- 
rectly under their sets. They are also single-acting 
with a single cylinder 21 in. in diameter, and stroke 
of 14in. They are driven by direct-connected motors 
of 25-h.p. on the direct-current supply. These 
machines are also of the feather-valve type, by the 
Worthington Pump and Machinery Corporation. 
For the 2,000-kw. alternating-current auxiliary sets, 
the vacuum pumps employed are of the vacuum jet 
type by the Worthington Company, the supply 
pumps for these appliances having each a capacity 
of 1,000 galls. per minute. These pumps are driven 
by 25-h.p. motors on 220-volt supply, and running 
at 1,200 r.p.m. As already pointed out, the current 
for these pumps and other alternating-current 
generator auxiliaries is taken from a transformer 
coupled direct to the generator terminals, so that 
the pumps, &c., start up automatically on the start- 
ing of the generator. These arrangements of the 
alternating-current unit auxiliaries have been made 
with a view to simplification even at some added 
risk. It was pointed out in a previous article that 
it was felt that in the alternating-current auxiliary 
system such risk might be safely taken. 


(To be continued.) 








ELECTRIC LOCOMOTIVES FOR 
OPERATING ON THREE VOLTAGES. 


THE conditions existing on the Sacramento-Northern 
Railroad, in California, where the electrically operated 
sections are supplied from trolley wires at 1,500 volts 
and 1,200 volts and from a third rail at 600 volts, 
respectively, have led to the design of two 68-ton 
locomotives, which are capable of being worked 
on all these systems. The locomotives are fitted 
with four motors, and give their full speed, of 35 
m.p.h., on all three pressures. In order to obtain 
this speed and the specified acceleration, the motors 
are arranged so that they can be connected in series, 
series-parallel, or parallel, but the latter combina- 
tion is not used on either the 1,200 volt or the 1,500 
volt circuits. The motors are arranged for both 
full and “short” field operation, the change over 
being effected by means of a group of cam-operated 
switches, which are electro-pneumatically controlled. 
A current-limit relay and suitable control circuits 
ensure that the short-field connection is only used, 
whatever the position of the master controller, when 
the current taken by the motors is below a pre-deter- 
mined value, thus reducing the load on the power 
system when the locomotive is exerting a large tractive 
force. Once the short field has been switched in, 
however, it remain; in circuit until the master con- 
troller is moved to a full field position. 

The master-controller has 27 running notches, an 
“off” position, and two “transition” spaces. In 
addition to the usual interlocking arrangements, a 
special device prevents the motors from being connected 
in full parallel when the higher voltages are being 
used. Selective relays are provided so that the change 
over from one system to another is made automatically. 
Where the change over is simply from the trolley wire 
to third rail, or vice versa atthe same voltage, no dead 
section is necessary between the two, provided the two 
supply circuits are inter-connected. A dead section, 
over which the locomotive must coast, is, however, 
always interposed between two sections which are 
being operated at different voltages. 

The equipment for changing over from trolley to 
collecting shoe supply, or vice versa, consists of two 
relays, an electro-pneumatic change-over drum, and a 
set of switches. The relays are connected in the trolley 
and shoe circuits, respectively, and so long as both are 
energised or de-energised, the system is stable. If one 
relay is energised while the other remains dé-energised, 
the change-over drum is moved pneumatically in the 
appropriate direction. This drum carries contacts for 
connecting the auxiliary apparatus to the trolley or 
shoe circuits, respectively, and interlocking contacts 
which close the control circuits, thus operating the 
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switches which connect the main motors to thejtrolley 
or shoe circuits. 

The equipment for changing over from one voltage to 
another consists of a high and low voltage relay, a drum- 
type switch, which alters the circuits of the double 
voltage compressor motors, &c., to correspond with 
the voltage in use, and a push button at each driver’s 
position. The electro-magnetic valves on the servo- 
motor, which operates the change-over drum, are so 
arranged that when their coils are de-energised the 
drum moves automatically to the high-voltage position. 
The contact on the low-voltage relay is closed when the 
relay is energised, while the contact on the high voltage 
is closed when the relay is de-energised. The former 
relay is set so that it lifts at 300 volts and drops at 
200 volts, while the latter drops at the same voltage, 
but lifts at 750 volts. The contacts on these two relays, 
the two coils on the change-over drum, and the push 
button, are connected in series. 

When the locomotive is running on 600 volts, the 
low-voltage relay is closed, the high-voltage relay open, 
and the change-over drum is in the 600-volt position. 
On reaching a dead section, the low-voltage relay opens 
and the change-over drum moves over to the 1,200-volt 
and 1,500 volt position, since'the electro-magnetic valves 
operating it are de-energised. When the locomotive 
enters the high-voltage section, both relays close, since 
the voltage is above 750 volts. If the line voltage fails 
at any time, the change-over drum is moved to the 
high-voltage position in the same way, if it is not 
already in that position, thus ensuring the safety of the 
equipment. 

If for any reason the line voltage falls below 200 volts, 
both relays will open, and if the locomotive has been 
operating on 600 volts the change-over switch will again 
move to its high-voltage position. If the line voltage 
falls from 1,200 or 1,500 volts to zero and then rises to 
between 300 and 750 volts, the low-voltage relay closes, 
but the change-over drum is prevented from moving 
to its low-voltage position by the push-button 
switch in the driver’s compartment, which keeps the 
electro-magnetic valves operating that drum open. It 
is thus impossible for the low-voltage connections to be 
established, while the locomotive is in a high-voltage 
section on which the voltage is more than a certain 
amount below normal. 

When the locomotive is running on 1,200 or 1,500 
volts and reaches a dead section, both relays open, but, 
for the reason mentioned above, the change-over switch 
does not move. On passing on to the low-voltage 





section, the low-voltage relay closes, but the change-over 





Switch does not operate until the ‘driver presses the 
push button completing the circuit. After this has 
been done, the change-over switch is retained in the 
low-voltage position pneumatically as long as the low- 
voltage relay is energised and the high-voltage relay 
remains open. 

A voltage relay inserts resistance in the circuit of 
the compressor motor when the locomotive is operating 
on 1,500 volts, but the main motors are designed to run 
in series on either 1,200 volts or 1,500 volts. The 
overload relay, with which each of the motors is 
fitted, first inserts resistance in the circuit to reduce 
the current and then opens the circuit. 

Each main motor is equipped with a contact therm- 
ometer, which is sealed in a brass tube. This tube is 
carried in a copper cell, which in turn is embedded in the 
field winding. These thermometers are connected to & 
relay by means of which the circuit is opened when the 
motor exceeds a pre-determined temperature. In 
cases of emergency, these relays can be cut out. Therm- 
ometers are also provided for continuously indicating 
the temperature of the motors. . 

The mechanical portion of these locomotives consists 
of two four-wheel swivel trucks and a steeple type 
cab, which contains the auxiliary electrical equipment 
and the compressors, as well as two driver's positions. 
The main air reservoir, brake cylinder and brake 
rigging are carried beneath the cab, while there are 
two other reservoirs on the roof, as well as a pantograph 
and pantograph switch. The length over the coupling 
knuckles is 37 ft. 114 in., the height over the panto- 
graph (down) is 16 ft. 0} in. and the height of the 
drawbar is 344 in. The total wheel base is 26 ft. and the 
wheel diameter 36 in. The gear ratio is 18 : 68. 
The maximum tractive effort is 45,300 Ib. at 33} 
per cent. adhesion. ; 

The mechanical parts for the locomotives were con- 
structed at the Baldwin Locomotive Works, Phila- 
delphia, while the electrical equipment was supplied 
by the Westinghouse Electric and Manufacturing Vom- 
pany, of East Pittsburgh. 








Launon or THE 8.8. “ Apure.”—A similar vessel to 
the Catatumbo, which was recently handed over to her 
owners, the Venezuela Gulf Oil Company, was launched 
on April 18, from the Hebburn Shipyard of ._* 
Palmers Shipbuilding and Iron Company, Limited. The 
new vessel, which has been named Apure, is & twin-screw 
oil-tank steamer, constructed on the Isherwood bracket- 
less system, and is to be fitted with triple-expansion 
engines made by Messrs. Palmers at their Jarrow Engine 
Works. 
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LABOUR NOTES. 


Tue decision of the Amalgamated Engineering 
Union’s National Committee to “recognise” piece- 
work and seek a national agreement on the subject 
with the Engineering and Allied Employers’ National 
Federation comes a little late in the day, but if it 
silences the academic, as distinct from the practical, 
objections to the principle of paynient by results, it 
will, nevertheless, serve a very useful purpose. 
Obviously, it will not be easy for either side to adjust 
the terms of a satisfactory agreement. Some of the 
difficulties are foreshadowed in Mr. Allison’s resolution 
as it appeared in the agenda for the Southport meeting. 
According to the newspapers, he merely moved that, as 
75 per cent. of the membership was working some 
system of payment by results, the Union should recog- 
nise the system and negotiate for a national agreement 
of control. 





In the resolution, as originally framed, it was added 
that application should be made for a consolidation 
of bonus and basis rate to be the rate on which piece 
times or prices are fixed. Moreover, the resolution 
proceeded: “‘ A substantial increase in wages, not less 
than 33 per cent. on the consolidated rate [should], 
be asked on behalf of those men who, by nature of 
their work, are not on any system of payment by results, 
with a view to bringing their wages to compare with the 
earnings of the pieceworker.” Apparently, the 
Executive Council, in their approach to the employers, 
are to be left with a freer hand than these proposals 
imply, but the proposals, nevertheless, indicate how 
the wind may blow. A questionnaire is to be circu- 
lated in order to elicit information about systems of 
payment by results in operation. The answers 
obtained may be helpful to the Executive in their 
negotiations with the employers, but the fact need not 
be ignored that a quite sufficient volume of experience 
of various systems in operation is already available 
to them. 





A resolution—for which the London Divisions were 
responsible—to the effect that a ballot vote should be 
taken with the object of ascertaining the views of the 
members on the question of continuing or discontinu- 
ing the York Memorandum, was heavily defeated. 
The objection of Labour’s extremists to the York 
Memorandum has never been easy to understand, as 
that document merely prescribes the procedure that 
has to be followed when a difference arises between 
workmen and their employers. Its most oppressive 
provision, from the point of view of extremists, is 
this :—‘* Until the procedure provided above has been 
carried through there shall be no stoppage of work 
either of a partial or general character.’’ The truth 
is, however, that it has never operated oppressively 
during the many years it has been in operation. On 
the contrary, with it functioning as a safeguard, the old 
Amalgamated Society of Engineers reached a very 
high state of prosperity, numerically and financially. 





A London resolution to the effect that district com- 
mittees should be given the right to make local applica- 
tions for wage advances was also lost, as was one 
instructing the Executive Council to negotiate for the 
conversion of the 10s. per week war bonus into wages. 
In the course of the discussion on the first of these 
proposals, Mr. Brownlie, the president, emphasised 
the value of national wage negotiations. The proposed 
meng would be, he declared, a fundamental, disastrous 

under. 





The following resolution was carried by 41 votes 
to 11:—‘* We recognise the es Union Congress 
and the Labour Party as the only national labour 
bodies entitled to our support, and we repudiate the 
attempts of hostile bodies to create dissension in our 
tanks. In particular, we denounce the attempts of 
the Communist Party and the National Minority 
Movement to form rival bodies to the Labour Party and 
the Trades Union Congress, and, by constant endeavour, 
to obstruct and frustrate the administration of Congress 
policy by the General Council. We announce our 
intention to do all in our power to defeat all disruptive 
tendencies within the Union, and call upon all our 
branches, districts, and national officials to co-operate 
in refusing to deal with the correspondence of these 
hostile bodies, and to refuse to tolerate all interference 
from them in any of the Union’s business. We authorise 
the executive to take such steps as may be appropriate 
within the meaning of the Union’s rules to give effect 
to the resolution.” 





Speaking in support of the foregoing resolution, Mr. 
Brownlie said that the methods of the Communist 
Party and the Minority Movement were unquestionably 
Ptive. Their tactics had been, in his opinion, 
argely responsible for the lock-out of 1922, which 


membership. The results of the recent elections of 
officers showed conclusively that the great majority 
of the members of the Union had no sympathy 
with either the Communist Party or the Minority 
Movement. : 





Alluding to the Mond conferences, in the course of 
his presidential address at Southport, Mr. Brownlie 
said :— 

‘““We have behind us many years of negotiation 
with the employers. We are experienced in collective 
bargaining. Arising out of the reiterated appeals of 
the Prime Minister ‘for peace in industry in our time, 
O Lord,’ conversations have been taking place between 
certain people gathered together by Sir Alfred Mond and 
a committee of the Trade Unions Congress. The 
executive of the Amalgamated Union has challenged 
the action of the trade union representatives in this 
matter, and your executive’s objection still holds good. 
The Mond discussions differ from collective bargaining 
in this respect, that while the trade union side repre- 
sents the Trade Unions Congress, the employers’ side 
represents no similar or any other organisation. The 
employers say they are there in their personal capacity. 
This implies that they do not even represent their own 
firms. It has been stated that the Mond discussions 
are not intended to interfere with the domestic discus- 
sions of any particular industry. For my part, a 
declaration of this kind carries no weight unless, of 
course, the discussions are confined to questions that 
do not affect any industry; and that is a ridiculous 
assumption.” 





“Your Executive,” Mr. Brownlie went on to say, 
“have questioned the right of the General Council to 
enter into conference on behalf of the trade unions, 
and to that decision it adheres. I recognise that it is 
not possible to prevent people assuming the right to 
discuss any subject, whether within their sphere or not, 
but I think the Executive Council and the great 
majority of the members of our union will support me 
when I say that we will not permit the trade union 
side of the engineering industry to be affected by 
any decisions which may be arrived at by outsiders.” 


The wider circulation which Sir George Hunter’s 
letter to the Prime Minister on the subject of unem- 
ployment is now receiving in its pamphlet form ought 
to serve the extremely useful purpose of guiding public 
opinion on a question whose intricacies baffle the man 
in the street. There is, for instance, point in the 
veteran shipbuilder’s warning that if nothing on a 
much wider and more far-reaching scale than has yet 
been attempted is done to provide training and work 
for our unemployed, a large number will become 
permanently unemployed. What the Government can 
do, and ought to do without delay, in defiance of all 
difficulties, is, Sir George declares, to provide emigra- 
tion for hundreds of thousands of the unskilled men 
and boys, who would require some training and the 
loan of capital, and to train others as bricklayers, 
plasterers, wood-workers, engineers, electricians, ship- 
builders, and for work on the land. No trade union, 
or narrow or selfish, interests should, in Sir George’s 
opinion, be allowed to delay such action. He believes 
it to be vital to the solution of the unemployment 
problem, and reckons that, whatever it costs, the 
money will be well spent. The cost of such a scheme 
would, of course, be heavy, and the effect on our 
unemployment expenditure would not be immediate. 
But, as we have suggested, a public, reasonably well- 
informed on the subject, might not shy at the prospect, 
especially in view of the fact that the ultimate benefit 
to British industry would be immense. 





At a conference in Nottingham last week-end, the 
National Foremen’s Association of the Engineering 
and Allied Trades decided to continue affiliation to 
the Trades Union Congress and the Engineering and 
Shipbuilding Trades Federation, but gave the executive 
power at their discretion to take a ballot of the members 
should anything arise whereby the existing under- 
standing with employers be challenged. The under- 
standing is that if any dispute arise between employers 
and employed the foremen shall remain at work and 
adopt a neutral attitude. 





By 12 votes to 11, the Governing Body of the Inter- 
national Labour Office, at a meeting in Geneva on 
Monday, rejected the proposal of Mr. Humbert Wolfe, 
the British Government representative, to apply forth- 
with to the Washington Hours Convention the proce- 
dure for the revision of conventions recently agreed to. 
According to The Times correspondent, Mr. Wolfe 
explained to the delegates that the effect of his proposal 
would be to cause the Governing Body to instruct the 
International Labour Office to prepare a report on the 


Governing Body would then decide whether, in the 
light of the report, revision was necessary. The 
British Government, it was added, had no wish to 
interfere, or intention of interfering, with the main 
principles of the Convention. The majority was 
composed of the workers’ group and six Government 
delegates, and the minority, of the employers’ group 
and five Government delegates. 





On the motion of Mr. J. T. Brownlie, secretary of the 
British Section and president of the Amalgamated 
Engineering Union, the Central Committee of the 
International Metalworkers’ Federation, at a meeting 
in London on Wednesday, passed the following resolu- 
tion :—‘‘ That this Central Committee of the Inter- 
national Metalworkers’ Federation, representing 
2,500,000 organised metalworkers, views with grave 
apprehension the attitude of certain Governments 
towards the ratification of the Washington Hours 
Convention. It deplores the suggestions made for a 
revision of the terms of the Draft Convention, and, 
in view of the imperative necessity of the application 
of the principles underlying the Convention, herewith 
calls upon the organised metalworkers of all countries 
to join in a united protest against the delay in ratifica- 
tion, and urges them immediately to press for legis- 
lation to ratify within their own country.” 





A conference on the subject of wages has taken place 
between representatives of the National Light Castings 
Tronfounders’ Federation and representatives of the 
Joint Committee of the unions having members 
employed in the industry. After discussing the reduc- 
tions suggested by the employers, the meeting was 
adjourned until June 28 in order to allow the union 
representatives to consult their constituents. The 
employers have proposed a reduction of 10s. per week 
from the money bonus of all piece-workers 21 years 
of age and over, with a proportionate reduction from 
that of piece-workers under 21 years of age, and, in 
the case of rain-water goods moulders, an additional 
reduction of the existing percentage bonuses of 224 per 
cent. and 17} per cent. to 10 per cent. in both classes. 
A reduction of 10 per cent. in the all-in wage is proposed 
in the case of all time-workers except labourers, and a 
flat reduction of 2s. 6d. per week in the bonus of all 
labourers. 





The Ministry of Labour states that on May 21, 1928, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,101,000, 
of whom 758,300 were wholly unemployed, 268,600 
were temporarily stopped, and 74,100 were persons 
normally in casual employment. Of the total number, 
892,900 were men, 30,900 boys, 149,800 women, and 
27,400 girls. The number of unemployed persons on 
May 14, 1928, was 1,118,390. Of these, 768,211 were 
wholly unemployed, 277,542 were temporarily stopped, 
and 72,637 were persons normally in casual employ- 
ment; 899,595 were men, 32,747 boys, 155,780 women, 
and 30,268 girls. On May 23, 1927, the number of 
unemployed persons was 978,176, of whom 786,263 
were men, 28,128 boys, 134,813 women, and 28,972 
girls. Pein 
At its annual meeting in Southampton, the Federa- 
tion of Engineering and Shipbuilding Trades had under 
consideration the wages problem affecting the member- 
ship in the shipbuilding industry. They regarded the 
offer of the employers as inadequate, but decided to 
await the final vote of the unions affiliated before 
taking any other steps in the matter. With regard 
to engineering wages and the application for 8s. per 
week and 15 per cent. on piece rates, the conference 
agreed to press that claim with all their energy, and 
to recommend to the next conference of the societies 
interested a forward policy. It was felt that many 
sections of the engineering industry could carry greater 
wage costs, although local movements were deprecated. 








THE CHEMICAL INDUSTRY CONFERENCE: ERRATUM.— 
The name Harper, in the second column of page 643 
of last week’s issue, third line from the bottom, is a 
regrettable, though obvious, misprint for Haber. 

Tue Institution or ELectricaAL ENGINEERS.—The 
council of the Institution have made the following award 
of premiums for papers read during the session 1927-28 
or accepted for publication :—The Institution Premium 
to Mr. F. H. Rosencrants; the Ayrton Premium to 
Mr. F. Lydall; the Fabric Premium to Mr. B. 8. Cohen ; 
the John Hopkinson Premium to Mr. D. B. Hoseason ; 
the Kelvin Premium to Messrs. T. N. Riley and T. R. 
Scott; the Paris Premium to Messrs. A. H. Law and 
J. P. Chittenden; extra premiums to Messrs. E. C. 
McKinnon, H. B. Poynder, T. H. Turney, and P. D. 
Morgan ; wireless premiums to Professor E. V. Appleton, 
Lieut.-Colonel A. G. Lee, Messrs. J. W. N. Cobbold, and 
A. E. Underdown ; and the Willans Premium to Lieut.- 
Colonel H. E. O’Brien. The awards for papers read 








cost the Union 1,000,000/., and led to a serious loss of 


working of the Hours Convention up till now. The 


before students’ sections will be announced later. 
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NOTES ON NEW BOOKS. 

A USEFUL series of notes on steam-turbine details has 
been issued by Messrs. Julius Springer, Berlin, under 
the title Die Bauteile der Dampfturbinen, the pub- 
lished price being 10 marks. The author is Dr. Ing. 
Georg Karrass, who has collected together numerous 
examples of the chief component parts of a steam tur- 
bine. These are, however, apparently drawn exclu- 
sively from continental or American practice, and in 
some cases are of a distinctly inferior type, showing 
little grasp of mechanical and hydraulic principles on 
the part of their designers. The opening chapter is 
devoted to turbine casings, and this is followed by a 
section on guide blading and buckets which is descrip- 
tive rather than critical. Methods of securing blading 
are next discussed, but some of the arrangements 
illustrated are somewhat antiquated. Messrs. Brown, 
Boveri’s method of mounting discs on a couple of steel 
“U-leathers ”’ is illustrated and described in the suc- 
ceeding section. The U’s fit the shaft at their inner 
diameters and the hub of the disc at their outer 
diameters. Being strongly compressed, they keep 
the disc accurately centred, even should it expand 
a little under the action of centrifugal forces. The 
strength of drums and discs is discussed at some length, 
but the equations are not reduced to as convenient and 
complete a set of curves as those commonly used in 
this country, neither have the stresses in the nave and 
rim been as fully worked out. Critical speeds are next 
dealt with, and curves are given for estimating the 
weight of discs, which may perhaps prove useful in 
the drawing office. Some curious forms of labyrinth 
packing are described and illustrated, and not all 
appear likely to be efficient. A noteworthy omission 
is any reference to the exceedingly ingenious and effective 
Ljungstrém packing. Amongst the thrust blocks 
described, is that introduced by Messrs. Brown, Boveri 
and Company, in which an equal distribution of the 
load over the whole of the segments is ensured. These 
thrust blocks have been supplied to carry loads of as 
much gs 600 tons. 








Under the title of The Great Physicists, Messrs. 
Methuen and Company have published a short history 
of physics, of which the author is Dr. F. B. Hart, O.B.E. 
The price of the book is 3s. 6d. net. The volume 
opens with an account of the work of the Greek philoso- 
phers, starting with Thales of Miletus who flourished 
in the sixth century b.c., and Pythagoras, and ending 
with Archimedes. The Greeks, however, were less 
successful in physics than in mathematics, since they 
were little given to experiment and, like certain schools 
of politicians, were apt to accept plausibility as proof. 
In dealing with Arabian science, Mr. Hart exposes 
the common error of attributing to the Saracens any 
special love for learning or any great addition by them 
to the store received from the Greeks. To Roger 
Bacon Mr. Hart attributes the beginnings of modern 
science, in which the ultimate appeal is always to 
observation or experiment. Quoting a statement by 
that extraordinary genius, Leonardo da Vinci, Mr. Hart 
fails to note that it is erroneous, and that if a hot and 
cold body of equal weight are placed on opposite sides of 
a balance the balance will tip towards the hot body and 
not towards the cold one, as is suggested. The laws of 
motion had, in fact, still to be formulated. The author 
ranks Galileo and William Gilbert as the founders of 
modern physics. They were contemporaries, but whilst 
Gilbert, in his magnetic studies, explored almost virgin 
territory, to Galileo fell the task of exploding the myths 
inherited from the Greeks, and backed by all the 
weight of ecclesiastical and university authority. It 
was Galileo’s work which made that of Newton possible. 
An excellent summary of Newton’s optical and mech- 
anical discoveries is given by the author. In the section 
devoted to electrical science, full justice is done to 
Ampere and Faraday, and in that dealing with thermo- 
dynamics prominence is given to the work of Sadi 
Carnot, Joule and Kelvin, to whom we owe the first 
clear demonstration of the principle now expressed 
by the adage that the entropy of the universe tends 
ever towards a maximum. 





It has often been stated that the design side of 
engineering is more efficient than that of production. 
To what extent this statement is now true is not, 
perhaps, a matter for this column, but it is generally 
conceded that, on the production side, training, where 
foremanship is concerned, is a matter of trial and error, 
of experience picked up, without assistance, while the 
job is being learnt. This being so, seeing that efficiency 
of production is closely linked up with the effectiveness 
of foremanship, anything which tends to improve fore- 
manship is worthy of consideration. It is quite often 
found that a foreman is simply a promoted workman, 
chosen, as often as not, for his craftsmanship only. 
While there is everything to be said in favour of a 
foreman being a good workman, foremanship requires 
much more than this; it requires qualities and know- 
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ledge, to which the ability to use tools does not con- 
tribute in the slightest degree. This is recognised in 
some works, but its importance is more appreciated in 
America than in this country. One method of,train- 
ing foremen is treated by Frank Cushman in his,book, 
Foremanship and Supervision (John Wiley and Sons, 
Inc., New York, and Chapman and Hall, Limited, 
London, price 12s. 6d. net). The method of training 
or “ vocational education ”’ considered is that of con- 
ferences, and the book is divided into three parts: 
I. Types of Educational Procedure; II. Application 
of the Conference Procedure to the Improvement of 
Foremanship ; III. The Application of the Conference 
Procedure to work with Vocational Teachers and 
Supervisors. The title of the book is an excellent 
one, but to what extent it is justified by the treatment 
is a matter upon which opinions may vary. The sub- 
titles quoted give rather a different impression of the 
book than does the main title, and the average foreman, 
who becomes a reader, may find the subject-matter of 
the book considerably different from what he expected. 
Foremen are usually interested in anything which 
affects their job, and while some are believers in con- 
ferences, in the sense described in this book, there are 
many who have no use for them, due to their ineffec- 
tiveness, and such would regard the title as somewhat 
deceptive. Some of the matter included is certainly 
not worth mentioning as a subject for discussion, while 
an examination of some of the “ cases and points for 
discussion ” would elicit the opinion that they would 
present, par excellence, examples of wasting time. 
There are, however, chapters in which the foreman’s 
duties and abilities are recognised without being dis- 
counted by the puerility to which reference has been 
made. For the training of practical foremen, chosen 
because of their intelligence and practical knowledge, 
the treatment would appear to be too elementary and 
would be more useful, perhaps, for a class of appren- 
tices or budding foremen. It is to be remembered, of 
course, that the book is written to meet American 
requirements, but a study of it hardly tends to raise 
the ideas held of the standards of American super- 
vision, if this book is to be treated as a representative 
text-book. 





The authors, Schiefer and Griin, of Lehrgang der 
Hartetechnik (Julius Springer, Berlin, price 7.50 marks) 
had in mind the compilation of a work on the hardening 
of steel which would serve primarily as a text-book or 
printed notes for disabled soldiers from the metal 
industry taking a course in hardening. The book is 
clearly written and excellently illustrated. About one- 
quarter of it is devoted to the theory and practice of 
hardening, and rather a large proportion to steel-making 
processes and hardening furnaces ; references to the salt 
bath and muffle type of furnace are included. This book 
gives a comprehensive and useful, although perhaps 
elementary, outline of the types of tool steel, methods 
of hardening and the necessary equipment. The 
authors consider that hardening should be introduced 
and regarded as a special subject in technical and 
works schools. Its present-day importance merits 
this consideration. 





Under the title of J'urbines a Vapeur, a French 
translation of Professor G. Belluzzo’s Italian treatise 
on steam turbines has been published in two volumes, 
by Messrs. Gauthier-Villars et Cie, Paris. The first 
volume is priced at 60 francs, and the second at 80 
francs. This second volume is mainly descriptive. It 
has been revised, and, to a large extent, brought up to 
date. It contains nearly 500 illustrations of turbines and 
their components. Almost every problem arising in the 
design of these is discussed, and though in some cases 
the treatment is open to criticism, the volume as a 
whole may be regarded as a valuable contribution to 
turbine literature. We note, however, one exceedingly 
serious error, viz., the following statement, on page 68. 
‘* Bien qu’on ne les construise plus aujourd’hui & cause 
de leur prix élevé et des inconvénients qu’elles pré- 
sentent en service, il est bon de rappeler le systéme 
d’aubage des turbines radiales centrifuges de Ljung- 
strom.” As a matter of fact, this turbine has never 
ceased to be made since its introduction in 1912, and 
has had a most excellent record in service, both for 
economy and reliability. Over two million horse-power 
have been installed in various stations, and though, for 
long, units were generally not rated higher than 5,000 to 
7,000 kw. each, much larger sizes are now being built. 
The publishers should certainly add an erratum slip 
to every volume issued, as so serious a mistatement 
is calculated to injure the builders concerned. Whilst, 
as stated, the second volume has been modernised, 
the first volume remains as originally written, although 
very drastic revision was required in order to bring it 
up to date. In discussing the properties of steam, 
for example, the author omits all mention of the 
fundamentally important work of Callendar, to whom 
the only reference we have noted is the statement that 
he takes the adiabatic index for superheated steam to 
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be 1-3. The author retains the old empirical and 
mutually inconsistent formule in vogue in pre. 
Callendar days, including the linear expression for the 
latent heat of steam. Mention is made of super- 
saturation, but with the erroneous statement that the 
presence of electrons is necessary for condensation to 
occur in the body of a mass of vapour. No notice 
whatever is taken of the extremely important work 
of the Nozzles Research Committee. The treatment 
of hydraulic shock again is fundamentally erroneous. 
The failure to modernise this volume is the more to be 
regretted since Professor Belluzzo has an easy and 
lucid style and, as a practical turbine designer, knows 
exactly the kind of data required in the drawing 
office. 





The forty-first edition of The Electrician Annual 
Tables of Electricity Undertakings (London: Ernest 
Benn, Limited, price 10s. net) appears in the con- 
venient form which was adopted some years ago, when 
the poster arrangement became so large as to be 
unwieldy. It will be interesting to see how long it will 
continue to be used. The disappearance of stations 
serving a small area, the employment of stations owned 
by one authority to supply the needs of several districts, 
and the general penetration of the Central Electricity 
Board into the affairs of all undertakings, will make 
some re-arrangement, and we hope some simplifica- 
tion, necessary. At present there is a certain lack of 
standardisation, which is probably principally due to 
variations in the willingness of the supply under- 
takings to give all the information asked for, and partly 
to the fact that the systems have grown to an extent 
which was not contemplated when the «uestionnaire 
on which the tables are based was first devised. The 
data provided are all useful, but some of it is more useful 
than the rest, and the appeal even of that more useful 
portion varies. Probably every one who employs the 
table as a vade mecum wants to know the consumers’ 
voltage and system of supply in the various areas, while 
the prices charged for the various services give useful 
information. The rest is statistical and interesting, but 
not of direct value to the commercial man, for whom, 
we imagine, the publication is primarily intended. 
This applies to the tables which deal with the British 
electricity-supply undertakings, and with even greater 
force to those covering foreign undertakings. Here 
the difficulty of obtaining complete information has 
been apparently insuperable, and it might be as well, 
therefore, to be content with a simpler ideal. Never- 
theless, the utility of the tables is, as ever, high. As 
far as it is possible to judge, the data are accurate, and 
it is set out in a way which makes for easy reference. 
There is a good index. 





Dr. R. E. Root is Professor of Mathematics at the 
United States Naval Academy, and he has definitely 
planned his book, The Mathematics of Engineering 
(London: Bailliere, Tindall, and Cox. 34s. net) to 
supply to engineers and students the fundamentals of 
the subject unencumbered with useless material, claim- 
ing that it covers the whole range of mathematics 
essential to the engineer, whatever his speciality may be. 
It must, however, be admitted that the work represents 
a post-graduate course for students who have already 
taken an introductory course in the calculus. The 
earlier portions of the book, which are rather fully 
stated, thus partake largely of the nature of revision, 
and are of a somewhat simple character. The author 
states that the treatment is based on the supposition 
that the student is to benefit by classroom discussions, 
which may, perhaps, explain the tendency to handle 
in an incomplete and sketchy manner the more 
advanced and important work towards the end of the 
book. Much must, of course, be left to the teacher, 
but the excellent plan has been adopted of appending 
at the end of certain chapters lists of books for supple- 
mentary reading. The work will prove very con- 
venient and useful as a reference book, rather than as 
a text-book. For this latter purpose the price is high, 
and it would be possible to obtain three standard 
English text-books for the same money. 








British STANDARD SPECIFICATION FOR GAUGES OF 


BROKEN STONE AND CHIPPINGS.—A revised edition ot the 
specification for gauges of broken stone and chippings has 
recently been issued by the British Engineering Standards 
Association, which is to supersede that published in 19 . 
After investigations, the Association is satisfied that the 
gauges specified in 1913 will meet present-day or 
ments, but the number of quarries able to comply Ww! “" 
the standard has increased. The specification 1s, td 
ingly, re-issued with the technical requirements a . 
fied; certain editorial modifications have, however, € ” 
made, and metric equivalents of the dimensions have ‘ . - 
added. It is hoped that highway engineers will adop 
the specification in their practice, and order broken st = 
and chippings in terms of the British Standard. Copic 

of the new edition. No. 63, 1928, may be obtained from 
the Publications Department, B.E.S.A., 28, Victoria 
street, London, 8.W.1, price 2s. 2d., post free. 
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CONSTRUCTED BY THE WESTINGHOUSE BRAKE AND SAXBY SIGNAL COMPANY, LIMITED, ENGINEERS, LONDON. 
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Fig.3. Rear Brake Rod 
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VACUUM BRAKE FOR MOTOR 
VEHICLES. 


Tre rapid increase during the last few years, in the 
Weight and speed of road vehicles has necessitated a 
Corresponding increase in braking power, and practically 
all vehicles in the heavier classes aro now provided 
= Some system of servo-brake operation. The servo 

evice takes various forms, of which one of the most 
Successful is the vacuum system, developed by 
The Vi estinghouse Brake and Saxby Signal Company, 

ted, 82, York-road, King’s Cross, N.l. The 
Products of this firm are, of course, well known in 
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connection with railway brakes, but the application of 
the vacuum principle to road vehicles involved a number 
of special problems. The most important requiremerits 
of a servo system are that a comparatively light pressure 
on the control pedal shall provide any braking effort 
required, that the braking effort shall be in propor- 
tion to the pressure, and that the power system shall 
assist, and not supersede, the ordinary mechanical 
brake, so that the latter may be always available in 
the event of damage to the servo system. 

The Westinghouse system is shown diagrammatically 
in Fig. 4, above, and various views of the vacuum 
cylinder are given in Figs. 1 to 3. As shown in Figs. 3 











Fie. 2. 


and 4, the rear end of the vacuum cylinder is connected 
to the induction manifold, a control valve being inserted 
in the line, while the front end is open to the atmosphere. 
The control pedal is connected to a floating lever XZ, 
visible in both figures. The lower end of this lever 
is coupled to the vacuum-control valve G, mounted 
in the end of the cylinder, as shown in Fig. 3. The 
connections to the upper end of the lever can best 
be followed from the latter figure. It will be seen 
that the upper end X of the floating lever carries the 
shackle for the rear brake rods, and is also coupled 
to a double-ended lever XW pivoted on the shaft V, 
and shackled to the front brake rod at the lower end. 
The lever TV, connected to the vacuum piston, is also 
mounted on the shaft V. An essential feature of the 
arrangement, not brought out by the figures, is that, 
whereas the lever TV is pinned to the shaft V, the lever 
WX is free to rotate on this shaft within limits fixed 
by dogs on the two levers; in other words, this lever 
has a certain degree of freedom. 

The action of the mechanism is as follows :—When 
the pedal is depressed, the stiffness of the control-valve 
spring, in combination with the greater length of the 
arm YZ of the floating lever, as compared with the 
arm YX, results in the lower end of the lever offering 
a greater resistance to movement than the upper end, 
and the latter accordingly moves until the brake shoes 
touch the drums. When this position is reached, the 
point X constitutes a relatively fixed fulcrum, and the 
vacuum-control valve is opened. A vacuum is then 
created behind the piston, which is driven inwards by 
atmospheric pressure, and the brakes are applied with 
a force depending upon the amount of opening of the 
control valve. The object of the degree of freedom 
permitted to the lever WX will now be clear, as, without 
it, the initial movement of the pedal would involve 
a corresponding movement of the vacuum piston. 

The details of the control valve and housing can be 
followed from Fig. 3. The passage A communicates 
with the induction pipe of the engine, and the 
passage B with the brake cylinder. The outer face 
of the diaphragm C is open to the atmosphere through 
the passage D, while the inner face is open to the 
passage B. The sleeve E is attached to the diaphragm, 
and the interior of this sleeve is always open to the 
atmosphere through the port F. The parts are shown 
in the figure in the “ release’ position, in which the 
passage A is closed by a mushroom valve K, while the 
interior of the cylinder is open to the atmosphere 
through the passages B and F. When pressure is 
exerted on the brake pedal, the spindle G is moved to 
the right. This tends to compress the spring H, and 
the sleeve E with the diaphragm are therefore also 
moved to the right until the face N makes contact with 
a disc valve L, thus cutting off the cylinder from the 
atmosphere. A further movement of the sleeve permits 
the valve K to open, putting the brake cylinder into 
communication with the passage A. It will be noticed 
that the-diaphragm is now exposed to the atmosphere 
on its outer face, and to the vacuum on its inner face, 
with the result that it tends to move in the contrary 
direction to the spindle G. The arrangement results in 
sensitive operation, since, if the pull due to the vacuum 
in the cylinder momentarily exceeds that on the spindle 
G, the sleeve will be pulled by the diaphragm and 
unseat the valve L. Air is then readmitted to the 
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cylinder, and the vacuum is lowered. If, on the other 
hand, the vacuum is insufficient, the pull on the spindle 
will operate on the diaphragm and sleeve, thus opening 
the valve K and increasing the vacuum. 

The details of the piston will be clear from the figure, 
but it may be mentioned that the cup leather is held 
in contact with the surface of the cylinder by a steel 
spring ring. It is important that effective lubrication 
of the working parts should involve a minimum of 
trouble, and it is only necessary to apply a grease gun 
to the nipple shown, from which passages lead to 
both the cylinder and piston guide. The brake is 
made in various sizes, the smallest of which is suitable 
for private cars of quite moderate power. The provi- 
sion of a servo brake on such cars is undoubtedly an 
advantage, as it enables the brakes to be applied with 
a minimum of effort. Alternative designs are available 
in which the cylinder and control valve constitute 
separate components, as this is sometimes more con- 
venient for fitting. 








THE LATE MR. W. E. PLUMMER. 


Mr. Witi1am Epwarp Piumner, F.R.A.S., director 
of the Liverpool Observatory, Bidston, Birkenhead, 
who died on Tuesday, May 22, was a valued contri- 
butor to ENGINEERING for a period of nearly thirty 
years. His long connection with this journal, thus 
established, only ended some eighteen months ago, when 
failing health caused him to decline further cOmmissions 
for the pathetic reason that his “life’s work was done.” 
He was 79 years of age at the time of his death, and had 
been ill for many months. 

William Edward Plummer was born at Deptford 
on March 26, 1849, and entered the Royal Observatory, 
Greenwich, as a computer in 1864. Four years later 
he was appointed an assistant in the private observatory 
of Mr. George Bishop at Twickenham, and subsequently 
occupied a similar post at the Oxford University 
Observatory, which had then been recently established 
under the control of the Rev. Charles Pritchard, the 
Savilian Professor. Here he was especially occupied 
with the problems of lunar photography and with 
measuring the resulting photographs for libration and 
stellar parallax. During this period he was awarded 
the honorary degree of Master of Arts. 

In 1892 he was appointed Director of the Liverpool 
Observatory, a post he continued to hold until his 
death. The duties of this position are largely utili- 
tarian, the director being required to issue the correct 
time, to rate chronometers for the use of the shipping 
of the port, to keep meteorological records, and to 
attend to the seismograph. His appointments as 
examiner in astronomy to the University of Edinburgh 
and as honorary reader in the same subject to the 
University of Liverpool, however, enabled him to 
keep in touch with the scientific side of the subject, 
and he always held that an observatory “‘ found its 
complete fulfilment in satisfying the demands of an 
intelligent curiosity, in cultivating a scientific spirit, 
and in providing new outlets for mental activity.” 

Apart from his pioneering work in seismography 
Mr. Plummer made numerous observations on comets 
and the occultation of stars. He was a frequent 
contributor to scientific literature and was president 
of the Liverpool Astronomical Society. He became 
a member of the Royal Astronomical Society in 1879. 
His son was formerly Andrews Professor in the Univer- 
sity of Dublin and Royal Astronomer of Ireland, and 
is now Professor of Mathematics at the Artillery College, 
Woolwich. 








THE PROPERTIES OF PHOSGENE. 


PHOSGENE, escaping from a tank at Hamburg on 
May 22, killed 13 people and disabled many others, 
and, in view of this fact, some particulars of its pro- 
perties may be of interest. It has, of course, nothing 
to do with phosphorus, but is carbonyl chloride, or 
carbon oxychloride COClg, and was first obtained by 
J. Davy, in 1811, who exposed a mixture of carbon 
monoxide and chlorine to sunlight and gave the 
new compound the name phosgene, i.e., generated 
by light. At ordinary temperatures phosgene is a 
colourless gas, and below + 8 deg. C., a colourless 
liquid which freezes at — ‘18 deg. C. The vapours 
are exceedingly poisonous; they suffocate, irritate 
the lungs, and attack the heart. The fact observed 
at Hamburg that*some of the people affected did 
not feel any ill effects until the second day was well 
known. The vapour being heavy, density 1-432, 
flows along the ground and stagnates in pockets. It 
is technically important, because it is highly reactive 
as a chlorination reagent, readily transferring one 
of its chlorine atoms, or both of them, to alcohols 
and phenols (forming esters), and to certain amino- 
naphthol compounds giving urethanes which are trans- 
formed into azo dyes. The technical manufacture, from 
equal volumes of carbon monoxide and chlorine, appears 
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hydrogen, which has caused explosions, and various 
precautions must be taken. In well-equipped works, 
all the taps and valves of the feeding and measuring 
devices are enclosed in cases with glass fronts, which 
are connected to ventilators to draw off any escaping 
vapours. In the presence of bone charcoal, the 
reaction proceeds at ordinary temperature, and, indeed, 
demands cooling ; this is the Paternd process, which is 
commonly employed. Other catalysts require higher 
temperatures in the absence of light. The large dye- 
works mostly make their own phosgene for immediate 
use. The gas can be stored in steel tanks and can be 
transported liquefied in steel flasks. Long-continued 
oxygen inhalation is the best remedy in cases of 
phosgene poisoning. 
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NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Makers of Cleveland pig- 
iron are in a strong position, and they adhere firmly to 
their fixed prices notwithstanding the backwardness of 
buyers, which, however, is less pronounced than it has 
been. Stocks are down to about as low a level as is 
convenient, and output is disposed of fairly well ahead, 
largely for use at makers’ own foundries and steel works, 
though local and other home consumers are taking up 
fair parcels, and customers in Scotland are accepting 
rather considerable quantities. After provision for such 
requirements, little — iron is available for disposal 
in the open market. Overseas demands continue light, 
but signs are not altogether lacking of early increase in 
buying for shipment abroad, and movement in that 
direction would speedily create shortage of iron and 
necessitate lighting up idle furnaces. No. 1 quality is 
68s. 6d.; No. 3 g.m.b., 668.; No. 4 foundry, 65s. ; and 
No. 4 forge, 64s. 6d.° 


Hematite.—East Coast hematite-iron producers are 
endeavouring to. take a rather firmer stand, but condi- 
tions in this branch continue very unsatisfactory. Sales 
to home and Continental firms are far from heavy, and 
the rather large stocks are still increasing. Under such 
unfavourable conditions there seems little likelihood of 
values advancing to anything like profitable figures in 
the near future. Unless the situation improves shortly, 
output may be reduced. Recognised market rates 
continue to be ruled by mixed numbers at 70s., but 
customers state they can readily place orders on lower 
terms. — 


Foreign Ore.—There is absence of new features of 
moment in foreign ore. Sales are few, but threatened 
scarcity maintains quotations on the basis of 22s. 6d. 
c.i.f. Tees for best rubio. 


Blast-Furnace Coke.—Coke is just a little stiffer, owing 
to export sales, but local users are still buying sparingly. 
Durham good medium sorts are 17s. 6d. to 17s. 9d 
delivered here. 


Manufactured Iron and Steel.—Finished iron and steel 
quotations are steady. Business is quiet, but with prices 
of several commodities competitive with values of foreign 
products, there seems ground for hope of early expansion 
of trade. Common iron bars are 101. 5s.; best bars, 
107. 10s.; best best bars, 11l.; iron rivets, L1l. 5s. : 
packing (parallel), 77. 10s.; packing (tapered), 10/.; steel 
billets (soft), 62. 15s. ; steel billets (medium), 7/. 2s. 6d. ; 
steel billets (hard), 7/. 12s. 6d.; steel rivets, 11/.; steel 
ship plates, 8/. 7s. 6d.; steel angles, 7/. 17s. 6d. ; steel 
joists, 71. 17s. 6d.; heavy steel rails, 8/. 10s.; and 
galvanised corrugated sheets, 131. 








Contracts.—The following contracts have been recently 
placed by the Great Western Railway Company: the 
provision of two 30-cwt. electric lifts at South Lambeth 
goods station by Messrs. The Titan Lift Company, 
Limited, 21, Pancras-road, London, N.W.1; the supply 
of a duplex boring mill for No. 15 shop, Carriage and 
Wagon Works, Swindon, by Messrs. Webster and Bennett, 
Limited, Northey Road Works, Foleshill, Coventry ; 
renewal of upper gates at Cardiff, East Dock, inner lock, 
by Messrs. Fairfield Shipbuilding and Engineering Com- 
pany, Limited, Chepstow, Mon.—The Government of 
India has placed a contract with the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, for two years’ supply of electric D.C. and A.C. 
ceiling fans. It is anticipated that the total number 
required will run into many thousands.—The Auckland 
City Council has placed an order with Messrs. Black- 
stone and Company, Limited, Stamford, for one Black- 
stone two-cylinder, 76 b.h.p., spring-injection heavy-fuel 
oil engine. 





TENDERS.—We have received from the Department 
of Overseas Trade, 35, Old Queen-street, London, S8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
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PreRsonAL.—Messrs. The Dowson and Mason Gas 
Plant Company, Limited, Levenshulme, Manchester, have 
appointed Messrs. Dunford and Elliott (Middlesbrough), 
Limited, County Bank Chambers, Middlesbrough, as 
their sole representatives for the sale of furnaces, gas 
lants, &c., for the Newcastle-on-Tyne district.— 
Messrs. Thomas Ryder and Son, Limited, Turner Bridge 
Works, Bolton, have been ——— the sole agents for 
Great Britain for the range of Phoenix eo drilling 
and other special machines made by Messrs. Habersang 
and Zinzen, Dusseldorf-Oberbilk.—Messrs. The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, announce that the telegraphic address of 
their Aberdeen branch has been changed from “ Relay ” 
to ‘‘ Electricity,’’ and that of their Glasgow branch from 





to be very simple, but it requires a pure CO gas free from 


‘** Apparatus "’ to ‘“ Electricity.” 


details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case :—The Lithuanian Administration of Posts, ‘Tele- 
graphs and Telephones is inviting tenders for a 4/5-ton 
motor lorry and trailer for the transport of telegraph 
poles. Tenders to reach Kovno by June 8. (Ref. No. 
A.X.6351).—The Victorian Railways Commissioners 
invite tenders for the supply and delivery, at Newport, of 
a blacksmith’s fan capable of delivering approximately 
12,000 cubic ft. of air per minute against a water-gauge 
resistance of 14 in. Contract No. 41802. Tenders to be 
deposited in the Railway Tender Box, Room 154, Spencer- 
street, Melbourne, by 11 a.m. on June 13, and endorse: 
“Tender for the Supply of High-Pressure Fan.” A 
preliminary deposit of $ per cent. of the total amount 0! 
the tender must accompany each offer. (Ref. No. 
A. 6343).—It is reported that the Agent, Great Indian 
Peninsula Railway, Victoria Terminus, Bombay, : 
inviting tenders for the supply of ornamental meta 
work and collapsible gates required for the new main- 
line station building, Victoria Terminus, Bombay. 
Tenders must reach the agent’s office by June 18. (Ret. 
No. A 6339.)}—It is reported from Lourengo Marques 
that a local firm have been granted the renewal of the 
concession for cleaning the streets of Lourengo Marques, 
and they desire quotations for six steam or petrol-driven 
chassis (2 with bodies), 6 trailers, and a steam wagon 0! 





steam tractor. (Ref. No. A.X. 6327.) 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—A holiday that is somewhat more 
extended than usual in the heavy steel and engineering 
trades is attributed, partly to the gradual relaxation of 
incoming business during the past month, and partly 
to the effect of trade union regulations. While lathe 
and machine shops have restarted operations, rolling 
mills are still standing, and will probably remain idle 
until next week. Production of basic steel tends to 
shrink. Recent returns showed a high level of output, 
but the difficulty of replacing expiring contracts has 
been fairly general, and, in consequence, furnace activity 
has been restricted. This, in turn, has reacted against 
the market in pig iron and scrap, with little prospect 
of an immediate change. The limitation of scrap pur- 
chases is unusually severe. Stocks at consuming works 
have been so greatly reduced that current deliveries 
are going into immediate consumption. If the higher 
level of Continental prices is maintained and competi- 
tion from that quarter is thereby held in check, there 
should be a much stronger call for basic steel on inland 
account. Should this occur, very considerable activity 
is looked for in both iron and steel scrap. High-grade 
steel for cutting, drilling, and boring purposes is the 
subject of improved sales on export account. At the 
same time special attention is being paid to the needs 
of the British automobile and aircraft industries. Im- 
portant possibilities are presented by the latter. Elec- 
trical developments call for increased supplies of struc- 
tural parts, though in this connection business has not 
expanded quite at the rate that was anticipated. Out- 
puts of railway steel and rolling stock, though sub- 
stantial, fall much short of productive capacity. The 
outlook in ship steel is a shade brighter. The latest 
order for two cargo liners will find work for Sheffield 
as well as for Birkenhead. More movement is seen in 
wire ropes, wire rods, wrought iron, pipes, tubes, and 
steel bars. The United States have placed a useful 
order with a Sheffield firm for plough-steel wire rods for 
the production of high-grade winding ropes. Distributors 
of garden tools anticipate that business will receive 
a fillip from the advent of more favourable weather. 


South Yorkshire Coal Trade.——Though the export 
marketing scheme provokes widespread comment, and 
yields results nothing like the ambitions of those who 
devised the innovation, benefits of a more or less satis- 
factory character are already being experienced. A 
moderate call for industrial fuel on inland account is 
expected to improve when the holiday influence dis- 
appears. Most of the large iron and steel works are 
satisfying themselves with contract deliveries. A 
hardening in smalls is due more to the reduction of stocks 
at collieries than to any improvement in the demand. 
Lancashire’s requirements are decidedly weak. The 
house-coal market was beginning to show signs of 
greater activity, but with the advent of warmer weather 
sales are bound to fall again. Quotations :—Best 
branch hand-picked, 27s. 6d. to 29s. 6d.; Derbyshire 
best bright house, 20s. 6d. to 21s. 6d. ; best house coal, 
19s, to 208. 6d. ; screened house coal, 16s. to 17s. 6d. ; 
screened house nuts, 15s. 6d. to 16s.; Yorkshire hards, 
lis. to 168.; Derbyshire hards, 15s. to 16s.; rough 
slacks, 88. 6d. to 9s. 6d. ; nutty slacks, 6s. to 7s.; smalls, 
3s. to 48. 6d. 








HoLLow-WARE TRADE Boarp INquiry.—It has been 
found necessary to postpone the dates of the Hollow-ware 
Trade Board Inquiry from July 11 and 12 to July 12 and 
13. The inquiry will, therefore, be resumed at 11 a.m. 
on Thursday, July 12, at 5, Old Palace Yard, S.W.1. 





Iron TRADES EmpLoyEers’ INSURANCE ASSOCIATION, 
Limrrep.—The annual general meeting of the Iron 
'rades Employers’ Insurance Association, Limited, was 
held on May 3 last, at the head office, 82, Victoria- 
street, Westminster, S.W.1, when the directors sub 
mitted their report and statement of accounts for the 
year ending December 31, 1927. The Association was 
founded in 1881, since when it has been devoted solely 
to the interests of engineering and shipbuilding and other 
allied firms in the iron and steel trades, and it is now 
in the fortunate position of being able to state that it 
has returned to its members, by way of claims and small 
working expenses, more money than they have paid to 
it by way of premium. For the year in question, the 
premium income amounted to 597,006l., which, with 
81,746. dividends and interest on invested funds, 
profit on realised investments, and 48,049/., the balance 
brought forward from the 1926 account, made the total 
receipts 726,8011. The amount paid and set aside in 
respect of compensation and incidental expenses during 
the same period amounted to 469,654/., and after 
Providing 56,312l. for expenses of management, hospital 
donations, &c., there remains a balance on revenue 
account of 200,8357. A resolution, which was carried 
unanimously, was moved that a return of 15 per cent. 
of athe annual workmen’s compensation premium for 
1927, and, in addition, a bonus of 124 per cent., on which 
income tax has already been paid, making a total of 
a per cent., be distributed among present policy- 
holders of the Association entitled thereto. Mr. A. E. 
Seaton, who has been a director of the Association for 

years and chairman for 28 years of that time, 
®xpressed @ desire to retire owing to advancing years, 
and asked Sir Frederick Henderson, who has been 
vee chairman for many years, to carry on. Mr. Seaton 
pa relerred to the resignation of Mr. Arthur Coventry, 
+ had been his colleague for 30 years. Mr. F. C. 
yman, Sir William Thom, K.B.E., and Sir J. E. Thorny- 
croft, K.B.E., were re-elected directors. . 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 


Scottish Steel Trade.—There has been practically no 
change in the state of the Scottish steel trade this week, 
but the hardening still further of Continental quotations 
has made the outlook rather more hopeful for local 
producers. Fresh business is just as difficult to pick 
up as ever, but one or two firms have done rather better 
lately in this connection, although tonnages are not 
heavy. There is much plant idle in the district at the 
present time, and the worst feature is that prospects 
of securing enough work to get a steady run seem very 
remote.. The consumption of plates and sections in the 
shipyards is only fair, and as contracts become worked 
off, the demand from that direction is steadily getting 
smaller. In the black-sheet trade, the position is also 
poor, at the moment, especially in the heavier gauges. 
Galvanised sorts are fair, but if the present foreign 
inquiry comes to anything, a considerable improvement 
will result. Prices are nominally unchanged and are 
as follows:—Boiler plates, 10/. 10s. per ton; ship 
plates, 8/. 7s. 6d. per ton; sections, 7/. 17s. 6d. per ton ; 
sheets, }-in., 8/. 12s. 6d. per ton; and sheets, galvanised 
corrugated, 24 b.g., 131. 5s. per ton, all delivered Glasgow 
stations. 

Malleable-Iron Trade.—The conditions ruling at the 
West of Scotland malleable-iron works have not im- 
proved in any way. Scarcity of orders is the general 
report all round, and the day-to-day demand being 
experienced is very depressing. The steel re-rolling 
branches are in a very similar position as they also are 
short of orders. ‘‘ Crown ’”’ bar iron is quoted at 101. 5s. 
per ton for home, and 9/. 15s. per ton for export delivery, 
and re-rolled steel bars are called 7J. 15s. per ton for 
home, and 7/. per ton for export delivery. The above 
home delivery price is only nominal now, as the arrange- 
ment by which the home price was fixed has this week 
been suspended, and, as in the case of the — quota- 
tion, makers are free to accept what they like. Easier 
prices are being named to-day. 

Scottish Pig-Iron Trade.—A dull and heavy tone still 
prevails in the Scottish pig-iron market, and the output 
at the moment is of small dimensions. Not only is home 
consumption very moderate, but the export market is 
far from bright. The following are the current market 
quotations :—Hematite, 74s. per ton, delivered at the 
steel works; foundry iron, No. 1, 75s. to 76s. per ton, 
and No. 3, 70s. to 71s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour, for the week ending 
Saturday last, May 26, amounted to 653 tons. Of that 
total, 616 tons went overseas and 37 tons coastwise. 
For the corresponding week of last year the figures were 
485 tons overseas and 32 tons coastwise, making a total 
shipment of 517 tons. 








Tue ‘“ GEoRGE MONTEFIORE ”’ PRIZE, 1929.—We have 
on several previous occasions referred to the competition 
for the George Montefiore Prize, which is awarded 
triennially under the auspices of the Montefiore Electro- 
Technical Institute Old Students’ Association, Liége, 
Belgium. The Council of the Association now informs 
us that the 1929 prize is valued at 29,000 Belgian francs, 
and that the conditions of the award have been finally 
drawn up. We may remind our readers that the prize 
is awarded to the author of the best paper received on 
an electro-technical subject. The papers submitted 
must be of a strictly technical nature, and should deal 
with recent advances made in electrical science and in 
the application of electricity to industry ; communica- 
tions which contain a mere recapitulation of previous 
work will not be considered. Papers may be submitted 
by electrical engineers of any nationality, and may be 
written either in English or in French. They must 
reach M. le Secrétaire-archiviste de la Fondation George 
Montefiore, Hétel de L’Association des Ingénieurs Elec- 
triciens sortis de l'Institut Electrotechnique Montefiore, 
Rue Saint-Gilles 31, Liége, Belgium, before April 30, 
1929. Twelve copies of the communication should be 
sent in. Further particulars may be obtained on 
application to Mr. L. Calmeau, Secrétaire-général de 
l’Association, at the address given above. 





CONVEYANCE OF CARBON BISULPHIDE BY RoAD.—We 
have received from H.M. Chief Inspector of Explosives, 
Home Office, Whitehall, London, 8.W.1, a copy of the 
draft of the proposed regulations for the conveyance of 
bisulphide of carbon by road. These draft regulations 
refer to Section 9 and to the third schedule of the Petro- 
leum Act, 1926, and will, if adopted, revoke the regula- 
tions made on February 28 and September 9, 1927. 
Briefly, the proposed regulations seek to enforce that 
carbon bisulphide shall not be conveyed except in steel 
or iron containers, in luted and tied-over stoppered 
bottles, or in tank wagons. The capacity of the con- 
tainers should not exceed 50 gallons; they should be 
maintained in good condition, and securely closed so 
as to prevent leakage. The bottles should not contain 
more than 7 lb. of the bisulphide; they should be 
securely packed, in sawdust or other suitable material, 
in strong wooden cases. Each bottle must be separated 
from other bottles by wooden partitions, and the total 
weight of liquid in any one case should not exceed 30 Ib. 
The capacity of a tank wagon must not exceed 1,000 
gallons; the propelling engine must be stopped during 
filling and emptying, and all electric circuits on the 
wagon well insulated and protected. The regulations 
also contain provisions of a general character to be 
observed by employers and workpeople engaged in the 
industry. 


NOTICES OF MEETINGS. 





INsTITUTION oF Civ ENGINEERS.—Celebration of the 
Centenary of Incorporation by Royal Charter, and 
Engineering Conference. Sunday, June 3, to Thursday, 
June 7. Sunday, June 3, 3 p.m. Divine Service, 
Westminster Abbey. Monday, June 4, 11 a.m., Great 
Hall of the Institution, Great George-street, S.W.1, 
Reception of Delegates and Presentation of Addresses. 
At 4.30 p.m., Thirty-fourth James Forrest Lecture : 
“A Century of Inventions,” by Sir J. A. Ewing. Tues- 
day, June 5, 10 a.m., Opening of Conference. For list 
of papers and places of meetings, see page 645 ante. At 
8 p.m. to 11.30 p.m., Conversazione. Wednesday, 
June 6, Whole-day Visits to Engineering Works. Thurs- 
day, June 7, 10 a.m., Conference. For list of papers 
and places of meetings, see page 645 ante. At 7.30 p.m. 
for 8 p.m., Banquet to the Delegates, Connaught Rooms, 
Great Queen-street, W.C.2. 


Royat Instrrution.—Monday, June 4, 5 p.m., Albe- 
marle-street, W.1, General Meeting. Friday, June 8, 
9 p.m., “‘ The Waves of an Electron,’”’ by Professor G. P. 
Thomson. 


INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS. 
—North-Eastern District: Saturday, June 9, 10.30 a.m., 
Municipal Buildings, West Hartlepool. Various Visits. 
At 5 p.m., Grand Hotel, West Hartlepool, ‘‘ Municipal 
Work at West Hartlepool,” by r. Durkin, 
“Municipal Work at Hartlepool,“‘ by Mr. J. H. Miers. 
—Yorkshire District: Saturday, June 9, 2 p.m., Town 
Hall, Wakefield. ‘‘ Municipal Work in Wakefield,” by 
Mr. L. Ives. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Little business has been transacted 
during the past week in view of the fact that the collieries 
were idle for half the week, and that coal shipping was 
suspended for a couple of days because of the Whitsun 
holidays. Business was usually confined to the purchase 
of oddments to complete the loading or bunkering of 
vessels in dock and likely to sail over the holidays. 
A shortage of steamers, due to labour troubles abroad 
having thrown shipping out of position, also checked 
the volume of business, and many exporters were not 
in a position to work off orders which they had in hand. 
Many pits were unable to avoid stoppages on account of a 
scarcity of empty wagons due to the scarcity of shipping 
and the consequent impossibility of getting sufficient 
trucks back to the pits to save stoppages. The sus- 
pension of winding over the holidays was, however, 
expected to improve the position in this respect and 
also to diminish stocks. The outlook, nevertheless, is 
none too bright, for unless business comes forward on 
a much greater scale than has been the case of late, it 
is pretty well certain that temporary stoppages will 
continue. Prices, however, have been steadily upheld 
on the basis of the voluntarily-agreed minimum, and 
collieries generally refuse to break the minima, preferring 
to stop pits. Shipments of coal as cargo in the past 
week, despite the holidays, were slightly increased, as 
compared with the preceding week, but were still on a 
low level. The total of 394,430 tons compared with 
393,530 tons a week ago and 548,590 tons in the corres- 
ponding period of last year. Exports at Cardiff were 
raised from 239,210 tons to 260,910 tons, but at Newport 
reduced from 78,300 tons to 77,130 tons, at Swansea 
from 38,270 tons to 35,250 tons, at Port Talbot from 
28,750 tons to 18,390 tons, and at Llanelly from 9,000 
tons to 2,750 tons. Exports to Argentina were raised 
from 26,500 tons to 48,700 tons, Brazil from 37,100 tons 
to 44,180 tons, Canada from 5,700 tons to 6,700 tons, 
Egypt 32,000 tons to 43,100 tons, and Italy from 45,280 
tons to 63,450 tons, but to France reduced from 107,670 
tons to 81,340 tons, and to Spain from 27,070 tons to 
17,950 tons. 


Welsh Anthracite Merger.—Negotiations are still going 
on for the purpose of bringing the whole of the Welsh 
anthracite output of 5,000,000 tons per annum under a 
single control. Following the absorption of the Gwaun- 
cae-Gurwen Collieries and the Vale of Neath Collieries 
by Amalgamated Anthracite Collieries, Limited, negotia- 
tions are progressing for the taking over or marketing 
agreements with the Welsh Anthracite Collieries, Limited, 
the Henderson group, and the pits controlled by 
Mr. Evans Beavan. 


Iron and Steel.—Shipments of iron and steel goods in 
the past week totalled 10,604 tons, or 7,636 tons more 
than in the preceding six days. Shipments of tinplates 
and terneplates were lowered from 7,636 tons to 6,500 
tons, but those of blackplates and sheets were increased 
from 753 tons to 2,345 tons, galvanised sheets from 
1,367 tons to 3,722 tons, and other iron and steel goods 
from 849 tons to 5,251 tons. 














Launcn or THE 8.8. “ Srr Wirtram H. RaEsBurn.”— 
There was launched from the yard of Messrs. Ferguson 
Brothers (Port Glasgow), Limited, on April 9 last, 
the twin-screw grab hopper dredger Sir William H. 
Raeburn, which has been built to the order of the Clyde 
Navigation Trustees. The hopper is arranged amidships, 
while the winch for raising the doors is fitted forward, and 
consists of a two-cylinder vertical engine driving bronze 
worm and steel gearing. The grab crane is placed forward, 
and has three grabs construcied for stiff and soft materials. 
The vessel is propelled by two sets of compound, surface 
condensing engines, supplied with steam by a multi- 
tubular marine-type boiler. 
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THE TRENTON CHANNEL STATION, DETROIT, MICHIGAN, U.S.A. 


(For Description, see Page 660.) 


Base Line of Turbine 
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and Lighterage Company, Limited, by the Rowhedge 
Ironworks Company, Limited, near Colchester, has 
recently arrived in the Thames. The vessel is 37 ft. 


TRIALS OF THE Motor Tuc “ Brons.”—After running 
satisfactory trials on the Colne, the motor towing launch 
Brons, which has been built for the Thames Steam Tug 











Fig. 116. Tuss-PuatEe For No. 3 Set ConDENSER. 


long, with a beam of 8 ft. 4 in. and a depth of 4 ft. 1} in., 
and is propelled by a Brons engine, supplied by the Brons- 
motorenfabriek Company, of Appingedam, Holland, 
through their agents, Messrs. Humipleby and Company, 
of London, which develops 30 b.h.p. in two cylinders at 
400 r.p.m. It is claimed by the builders thatjthis is;the 
first high-compression cold-starting installation to run 
on the Thames. 
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THE CHOICE OF FUELS. 


Most fuels are complex bodies of uncertain com- 
position. In their combustion they involve processes 
of which the variations are difficult to control or 
even to understand, producing a corresponding 
variety of products. For many years past it has 
been known that the relative technical and 
economical advantages of fuels depend essentially 
on the choice that is made of them and of the 
processes by which they are used. To choose intelli- 
gently in the presence of so many variables and 
unknowns is usually difficult and often impossible ; 
yet some sort of choice has to be made, and very 
grave issues may turn upon it. The necessity of 
this choice and its gravity are understood more 
readily than its difficulties, and broad-minded 
persons who derive their information from news- 
papers are often impatient of the delays they per- 
ceive in the application of some apparently hopeful 
methods. Their practical intellects, unburdened by 
knowledge of the facts that constrain the opinion 
and decisions of more fully informed persons, deplore 
or condemn the inaction which declines to accept 
some popular formula, such for instance as low 
temperature carbonisation, as an immediate and 
practical solution of all fuel problems. Many even 
among those who have the facts at their disposal 
are prepared to generalise from a limited experience, 
and to draw final conclusions relating to tens of 
millions of tons and hundreds of varieties of coal 
from experience of which the scale, if indeed it has 
gone beyond the laboratory stage, is quite incom- 
parable with that on which the use of the process in 
question is suggested. No process, indeed, could hope 
to be investigated adequately if it were not thought 
to have a reasonable chance of being worked on an 
incomparably greater scale than that on which it 
was first investigated. Almost invariably, however, 
there lies a gap, to be bridged only by experience, 
between the scale on which a process can be tried 
and that on which a successful process has to be 
worked, and in the long run nothing can do more to 
discredit an industry and retard its progress than 
the premature assumption of results which in fact 
have not been attained. 

These observations are suggested by an interesting 
discussion on the production of liquid fuel from coal, 





J. 8. Allan, 30, Church-street, New York. 





introduced by Mr. David Brownlie at a recent 
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oo 
meeting of the Diesel Engine Users’ Association. 
The paper dealt chiefly with methods of low tem- 
perature carbonisation, hydrogenation, and the 
manufacture of synthetic fuel from carbon monoxide, 
and contained some statistical and other information 
exhibiting the modern increase in the use of water 
power and the consumption of liquid fuel. Its 


64 | fundamental propositions, so far as they relate to its 


ostensible subject, are that the coal resources of this 
country must be utilised scientifically ; that schemes 
for developing low-temperature carbonisation, or 
other heat treatment, of our bituminous coal with 
a view to producing oil to meet the increased 
use of Diesel and petrol engines are ripe for imme- 
diate development ; that so far they have been 
stifled ; and that they now must be carried through, 
no matter what vested interests stand in the way. 
Of the processes, some 400 in number, in regard to 
which the author has accumulated particulars in the 
last ten years or so, he selects 75 of what he describes 
as the more important, in respect to each of which 
he states that there is extensive large-scale experi- 
ence, obtained more or less under commercial condi- 
tions. To a impartial and sufficiently uninformed 
outsider it must seem deplorable that as yet none 
of these processes appears to be working in this 
country on a scale at .all comparable with the 
importance justly claimed for processes of low 
temperature carbonisation, if on that scale they 
can be made to comply with commercial and 
practical conditions. It would be unfortunate if 
a reader of this paper arrived at such a conclu- 
sion, which he would hardly have been likely to 
retain after listening to the interesting discussion 
by which the paper was followed. One speaker, for 
instance, quoted a recent statement by the Chairman 
of the Powell Duffryn Steam Coal Company, that 
his company had yet to see a plant which offered 
a reasonable prospect of commercial success. It is 
hardly likely that the company could have arrived 
at this conclusion, dealing as it does with a matter of 
the first importance to itself, by merely closing its 
eyes to results that had in fact been obtained. 
A more probable explanation seems to be that the 
remark illustrates the extent to which progress 
may be impeded by exaggerated claims. When a 
process is put forward as working on a technical 
scale, and ripe therefore for more extensive practical 
experience and ultimate commercial application, 
a reasonable prospect of commercial success is 
more likely to be seen than under what unfortu- 
nately is a commoner procedure, by which commer- 
cial achievement is claimed on the mere ground of 
technical success on a moderate scale. Without 
discussing here whether at the present time there is 
any plant which has arrived at the stage of demon- 
strated commercial success, it is clear that nothing 
could do more to prevent such success from being 
recognised as it would deserve than the failure to 
distinguish between the results of working in com- 
mercial conditions and on a commercial scale, and 
those of the tentative working which forms a 
necessary but not conclusive stage in the develop- 
ment of every process. 

The reformed use of fuel is both technically and 
commercially too complex and difficult a business 
to be assisted by hysterical references to vested 

interests, and still less by imputations which can 

be described only as baseless, mischievous, and 

impertinent. In the course of this discussion, for 

example, one speaker thought fit to characterise the 

work of the Fuel Research Board by the remark that 

the accepted procedure of all government depart- 

ments is to sacrifice the interest of individuals and the 

community for their own increase and glorification, 

and the author of the paper selected this speaker’s 

observations for reference without disapproval. 

Least of all are such statements tolerable if they go 

to the length of misrepresenting the facts they 

purport to record, as, for instance, when the author 

of the paper himself stated that the Fuel Research 

Board had selected its own plant for trial at the 

Richmond Gas Works. So far from this having 

been the case, the Department of Scientific and 

Industrial Research referred to Sir David Milne 

Watson, the Governor of the Gas Light and 

Coke Company, the question of which, if any, 

process of low-temperature carbonisation was 





suitable to the purposes of a London gas 
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works, and the selection of the Greenwich plant 
was made by the Company in what appears 
to have been its uncontrolled discretion after its 
technical staff had investigated all the principal 
processes at work in this country and on the Con- 
tinent. Hardly less misleading is the observation 
that the Fuel Research Board might be better 
employed in lending technical aid to inventors than 
in spending money on a process of its own. One of 
the essential functions of that body is to provide 
such aid, as indeed another speaker pointed out, 
and reports published from time to time on the 
Board’s investigations of hopeful processes made at 
the request of the proprietors have shown, as indeed 
is well understood in the industry, that such 
investigations are made not only impartially, but 
sympathetically. In accordance with the settled 
practice of the Department to which it is attached, the 
Board appears to do little or nothing at its research 
station, or elsewhere, which it can incite others to do 
equally well. The volume of work which remains on 
its shoulders because no one else can or will under- 
take it is, nevertheless, large and rapidly increasing, 
and it is only to be hoped that its resources may 
keep pace with the urgent calls upon them. 

Both the country and the coal industry have 
need, indeed, of every possible assistance towards 
extending the knowledge by which, whether they 
are regarded as national or as industrial resources, 
their coal deposits can be turned to better account. 
While, perhaps, 80 per cent. of the world’s power 
is still generated from coal, the value of these 
resources and the prospects of the coal industry are 
unquestionably affected by the rapid increase in 
development of water power, and still more by 
the increasing use of motor spirit and other 
liquid fuels. In a secular future, the world may 
have to obtain its fuel by growing fresh crops of 
vegetables and converting them into alcohol or 
some other combustible. For the time being, it 
is able to use the fossilised remains of vegetable 
bodies grown in remote ages, and economic ques- 
tions of vital importance to this country depend on 
whether it can obtain its fuel from its native coal 
deposits or must import it from abroad. The 
decision must turn ultimately on the extent to which 
fuel technology is able to control the processes at 
its disposal, and at the present time it seems certain 
that much exploratory work has still to be done 
before that control will become adequate to its 
purposes. Even such relatively simple details as 
the life of retorts and methods of obtaining distil- 
lates free from dust have yet to be worked out 
completely, and still more various knowledge will 
be required before the art is able effectively and 
with confidence to deal with the complexities of the 
material on which it has to work. Of methods 
for controlling the transmission of heat within the 
retort, the epoch at which products are withdrawn 
from the heated zone, the character and variety of 
the products so produced, and the manner in which 
the bridging of caking coals is to be prevented, 
there is little more than empirical knowledge, the 
data of which are seldom sufficient to enable plant 
to be designed with certainty for use on a different 
scale or for different materials. The production by 
hit-and-miss metods of a plant which was found 
to work with given materials under given conditions 
would only be a small step to the ultimate founda- 
tion of the desiredindustry, whether by low-tempera- 
ture carbonisation or otherwise. It will rest on an 
assured foundation when the present lacunae in 
knowledge are filled, and all past experience tends 
to show that, in so far as the search for such funda- 
mental facts has to be continued, the longest way 
round will be the shoriest way home. 








THE CREEP OF METALS AT HIGH 
TEMPERATURES. 

A FURTHER instalment has been published of 
the results obtained at the National Physical 
Laboratory in the investigations which are pro- 
ceeding on the properties of materials at high 
temperatures.* The observations recorded in this 





* Department of Scientific and Industrial Research. 
Engineering Research : Special Report No. 6, Properties 
of Materials at High Temperatures : 3.—Note on the Creep 





of Armco Iron. By H. J. Tapsell, A.C.G.I. H.M. 
Stationery Office. [Price 6d. net.] 





report were made on Armco iron within a certain 
range of temperatures, and their full bearing 
will doubtless be perceived better when they have 
been extended to other materials and temperatures 
and correlated with the results of a greater variety 
of tests. The earlier reports of the same series 
of investigations were described in our issues of 
August 5, 1927, and December 30, 1927. 

The present experiments consisted broadly of 
two groups, one of which was devoted to examining 
the effects which the maintained high temperatures 
and stresses used in the creep tests produced on the 
limits of proportionality of the materials, and the 
other to the alterations in the hardness of strain- 
hardened iron when exposed to high temperatures 
with or without renewed strain. In the previous 
tests the temperatures used had ranged from 
200 deg. C. to 500 deg. C., but in those under notice 
it was thought desirable to begin at a lower tem- 
perature. The Armco iron used in these experi- 
ments was normalised, and at 150 deg. C., the 
limit of proportionality was found to be 13-75 tons 
per square inch and the yield stress 16-5 tons. 
The observations began by examining the creep 
of the material at 150 deg. C. under a constant 
load, which produced a stress of 25-7 tons per 
square inch on the area of the original cross-section. 
It was found that on a 2-in. length an extension 
of 0-1689 in. took place almost immediately, but 
that the further extension, following on continued 
exposure to the stress at this temperature, fell very 
rapidly from 0-0067 in. during the first day to an 
average of 0-00004 in. per day during the last 11 
of the total 17 days for which the observations were 
continued. The stress per sq. in. had, of course, 
increased with the reduction of area consequent on 
strain. At the end of these observations the test 
piece was allowed to cool down in the furnace, and 
was then removed and tested for its limit of pro- 
portionality at 150 deg. C. in a tensile testing 
machine using mirror extensometers. The load- 
extension curve so obtained was slightly convex 
from its origin up to the full test load which had 
been applied in the creep test. As there still was 
measurable creep, a further creep test was made at 
136 deg. C., and, as before, a load of 25-7 tons per 
square inch on the original cross-section was applied. 
After an almost immediate extension of 0-1632 in., 
the creep decreased even more rapidly than before, 
until, on the average of the fifth to the twenty-second 
day, the daily extension was about 0-00001 in., and 
in the interval between the twenty-second and forty- 
third days a trivial increase in length had occurred, 
showing that the creep had fallen to minute dimen- 
sions or had altogether ceased. After having been 
allowed to cool in the furnace at the end of the 
43 days’ creep-test, a tensile test was made, as 
before, at 136 deg. C., the stress of 25-7 tons per 
square inch used in the creep test being presumably 
applied stepwise, though the intervals between 
increases of load are not stated. When the full 
stress had been reached, it was maintained for 
5 minutes, during which period a change of dimen- 
sions occurred of the order of a few millionths of an 
inch, such as would be caused by a small variation in 
temperature, which, in fact, appeared to have 
occurred. The load-extension curve was a straight 
line-up to full load, showing that up to that point 
no limit of proportionality had been reached. 

It was inferred therefore that the creep under the 
load of 25-7 tons per square inch at 136 deg. C. 
had come to an end, and that the limit of propor- 
tionality had risen to not less than that figure. 
Other tests were accordingly made on Armco iron 
at 237, 325 and 390 deg. C. under stresses of 20, 12 
and 7 tons per square inch respectively, which were 
a little below the estimated limiting creep stresses 
determined by previous experiments, and also on a 
specimen of cast steel containing 0°53 per cent. carbon 
at 309 deg. C. under a load of 25 tons per square inch. 
These tests were applied for periods varying from 
thirty-eight days to forty-nine days, each finishing 
when creep had apparently stopped, the total creep 
during the last six to ten days having in each case 
been less than 0-0001 in. The primitive limits 
of proportionality of the Armco iron were 6, 3-6 
and 2-9 tons per square inch at the respective 
temperatures, and of the cast steel, at 309 deg. C., 
10-35 tons ; after the creep test, however, each had 








risen to the stress, calculated on the original area 
under which the test had been conducted. ’ 

The effect of the tests on hardness was to show 
that increased hardness was produced not only by 
continued strain but by mere exposure to an 
elevated temperature. The first experiments des- 
cribed to this effect were made on the test piece 
which had been used in the creep test at 136 deg. C. 
The Brinell hardness number of the normalised 
Armco iron determined at air temperature with a 
1 mm. ball and a load of 30 kg., was 103, and the 
number obtained at air temperature at the end of 
the creep test was 166. The specimen was then left 
in the furnace at a temperature of 136 deg. C. for 
ten days, and the same hardness number was 
obtained. In further experiments, test pieces of 
Armco iron of square section were strained at air 
temperature in a tensile testing machine until local 
contraction set in. The reductions of area at 
five (in one series four) similarly placed points along 
these test pieces were measured, and the Brinell 
hardnesses determined on polished flats. The test 
pieces were then soaked in the furnaces without load 
for various times at different temperatures, at the 
end of which they were cooled in the furnace and 
the hardnesses determined as before at similar 
positions. A second series of hardness determinations 
was also made after soaking in the furnace for a 
longer period. The temperatures chosen were 
150, 240, 290, 340 and 390 deg. C. In all instances 
it was found that the hardness produced by strain at 
these temperatures had increased after soaking in the 
furnace for a few hours or days, the effect being most 
notable at 150 deg. C. In some instances at higher 
temperatures the hardness was slightly reduced 
from the maximum by prolonged exposure to the 
temperature in question, and seemed therefore to 
point to a softening influence, which, however, 
appeared to be very much less in its effect than the 
original hardening influence of the furnace soaking. 
The tables show that the reductions of area on 
straining at air temperature until local contraction 
set in varied in different bars and positions from 
2-6 to 55-2 per cent., and that even in the same 
bar the variations at different points were con- 
siderable, in one instance being over 40 per cent. 
A further similar test, in which the specimen was 
first strained at 150 deg. C. instead of at air tem- 
perature, also showed hardening after soaking 
at the same temperature, though apparently to a 
much smaller extent. In this test the reduction 
of area, measured in three positions, was practically 
the same at each (6-7 and 6-8 per cent.), and 
very much smaller than at most points in the 
previous tests. 

An incidental investigation was made at 240 deg. 
C. under a stress of 25-1 tons per square inch applied 
in short periods until fracture occurred, the load 
being removed and the hardness determined at air 
temperature at the end of each period. The tests 
covered extensions on 2 in. of from 0-1661 to 0-6094 
in 199 hours (the first figure being obtained after 
2 minutes), corresponding to stresses on the smallest 
section increasing from 27-3 to 35-1 tons per square 
inch. It was found that at this temperature the 
iron hardened progressively without interruption, 
and the fracture occured a few hours after the 199- 
hour test. 

It appears therefore from these investigations 
that, at least for the range of temperatures investi- 
gated, Armco iron which has been hardened by 
strain may be hardened further by exposure to 
elevated temperatures, and that during a creep 
test hardening occurs both through strain and ex- 
posure to temperature. It is thought that these 
occurrences account for the further change by which 
the limits of proportionality are raised in the manner 
described, the original plasticity of the material 
giving place to apparently perfect elasticity up to 
the limiting creep stresses. The report does not 
state whether the elasticity so obtained is confined 
to proportionality of stress and strain, or whether 
it includes also the absence of permanent set within 
the higher limit of proportionality. No determina- 
tions appear to have been made of possible changes 
in ductility and toughness accompanying the 
enhanced hardness produced by strain-hardening 
and temperature-hardening, and no particulars 
are given of any variations in microscopic structure 
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produced by the processes applied. No doubt these 

ints will be investigated in due course, but in the 
meantime the results already obtained appear to 
be sufficiently new and important to deserve 
publication without unnecessary delay, and the 
further progress of the research will be awaited with 
interest. 

The intrinsic value of the work may perhaps 
make its appearance a fitting occasion for ex- 
pressing regret that the exposition given to 
scientific and technical work is often not of the 
same order of merit as the work itself. It would 
be untrue to say that no reports appear nowadays 
which do not suffer from faulty exposition. From 
time to time conspicuous instances are seen to the 
contrary ; but those who in recent years have had to 
peruse seriously a large number and variety of 
scientific and technical papers and reports must 
agree that the exposition of a large proportion of 
them is notably inferior to the work itself. It is 
too early to conjecture what may be the ultimate 
significance of the two discoveries which have been 
made in the course of the investigations described 
above, and what place they are destined to fill in 
the theory of metals. Already, however, it is evident 
that they are interesting and beautiful additions to 
existing knowledge, and ought not to be presented 
ina form which at times can only be described as 
careless. 

It may not be superfluous to quote a few ex- 
amples of the defects in question. The writer 
refers to the need for defining the term “con- 
tinued creep’’; and yet nowhere himself attempts 
to give such a definition. In his reference, again, 
to some Brinell hardness determinations made 
after the earlier part of these investigations he 
describes them as “ Brinell hardness (1/30) ob- 
tained by using .-in. diameter ball and load of 
75-5 kg.,”” while those made in the present series 
are described as made with a 1 mm. ball and 
a load of 30 kg. No suggestion is made as to 
whether the 1/30 in the description of the former 
tests is meant to correlate them with those of the 
present report, which are also described as “1/30,” 
nor is any explanation given as to the intention of 
the difference of ratio between load and size of 
ball. There may be excellent reason for discre- 
pancies of this kind, but they ought not to be 
introduced in silence and with no indication of 
such meaning as they may have. A somewhat 
similar omission to refer to differences in what 
apparently purport to be identical conditions is 
seen in the description of the experiments made in 
parallel on a number of test pieces of square section. 
The context in which the experiments are reported 
implies that initially the specimens were of the 
same material and in the same condition. They may 
in fact have been so; but it does not seem proper 
to present in tables figures which show discrepancies 
such as those pointed out above without at least 
drawing attention to their existence. When indeed 
at a later stage the report refers to these results, 
it mentions “‘ reductions of area from 5 per cent. 
to 35 per cent.,” as though feeling a certain diffi- 
dence in recognising the full range of from 2-6 per 
cent. to 55-2 per cent., which the tables show; 
but the sentence (page 10) in which this observation 
occurs states that “this applies for strain-hardened 
Armco iron corresponding to” the specified reduc- 
tions of area, when “this” may have any of 
several different meanings. Without suggesting 
that at the moment of writing writers in this style 
donot stop to think what they mean, it must be 
admitted that they would not show their meaning 
less clearly, and would give it a more becoming and 
effective expression, if they made their descriptions 
°xplicit, self-consistent, and free from ambiguity. 
le present report is by no means an extreme 
Instance of the occasional neglect of these qualities. 








ENGINE KNOCK AND RELATED 
PROBLEMS. 
; Tur Friday evening lecture at the Royal Insti- 
— on May 25 was delivered by Mr. A. C. 
gerton, F.R.S., and dealt with “Engine Knock 
and Relat ed Problems.” 
his opening remarks, Mr. Egerton recalled the 


had commenced at the Royal Institution his 
magnificent work on flames, which had, he said, 
paved the way for every subsequent research on 
that subject. In the course of his studies, Davy 
discovered the fact that the rate of combustion of 
hydrogen was materially modified by the presence 
of 1 per cent. of ethylene, and it was the effect of 
minute proportions of various dopes in the burning 
of petrol vapour which he proposed to discuss that 
evening. Davy’s research was undertaken with the 
practical aim of promoting safety in coal mines, 
and it was the practical aim of increasing the 
efficiency of the internal-combustion engine that 
had led to the investigations he was about to des- 
cribe. 

Whatever its associated drawbacks, the successful 
development of the petrol engine must be regarded 
as a very notable achievement, in view of the high 
temperatures and pressures attained, and of the 
extraordinary rapidity of its cycles of operation ; 
each cycle might occupy as little as + second 
Ignition occurred a little before the piston finished 
its in-stroke, and combustion was complete before 
the return stroke was commenced, the total 
time occupied by the reaction being, perhaps, 
st, second. The flame temperature was of the 
order of 2,500 deg. C., and that of the exhaust 
gases was at least 1,000 deg. C., so that the exhaust 
valve had to work at a red heat. During the 
intake, the temperature might be about 120 deg.C., 
and at the end of the compression stroke it might 
be as much as 450 deg. C., being higher the greater 
the compression ratio. 

With ideal gases, a compression ratio of 4 to 1 
should give a thermal efficiency of 42°6 per cent. 
and a compression ratio of 6 to 1, an efficiency of 
51-2 per cent., whilst the corresponding figure for a 
compression ratio of 8 to 1 was 56°9 per cent. 
Owing to the physical characteristics of the gases and 
vapours actually used, these ideal figures were not 
attained in actual engines. In these, with a compres- 
sion ratio of 4 to 1, the efficiency was of the order of 
30 per cent. A ratio of 6 to 1 would give about 35 
per cent., the practical limit, all things considered 
being, according to Mr. Ricardo, about 7 to 1 in the 
case of engines having cylinders of 3 in. to 4 in. in 
diameter. The limit to the compression ratio was 
fixed by the danger of developing knock when high 
compression ratios were adopted in engines using 
petrol as their fuel. Various methods had been 
tried in the attempt to surmount this difficulty. 
Something could be done by careful design of the 
combustion space, and a compression ratio of 6 
to 1 could be attained without much trouble, but 
this depended on the size of the engine. 

Matters could be improved by adding benzene, 
or other non-knock fuels, to the petrol, but it 
would be quite impossible to replace the latter with 
benzene, of which the total production was far 
too small. It was believed that the yearly con- 
sumption of petrol was now of the order of 12,000 
million gallons, so that an improvement of 20 per 
cent. in the efficiency of the petrol engine would 
mean a saving of over 2,000 million gallons per 
annum. This, in itself, was quite sufficient to 
demonstrate the economic importance of the pro- 
blem. 

In the course of work undertaken to discover 
something better than benzene, Messrs. Midgley 
and Boyd found that iodine added to petrol 
was a fairly good anti-knock dope. This led 
them to study other additions, which resulted 
in the discovery that lead tetra-ethyl was par- 
ticularly potent. Another good anti-knock dope 
was di-ethyl telluride, and the nickel and iron 
carbonyls were also very effective. Aniline, more- 
over, gave good results, but forty times as much 
of it was necessary as served in the case of the 
lead ethyl. An addition of 0-1 per cent. of this 
dope to petrol allowed the compression ratio to 
be raised from 5 to 6, and with four times as much, 
the compression ratio might be as high as 7°3, 
though this depended on the type of engine used. 
The particular results quoted were those obtained 
with the Ricardo variable-stroke engine, in which 
the cylinder could be moved up or down relatively 
to the crankshaft, and the compression space 
varied accordingly. With this engine, the addition 


allowed the compression ratio to be raised from 
some 4 or 5 to 1 up to 6 to 1, with a corresponding 
gain of at least 10 per cent in the power developed. 

He did not propose to discuss certain questions 
which had been raised as to the toxicity of this 
dope, or as to its effects, good or bad, on the 
mechanism of the engine, but to consider rather the 
question as to why “anti-knocks anti-knocked.” 
This was a most interesting problem, both from the 
physical and the chemical standpoint, in part 
because of the extraordinarily small proportions of 
dope which were effective. In the case of a petrol 
engine working under normal conditions, the 
quantity of lead ethyl necessary amounted to only 
one molecule in 200,000 molecules of the explosive 
mixture. Another interesting point was the curious 
fact that these anti-knock bodies were themselves 
highly explosive ; and yet they served to diminish 
the tendency of petrol to explode. e were thus 
confronted with a case of what might perhaps be 
called ‘explosive homeopathy.” 

The facilities for his own researches were due to the 
Asiatic Petroleum Company, and, at the outset, he 
had discussed with Mr. H. T. Tizard the initial steps 
to be taken. The idea then held was that knock 
was due to detonation of the mixture. It was 
decided, therefore, to make experiments with tubes 
in which an explosive mixture was fired by means of 
an electric spark. In such tubes, the flame might be 
propagated in various ways. Depending on the 
conditions and on the constitution of the mixture, 
the flame might either be propagated with a 
uniform velocity by conduction of heat from layer 
to layer, or a vibratory type of combustion might be 
set up, whilst, as a third alternative, the reaction 
might uniformly accelerate and at last culminate 
in detonation if the mixture strength exceeded a 
certain limit. The detonation occurred after the 
flame had travelled a certain distance from the 
ignition point. The course of the combustion could 
be photographed on a rapidly travelling film, the 
trace on which showed a steadily increasing speed of 
the flame propagation until the detonation point was 
reached. The speed then became uniform, as the 
explosive wave travelled on down the tube. Detona- 
tion occurred when the compression set up by the 
firing of the mixture was sufficient to raise the 
temperature of the still unburnt gas to its ignition 
point. If the reaction were in this case sufficiently 
rapid, compression and combustion proceeded simul- 
taneously and detonation occurred. In the speaker’s 
preliminary experiments, made in conjunction with 
Mr. Gates, the mixtures used included acetylene, 
hydrogen, and also pentane, mixed with nitrogen 
and oxygen and other gases. 

The distance from the ignition point, to the point 
at which detonation occurred was noted, and, the 
dope being added and the experiment repeated, it 
was expected that this distance would be increased. 
Nothing of the kind occurred, however, even when 
the experiments were extended to cover cases in 
which the initial temperature was 230 deg. C. and 
the initial pressure 7 atmospheres. The anti-knock 
dopes had, in fact, no effect on this type of explosion. 
Light came later, as the result of experiments 
made at Amsterdam by Dr. Weerman, who found 
that the ignition temperature of petrol in ait was 
raised by the presence of “ anti-knocks.” These 
experiments were made by dropping petrol into a 
heated iron pot. A curious point was, whilst with 
air the addition of lead ethyl raised the ignition 
point 90 deg. C. or more, this rise did not occur if 
the air were replaced by oxygen. 

When selenium di-ethyl was used as the dope, 
the ignition point was raised by no less than 140 deg. 
C., but this dope was not effective in the engine. 
Nevertheless, it appeared that all the dopes that 
were effective in the engine did raise the igniting 
point of petrol as tested in an ignition pot. 
The‘next question which arose was whether the 
effectiveness of lead ethy] was to be attributed to the 
ethyl or to the metal. To test this, the vapour of 
lead, obtained from an arc struck in nitrogen, was 
directed into the pot, and this vapour proved to have 
the same effect on the ignition temperature as the 
lead ethyl. Other metals were found to act simi- 
larly, the best results being obtained with thallium. 
Potassium was also effective, but: if introduced into 
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the pot in the form of oxide it was quite ineffective. 
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This result was curious, because potassium combined 
so readily with oxygen that it must have been 
oxidised before it reached the petrol vapour in the 
pot. The explanation was, perhaps, that any oxide 
“‘ ready formed ”’ was necessarily introduced in the 
form of “‘ chunks,” whilst the oxide resulting from 
the burning of the potassium vapour was presumably 
in the molecular condition, and in this state only 
was it effective. In further experiments made by 
Messrs. Tizard and Thorneycroft, a lead arc was 
struck in air and the vapour drawn into an engine 
cylinder, where it proved very effective, because 
the lead oxide entered, presumably, in a molecular 
condition. 

It thus appeared that though the “ anti-knocks ” 
did not affect detonation they did raise ignition 
temperatures. It was further shown that all those 
that were effective in the engine had the common 
property that the equilibrium point between their 
higher and lower oxides lay within the range of 
temperature at which they were required to work. 
Thus, in the case of potassium, the equilibrium 
point between K,0, and K,O, was at 400 deg. C. 
If at this temperature the higher oxide were reduced 
to the lower, it was immediately regenerated by 
its next impact with a molecule of oxygen. It 
was the higher oxide which stopped the ignition. 
In effecting this, it was itself reduced to the lower 
oxide, and this was then again automatically 
regenerated. This explained why: zinc was in- 
effective as an engine dope, since with this metal 
no such transformation was possible. 

Further study of the question by means of the 
ignition pot showed that, in general, the presence 
of the dope slowed down the reactions occurring 
prior to the attainment of the ignition point. 
Thus lead reduced the temperature reached in these 
ante-ignition reactions by no less than 100 deg. C. 
The view that less oxidation was effected in this 
case was confirmed by a measurement of the 
amount of CO, formed. Hence all “ anti-knocks ” 
might be regarded as inhibitors of ignition. 

Davy had shown that surface combustion could 
occur without the production of flame, but since the 
efficiency of the dope appeared to be independent 
of the ratio of cylinder surface to volume, the 
speaker believed that this surface action did not 
intervene in the case of petrol explosions, but that 
ignition started at certain centres of high energy in 
the mass of the mixture. The anti-knock dopes 
checked the setting up of these centres of high energy 
in the body of the gas. They were peculiarly effec- 
tive in the case of aldehydes, and it was believed that 
aldehydes were one of the intermediate products of 
the combustion of petrol. By the action of the dope 
on these aldehydes, further oxidation was delayed, 
but this was not the whole of the story, since, if the 
dope acted only on the aldehydes, the percentage of 
these present in the exhaust gases would be in- 
creased when an “ anti-knock” was used, but the 
precise opposite was found to occur. Again, if 
only the aldehydes were acted on, the rate of com- 
bustion should be enhanced by the addition of 
aldehydes to the explosive mixture, but this was 
not found to be the case. It would seem, there- 
fore, that the dope acted on certain intermediate 
products formed during the early stages of the 
combustion. 

When the temperature of an explosive mixture 
was raised, certain of the fuel molecules might 
gain enough energy to unite with the oxygen present, 
temporary peroxides being formed. Owing to acti- 
vation of the fuel and oxygen molecules, certain of 
these complexes might become centres of high energy. 
Subsequently, variois things might happen. The 
complex might revert to ordinary non-activated 
peroxide, the surplus energy being shot out as 
radiation. As another alternative, the complex 
might dissolve, radiation again being liberated, or 
the complex might rearrange itself, with the pro- 
duction of highly active products. As a fourth 
alternative, the peroxide complex might suffer a 
collision. If this were with an inactive nitrogen 
molecule, the energy of the active product might 
be frittered away, but an encounter with a fairly 
active fuel or oxygen molecule might raise its 
energy so that it would re-act and produce active 
products. These might collide in their turn and 
activate other fuel molecules, and so on. 


ENGINEERING. 


It seemed quite possible that reactions which 
were ordinarily of rare occurrence might well fre- 
quently give rise locally to activated centres. 
Anything that decreased the concentration of these 
would have an enormous effect on the rate of 
oxidation of the vapour. 

Work, both in Sweden and at Oxford, had shown 
very definitely that the rate at which hydrogen 
and oxygen combined during the ante-ignition 
stage could only be explained on the hypothesis 
of a chain of reactions. Anti-knocks reduced oxida- 
tion by breaking these chains, thus bringing the 
reaction to a stop. In this process they were them- 
selves regenerated, and this accounted for the 
very small percentage of dope necessary. 

The question remained: why these anti-knocks 
were effective in the engine, but failed to affect 
detonations. The answer seemed to be that their 
action was confined to a narrow zone on the front 
on a travelling flame, where they kept down the 
temperature. If, however, the reaction became so 
violent in the zone of combustion that great heat 
was developed, their effect was swamped and 
detonation occurred. Thus it was found that an 
addition of iron carbonyl, to the extent of one part 
in a 1,000, to a tube charged with an explosive 
mixture of CO, reduced enormously the rate at 
which the flame travelled from one end of the tube 
to the other. Knock was not akin to detonation, 
but appeared to be due to inequalities in the 
condition of the charge set up particularly in 
regions of high pressure and temperature near 
the hot exhaust valves. These inequalities gave 
regions of high energy and unequal burning, which 
resulted in a vibratory condition of flame. A wave 
of compression was then started which travelled 
back through the products of combustion and 
produced the “‘knock” as it was reflected from 
the walls. Higher turbulence, cooler surfaces, or 
even a longer combustion space, would tend to 
prevent these sudden local rises of pressure and 
thus reduce the liability to ‘ knocking.” 








NOTES. 


EARTH PRESSURE. 


Tue address on earth-pressure theories, delivered 
last February to the Institution of Structural 
Engineers, by Col. J. M. Moncrieff, M.Inst.C.E., 
has now been published, and copies can be obtained 
at the offices of the above Institution, price 1s. 
In this paper the author reviews the various 
mathematical theories that have been formulated 
for the computation of earth pressures, and points 
out that, in certain cases, notably that of Rankine, 
the conditions postulated as the basis of the mathe- 
matical development are not, in general, satisfied 
in the case of retaining walls. Moreover, whatever 
theory or formula be adopted, it is necessary to 
fix by experience or experiment the values of the 
numerical coefficients involved. The author showed 
that these coefficients varied enormously, even in 
the case of one and the same material. Thus 
in experiments described in a paper read in 1923 
before the American Society of Civil Engineers by 
Mr. Jacob Feld, it was found that the sand used 
had, when dry, a weight of 103 lb. per cubic foot, and 
its angle of repose was 30 deg. 15 minutes. When 
the mass contained 4-2 per cent. of moisture, the 
weight per cubic foot was only 9% Ib., and the angle 
of repose was 38 deg. When, however, the mois- 
ture content of the sand was increased to 9-4 
per cent., the weight rose to 100 lb. per cubic 
foot, and the angle of repose increased to 40 deg. 
A still more striking instance of the variability 
of coefficients was encountered by the author in 
connection with a railway cutting in Northern 
Sweden. This had a maximum depth of 114 ft. 
The greater part of the material was a uniform 
blue clay free from seams and strata, and in excavat- 
ing it, blasts, dislodging 1,000 to 1,500 tons at a time, 
were employed in the deeper section of the work. 
The north side of the cutting was exposed to the 
sun during the very short summer characteristic of 
the latitude. This north bank stood for months 
with vertical faces 15 to 18 ft. high, which were 
surcharged with clay following the natural slope of 
the ground, which was 1 to 1}. The southern face 





got no sun, and the clay, accordingly, never dried 
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out. It froze during the winter, but during the 
summer ran like porridge. Examination showed 
that, in the case of the natural slopes of 1 to 14, the 
clay was overlaid with 12 in. to 18 in. of sand, 
This was covered with turf, and the slopes had stood 
for ages. It was decided, therefore, to cover the 
troublesome southern slope of the cutting with 
3 ft. of sand, and this proved a complete remedy, 
In another case, the author had found that the 
frictional resistance per sq. ft. of a cylinder being 
sunk for a bridge pier became less as the depth of 
the sinking increased. In view of the necessity for 
the exercise of judgment which was demonstrated 
by the instances quoted, Mr. Moncrieff advocated 
the use of the relatively simple theories of Poncelet 
and Coulomb, the values assigned to the coefficients 
being fixed according to the special circumstance of 
each case. 
ENGINEERS IN THE Navy. 

As the organ of the Royal Naval Engineers’ 
Benevolent Society, a society which exists for the 
furtherance of the interests of the Engine-Room 
Artificers of the Navy, the Naval Engineering 
Review is always worth reading by those interested 
in naval engineering matters. Issued quarterly, 
and edited by Engineer-Lieutenant F. T. Norris, 
R.N., the review has now reached its 74th number. 
While it endeavours to keep the members of the 
Society in touch with modern developments by 
reprinting papers read before technical societies, 
it publishes original contributions by its members, 
and the latest issue, dated April, 1928, contains 
two of the essays submitted for the Marrack 
Memorial Prize, which is awarded annually. These 
essays are usually adjudged by the Engineer 
Admiral at Portsmouth, who, in this instance, 
happens to have been Engineer Rear-Admiral R. W. 
Skelton, who was recently appointed to succeed 
Engineer Vice-Admiral Sir Robert Dixon as Engineer 
in Chief of the Fleet. The winning essay this year 
is that on Oil Fuel, by C. E. R. L. Hanbidge, who 
began his career in the Fisgard training ship for 
apprentices in January, 1906, and who has subse- 
quently served his fellow artificers by representing 
them on important committees. The introduction 
of engine-room artificers into the Navy in 1868 was 
a measure of great importance, but for more than 
30 years no avenue of promotion was provided to 
higher rank than Chief Petty Officer. Warrant 
Rank was, however, conceded in 1899, Commis- 
sioned Rank in 1904, and the first promotion to 
lieutenant was made in 1909. The far-reaching 
results of these concessions can be seen from the 
following figures, given by a member in the Review, 
who states that to-day, on the active list of the 
Royal Navy, there are three Engineer Commanders, 
107 Engineer Lieutenant Commanders, 76 Engineer 
Lieutenants, 12 Mates (E), 197 Commissioned 
Engineers, and 270 Warrant Engineers, all of whom 
have risen from the rank of Engine-Room Artificer. 


Tue British Pic-Iron INDUSTRY. 


The monthly reports of the National Federation 
of Iron and Steel Manufacturers, extracts from which 
we publish at intervals in our columns, show that, 
for the past seven or eight years, the outputs of 
pig-iron from British blast furnaces have remained 
well below the 1913 monthly average, which stood 
at 855,000 tons. The production during April 
last totalled 555,000 tons, and it is necessary to 
go back to July, 1927, in order to find a figure above 
600,000 tons ; during that month 645,800 tons were 
produced. The highest output in any month 
during the period from January, 1920, to April, 
1928, was, we believe, that recorded for May, 1927, 
when 720,000 tons of pig-iron were manufactured. 
The position of our national pig-iron industry to-day 
is, therefore, distinctly disquieting, and the gravity 
of the situation was fully emphasised by Mr. E. J. 
Fox, president-elect of the National Federation of 
Iron and Steel Manufacturers, when speaking at the 
recent annual dinner of the Federation. During the 
course of a long and significant speech, he said that, 
taking the 1913 output as a basis of comparison, 
the 1927 total, in the case of most iron-producing 
countries, showed substantial increases ; unhappily, 
however, production figures in the case of Creat 
Britain had declined heavily, and were now actually 





smaller than they had been in 1880. Russia 
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Canada, and the Polish iron districts, alone shared 
the present plight of the United Kingdom. In his 
opinion, two requirements were essential to restore 
prosperity to the languishing pig-iron industry at 
home. ‘The first was to render assistance to the 
pig-iron consumers, chief among whom were the steel 
makers, by enabling them to trade in competition 
with their foreign rivals. The second requirement 
was to obtain a reduction of railway charges in order 
further to reduce the present cost of British pig. 
In his district of the industrial Midlands, where pig 
iron was made from local minerals, and delivered to 
consumers all within a radius of from 50 to 60 miles, 
over one-third of the cost of the pig to the consumer 
was paid directly for railway carriage. Already his 
company were delivering the crudest of raw materials 
by road and they had under contemplation, at the 
present time, an extension of this service. He could 
not, however, bring himself to believe that it could 
be in the interests of this country that its industries 
should have to add the organisation of road transport 
to their legitimate responsibilities. Turning to the 
financial burdens, both national and local, imposed 
upon the heavy industries, which he characterised 
as “well nigh insupportable,” Mr. Fox remarked 
that these industries had made, and were making, 
valiant efforts to help themselves, but the conditions 
against which they were now expected to struggle 
were rapidly becoming unbearable. 








THE CANADIAN PACIFIC RAILWAY 
COMPANY’S LINER ‘“*DUCHESS OF 
BEDFORD.’’ 


RaTHER less than a year ago we had occasion to 
refer to the progressive spirit of the Canadian Pacific 
Railway Company in our description of the interesting 
re-conditioning of the engines and boiler rooms of 8.8. 
Empress of Australia.* This vessel, it will be remem- 
bered, exhibited on trial a remarkable economy in 
fuel consumption over her previous performances 
with the original machinery. Careful records of work 
in service show now that the fuel consumption per 
shaft horse-power hour for all purposes is 0-73 Ib. 
The enterprise of the company is again demonstrated 
in the new cabin liner Duchess of Bedford, which 
arrived in Liverpool from the Clyde on May 27, to sail 
from the former port on her maiden voyage to Canada 
on June 1. As the trials have demonstrated that the 
guaranteed fuel consumption of 0-70 Ib. per shaft 
horse-power hour for all purposes has been defi- 
nitely improved upon, there is every indication that 
service will show, as in the case above quoted, that an- 
other distinct advance has been made in the economical 
propulsion of the oil-fired steamship. 

Before proceeding, however, with a description of 
the new and interesting features in the engine and boiler 
rooms, the vessel itself needs some comment; in fact, 
deserves more than our space will permit. The Duchess 
of Bedford is one of four similar ships, three others of 
which are now building on the Clyde. Built and 
engined by Messrs. John Brown and Company, Limited, 
Clydebank, she is the largest cabin steamship, not only 
afloat, but which sails up the River St. Lawrence beyond 
the Quebec bridge, the service which she is inaugurating 
being a direct one between Liverpool and Montreal. 
Of a gross tonnage of 20,100, the vessel is 600 ft. long, 
by 75 ft. broad, with a depth of 53 ft. from keel to 
bridge deck, and a loaded draught of 27 ft. As may be 
gathered from Fig. 1 on page 676, there are, exclud- 
ing the boat deck, seven decks, the passenger accom- 
modation being distributed as follows: cabin class, 
600 passengers, on “ B,” “C,” and “ D” decks; tourist 
third, 500 passengers, on “C,” “ D,” and “‘E” decks; 
and third class, 500 passengers, on “D” “E” and 
‘F” decks. In addition, there is accommodation for 
a crew and staff of 409, which brings the total capacity 
up to 2,009 individuals. 

The service speed is 17} knots, so that Montreal 
should be reached within seven days from Liverpool, 
& voyage which will no doubt appear even shorter 
than it really is from the high degree of personal 
comfort obtainable in all classes of accommodation. 
The cabin class staterooms hold from one to four 
passengers, beds or berths being provided as the case 
may be, and several suites are available. The dining 
and ball-rooms and other public rooms for this class 
are very handsome, and a special feature is a large- 
windowed drawing room below the bridge with a fine 
view forward and on both sides. There is a nursery and 
Symnasium for cabin passengers. It is, however, in 
the tourist third class that the advances in passenger 
accommodation are most striking. The three public 
Tooms are spacious and very comfortable, whilst the 
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staterooms are unusually roomy and are unexcep- 
tionable in their lighting, ventilation, and lavatory 
equipments, apart from the excellent quality of their 
decoration and furnishings. A generation ago such 
staterooms would only have been found in the first- 
class accommodation. A nursery is provided for this 
class also. The third-class accommodation is on a 
correspondingly adequate scale to that of the third 
tourist class. The state rooms have two to four berths, 
with some of six for parties or families who wish to 
be together. There are three excellent public rooms, 
the lounge occupying a deckhouse forward of the 
bridge. The front of this house is carried right across 
the ship and heavy steel covers are provided for the 
windows, as in a head wind it may be exposed to heavy 
seas. For the same reason the two cargo hatches forward 
of it are also of steel, and are of a deep arched form, 
the difficulty of handling the resulting weight being 
met by hinging them. The deck spaces, both open and 
sheltered, for all three classes of passengers, seems 
unusually large, and a sheltered portion, forward of the 
boat deck, has been set aside as a children’s playground. 
Attention may here be drawn to the manner in which 
the majority of the boats are stowed. This may be 
seen in Fig. 2, on page 676, and is known as the 
Welin-Maclachlan patent system. The boats are sus- 
pended from relatively short davits the bottom portions 
of which are expanded into carriages furnished with 
rollers. When the boats are being lowered, these 
travel down inclined ways, formed of channel-section 
steel, to the side of the vessel, the davits finally pro- 
jecting horizontally outwards. Lowering and hoisting is 
effected by means of electric winches and wire ropes. 

Turning now to the propelling machinery, there 
are two boiler rooms, each with a separate funnel, and 
a common engine room for the two sets of Parsons 
triple-expansion turbinesdriving the twin-screws through 
single-reduction, helical gearing. The total shaft horse- 
power is 20,000 forward, and about 65 per cent. of 
this astern, the astern turbines being incorporated in 
the I.P. and L.P. ahead turbine casings. The general 
lay-out will be clear from Figs. 5 to 7, on page 677. 
The most striking feature in Fig. 5 is the arrangement 
of the boilers, of which there are four in each stokehold, 
namely, three five-drum Yarrow boilers with super- 
heaters, air heaters and forced-draught fans, and con- 
structed for a working pressure of 370 lb. per square inch, 
and one horizontal Scotch type cylindrical boiler con- 
structed for a working pressure of 200 lb. per square 
inch. The total heating surface of the six Yarrow 
boilers is 30,700 sq. ft., with a total superheater surface 
of 12,500 sq. ft., and a total air-heating surface of 
30,000 sq. ft. The temperature of the superheated 
steam is about 680 deg. F., the turbines working 
normally at a pressure of 350 lb. per square inch, and 
the air as it leaves the heater is at a temperature of 
about 320 deg. F. The cylindrical boilers are single 
ended, 16 ft. in diameter by 11 ft. long, with three 
furnaces each, the total heating surface being, for the 
two boilers, 6,000 sq. ft. All the boilers are oil- 
fired, on the latest Wallsend-Howden system but, as 
will be seen from Fig. 5, only the Yarrow boilers have 
forced-draught fans. 

It is necessary at this point to explain the rationale 
of the combination of different types of boilers having 
different pressures, and, at the outset, we may offer our 
congratulations to the owners’ chief superintending 
engineer, Mr. John Johnson, on the success which has 
attended his. bold and original scheme, and to the 
company on their wisdom in thus utilising his skill and 
energy. Two of the cardinal principles adopted 
throughout are that all possible heat losses through 
steam auxiliaries must be stopped, and that the full 
extent of the economies resulting from the use of high- 
pressure steam can only be reached by keeping the 
boilers producing it in a perfectly clean condition. Ina 
sense, the remedying of the first source of loss auto- 
matically effects the second method of saving, for, in a 
modern turbine installation, apart from condenser 
leakages, the exhaust steam is clean. Thus, by decreas- 
ing the number of steam-driven auxiliaries, the risk of 
damaging the boiler with their oil-contaminated exhaust 
is reduced. It is not desirable, even if possible, to 
restrict the use of steam in a steamship to the propelling 
machinery, but the number of steam-driven auxiliaries 
can be cut down to a minimum, as has been done in this 
instance, and a special steam supply at a pressure 
exactly suited to the duties required can be arranged. 
This steam supply on the Duchess of Bedford is obtained 
from the cylindrical boilers, or, speaking more precisely, 
from one of them, for the second, so far, has only been 
used as a standby. The steam from the auxiliaries is 
returned to the cylindrical boilers by a separate system, 
via the auxiliary-feed tank, so that there is a positive 
exclusion of dirt, oil, and scale from the main boilers. 

The question naturally arises here as to what means 
are adopted for making up the feed-water losses. 
An evaporator is fitted, but the same end can be 
attained in a more economical manner by a supple- 





mentary steam pipe from the cylindrical boilers to the 





I.P. turbine. These boilers can thus bet made to 
produce distilled water by passing the steam generated 
in them through the turbines and condensers. Sum- 
marising briefly, the advantages accruing from the 
ingenious system above described it will be clear that, 
in the first place, the high-pressure steam supply need 
not be employed for the auxiliaries, thus excluding 
reducing valves, &c., and that the effective lagging 
of auxiliary pipes, valves and steam chests, &c., is 
more easily and cheaply carried out. The treatment 
of all feed water in the cylindrical boilers before it 
passes into the Yarrow boilers has already been referred 
to, and the facility with which large quantities of 
distilled water may be produced for the replenishment 
of reserve tanks at sea or in port is obvious. The 
reduction of cleaning costs, quite apart from the question 
of safety, obtained by keeping scale-forming elements 
out of the high-pressure water-tube boilers is equally 
evident. 

An example of the care bestowed on the lagging of 
hot pipes is shown in Fig. 3, illustrating a portion of the 
front of one of the water-tube boilers. This figure is, 
however, perhaps more interesting from the fact that 
it shows, at the left-hand side, a device for rendering 
the water level visible at the stokehold floor. In 
these large boilers the gauge glasses are naturally very 
high up, and a modification of the well-known Pneu- 
mercator,* made by Messrs. Kelvin, Bottomley, and 
Baird, Glasgow, has been fitted in the position shown. 
The water level is maintained by a Mumford automatic 
boiler-feed regulator, and an additional safeguard is pro- 
vided in the Armstrong thermostatic high and low-water 
alarm and distance indicator, which in this case, we be- 
lieve, makes its first appearance in a marine stokehold. 
It operates by the expansion and contraction of a pair 
of expansion tubes situated outside the boiler drum at 
the water level. Movement of the water, up or down, 
beyond safe limits completes an electrical circuit, 
which sounds a Klaxon horn until the level is corrected, 
and also illuminates an appropriate sign in the stokehold. 
This apparatus is made by Messrs. James Gordon and 
Company, Limited, Kingsway, W.C.2, which firm has 
also supplied the 60-day chart “* Mono” CO and CO, 
recorders fitted in the stokeholds. 

The disposition of the various feed tanks and pumps 
will be clear from Fig. 5, but space only permits com- 
ment on two points. One is that though there is a 
pipe connection between the main and auxiliary feed 
tanks, flow can only take place from the former to the 
latter, and not vice versa. The other point is that the 
main feed pumps are of the Weir turbo-type, running 
at about 7,000 r.p.m. There is also a duplex feed 
installation consisting of Weir reciprocating pumps. 
These, together with the auxiliary feed pumps, the feed 
tanks, filters, and feed heaters are shown in Fig. 6. 
The feed temperature is 300 deg. F. It is not possible 
to particularise the remainder of the pumps and smaller 
auxiliaries, but it may be said that most of them are 
electrically driven. Of these, examples are shown in 
Fig. 10, on page 678, which is a view of part of the star- 
board side of the engine room looking forward and 
showing, from right to left, the two circulating pumps, 
and bilge and ballast, general service, andsanitary pumps. 

Fig. 4 is a view on the same side of the engine room 
as Fig. 10, but looking aft. The engine in the centre is 
one of two six-cylinder Diesel 450-kw. generating sets, 
made by Messrs. W. H. Allen, Sons, and Company, 
Limited, Bedford, for supplying power to the auxiliaries, 
ship’s lighting, &c. Near the centre line of the engine 
room are two other sets for the same purpose, duplica- 
tion being desirable in such an extensive service. 
These are turbo-generators, of 500 kw. each, made 
by Messrs. The British Thomson-Houston Company, 
Limited, Rugby. Our other two illustrations of the 
engine room, Figs. 8 and 9, show the main turbines. 
The former figure is a view looking forward along 
the platform between the I.P. turbines, while the 
photograph forming the latter figure is taken from 
the starboard side, and shows more particularly the 
gear casing. The size of the turbines is indicated 
above, and their arrangement will be clear from Fig. 5. 
Each cylinder has a separate pinion meshing with a 
common gear wheel, 14 ft. in diameter and weighing 
58 tons. All bearings, of course, are provided with 
forced lubrication, and a Michel thrust block is fitted. 
The condensers are of the underhung type, on the Weir 
regenerative system, and are bolted direct to the 
exhaust branches of the L.P. turbines. Each has a 
cooling surface of 10,600 sq. ft., and contains 2,500 
cupro-nickel tubes. The vacuum maintained under 
normal working conditions, with sea water at a tempera- 
ture of 60 deg. F., is 29 in. of mercury. 

Aft of the engine room is a room containing the 
refrigerating machinery, which is of the CO, type 
supplied by Messrs. J. and E. Hall, Limited, Dartford. 
Farther along there are some store rooms. The tunnels 
are particularly roomy and well ventilated. Each 
shaft is fitted with a Siemens-Ford torsionmeter. The 
propellers are of manganese bronze, outward turning. 





* See ENGINEERING, vol. cxvi, page 460. 
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THE CANADIAN PACIFIC LINER “DUCHESS OF BEDFORD.” Mz 


CONSTRUCTED BY MESSRS. JOHN BROWN AND COMPANY, LIMITED, ENGINEERS AND SHIPBUILDERS, CLYDEBANK. 




















Fie. 1. VESSEL ALONGSIDE THE BurILpDERS’ Firrinc-Outr Quay. 





They have four blades of special aerofoil section, and 

are 18 ft. in diameter and 17 ft. 6 in. pitch, and weigh 

164 tons each. The steering gear, shown in our last 

illustration, Fig. 11, is a four-ram electro-hydraulic 

set, made by Messrs. Brown, Bros. and Company, 

Limited, Edinburgh. The total weight of the rudder | 
is34tons. The deck equipment includes 14 electrically- 

driven five-ton winches, supplied by Messrs. John H. 

Wilson and Company, Limited, Birkenhead. The elec- | 
trically-driven capstans and windlasses are by Messrs. 

Clarke, Chapman and Company, Limited, Gateshead- 

on-Tyne. A 75-kw. emergency lighting set is pro- | 
vided. The domestic machinery of the ship includes | 
electrical cooking appliances, supplied by Messrs. Henry 
Wilson and Company, Limited (Liverpool), a Buhring 
filter system which treats all the fresh water used for 
any purpose, and the Punkah Louvre system of venti- 
lation. As we are, however, more concerned with the 
steam-generating plant of the ship, we do not propose 
to give a complete description of all the fittings. 

In conclusion, we should like to endorse the claim | 
made by Captain James Gillies, General Manager 
of Messrs. Canadian Pacific Steamships, Limited, that, | 
in this ship, developments have been made which | 
cannot fail to be of the utmost importance to ship- | 
owners and to the British shipbuilding industry. The 
Duchess of Bedford is the first big liner to use 
high-pressure steam supplied by water-tube boilers 
and with such a degree of superheat, and the bold | 
and enlightened return to the employment of the 
nearly moribund auxiliary boiler in a new manner, 
indicates lines of action which may prove to be 
very fruitful. A measure of the success already | 
achieved lies in the same company’s S.S. Mont- 
calm. This vessel has a gross tonnage of 16,400, 
and machinery of 12,000 h.p. The Duchess of Bedford, 
with a tonnage of 20,100, has machinery generating 
20,000 h.p. in the same space as that in the Montcalm, 
but having a smaller total weight. For such a notable 
piece of work, the builders, Messrs. John Brown and 
Company, Limited, Clydebank, also deserve consider- 
able credit. The total cost of the vessel is about 
1,000,0001. 























British INSTITUTE OF RapIoLoGy.—The officers of | 
the British Institute of Radiology, incorporated with the | 
Réntgen Society, have been elected for the session | 
1928-29, as follows :—President, Mr. G. W. C. Kaye; | 
Vice-Presidents, Sir W. H. Bragg, K.B.E., and Messrs. | 
R. Knox and L. A. Rowden; Honorary Treasurer, Mr. | 
G. Pearce ; and Honorary Secretaries, Messrs. 8S. Melville | 
and G. Shearer. 





Fig. 2. Boat Deck sHowrnG WELIN-MactacHLaN Davits. 
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MACHINERY FOR THE CANADIAN PACIFIC LINER “DUCHESS OF BEDFORD.” 
CONSTRUCTED BY MESSRS. JOHN BROWN AND COMPANY, LIMITED, ENGINEERS AND SHIPBUILDERS, CLYDEBANK. 
(For Description see opposite Page.) 





















Fig. 4. DreseL-ENGINE GENERATING SET In Enaine Room. 
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UNIVERSAL Drrectory oF Rartway OFFICIALs.— 


SECTI KHEAD Compiled chiefly from official sources, under the direc- 
— MOnWane ee SS poner tion of the editor of The Railway Gazette, the thirty-fourth 


annual edition of the Universal Directory of Railway 
2 Officials has just been issued by The Directory Publishing 

Fig. 7. Company, Limited, 33, Tothill-street, London, 8.W.1. 

PLAN OF AFT ENGINE The volume is divided, as usual, into 11 main sections, 

We Surat nam Frew HATCH ABOVE MAIN DECK. comprising an official section and 10 geographical divi- 
; |. 2 sions covering the five continents. The name of each 
Dist wo railway is given in English, but, in brackets, is also stated 


Lp suarees eat eas Dieses Ov A 2 A c= 
. ine ‘ba serns  g3reeo8 N Puairice & the full title of the railway in the language of the parti- 
Pm ci 7 aaa 1d cular country in which it is located. The length of each 
| ‘ s wrt 3 

























































= _— railway immediately follows the name, and is given in 
English miles or in kilometres. The gauge is given in 






































ties | eee t veut] (75 feet and inches, or in metres. Then follow a complete 

? AF list of the various departments of the railway, together 

mg t jue with the names and titles of all the principal officials. 
* ne The book is well indexed, and will be found invaluable 

Mas Peto Meredits ging to engineering and commercial firms doing business with 

= railways in any part of the world. The price is 20s. net. 
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ELECTRICALLY-DRIVEN AUXILIARIES. 


Fig. 10. 
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THE ELECTRIFICATION OF THE) 
PIETERMARITZBURG - GLENCOE)! 
SECTION OF THE SOUTH AFRICAN 
RAILWAYS.* 

By F. Lypatt. 
(Concluded from page 652.) 
Locomotives.—In deciding upon the general design 
of a locomotive for a railway-electrification scheme, | 
two important factors to be taken into account are 
the drawbar pull or tractive effort, and the speed. 
For the electrification in Natal one of th> principal 
considerations was the possibility of securing a large 
increase in the capacity of the line to deal with the 
growing traffic. For this reason it was advisable to 
make provision for locomotives with the maximum 
permissible draw-bar pull. After discussion with the 

Railway Administration’s officers, it was decided that 

the limit of steady draw-bar pull should be taken as 

60,000 lb. The corresponding weight of train naturally 

varies with the gradients to be dealt with on the 

different sections of the line. In order not to com- 
plicate traffic arrangements by introducing several 









Fig.6. 
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units) should be capable of hauling a train of 1,500 | 
short tons up a gradient of 1 in 100 at a speed of 21 or | 
22 m.p.h., and of hauling the same train on a level | 
tangent track at not less than 36 m.p.h. (b) A loco- 
motive (or a set of locomotive units) should be capable | 
of holding a train of 1,640 short tons on a falling | 





| gradient of 1 in 50 by regenerative action alone at | 


speeds suitable for such operation (the speeds being | 
determined principally by the curves and the necessity | 
of passing through stations at not more than 15 m.p.h.). | 
(c) A locomotive (er a set of locomotive units) should | 
be capable of taking a train of 1,430 short-tons from | 
Ladysmith to Pietermaritzburg in 7 hours 7 minutes 
with six intermediate stops, totalling 52 minutes, 
or a train of 700 short tons from Pietermaritzburg to , 


| Ladysmith in 7 hours 27 minutes with 13 intermediate | 21 miles per hour. 
| stops totalling, 101 minutes, the speed through all! main motors are given in Figs. 8 and 9. 





gauge railways in various countries, viz., the double- 
bogie locomotive with geared motors suspended from 
the driving axles. The general arrangement of the loco- 
motive is shown in Figs.6 and 7. To provide sufficient 
adhesion with adequate margin for the required tractive 
effort without exceeding the permissible weight per 
axle, 12 driving axles or six 2-axle bogies are necessary. 
With this arrangement, therefore, a full-weight train is 
hauled by three locomotive units coupled together, 
each unit consisting of a body carried on two articulated 
bogies, and each axle being geared to a 300-h.p. motor. 
The equipment of a set of locomotive units therefore 
consists of twelve 300-h.p. motors, making an aggregate 
of 3,600 h.p. On the one-hour rating, the tractive 
effort of this aggregate is 66,000 lb., and the speed about 
The performance curves for the 
All locomotive 


stations at which a stop is not made to be reduced to | units are designed for multiple-unit control, the capacity 


15 m.p.h. 


To fulfil these requirements, the capacity | of the control couplings, &c., being sufficient to enable 


on the 1l-hour rating of the motor equipment for a/| four units to be coupled up and controlled simultaneous- 


locomotive (or a set of locomotive units) was fixed 
at 3,600 h.p. 
The general design of the locomotive was the subject 


ly from any master controller, whether hauling or 
working regeneratively. All classes of traffic, whether 
freight or passenger, are hauled by the same locomotives, 


of careful consideration. Two factors had an important | the number of units depending upon the weight of the 


(Ss) , Cs) 









x x 


Cae 


H.T. Compartment 


13 


(691.F) 


variations in the load of the train as it is hauled from 
one end to the other of: the electrified section, it was 


decided that the maximum train weights should be | 


limited to the following :—From Glencoe to Daimana, 
1,640 tons, and from Daimana to Pietermaritzburg, 
1,430 tons. The loads in the other direction are in 
all cases much less, and are determined by the per- 


missible number of vehicles, most of which are either | 
| with each design in various electrification schemes, 


empty or very lightly loaded. 

he importance of increasing the traffic capacity of | 
the line was also considered in relation to the train 
Speeds, as the greater part of the line consists of single- 
track with passing places at stations. In such con- 
ditions it is clearly advantageous to provide for a high 
speed of travel, so that the sections between passing 
places can be cleared quickly. On the other hand, 
the weights of goods wagons had been increasing for | 
Some time, and a considerable proportion of the 
Mineral traffic consisted of bogie trucks containing 
50 short tons of coal and having a total gross weight 
of about 70 short tons. As the track was considered 
Somewhat light for stock of this weight, it was thought 
advisable to keep down the general average speed 
below wh=t would otherwise be quite feasible with 
Powerful electric locomotives and trains fitted through- 
out with air brakes. 

faking all these factors into account, it was decided 
to design the locomotives to meet the following con- 
ditions :—(a) A locomotive (or a set of locomotive 
——_—— 
Rng tet teed before the Institution of the Electrical 

- 8 on March 29, 1928. Abridged. 
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influence on the design, viz., the narrow gauge of 


6 








| train. Thus, the heaviest freight trains are hauled by 
| 


3 ft. 6 in., and the many short curves, the minimum | three units, lighter freight and through passenger 


radius being 300 ft. It was agreed with the engineers 
of the Administration that the fixed wheelbase of any 
locomotive or any bogie should not exceed 9 ft. 3 in., 
and the permissible weight per axle was settled at 
18 Jong tons. Many different designs were reviewed, 


particularly with reference to the experience obtained | ’ 
| consists of the two pairs of 300-h.p. motors with electro- 


already in operation. It was felt desirable to adopt, 
so far as practicable, a simple design which had been 
thoroughly tried out, and in regard to which there 
could be no uncertainty as to its success in operation. 
It had to be borne in mind that, for commercial reasons, 
it was not feasible to experiment with various designs, 
as this would have involved the installing of an exten- 
sive and costly electrification system which would be 
unproductive for a considerable period until the loco- 
motive question had been settled and the bulk of the 
locomotives delivered and set to work. 

At that time, experience with electric locomotives 
of the side-rod design had not been universally satis- 
factory. Many troubles had occurred and there was 
no general agreement as to how such a design should be 
worked out in detail in order to avoid such troubles. 
It was also at that time, and in fact still is, by no means 
certain that a satisfactory and economical type of side- 
rod locomotive could be designed to meet all the 
requirements and limitations of this electrification 


| 
| 
| 


trains by two units, and local passenger trains by a 
single unit. The speed of passenger trains is naturally 
|somewhat higher than that of the freight trains, but 
being limited by the curvature of the line is still well 
| within the capabilities of the one design. 

| The main power equipment of each locomotive unit 





| pneumatic unit switches and switch groups for con- 
| necting them in series or in parallel, for reversing, and 


| 


| 





scheme. | 
Finally it was decided to adhere to the design already 


for field control, the main grid resistances, two panto- 
graphs and the necessary power wiring. The supply of 
power for auxiliary and control purposes is obtained 
from a 16-kw. motor-generator, consisting of a 3,000- 
volt double-commutator motor and a 100-volt generator. 
This generator works in parallel with a control battery, 
which is thus kept charged and is available for lighting 
and auxiliary purposes if the motor-generator is out of 
action. The exciting current for the main motors 
during regeneration is provided by a 28-kw. motor- 
generator, which consists of a 3,000-volt double- 
commutator motor and a generator separately excited 
from the 100-volt auxiliary supply. The two main 
motor pairs can be connected in series or in paralle! 
during regeneration, thus providing a wide range of 
speed under these conditions. All 3,000-volt apparatus 
in the locomotive, with the exception of the main motors 
and the two motor-generators, is contained in a high- 
tension chamber, the door of which is interlocked with 
an air-valve in the compressed-air supply to the two 


adopted with satisfactory results on many narrow- | pantographs and with an earthing switch, so that there 
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is no possibility of the driver entering the chamber|on account of the long climb against a gradient of 
while any high-tension circuit is alive. The loco-|1 in 65 between Estcourt and New Dell. The first 
motive equipment is protected from lighting by means | diagram concerns the graphic time-table for a traffic 
of a choke coil and a horn-gap arrester, both mounted | of 25,351 tons with steam operation ; the second refers 
on the roof. to a similar time-table for a traffic of 25,116 tons 
The locomotive brakes are designed for operation by | under electric working. 

compressed air, and for this purpose a motor com-| These show that the number of single trains arriving 
pressor is included in the equipment, the motor of which | at Estcourt from Ladysmith is 31 goods and 4 passenger 
takes power from the auxiliary supply at 100 volts.| under steam working, and 19 goods and 4 passenger 
Compressed air is also used for the operation of the| under electric working. Permissive working is em- 
pantographs and all the unit and group switches. As/| ployed with steam operation, absolute block working 
all rolling stock on the South African Railways is fitted | with electric operation. Almost the whole of the 
with vacuum brakes, each electric locomotive is| up traffic with steam working from Mooi River to 
equipped with an electrically-driven exhauster; this | Estcourt passes over the old line, leaving the new line 
exhauster is of the rotary type driven by a 100-volt | free for the down traffic. With electric working the 
motor, and the control of the motor provides for low- | new line takes the whole of the traffic in both directions. 
speed running for maintaining the vacuum and high- | The time of transit for a steam-hauled goods train from 
speed running for the release of the brakes after an | Ladysmith to Mooi River is 8 hours or more; for 
application. The operation of the locomotive brakes is | an electrically hauled goods train it is 4 to 5 hours. 
effected from the driver’s vacuum-brake valve by means |The speeds of passenger and goods train are more 
of a proportional valve so arranged that the application | nearly equal with electric than with steam working. 
of the brakes on the locomotive is proportional to the | For instance, the 10 a.m. down passenger, steam-hauled. 
application of the train brakes. It would naturally | from Ladysmith passes 6 down goods trains before, 
have begn simpler to have used the same system of | reaching Mooi River; the 11 a.m. down passenger, 
braking on the locomotives as on the trains, but it | electrically hauled, passes only 2. 

would have been difficult, if not impossible, to accom-| It should be remarked that the diagram representing 
modate on the locomotive the comparatively large | the steam service has reference to a day on which the 
vacuum-brake cylinders which would have been re- | regular working of the traffic was not disturbed by any 





when the scheme was prepared. During this period 
regenerative working was being gradually introduced, 

A special test was made with a down train of 1,500 
tons and an up train of 800 tons, both hauled by three 
electric units, to ascertain the amount of energy regene.- 
rated during a round trip from Glencoe to Pieter. 
maritzburg and back. It was found that the input 
to the main motors was about 15,200 kw.-h., and the 
output from the motors about 4,800 kw.-h. In 
attempting to estimate the value of this regenerative 
working, due allowance must be made for losses in 
the exciters and other auxiliaries on the locomotives, 
the distribution line and the substations. Such 
Josses can hardly be less than 20 per cent. of the output 
from the motors, but even assuming a higher figure, 
viz., 25 per cent., the energy made available by regene- 
ration on goods trains alone with a daily coastwise 
traffic of 30,000 tons (excluding Sundays), would be 
about 22} million units per annum. Failing regenera- 
tion, the whole of this energy would have to be dissipated 
by the brakes on the locomotives and the trucks. 

While the energy consumption for any given volume 
of traffic can be estimated with reasonable accuracy, 
it is more difficult to forecast the maximum demand, 
but experience has shown that it does not vary propor- 
tionally with the traffic hauled. The reason for this 
is that the time-table is arranged for the maximum 
probable traffic over a considerable period, and if 
the traffic offering is less than this, a sufticient number 





quired, especially with the reduced atmospheric! breakage of couplings, derailments or other causes of 
pressure at high altitudes, and as a supply of com- | delay. There is, however, always a liability for some 
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of trains on the schedule are cancelled. In such condi- 
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pressed air was desirable for pantographs and switch TABLE I.—Traffic and Energy Consumption Data. 














operation, the use of compressed-air brakes introduced l 
in reality very little complication. Dete. | Ton-mil atoe nil ——— Rl wae 
* . pe ° ‘ la 0 a a ° | Lon-miules -miles 1c ° urs y! 's 
Telephone Commune ations.—The telephone-com | |‘ hauled.* | total.* generator| Soncaitte: | Ronee 
munication system consists of two independent selector | | sets. hauled. | (total). 
systems, one of which is normally utilised for com- | | 
munications to the signalmen and stationmasters who | | — 
are connected with sub-station operation. Extensions | Millions. | Millions. ong 
are provided into the substation buildings for use by | 25.1.26 ..| 96-1 115-6 5°75 60-0 49-6 
the maintenance staff during their visits. The other | ‘ 6 ..| 98-3 119-7 6-22 63-5 51-8 
“ acne | } 114-0 139-0 7°45 65-2 53°5 
selector system connects up all the railway stations | 54 | 493-4 150-8 7-62 62-0 50-3 
along the line with the traffic controller in Ladysmith | : | 164-9 198-4 9°55 57:8 48-2 
and the control engineers at Colenso. There are | 154-3 | 186-7 | (9-24 59-7 49-6 
i <i ‘ ‘ - a. | 95.7.26 ..| 172-7 | 207-8 | 10-5 60:75 | 50-7 
therefore two alt2rnative means of communic ating | 55'3'59g || 164-0 | 200-4 | 9-78 59-7 48-7 
with the stationmasters at any station near which | : .| 170-0 204-8 9-99 58°7 48-7 
there is a substation. For communication between the | 25. | 171-7 206-1 9-91 57°8 48-2 
; . : ocd ..| 164-0 197-9 9-174 56-0 46-6 
trains and the traffic controller or the control engineers | 5 8 | ane? 206-8 9-46 55-0 45-6 
at Colenso, all drivers are provided with a portable | 














telephone set. The two selector telephone lines 
mentioned above are teed off at frequent intervals, 
the tees being terminated by swan-neck insulators | trains, passenger or goods, to run late for one reason 
fixed on the anchor structures. Connection to these | or another. It is obvious that on a single line with such 
tees is effected by means of a pair of hook-sticks which | a heavy volume of traffic, late running is likely to cause 
the driver carries with 1im, and he is thus enabled to | serious dislocation, the cumulative effect of which is 
ring up Ladysmith or Colenso to advise them in the | bound to be much worse with a traffic consisting of 
event of any breakdown on the line or of any special | 31 goods and 4 passenger trains running at widely 
occurrence for which action is needed. | different speeds than with 19 goods and 4 passenger 
Operating Experience—On a single line with the| trains running at nearly the same speed. 
characteristics described above, it was only to be| The reduction effected in the working expenses by 
expected that the substitution for steam locomotives | this improvement in traffic working, especially in regard 
of electric locomotives with a practically unlimited | tothe wages of the train crews, is obviously substantial ; 
supply of power on which to draw should lead to a very | with the steam-operated traffic just described the 
considerable improvement in the working of the traffic. | average time on duty of train crews was about 15 hours. 
This is amply born out by the statements in the | The overtime payment was therefore very considerable. 
General Manager’s annual report* for the year ended | This has been greatly reduced by electric operation. 
March 31, 1926, and will be better appreciated by a| Table 1 gives particulars of the traffic and the energy 
comparison of two train diagrams, both relating to the | consumption during the year 1926. It will be observed 
working of the traffic over the section Ladysmith to | that the consumption per ton-mile gradually fell during 
Mooi River, the most difficult section for loaded traffic the months September to December, the final figure 
| being 45:6 watt-hours per short ton-mile. This is 


* Short ton of 2,000 Ib. 








* See ENGINEERING, vol. cxxiii, page 521 (1927). | within a small percentage of the estimate worked out 


tions the total energy consumption is reduced, but 
the maximum demand is not materially affected. 

To deal with the load fluctuations it is necessary to 
steam more boiler plant than would take care of the 
average load or even the half-hour maximum. In 
effect, this means that each boiler steaming is producing 
steam on the average at not much more than 50 per 
cent. of its normal rated capacity. It is impossible 
to maintain an absolutely steady steam pressure ; 
at times of light load the boilers are liable to blow off, 
and during the short-period peaks, the pressure falls. 
Occasionally the pressure-drop is such that the load 
has to be reduced in order to avoid the slowing up of 
the whole system, which would result in the automatic 
tripping out of all the substation motor-generators. 
This reduction is effectel by the control engineer at 
Colenso, who trips out for a few minutes two or three 
of the substations, switching them in again as the 
load drops. 

The transmission lines have given very little trouble 
in service. There have been a number of cases In 
which one or other line has been cut out, but on very 
few occasions, and then only for a very short time, 
have both lines been out at the same time. There 
have been, however, quite a number of temporaly 
faults. In the worst month there were 29, 18 of which 
were attributed to birds and 11 to lightning. In only 
one case, however, has there been a sustained fault 
which made it impossible to reclose tae ciremt breakers 
immediately. 

Corresponding to coastwise freight traffic of about 
22,000 tons per day, the average plant load factor in 
the substation (i.e, average output from all sub- 
stations divided by the rated capacity of the motor 
generators running) is 50 to 55 per cent. For yes 
same traffic the average load factor based on the rate 
capacity of all the motor-generators instalied is 30 to 
33 per cent. It will be seen from the description 0 
the substation scheme that four of the 12 substations 
contain a single motor-generator. To get the — 
efficiency from the distribution line it is necessary ‘® 
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these single sets should run practically continuously. 
In other substations the spare set can: be run whenever 
it is desired to shut down the set normally used. The 
operation records for the first six months of 1926 show 
that the running hours of the single sets in the Frere 
and Willbrook substations were 3,591 and 3,573, 
respectively. Bearing in mind that there is nominally 
no traffic on Sundays, these figures show that these 
motor-generators were in service about 90 per cent. of 
the total time during which traffic was passing. 

The most interesting experience with the track 
equipment is the trouble that was caused during the 
early days of electric operation by lightning. The 
effect of lightning discharges in the neighbourhood 
of an electric railway on the overhead track equipment 
was not known with any degree of precision. It was 
common knowledge that electrified lines of a similar 
nature running through country where severe thunder- 
storms were prevalent did not experience sufficient 
trouble to cause any serious interference with the 
operation of the traffic. In Natal the lightning storms 
during the summer may perhaps be more severe than 
on any other electrified line, and certainly their effect 
on the overhead equipment during the first two summers 
was such as to cause some dislocation of the service. 
The possibility of damage due to lightning was foreseen, 
and the question of installing protective devices was 
carefully considered. In view of the uncertainty as 
to the extent of the possible damage, and the further 
uncertainty as to the effectiveness of any of the arresters 
or other protective devices available, it was decided to 
await the results of experience before committing the 
Railway Administration to a heavy expenditure which 
might be unnecessary or ineffectual. 

Experience during the first summer showed that 
some definite scheme of protection was necessary to 
prevent the breakdown of the overhead-line insulators 
during the frequent lightning storms. The trouble 
generally showed itself in the following way. Due to 
alightning discharge in the neighbourhood, a momentary 
high pressure was induced in the overhead line sufticient 
to cause a flash-over to earth from the live fitting on a 
pull-off insulator. Following this flash-over a 3,000- 
volt short-circuit was established, the are of which 
burnt out the insulator clamps and allowed the pull-off 
rod to fall free and hang suspended from the contact 
line. This rod, which remained alive, fouled and 
damaged the pantograph of the first locomotive that 
came along, unless the driver was able to pull up in 
time, in which case the train was held there until the 
pull-off arm had been removed. 

To guard against this, it was at first proposed to install 
at frequent intervals some form of lightning arrester 
which would dissipate the induced charge and thereby 
obviate the tendency to flash-over ; but the solution 
of the problem was ultimately found in the adoption 
of high-speed automatic circuit breakers for sectionaliz- 
ing the line at every substation. The effect of any 
flash-over and the subsequent 3,000-volt short-circuit 
is now to open the high-speed circuit breaker at each 
end of the section affected. The arc is thus cut off 
before it has time to do any serious damage, and the 
line is made alive again by reclosing the circuit breakers. 
Any slight damage to the insulator is made good at the 
first opportunity. The trouble has in this way been 
entirely eliminated. 

_Careful consideration was necessary for the calibra- 
tion of the circuit breakers. The overload setting 
should be as high as possible in order to avoid the 
cireuit being opened by the normal operating current, 
and as low as possible in order to ensure its being opened 
by the minimum fault current. Provided all sub- 
stations are running, there is no great difficulty in 
meeting these two requirements, as the substations 
are fairly close together, and the minimum fault currents 
are well above the ordinary operating currents. If, 
however, a substation is shut down, either for overhaul 
or in consequence of traffic being insufficient to require 
it, both the minimum fault current and the operating 
current flowing through either of the two circuit breakers 
at that substation are considerably Jess than when the 
substation is running. Arrangements are therefore 
provided for automatically reducing the overload setting 
of the circuit breakers whenever the corresponding 
motor-generators are shut down. 

In October of last year a number of the concrete 
blocks which form the foundations of the track structures 
Were found to be cracked. Those affected are mainly 
in damp ground and in localities approximately midway 

tween certain substations. There is some reason to 
think that the cracking is caused, at all events partly, 

Y corrosion of the foundation bolts due to electrolytic 
action, and measures are being adopted to prevent the 
rr current leaking to earth through the concrete 


By electric locomotives have given, and are giving, 
the oe service. Apart from a few minor troubles, 
d y have fulfilled all requirements and are capable of 

ealing with loads rather heavier than those specified. 
or example, block loads of 1,500 short tons are now 


made up at Glencoe and are hauled through without 
assistance to Pietermaritzburg, although the specifica- 
tion only calls for loads of 1,430 tons south of Lady- 
smith. The 78 units originally provided to deal with a 
daily traffic of 20,000 tons towards the coast, plus the 
passenger traffic, have on occasions dealt with more than 
25,000 tons. With 17 additional units, making 95 in 
all, a total of 34,000 tons, including the passenger 
traffic, has been worked successfully over the electrified 
section. 

The arrangements for regenerative braking have 
proved quite satisfactory, and, so far as the author is 
aware, there is no reason why this system of braking 
should not be regarded as a valuable feature of the elec- 
trification scheme. Figures have been given above 
as to the regenerated energy which would otherwise be 
dissipated by the brakes. It is unfortunately not 
practicable to give any figures showing the increase in 
the life of the brake blocks, as the trucks and coaches 
passing over the electrified section come from and go to 
all parts of the Union. Apart from the advantages 
mentioned, one good result of regenerative working is 
the diminuition in the production on the locomotives 
of brake dust which is apt to find its way into the 
motors and the equipment generally and may give rise 
to short-circuits if not carefully attended to. 

A certain amount of trouble was caused by some of 
the insuiators on the roof developing cracks, probably 
due to swelling of the cement. These cracks led to 
short-circuits between the bare conductors and the 
roof, and as these short-circuits are on the line side 
of the main circuit breakers they did a good deal of 
damage. The defective insulators were replaced by 
others of a stronger design and the trouble ceased. 

The parts of the electrical equipment which came in 
for most criticism were the 3,000-volt motors of the 
two motor-generators. During the early days and 
until steps had been taken to eliminate the causes, 
these motors were very liable to flash-over from brush 
to brush or from brush to ground. It will be realised 
that motors of such small capacity and for so high a 
voltage are not easy to design or manufacture. The 
armature windings must be of comparatively fine 
wire, which needs very careful handling, especially at 
the commutator lugs, the commutator segments are 
very narrow and the commutator as a whole must 
contain an unusually high percentage of mica insulation. 
The immediate causes of the flashing over were : 
(1) broken wires, (2) high commutator segments owing 
to shrinkage of mica, and (3) brushes sticking in the 
brush holders. When once these causes were recognised 
it was a simple matter, but required a little time, to 
eliminate them from all the motor-generators, and the 
locomotives can now be considered quite reliable in 
this respect. 

During the early days of operation a good deal of 
trouble was caused by the breakage of truck couplings 
and draw-gear. The strength of the draw-gear was found 
to be below the standard required for the haulage of 
such heavy trains. During last year this trouble 
has been greatly reduced, partly due to the more skilful 
handling of the locomotives by the drivers, and pro- 
bably in part due to the elimination of a good many 
weak or flawed draw-bars. The traffic deiays due to 
this cause, which at first were a noticeable feature of 
electric working, are now unimportant. 

These breakages of drawbars, which had not been 
foreseen, reacted on the electrical equipment of the 
locomotives, especially on the main resistances. It 
happened, not infrequently, that a few trucks at the 
rear of a train broke away when the train was on a 
falling gradient of 1 in 50. The practice in such cases 
was to set back the train on to the separated portion 
and couple up again with spare links. This entailed 
moving the train at a very low speed up a gradient 
steeper than the maximum, viz., 1 in 65, up which the 
locomotives were required to haul fully-loaded trains. 
As a consequence, the main resistances, which, even 
apart from this special condition, had not quite 
sufficient capacity, got badly overheated and in some 
cases were burnt out. With some difficulty, owing to 
space restrictions, additional blocks of resistance were 
fitted into the high-tension chamber, and the !oco- 
motives in this respect can now meet all reasonable 
requirements. 

The design of the articulating joint between the two 
bogies of each locomotive unit has also come in for 
criticism. Opinions differ as to the freedom of rela- 
tive movement that should be allowed in this joint. 
Jn the design adopted for the South African locomo- 
tives, the adjacent ends of the two bogies are com- 
pletely free to move in a vertical direction, but no 
relative lateral movement is possible. In the early 
part of last year a considerable number of split rails 





were found on the Natal main line, the majority on the 
electrified section. The split developed along the 
bottom of the web and mainly at points where the 
rails were bolted down to the sleepers. Usually the 
trouble was confined to curves, and the cracks were 
on the outer side of the web. The matter was care- 





fully investigated by representatives of the chief 
civil engineer and the chief mechanical engineer, and 
records were taken by a specially-devised instrument 
of the horizontal deflections of the rail head caused 
by the passage of a set of three electric units and by 
one or two different steam locomotives. It appeared 
from the records that the deflection due to the leading 
axle of the trailing bogie of each electric unit was 
greater than that caused by any other axle on either 
electric or steam locomotives, and the splitting of the 
rail was ascribed to fatigue caused by the stress corre- 
sponding to this deflection. It also appeared from 
further tests that if the articulating joint between the 
bogies were slightly altered to permit of a small amount 
of relative lateral movement, the deflection and stress 
would be no greater than those experienced with steam 
locomotives or heavy coal trucks. Some rails were 
found to be suffering from a defect in manufacture, 
and these were replaced by the makers free of cost. 
The general conclusion was that the track, which was 
in any event rather light for the traffic to be carried, 
should be strengthened by laying rails of slightly 
greater weight and with the web strengthened up by 125 
per cent. at the base. It was decided not to proceed 
with the suggested modifications to the articulating 
joints, as this would have an averse effect on the 
wear of the tyres on the leading wheels of each loco- 
motive unit. With the large volume of traffic and 
the length of the section, it was to be expected that the 
locomotives would work a considerable mileage per 
annum. 

As already mentioned, the telegraph and telephone 
lines run for the most part along the railway, and are 
therefore only a few feet away from the 3,000-volt 
overhead wires. There were no circuits with an earth 
return and no alteration in this respect was necessary. 
It is interesting to note that under normal working 
conditions no trouble leading to any complaints has 
been experienced on account of interference from 
either the 88,000-volt transmission lines or the 3,000- 
volt overhead wires. When electric operation started, 
there were naturally a good many short-circuits, and 
it was found that on these occasions the telephone 
operator in the Colenso power station was liable to 
receive severe aural shocks. This trouble was satis- 
factorily overcome by installing loud-speaking instru- 
ments instead of the ordinary headphones. 








THE WESERHUTTE CABLE-LAYING 
MACHINE. 


THE massive road construction, which is now usual 
in towns and urban districts, renders the cost of 
excavating and making good an important item in 
the total amount expended in laying and maintaining 
electric transmission and distribution systems. This 
cost can to some extent be reduced by careful planning, 
and by the employment of such labour and time-saving 
equipment as pneumatic drills. It must be noted, 
however, that the sum expended under this heading 
is not proportional to the price of the cable or to its 
revenue-earning capacity. The result is that when the 
possibility of using underground transmission in 
rural rather than urban districts is considered, it is 
often found to be financially precluded, even though 
the charges for excavation and making good are 
lower, and even when a cross-country route can be 
followed. Overhead lines are, therefore, often erected 
when the use of cables would for many reasons be 
advisable. 

An ingenious attempt to overcome this difficulty 
has been made by the Firma Eisenwerk Weserhiitte 
A.-G. of Bad Oeynhausen in Westphalia, whose 
British agents are Messrs. Richter & Pickis, 6, Crescent, 
Minories, London, E.C. 3, the result being the cable- 
laying machine, views of which are given in Figs. 
1 to 4 on pages 682 and 683. This machine, 
which was constructed at the suggestion of Mr. 
Schramm, of the Elektrizitaétsverband Weissenfels- 
Zeitz, has been in operation for about six months and, 
as will be gathered from the following description, 
possesses some interesting features. It is mainly intended 
for rural work, for although it might also be used in towns 
for excavating and re-laying the comparatively soft 
sub-soil, the presence of water and gas pipes and other 
cables would greatly limit its usefulness. 

A general view of the laying machine is given in 
Fig. 1, from which it will be seen that it consists 
essentially of four parts; a portable bucket excavator, 
which is mounted on a tractor equipped with a double 
caterpillar track ; a band conveyor, which is supported 
on a lattice structure, and carries the excavated 
spoil some 15 ft. or 20 ft. towards the right, where 
it is deposited in the trench again through a chute; 
a trailer, which is also equipped with caterpillar 
tracks and carries the cable drum; and, finally, 
a series of sheaves borne on the lattice structure, 
over which the cable from the drum is unwound 
into the excavated trench, directly in the rear of the 





excavator. 
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THE WESERHUTTE CABLE-LAYING MACHINE. 


CONSTRUCTED BY THE 


FIRMA EISENWERK WESERHUTTE A.-G., BAD-OEYNHAUSEN, GERMANY. 
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A closer view, from behind, of the excavator in opera- | 


tion is given in Fig. 3. As will be seen it opens up a 
trench some 1-6 m. (5-3 ft.) deep and 0-45 m. (18 in.) 
wide for the reception of the cable. The excavator 
itself, as well as the tractor, is driven by a 
45 h.p. Diesel engine, and is controlled from the 
driver’s platform, visible on the extreme left of Fig. 1. 
The caterpillar tracks of the tractor are so designed that 
the pressure on the ground surface does not exceed 
0-35 kg. per square centimetre (5 lb. per sq. in.), 
and easy movement over the most unfavourable 
ground is thus ensured. Such movements are further 
facilitated by the provision of brakes on both the cater- 
pillar tracks, so that one can be braked and the other 
run, when it is necessary to deviate from a given course. 

The caterpillars themselves, which are 13 ft. long 
from centre to centre, are of the Weserhiitte A.-G.’s 
special design. Between the driving rollers and the 
snatch blocks on each caterpillar there are four 
cast-steel floating frames carrying secondary rollers, 
the axles supporting which are continuous and 
spring-born. The flexibility produced by the use of 
these frames ensures, it is stated, the complete adapt- | 
ability of the caterpillar track to any unevenness in 
the ground, a result which, in conjunction with the 
width of the track itself, explains why the pressure is 
as low as that stated above. 

All the gearing on the excavator runs in oil and 
is fully enclosed. It is, in general, made of high-grade 
hardened chrome-nickel steel. The gear box fitted 
allows six speeds to be obtained on the cardan 
shaft. The first three of these are for travelling, 
and allow the excavator to be moved at speeds of 
3, 2-5 and 2-1 km. (1-9, 1-5 and 1-3 miles) per hour, 
respectively when travelling free. The other three are 
for working, that is for operating the excavator 
and the conveyors, and give excavator speeds of 93, 80 
and 62 m. (305, 265 and 205 ft.) per hour, respectively. 

The soil excavated is raised by the buckets into the 
housing at the top of the excavator, where it is first 
deposited on to a short reversible transverse conveyor 
about 5 ft. long, ard then on to the main longitudinal 
conveyor. The latter is 6 m. (19 ft. 8 in.) long, 
and runs over the lattice structure as shown in Figs. 
land 3. The band used is 24 in. wide and runs on rol- 
lers, so arranged that a trough is formed on the loaded 
side. The conveyor, like the excavator, is driven from 
the engine mentioned above, and is fitted with an adjust- 
able discharge drum, so that its load is discharged into 
the aluminium chute which is visible in all the figures. 

The tractor is connected to the trailer, carrying the 
cable drum, by two wire opes, which are clearly visible 
in the illustrations. To ensure easy movement under 
heavy loads, this trailer is mounted on three caterpillar 
tracks. This enables steering to be effected not by 
braking one or other of the outer tracks, but by moving 
the third central-track, which can turn round a vertical 
axis and is connected to a steering column and hand- 
wheel. The trailer can therefore be driven like an 
ordinary vehicle (Fig. 2). This not only facilitates 
steering, but allows the trailer to be used for rolling in 
the soft earth after it has been returned to the trench. 

Coming to the actual operation of the machine, when it 
is first set in motion at one of the speeds mentioned 
above, the bucket excavator opens up the trench and 
delivers the spoil on to the conveyor. In the meantime, 
the first length of cable has been paid off the drum on | 
to the rollers as shown in Fig. 2, and its end led | 
over the feed roller into the trench, see Fig. 4. This | 


Fig. 1. GENERAL VIEW OF THE MACHINE. 

















Fic. 2. CaBLeE TRAILER AND DiIscHARGE CHUTE. 


feeding is continued by turning the drum with a crank | 
in the ordinary way and the paying off the rollers is | 
also done manually. The centres of the main rollers 

are spaced 24 in. apart. They run in ball bearings 

and are lubricated by grease-cup lubricators. The feed 

roller, which is 28 in. in diameter, also runs on ball 

bearings and, as shown in Fig. 1, issupported by columns 

attached to the excavator. ‘This arrangement, it is 

claimed, eliminates all risk of damage to the cable 

from bending or stretching, and exhaustive tests lasting 

some months have shown that the twisting, which is 

inevitable with hand laying, is entirely avoided. As 

the excavator moves on, carth is delivered throngh the 

chute into the trench and covers the cable, but there 

is sufficient space between the place where the latter | 
enters the trench and the place where the earth is 
delivered to allow of inspection. The trench is subse- 
quently filled up from the chute and finally, the progress 
of the central caterpillar on the trailer over the site 
rolls the earth down level. 


leaves a layer of soft friable earth at the bottom of 


THE RAPID NORMALISING OF 
OVERSTRAINED STEEL.* 
By W. E. Woopwarpb, M.A. 
Part I.—NorMALISATION BY DIRECT CURRENTS. 


THE specimens employed in the first part of this 
work were all prepared from a mild steel containing 
0-16 per cent. of carbon, which had been given various 
permanent sets. They were normalised by passing 
very large currents directly through the specimens. 
and the results obtained were so extraordinary that 
they were thought worthy of embodiment in a paper. 
The most remarkable features in connection with the 
electrical restoration of the steel were the uniformity 


| of the results and the rapidity with which the specimens 


were restored to perfect elasticity. The restoration 
was also carried out by the ordinary process of normalis- 
ing in an electric resistance furnace, but the results 





; ; : _ | were not so uniform, and the specimens suffered from 
Experience has shown that the excavating operation | 


the trench, while the action of the conveyor is such | 


that similar material is first delivered into the trench 
through the chute. The result is that the cable is com- 
pletely surrounded by fine soil, the upper layer of which 
is sufficiently thick to obviate the employment of pro- 
tecting bricks or tiles. The saving in this material on 
a long run of cable is therefore considerable. 








MATHEMATICAL TABLES.— Messrs. W. and R. Chambers, 
Limited, 38, Soho-square, London, W.1, have sent us a 
copy of their pamphlet containing three-figure loga- 
rithmic tables, prepared by Dr. Henry Baker of Durham 
University. The pamphlet contains seven pages of 
tables and instructions, and is priced at 3d. 


the effects of scaling. As the electric treatment was 
carried out in air, a direct comparison could hardly 
be obtained by normalising in vacuo. 

The Cambridge University Engineering Laborator} 
possesses a Lahmeyer duplex dynamo which had 


| belonged to a German submarine. By performing the 


Hopkinson-Kapp test on the combined plant a large 
direct current can be obtained at a very low voltage. 
Currents up to 750 amp. can be used for one hour, 
and the plant can be loaded continuously up to 6” 
amp. The first set of tests was performed upon 
specimens 0-5 in. in diameter. The steel possessed 





* Paper read before the Iron and Steel Institute, Lon- 
don, on May 4, 1928. Abridged. 
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Pie. 2, 


in the 

perties : 
Yield point 
Ultimate stress 
Elongation 


25-90 tons per square inch. 
31-55 % * 
45 per cent. on 2 in. 


Its complete analysis was : 
Per cent. 


Carbon 0-160 
Manganese 0-385 
Silicon - Trace 
Sulphur ... 0-036 
Phosphorus 0-041 


Nickel 0-960 


The microstructure in the “as received’? condition 
is shown in micrograph Fig. 1, on page 684. 

In the first series of tests a definite extension was 
given to the various specimens by means of a tensile 
testing machine. Table I gives the figures for the 
yield point and the loads required to produce different 
permanent sets. After straining, the specimens were 

TABLE I.—Tests on Mild Steel. 


Yield Point. | | Load for this 





1); . 
Mark, | Diameter. Set. | Set 
. In, Tons per sq.in.| Per cent. | m eh 
1 Tons per sq.in.| Per cent. Tons per sq. in. 

— | } 

2 ‘ 

= 0-400 25-90 4 25-90 

2 0-397 25-80 8 28-88 

8 0-397 25-90 12 30-65 
a ‘hove were in the “‘as received” condition before being 
Stra 1d 


normalised by passing currents ranging up to 600 amp. 


e i ; A a 
ng the steel. The time occupied in raising them 
0 the 
40 sec.. 


They were the 


Table IT, the tests in this case being carried out to 
destruction. 


EXCAVATOR IN OPERATION. 


“as received” condition the following pro- | 


Ac, point varied from 4 min. 30 sec. to 3 min. 
wccording to the current density. The speci- | 
mens were taken out of the clamps as soon as the current 
Was switched off and allowed to cool on the floor. | 
n re-tested, with the results shown in | 











Fia. 


TABLE II.—Tests on Mild Steel after Normalising 
Electrically. 





| | Yield | Load for | Ultimate 
Mark. |} Diameter.| Point. | Set. this Set. Stress. 
In. Tons per |Per cent.) Tons per | Tons per 
sq. in. |} sq.in. | sq. in. 
| | 
2 0-392 4 24-90 31-75 
5 0-384 8 28-70 31°75 
8 0-378 12 30°28 31-96 





The equalisation effected in the yield points of the 
specimens which had previously received widely 
different permanent sets is remarkable. The breaking 
loads also correspond to within less than 0-25 ton per 


square inch, and are not far removed from the figure | 


given by another ‘“‘as received’’ specimen, namely, 
31-55 tons per square inch. Crystal distortion even 
with 12 per cent. permanent set is not conspicuous 
under the microscope, and for this reason a much more 
spectacular test was undertaken, with remarkable 
results. 

A specimen similar to those mentioned above was 
loaded until a neck was well formed, giving an exten- 
sion of 41 per cent. on 2 in. The original parallel 
portion was 0-400 in. in diameter, and the diameter 
of the bottom of the neck was 0-253 in. The specimen 
was then turned parallel to this latter figure, and was 
then treated electrically in order to determine whether 
the elasticity could be restored. The time required to 
reach the Acg point was only 55 sec. in this case, 
and the specimen was held at this temperature for a 
further minute. The new figures on re-testing were : 


Yield point 
Ultimate stress 


23-55 tons per square inch. 
31-65 ” ” 


A perfect cup and cone fracture was obtained. Micro- 
graphs Figs. 2 and 3 show the steel with 41 per cent. set 
and a similarly strained specimen after restoration. 


The latter reveals a very fine-grained structure with- 


out any trace of the distortion which is so pronounced 


| in the former micrograph. 





4. Macuine Depositing CABLE. 


Table III records the test values for a set of speci- 
| mens which were strained in a similar way to those in 
| Table 11, but which were normalised by heating in an 
electric furnace maintained at 880 deg. C. for 1 hour 
previous to the insertion of the specimens. It required 
| 45 min. for the pyrometer to reach this temperature 
| again after the cold specimens had been placed in the 
|furnace. Subsequent tests proved that the elasticity 
of the steel had undoubtedly been restored, but the 
| results were not so remarkably uniform as those pro- 
duced by restoring electrically. Also, the specimens 
| were reduced in diameter, owing to the presence of 
| scale on the surface. 


| 
| 
| 
| 


Tests on Mild Steel Normalised in an Electric 
Furnace. 


| TABLE ITI. 


Yield Load for | Ultimate 
Diameter. Point. Set. this Set. Stress. 
Mark. In. Tons per |Per cent.; Tons per | Tons per 
sq. in. sq. in. sq. in. 
3 0-400 26-12 4 26°12 - 
3a 0-391 23°32 1 25-64 30-78 
6 0-399 25-92 8 28-86 
6a 0-383 23°75 8 27°65 31-22 
z 0-397 26-40 12 30-22 
7a 0-373 24-06 12 29-85 31°38 


Specimens 3a, 6a, and 7a above were the original specimens 
8, 6, and 7 after normalising in the electric furnace. 

Specimens were next tested in torsion. One of the 
tensile test-pieces was twisted so that the reduced 
portion, 2-75 in. long, was twisted through 810 deg. 
The magnitude of the torsion couple was 853 in.-lb. 
After normalising by electric heating in just under 
5 min., the same couple produced the same twist, 
so that the total twist was 1,620 deg. in 2-75 in. 
This could be seen clearly upon a specimen which had 
| had two lines scribed on its surface; one was twice 
the pitch of the other. At the suggestion of Professor 
C. E. Inglis, O.B.E., M.Inst.C.E., some specimens were 
overstrained in tension and subjected to rotating beam 
| tests. The machine used was of the “* Farmer ’”’ type. 
| Similar pieces were overstrained and normalised by 
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electric heating before being tested. The details of 
the tests are given in Table IV. It would appear 
that the ordinary process of normalising does not entirely 
wipe out the effects of a large amount of overstrain. 
The author ventures to suggest that the electric current 


can heal material in which the effects of overstrain | 


have"gone too far to be healed by ordinary methods of 
treatment. 

A further set of tests was carried out upon a bar of 
mild steel selected at random from the stock of {-in. 
rounds used for laboratory experiments. The steel 
was supplied reeled, thus giving a rather high yield 
point. After straining so as to produce a 30 per cent. 
permanent set, the bar was turned down to 0-4 in. 
in order to permit a fairly rapid rise of temperature. 
The turned bar required 5 min. 15 sec. to come up to 
880 deg. C. by the electric normalising process. After 
a second tensile test the specimen was turned down 
to the new reduced diameter, normalised electrically 
in 115 'sec., and then re-tested for a second time. The 
results are given in Table V. 





Fia. 1.—STEEx 9, CARBON 0°16 PER CENT. ; 
AS RECEIVED. TRANSVERSE SECTION. 


set out in Table VI :— 


upon all three materials. 





Fia. 2.—STrExExt 9, CARBON 0°16 PER CENT. ; 
STRAINED, 41 PER CENT. EXTENSION. 








Part II.—NoRMALISATION BY ALTERNATING CURRENTS. 

The second portion of the research consisted in 
carrying out experiments of a similar nature upon three 
different carbon steels, but using alternating currents 
for the production of the heating effect. At the 
author’s request, Dr. C. G. Lamb, M.I.E.E., designed 
a transformer which could produce and carry safely in 
its secondary coils about 2,000 amperes at about 
6 volts. This very large current enabled suitable 
specimens of the same cross-section as those employed 
in the first part of the work to be heated to melting- 
point in 20 seconds. After a considerable number of 
experiments had been carried out it was found that a 
heating period of about three minutes was all that 
was required to effect the restoration of the material 
after straining. The analyses of the three steels are 


The following three series of tests were carried out 


Series A.—Tensile Tests on Specimens with various 
Extensions.—Tensile tests were carried out on the 


| direct current, but yet sufficiently for all practica] 
purposes. 

Series B.—Torsion Tests with various Amounts of 
Twist.—A specimen of steel FB was twisted through 
720 deg. on a 3-in. length (240 deg. per inch), normalised 
in three minutes, and then twisted through a further 
720 deg. The specimen was then normalised a second 
time and twisted through a third 720 deg., so that 
the original line which had been scribed upon the 
surface showed six complete revolutions in 3 in. After 
normalising, the specimen was untwisted through 
2,160 deg. with two further normalising treatments, 
The entire test, including all the heat-treatment 
processes, was carried out in less than two hours. A 
similar specimen of FC was twisted through 630 deg. 
(210 deg. per inch) and then twisted through a further 
630 deg. after one intermediate normalising process, 
The test-piece was then normalised, and was subse- 
quently untwisted through 1,260 deg. with one inter- 
mediate treatment. The entire test occupied one hour. 





FD was tested in precisely the same way as FC, except 





Fig. 3.—STEEL 9, CARBON 0°16 PER CENT. ; 
NORMALISED, AFTER STRAINING, BY 
600 amp. D.C., In 2 min. X 450. 


that the total twist was only 720 deg. (two twists, 
each of 120 deg. per inch). The total time required to 
carry out the tests was one hour. 

Series C.—Rotating Beam Tests.—Rotating beam 
tests were carried out on the three steels FB, FC, 
and FD. Specimens of each steel were examined in 
the condition as received. Other test-pieces were given 
the following permanent sets before testing: FB, 
20 per cent. ; FC, 15 per cent. ; and FD, 10 per cent. 
A third set of specimens was given the foregoing 
permanent sets and was then restored electrically 
(FB in three minutes, FC and FD in 2} minutes) 
before applying the rotating beam tests. The loads 


x 450. LONGITUDINAL SEcTIon. xX 450. 
Note: THE ABOVE MICROGRAPHS HAVE BEEN REDUCED TO Four-FIFTHS LINEAR IN REPRODUCTION. 
TABLE IV.—Roratine Beam Tests on Mitp STEEL R. 
| 1 | 2 3. 4 
| 
ae iner | 
Condition .. am wie ex ae + As received | 26 per cent. per- | As No. 2, and nor- | As No. 2, and nor- 
| manent set malised in usual; malised electric- 
| manner ally 
Load on pan, Ib. .. bs - = oat 92°5 | 94°5 93°5 93°5 
Diameter of reduced section, in. ae ee 0-297 | 0-299 0-298 0-298 
Stress, lb. per square inch oe ee al + 36,100 + 36,100 + 36,100 + 36,100 
Reversals of stress for fracture .. ee ‘ | 9,600,000 5,450 2,942,950 10,000,000 
unbroken unbroken 
Variations during test .. ls eu “ie Nil Nil Nil Nil 
Static elastic limit, tons per square inch i 25-90 — oo -- 
Static yield point, tons per square inch $8 25-90 23°75 23-4 


TABLE V.—Tensile Tests on Mild Steel. 











TaBLE VII.—Tensile Tests before Normalising with A.C. 








Condition. Tons per | Tons per 
} square inch. | square inch. 
| | 
** As received ” ie ‘ | 23-78 | 30-00 
After first normalising ral 22-70 30-71 
After second normalising 22-65 | 30-53 


Yield Point | Ultimate Stress 





| Yield Point. 





| : Load for this 
Mark. | meee | Tons per Pl | Set. 
| 3 sq. in. ‘| Tons per sq. in 
= | | 
FB2T | 0-397 | 24-90 20 32-35 
| FC8T 0-393 29-00 15 40°75 
| FDIT | 0-372 | 35-00 10 49-55 





In’each of the last two tests the point given by 30 per cent. 
extension was exceeded, and the load was increased until a neck 
started to appear. 




















TaBLE VI.—Analyses of Steels experimented upon with 
Alternating Currents. 
Mark. carton | Silicon. bei sunt ek. | Nickel. 
' | 
| | 

Per cent. Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 
FB ..| 0-15 0-12 1-56 0-024 0-046 0-18 
FC :.| 0-31 | 6-17 | v-61 | 0-039] 0-042/ Nil 
0-019 | 0-43 





FD ,.| 0:48 0-26 0-58 0-017 | 
| | | 





The evidence seems to prove that the elastic properties 
of specimens of mild steel which have been seriously 
overstrained can be fully restored in an exceedingly 
short space of time by means of a direct current passed 
through the material so as to heat it above the point 
of recrystallisation. The resistance to fatigue of 
specimens with a similar amount of overstrain can 
apparently also be completely restored in this manner. 
Furthermore, it would appear that the ordinary method 
of normalising does not effect such perfect restoration 
of the resistance to fatigue, as is evidenced by the 








| 





| TABLE VIII.— Tensile Tests after Normalising with A.C. 














% | Yield Point. Lord for this 
Mark. | aeeie. | Tons per Mi t Set. 

| | sq. in. omm aes per sq. in. 
| ' | 

| 1 

| FBT 0-356 =| 24-25 20 31-80 

|} FC3T 0-366 | 27°35 15 40-50 

| FDIT 0-356 | 34-30 10 48-85 








| three steels, the specimens being given the following 
permanent sets: steel FB was given an extension of 
| 20 per cent., steel FC 15 per cent., and steel FD 
| 10 per cent. Tensile tests were then carried out, with 
| the results recorded in Table VII. The specimens were 
|then normalised by passing currents ranging up to 
| 600 amperes through the steel. The time occupied in 
| taking them up to Ac, or Acog was 2} minutes, and 
| they were held at this point for a further 1} minutes. 
The specimens were taken out of the clamps as soon 
as the current was switched off and were allowed to 
cool on the floor. They were then re-tested as shown 
in Table VIII. A comparison of the figures in 
Tables VII and VIII shows that the material has 
been restored to a remarkable extent; not, however, 


| 


figures given in Table IV. | to such a degree as was obtained by the use of 








were, with one exception, too heavy to allow the 
specimens to withstand 10,000,000 reversals without 
fracture, but in each case the restored specimen with- 
stood a greater number of reversals than when in the 
** as received ”’ condition. 

The evidence seems to show that an alternating 
current, passed directly through the specimen so as 
to heat it above the upper critical point, can also be 
used to restore fully, after serious overstrain, the elastic 
properties of the three classes of carbon steel examined. 
Similarly, the resistance to fatigue can be perfectly 
restored in this manner. It appears from the tests 
described above that in order to obtain absolutely 
concordant results, the normalising must be effected 
by means of direct currents. For all practical pur- 
poses, however, the use of alternating currents seems 
to be sufficient. In both cases the grain size can be 
carefully controlled and rendered extremely small in 
an astonishingly short space of time. Further experi- 
ments on the effects of time and rate of heating are 
being carried out, and it is hoped to embody them in 
another paper in the near future. 

After the above paper had been submitted to the 
Tron and Steel Institute the author’s attention was 
drawn to British Patent Specification No. 212,887: 
application date, February 25, 1924. This specifica- 
tion is an essay upon the advantages obtained by 
restoring the crystalline structure of metals by heating 
them by means of electric currents. 








THE Surveyors’ InstituTIon.—We have been in- 
formed that H.R.H. the Duke of York is to attend the 
Surveyors’ Institution diamond jubilee dinner, which is 
to be held at the Guildhall, London, on June 14 next. 
The diamond jubilee celebrations will take place from 
June 13 to 15, and full particulars regarding them may 
be obtained from the secretary of the Surveyors’ Institu- 
tion, 12, Great George-street, Westminster, London, 
8.W.1. 























‘for transport overseas. This line is overloaded, and 
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WATER POWER ON THE CONGO. 


In 1924, studies were begun with a view to determining 
the possibilities of utilising the great amount of water 
power said to be capable of development on the lower 
Congo River, near the West Coast of Africa. These 
studies were continued last September. It is said 
that no less than one-fourth of the available water 
power of the world is to be found on this one stream, 
and that as much as 100,000,000 h.p. could be developed 
in its lower reaches. It is a problem, however, to find 
a use to which this amount of power could be put, if 
developed. 

Nearly half the potential water power in the world 
occurs in Africa, according to the U.S. Geological 
Survey. This is due to the fact that the continent of 
Africa is essentially a great plateau on which 
the streams become large before they subsequently 
fall rather abruptly to the sea. Northern and 
southern Africa, because of their low rainfall, which is 
poorly distributed, have only small water power 
resources, but tropical Africa, especially the Congo 
basin, has a heavy rainfall, which, in connection with 
the characteristic topography of the continent, results 
in great water power potentialities. The drainage 
basin of the Congo River and its tributaries covers 
about 1,500,000 square miles, nearly all of which is 
well watered. 

A considerable volume of freight comes down the 
Congo River from the heart of Africa, this being about 
the only method of transportation from a large part 
of the Belgian Congo, and, in fact, of Central Africa, 
to the Atlantic Ocean. As much as 500,000 tons of 
products per annum are handled at the present time, 
a considerable part being cotton, ivory and other raw 
products. The Congo and its tributaries are navigable 
for thousands of miles, but above Matadi, about 100 
miles from its mouth, the river passes through a series 
of hills, and, over a stretch of some 200 miles, a 
number of rapids form a complete obstacle to naviga- 
tion. Stanley Pool is just above this section of the 
Congo, and, from this point onwards, the river is 
again navigable. There is, at present, a narrow-gauge 
railway running from Matadi, near the Atlantic Ocean, 
to Kinshasa, in the vicinity of Stanley Pool. This line 
cuts out the rapids and carries around them all freight 
and passengers coming down the river from Kinshasa 
to Matadi, where the freight is loaded on to steamers 


forms a bottle-neck of the Congo River system, so far 
as ttansportation is concerned. Coal for the operation 
of this railway is transported by ships from Europe, 
hi near the railway, water power in abundance runs 
to wagte. 

Ong of the plans suggested to relieve the situation 
hag“for its object the widening of the railway, the 
bhilding of dams across some of those tributaries of the 
Congo crossed by the line (e.g., the Inkisi) and the 
electrification of the railway by means of power 
generated at these dams. This plan has been investi- 
gated by a special commission, which made a ver 
lengthy and favourable technical report as late as 1925. 

Another plan, put forward by Colonel Pierre Van 
Deuren, of Brussels, would make the Congo River 
navigable all the way from Stanley Pool to the Atlantic 
Ocean, and would also result in the development of 
much water power. Colonel Van Deuren’s plan, 
while apparently more ambitious, is nevertheless laid 
out ina businesslike manner, and may be undertaken in 
steps in accordance with the demands of traffic on the 
river and for power. According to this project, the 
first step would be to deepen the lower part of the river 
channel from the Atlantic Ocean to Boma, so that 
much larger ships could call there than can now dock 
at either Boma or Matadi. The next step would be 
the construction of a large dam, of the rock-fill type, 
some 270 ft. high, with a suitable overflow or spillway 
Some distance below Stanley Pool. Investigations of 
ja region have suggested a satisfactory location for a 
m which would make possible the formation of a 
ake reaching back to Stanley Pool. It is estimated 
that, with the amount of water passing the dam that 
generally flows down the Congo River during the flood 
season, the backwater curve would have an elevation of 
30 ft. higher at Stanley Pool than at the dam. 

From this dam, a standard-gauge railway would be 
constructed to Boma, and this would relieve the con- 
gested freight situation. This part of the undertaking 
— ‘t 18 considered, be self-supporting when two 
aye 1 tons of freight per annum were transported, 
none § is anticipated that, by the time the project 
esd - thus far completed, the volume of freight 
00.00% ‘ave increased to that amount from the 

i / tons which is said to be carried at present 

pe = um. Colonel Van Deuren also concludes that, 
y the time 5,000,000 tons per annum were being 


transported, the second 

ed, and final steps of the 
ag could be undertaken on a alamneiien 
one on would entail the construction of a 


Congo, which flows in above the proposed dam, to the 
headwaters of another tributary, which flows into the 
Congo some distance below the worst rapids, with the 
construction of suitable locks therein, thus avoiding 
the rapids without building a second dam across this 
great river. 

The scheme may seem an ambitious one, but it is 
sufficiently promising for H.M. the King of Belgium 
to have given it his approval, and to have appointed a 
special commission to investigate the possible uses of 
the power that might be generated at the dam, if con- 
structed. This commission presented its report to the 
King last September and it is understood to have been 
favourable. Certain Belgian industries are stated to be 
contemplating locating plants in the vicinity of the dam, 
or within easy transmission distance of it, there being 
high lands not far from the site where conditions are 
quite possible for Europeans. 








RESEARCH AND ENGINEERING 
MATERIALS. 


Tue main object of the British Non-Ferrous Metals 
Research Association is, as its title implies, to assist 
in the progress of the non-ferrous-metals industry 
by carrying out scientific and technical investiga- 
tions on metals and alloys. The Association was 
incorporated in 1920, and its eighth report, for the 
year ending December 31, 1927, which was presented 
at the annual meeting of members, held in Birmingham, 
on May 14 last, indicates that considerable progress 
has been made during the past eight years. Whereas, 
in 1920, the expenditure on researches only amounted 
to 6091., the corresponding figure for 1927 was 
20,4761. The percentage of the total expenditure 
devoted to experimental work is given as 83-5, and 
it is stated that no less than 36 experimental researches 
are in progress, or have been already completed. These 
investigations include: the study of copper and brass 
with the object of improving the quality of commercial 
material ; the exploration of improved alloys for high- 
temperature service; the production of better electro- 
deposited coatings; research work on lead alloys for 
cable sheathing and pipes, die-casting alloys, zinc 
and locomotive-firebox stays; and a systematic study 
of the tarnishing and corrosion of metals in the atmos- 
phere. It is interesting to note that, as a result of the 
patient investigatory work carried out during the past 
few years, several new and important materials and 
processes have been discovered. Some of these have 
been protected by patents, which, we learn from the 
report, are being licensed to members. 

The most interesting portion of the report is, per- 
haps, that describing the newly-formed Industrial 
Needs and Applications Committee, which is working 
in conjunction with the Development Section of the 
Association. This Committee has been appointed, 
on the one hand, to secure a clearer expression of the 
views of the industrial members, and, on the other, to 
assist in the carrying over to industry of the results 


Y| of the Association’s research work; in other words, 


to help industrial members to apply, in their own 
works, the results of scientific investigations con- 
ducted by the Association. Instead of merely sending 
research reports into the industry, the future policy 
of the Association will be, as far as possible, to give 
practical demonstrations in works and to continue 
them until the material or process is established 
technically and economically as part of the manu- 
facturing routine. This may appear to be an ideal 
function which the Association will find difficult to 
fulfil, consequently, an instance of the work already 
performed by the Development Section will prove of 
interest. One of the results of a research, undertaken 
at Woolwich, upon the intercrystalline cracking of 
lead cable-sheathing, was the discovery of ternary 
alloys of lead which possessed an overall mechanical 
strength at least 30 per cent. higher, and a resistance to 
fatigue three or four times greater, than that of ordinary 
commercial lead. It was considered that this material 
might be of value for the manufacture of lead pipes, 
but it was felt that the distribution of copies of a 
highly-technical report among lead-pipe manufacturers 
would, in all probability, not induce them to try out 
the alloys in question. The Development Section, 
therefore went into a lead-pipe manufacturing works 
and carried out a full-scale experimental extrusion 
operation. The whole process, from the alloying of 
the metal to the testing of the finished pipe, was carried 
out in the presence of the pipe maker, who was thus 
able to appreciate the enhanced mechanical properties 
of a product turned out from his own press. The 
adoption of ternary-alloy pipe on a large commercial 
scale will call for further consideration on the part 
of manufacturers, but it will be readily agreed that the 
Association has demonstrated the properties of a new 
material in a very definite and practical manner, and 
has thus amply fulfilled one of the main objects for 
which a research organisation is founded. 





om the headwaters of one tributary to the 


Taken generally, the annual report constitutes an 


excellent comment on the modern outlook of a pro- 
gressive section of British industry. It is well worthy 
of the attention of all firms who make, use, or sell 
non-ferrous metals in any form. The report may be 
obtained from the offices of the Association, Atheneum 
Chambers, 71, Temple-row, Birmingham. 








ELECTRICITY SUPPLY IN SHANGHAI. 


Tue political and military turmoil in China does 
not seem harmfully to have affected the prosperity 
of the Shanghai electricity undertaking, of which Mr. 
T. H. U. Aldridge is engineer-in-chief and manager, 
to any great extent. Early in 1926, in fact, it became 
evident that the then existing plant capacity of 
121,000 kw. would have to be supplemented, and it 
was therefore decided to order a 20,000-kw. set and 
three 140,000-lb. boilers at once, to be followed by 
another set of the same output and a fourth boiler in 
1927. While the original plant will continue to be 
operated at a steam pressure of 200 lb. per square 
inch and a temperature of 572 deg. F., the new sets 
will be supplied with steam at a pressure of 350 Ib. 
per square inch and a temperature of 700 deg. F. The 
advantages to be derived from the use of the higher 
pressure and temperature were considered sufficient 
to justify the use of two pressures in the same station, 
particularly as the system load factor is as high as 
60 per cent., and it will therefore be possible to operate 
the new 40,000 kw. section as a base-load plant. It 
will, however, be possible to supply the old plant from 
the new boilers through reducing valves, though this 
will only be done in cases of emergency. 

The new boilers are fired by pulverised fuel on the 
Lopulco system, each boiler having its own pulverising 
unit and storage bin. Screw conveyors are installed, 
so that the burners of adjacent boilers can be supplied 
from neighbouring bins in the event of breakdown. 
The pulverising equipment for the first three boilers has 
been provided with driers, but these have been omitted 
in the case of the fourth boiler, it being thought that 
the moisture content of the coal used is sufficiently 
low to render this equipment unnecessary. Two of 
the boilers are of the Babcock and Wilcox cross-drum 
marine type, and are fitted with integral economisers 
and air pre-heaters. The third boiler is of the Stirling 
type, with the same type of economiser and pre-heater 
as on the Babcock and Wilcox boilers. The fourth 
boiler is also of the Stirling type, but will be fitted with 
a Howden-Ljungstrém air heater. The furnace walls 
of all four boilers are lined with Murray fin water tubes. 

While on the subject of steam raising, it may be 
added that the No. 3 (1920) boiler house contains ten 
boilers, each with a normal evaporation of 80,000 lb. 
per hour, though they have been run up to 114,000 Ib. 
per hour. Two of these boilers have now been equipped 
with Howden-Ljungstrém air-heaters, and their effi- 
ciency thus increased from 79 per cent. to 85 per cent. 
under month-to-month running conditions. The results 
have, in fact, been so satisfactory that it has been 
decided to equip the remaining eight boilers in this 
house with -air-heaters. We understand that no 
serious deterioration of the firebrick furnace lining or 
of the tuyeres of the stokers has been observed. The 
temperature of the air at the furnace inlet is 280 deg. 
to 290 deg. F. 

Turning to the new turbines, these are of the Metro- 

politan-Vickers type. The first set, which is now being 
erected at Shanghai, is arranged for bleeding in two 
stages, so that the condensate temperature can be raised 
to 200 deg. F. The second turbine is designed for thrve- 
stage bleeding, to give a condensate temperature of 
245 deg. F. Both turbines are of the tandem type 
and will generate three-phase current at 6,600 volts, 
when running at 3,000 r.p.m. Their maximum con- 
tinuous rating is 20,000 kw., with the best efficiency at 
from 16,000 kw. to 18,000 kw. The generator voltage 
is stepped up to 22,000 volts for transmission through 
several new trunk feeders. The main 22 kv. switch- 
gear for these sets has been supplied by the British 
Thomson-Houston Company, Limited, and the auxiliary 
switchgear by the English Electric Company, Limited, 
Messrs. A. Reyrolle and Company, Limited, and Messrs. 
Fergusson, Pailin, Limited. 
It is proposed to operate this section of the plant 
with three boilers on load and one laid off for overhaul. 
This will give sufficient steam to generate 40,000 kw., 
with the boilers working at their optimum efficiency 
of 87 per cent. If one of these boilers has to be taken 
off load, there will still be sufficient steam available to 
give 36,000 kw., by pushing the boiler rating up to 
180,000 lb., though the efficiency will be somewhat 
reduced thereby. 








AUSTRALIAN SeA-Borne TRADE.—According to the 
Official Secretary, Australia House, Strand, W.C.2, the 
total value of the goods imported into, and exported from, 
Australia during the month of March, 1928, were as 
follows :—Imports, 11,025,747l.; exports of Australian 
produce, 15,619,852/. ; and exports of other produce, 





264,3011. The total exports were therefore 15,884,1537, 








** ENGINEERING’’ ILLUSTRATED 
PATENT RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 


SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919, | © ¢, by way of contacts 17, and bring the motor up to 
The number of views given in the Specification Drawings is stated | speed. 


in each case; where none is mentioned, the Specification is not 


illustrated. 


Where inventions are communicated from abroad, the Names, &c., | and the dashpot returns to the position shown. (Accepted 


of the communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sales 


Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at | 


the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “* Sealed” is appended. 


Any person may, at any time within two months from the date of 


the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


AERONAUTICS. 


A.E. Short, Rochester, and H. O. Short, 
Rochester. Amphibious Landing Gear for Air- 
craft. (10 Figs.) October 1, 1926.-—The invention 
relates to a combination of wheels and floats to enable 
aircraft to alight on water or land on land, and to rise 
from land or water without being unduly handicapped 


282,897. 


by the weight or efficiency of such landing gear in serving | 


this dual purpose. According to the invention, a float A 
is constructed in combination with a pneumatic-tyred 


wheel B in such a way that the wheel adds only a com- | 


Fig. A 






Fig2. 





(282,897) 


paratively small amount of resistance to the progress 
of the float through the water, and yet is well placed so 
as to be exposed below the float in a good position for a 
landing to be made on the ground without damaging the 
float. The wheel is contained in a pocket C in the float, 
from which it emerges through a suitable aperture 
behind a step D. In this position, the wheel is located in 
the dead water behind the step, and therefore does not 
impede the progress of the float on the water to any 
appreciable extent. (Accepted January 11, 1928.) 


ELECTRICAL APPARATUS. 


282,483. H. V. James, Radlett, Herts, and A. H. 
Stevens, Hendon, London. Alternating-Current 
Motor Starter. (3 Figs.) September 15, 1926.—The in- 
vention relates to alternating-current motor starters of 
the kind in which two or more circuits are adapted to 
be closed within a predetermined time by means of 
contactors, the closing being adapted to take place in 
steps with a time lag between the steps. 
the invention, the time lag is controlled by a dashpot 
adapted to be actuated by the energy stored in a spring 
stressed when one of the steps in the energisation of 
the starter is performed. The dashpot consists of a 


cylinder 1, having a plunger on the end of arod 2 anchored | C@using the pawl 1] to engage with a tooth 14 on the 


at 3. 
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slidably secured to the panel or board. A spring 5 is 
fitted to this rod between the cylinder and a sliding 
collar. One end of a bell-crank lever 7 bears against the 
collar, and the other end is in contact with a finger 8 
secured to the armature 9 of the coil of a contactor A. 
Upon the operation of a button 10, the coil A is energised, 


According to | 


The cylinder has a rod 4 rigidly secured to it, and | 


' according to the number of times the device !s required 


| 


| 


and attracts its armature 9 to close a circuit to the motor | 


field coils 11 by way of contacts 
and simultaneously the finger 8 turns the lever 7 clock- 
wise so that the spring 5 is compressed. This causes 
the cylinder 1 to ride up the rod 2 against the restraint 
of its plunger, and eventually an insulated contact 13, 
carried by the cylinder, abuts against a spring contact 14. 
A circuit is thus established to the coil of contactor B 
which attracts its armature and shorts the resistances 


12 to start the motor, | 
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b, b, of the rotor by way of contacts 15, to speed up the 
motor. After a further time lapse, the cylinder brings 
| contact 13 against a second spring contact, which re- 
| sults in the contactor C operating to short the resistance 


A hold-on feed is provided by contactor 18 and 
! button 19. Upon opening button 19, the contactor coil 
| circuits are broken, the armature being thereby released, 
| December 31, 1927.) 

282,575. Whipp and Bourne, Limited, Castleton, 
near Manchester, and F. Whipp, Castleton, near 
Manchester. Electric Switches. (2 Figs.) March 2, 
1927.—The invention relates to switches for electric 


| 
| 
| 


and carried on frames mounted on wheels 3 which run on 
rails 4 parallel with the retorts 5. 6 is a coke-collecting 
box provided with inclined chutes 7 to receive the coke 
from the retorts, and with a chute or deflector 8 which 
directs the coke into the path of jets of water issuing 
through outlets 9 directed along the length of the trough 
shaped member 1. 12 is a cowl or hood, located at the 
discharge end of the member | and in communication 
with a flue 13 to convey the steam coming from the coke, 
The coke, after being propelled along the member 1 hy 
the jets of water, is delivered to a grid 14. The grid 
allows water to pass therethrough to a drain pipe 15, 
whilst the coke is directed on to a belt conveyor 16 and 
transported to any desired place. (Dated January 11, 
1928.) 





| circuits, in which the means for operating the closing or ! 
| opening of a switch are automatically locked from further | 
| actuation if the switch has operated a given number of 

pecoed within a predetermined time period. A _ fixed 

contact 1 co-operates with a movable switch contact 2 on | 
|one arm of a bell-crank lever 3 connected to one pivot 

| of a toggle linkage 6, 7, the other fixed pivotal point 8 | 
|of which is on the shaft oscillated for the operation of | 
i; the switch contacts 1 and 2. At each oscillation of the | 
| shaft 8, the switch arm 3 will close the switch and will also | 
| operate an arm 9 and move forward a pawl arm 10 having 

| a stop pawl 11 and a cam extension 12. The cam @xten- | 
sion co-operates with a roller 13. During the forward | 
movement of the pawl arm 10, the pawl 11 will drop into | 
| engagement with one or other of the teeth 14 on a pivoted 
segment 15 connected to the piston of a dash pot 18. 
|The shaft 8 is an extension of the operating shaft of a 





(282.575) 





| main circuit breaker (not shown). When the main circuit 
| breaker closes, the shaft 8 is oscillated in a clockwise 
direction, opening the contacts 1 and 2 which remain in 
;the open position until the main circuit breaker has 
opened for any particular reason, when contacts 1 and 2 
| are again made and, in the action, the levers 9 and 10 are 
}moved forward. The cam 12 runs down the roller 13, 


quadrant 15, which then rotates and raises the piston 
|in the dash pot 18. If the main circuit breaker is now 
| closed, and remains closed, the piston in the dash pot is 
}allowed to fall back to its ordinary position, but if 
| the circuit breaker opens again before the piston has had 
| time to fall toits full extent, the above cycle of operations 
| is repeated, the pawl 11 engaging the second tooth on 
| the quadrant and raising the piston still further. The 
{number of times this sequence of operations can take 
place can be varied as desired by placing a stop pin 19 
in one or other of a number of holes in the segment. 





to operate. (Accepted December 31, 1927.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


282,861. South Metropolitan Gas Company, 


London, and C.H.Smith, London. Coke-Conveying 
(4 Ligqs.) 


and Quenching Apparatus. September 24, 


at ary 
Ftd. 
¢ 7 = 





figs 






































1926.—The invention relates to 
quenching apparatus, of the kind on which the coke is 
moved by a Jet of water which serves also to quench the 
coke. 1 is a trough-shaped member, closed at the top, 


| conveyor 6 to have a downward inclination trom 


| 
| 
| 
coke-conveying and of which is regulated by the feed opening 7. 


MINING, METALLURGY AND METAL 
WORKING. 


282,499. Dorman, Long and Company, Limited, 


| Middlesbrough, and M. R. Kirby, Durham. Pneu- 


matic Conveyance of Coal. (2 Figs.) September 22, 
1926.—Coal pneumatically conveyed from the working 
place is usually delivered into a receptacle whence it is 
mechanically transported to the surface. The dust is 
separated from the bulk by filters, whence it is likewise 
mechanically transported to the surface. The object 
of the invention is to transfer the dust to the surface 
pneumatically and deliver it ready for use as pulverised 
fuel. To this end, there is associated with the usual 
broken down or bulk coal receiving receptacle d and 
pneumatic conveying system e, other receptacles con- 
stituting a filter g and a dust receiver j, 0, and a pneu- 
matic pipe line n, the receptacles g, 7, being situated at. 
or in the region of, the working place, and the receptacle o 


om Figs 
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at, or in the region of, the pit head or surface, and pneu- 
matically connected by the pipe line n. (Accepted 
December 31, 1927.) 











282,919. Cammell Laird and Company, Limited, 
Sheffield, J. McN. Allan, Sheffield, J. V. Allan, 
Sheffield, and H. C. Loving, Sheffield. Filling 
Moulding Boxes. (4 Figs.) October 14, 1926. The 
invention relates to feed mechanism for sand for filling 
moulding boxes. The sand is fed from a bunker 5 by 
an endless-band conveyor 6, which closes the base ot 
the bunker, a feed opening 7 being provided between the 
conveyor 6 and the bunker wall under which the con- 
veyor issues. The portion of the conveyor 6 which at any 
times closes the base of the bunker 5, is supported by 





} 
the 


rollers 14. 


The parts are preferably arranged for 


thie 
supporting rollers 14 to the end drum at the delivery 
end of the conveyor. The feed opening 7 is adjustable 
by means of a plate 16 fitted across the lower portion 0! 
the bunker. As the conveyor 6 moves across the bas 
of the bunker 5, it carries a layer of sand, the dept 
On arriy ing 
riat 


e 
} 


at the end drum of the conveyor, this layer of mater!s 
is delivered on to a chute 17 which directs it into a mou'd- 


ing box 18. (Dated January 11, 1928.) 
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THE NAVY AND SCIENTIFIC 
RESEARCH AND EXPERIMENT. 


Ir was a frequently heard criticism during the 
years immediately preceding the war, that in our 
numerous industrial activities, scientific research 
and experiment were almost wholly neglected, and, 
as a consequence, the methods and _ processes 
employed in our workshops and factories were old- 
fashioned and costly. Since the war, such complaints 
have been less frequent, and, in fact, have to a large 
extent ceased. This is fully explained by the action 
of the Government in accepting the suggestions of 
the critics and adopting research as one of the 
principal duties of all State Departments. It would 
seem as if it were only the grim necessities of the war 
which forced the Government, in July 1915, to pass 
an Order in Council which eventually resulted in the 
establishment of the Department of Scientific and 
Industrial Research. This Department has been con- 
tinued, and staffs for scientific research have been 
added to nearly all the State Departments, the 
nature and direction of the work undertaken being 
determined by the needs of each Department. 
The Department of Scientific and Industrial Research 
is kept in touch with the work of the staffs in the 
various Departments, with the object of securing 
co-ordination and of preventing any duplication or 
overlapping. A glance through the details of the 
estimates of the various Government Departments 
recently presented to Parliament, will give some 
idea of the cost and of the numbers of persons who 
are to be engaged on research during the present 
financial year, and, in many instances, the general 
nature of the work, whilst the growth of research in 
the Departments, can be obtained by a comparison 
of such figures with those appearing in the estimates 
for a pre-war year. A complete comparison for the 
whole of the Government Departments would prove 
a task of some magnitude, but, as an indication of 
the general tendency, the following details taken 
from the Navy Estimates of 1928 and 1914-15, are 
of interest. It may be remarked that the Research 
Department of the Admiralty has been developed 
from the Board of Invention and Research which 
was established at Victory House under the presi- 
dency of the late Lord Fisher, in July, 1915, at 
the same time as the initial steps were taken for the 
formation of the Department of Scientific and Indus- 
trial Research. The Board continued its work 
throughout the war, but was closed down soon after 
the Armistice. 

Vote 6 of the Navy Estimates is for scientific 
services, and is the section on which the major 
portion of the cost for scientific research falls, but 
other sums for the same purpose are included in 
other Votes, and will be noticed in their place. 
The gross estimated cost of scientific services for 
1928 is 503,8941., as compared with 99,648/. quoted 
in 1914-15. Both sums are subject to certain 
deductions which reduce the net costs of Vote 6 
to 432,5001. and 64,7001. for the two years, respec- 
tively. In the two sums deducted the amount 
realised by the sale of charts is the largest item, 
being 56,0001. for 1928 and 32,5001. for 1914-15. 
The numbers of persons provided for in Vote 6 
are 1,207 in 1928 and 128 in the earlier year. 

Subheads A to L of Vote 6 appear in the Esti- 
mates for both years, and include the costs of the 
Royal Observatory at Greenwich, the observatory 
at the Cape of Good Hope, the photographic mapping 
of the heavens, the Hydrographic Department of the 
Admiralty, the naval museum at Greenwich, the 
preparation and publication of the Nautical 
Almanac, and the purchase and repair of chrono- 
meters for the Navy. These various services 
employ 274 persons as compared with 128 in 1914, 
the estimated costs being 120,694/. and 98,943/., 
respectively. The largest subhead is E—Hydro- 
graphic Department—which employs 184 persons 
at a cost of 67,755l., compared with 80 and 21,362/. 
in 1914, but in the present year a staff of 70, cost- 
ing 16,000/., appears for the Admiralty chart estab- 
lishment at Cricklewood, for which there is no 
Similar entry in 1914. 

_ Subhead LL of Vote 6, Compass Department, 
includes 93 persons costing 23,235/., to which the 
Air Ministry contributes 7,500/., for research work 
on air compasses. In the 1914 Estimates, the 
Compass Department was included in Vote 12, 


Admiralty Office, and numbered four persons, cost- 
ing 1,753/. Subhead M is for Admiralty contribu- 
tions to scientific institutions, and amounts to 
2,3351., of which 1,360/. is to the funds of the 
International Hydrographic Bureau. In 1914 the 
sum under this subhead was 705l. 

The remaining subheads of Vote 6 are set out 
in the following table, there being no corresponding 
figures in the Vote for 1914-15 :— 




















| Number Esti- 
Subhead. | Description. of mated 
Persons. Cost. 
| 
N. | Scientific and technical staffs £ 
for research in naval estah- 
lishments <i ate aa 169 86,925 
Scientific Research and Experi- 
ment Department at the 
Admiralty .. es vie 8 2,132 
Admiralty Research Labora- 
tory, Teddington ia a 75 14,941 
Admiralty Engineering Labora- 
tory, West Drayton— 
Engineering section ‘e 57 14,385 
Electrical section a 27 6,709 
Haslar Experiment Works... 16 4,728 
| Chemical research and experi- 
} ment .. ip as PP 58 16,131 
| Holton Heath R.N. Cordite 
| Factory, chemists and assis- 
|} tants .. ae - as 8 4,187 
| 
Total Subhead N. es 418 150,138 
NN. | Analyticalchemists .. xa 46 16,716 
oO | Grants for maintenance of re- 
{| search establishments and 
laboratories .. «s ca —_ 126,752 
Pp. Mine Design Department, 
Portsmouth me ae 150 27,145 
Signal School, Portsmouth .. 179 29,883 
Anti-Submarine Establishment, 
| Portland ae ae os 47 6,996 
| Grand total... ..| 840 | 357,630 
\ 








The only establishment in this table which 
appeared in the 1914-15 Estimates is the Haslar 
experiment works, then included in Vote 12 as a 
part of the Constructor’s Department, and numbered 
16 persons, costing 2,823/. A note in the current 
Estimates states that this establishment is engaged 
on experiments and investigations on the resist- 
ance and propulsion of ships and similar problems. 

Of the 169 persons of the research staff in the 
first line of the table, 76 are described as scientific, 
and the remainder as technical. They form a pool 
from which the staffs for the various establishments 
are drawn, and it would appear from the figures 
given for 1927 that 24 were engaged in the Mine 
Design Department, 37 in the Signal School, and 
10 in the anti-submarine establishment at Port- 
land, increasing the numbers under subhead P by 
these figures. The allocation of the remaining 98 
is not stated. 

Notes accompanying the Estimates state that 
the Laboratory at Teddington is engaged on re- 
searches, which in their initial stages do not require 
a sea environment. When a sufficiently advanced 
stage has been reached, the research is continued 
in a suitable establishment—Signal School or Mine 
Design Department—research and development then 
proceeding together, the necessary members of the 
scientific and technical staff being loaned to the 
selected establishment. 

The Engineering Laboratory at West Drayton is 
engaged on researches and experiments with heavy 
fast-running marine oil engines, metallurgical and 
engineering problems in cennection therewith, and 
experiments in the initial stages of naval-engineer- 
ing appliances. The electrical section deals with 
electrical problems, and, in part, carries out re- 
search and experimental work relating to electrical 
machinery for naval purposes. 

The 58 persons engaged on Chemical Research 
and Experiment are employed at Porton Experi- 
mental Station, principally on work appertaining 


to Chemical Warfare, the War Office being jointly | 


interested in the station, and being represented by 
its own staff of experts. 

Of the 46 analytical chemists appearing in 
Subhead NN, 21 are at Portsmouth Dockyard, 
10 at Sheffield, 2 at Greenock, and 13 at Holton 
Heath Cordite Factory. Inthe 1914 Estimates, the 
only similar entry is for the Admiralty Chemists’ 
Department at Portsmouth Dockyard, the staff 
numbering 9, and the cost 4,366/., as compared with 





7,6001. for 1928. 


The largest individual item in Subhead O, of 
Vote 6 is 70,764l., for Chemical Research and 
Experiment, an Admiralty contribution to the War 
| Office, &c. Other sums are 18,5001. for the Engine- 
ering Section of the West Drayton Laboratory, 
making a total with the sum in Subhead N of 
33,0001. ; 6,000/. for the Electrical Section at the 
same place, making 12,700/. in all; 22,000/. for 
other laboratories, including Teddington and the 
| Haslar Experiment Works; and 5,700/. for Search- 
light Carbons Research, and contribution to the 
| War Office for Aerial Acoustic Research. 

Notes in the Estimates outline the functions of the 
three establishments appearing in Subhead P. 
The Mine Design Department is under H.M.S. 

| Vernon, and is engaged on the development of 
designs of mining and anti-mining weapons and 
| devices, under the direction of naval officers. The 
| cost of the latter is included in Vote 1, and the 
number so engaged is not given, but the Navy List 
mentions about 80 officers borne on the Vernon for 
torpedo and other duties, presumably including 
|mining. The estimated cost of mines and anti- 
| mining devices to be ordered in 1928 is not given, but 
Vote 9 includes 44,8661. for torpedoes, mines, 
| paravanes, depth charges, torpedo and electrical 
stores, and explosives and stores required for 
| torpedo and mining schools. 
| The Signal School is an establishment for experi- 
ment and instruction in wireless telegraphy and other 
| methods of fleet communication. The latest scienti- 
| fic discoveries which appear useful for such purposes 
are closely investigated at the school, and developed 
into practical form if found suitable. Instruction, 
experiment, and development thus proceed together. 
|In addition to the 37 members of the research 
| staff, and the 179 civilians in Subhead P, 35 naval 
officers are on duty at the school, 12 of these being 
borne for experimental work. The pay and allow- 
ances of the naval officers are included in Vote 1. 
In the 1914 Estimates, the only persons stated to be 
engaged on wireless telegraphy were three civilians, 
their salaries of 1,400]. falling on Vote 4. This 
increase in numbers from 3 in 1914 to 250 in 1928, 
indicates the enhanced importance of wireless 
telegraphy in naval operations. 

Another note states that the Anti-Submarine 
Establishment at Portland has been reorganised 
and is equipped with a scientific staff and laboratories 
for the development of anti-submarine material, 
and is engaged in the dual functions of training and 
experiment. In addition to the civilian staff of 
57, 27 naval officers are attached to the establish- 
ment. No corresponding provision appears in the 
1914 estimates. 

Vote 6 does not completely cover the cost of 
research and experiment, substantial amounts 
appearing in other votes. In Vote 8, the following 
sums for experimental purposes are mentioned, viz. 
3,000/. for propelling machinery; 1,000/. for 
auxiliary machinery ; 700/. for the hulls of warships ; 
25,000/. for armour ; and 49,000/. for gun-mounting 
and air-compressing machinery, a total of about 
79,0001. The only corresponding figure in the 
1914 Estimates is 10,000/. for armour. 

In Vote 9, the following sums are included :— 
70,0001. as an Admiralty payment to the War 
Office for Research directed by the Ordnance Com- 
mittee; 4,6701. for the Torpedo Experiment 
Station ; 3,567/. for the Naval Ordnance Research 
Department ; 2,696/. for the Experimental Station 
of Shoeburyness ; 12,000/. for experiments with 
guns, 24,0001. with projectiles and ammunition, 
and 25,000]. with torpedoes, mines, &c.; a total of 
about 142,000. In 1914, the Estimates contained 
only one corresponding amount, viz., 9,8001., as 
the Admiralty contribution to the War Office for 
| research work. 

Vote 10 of the Estimates is for works and build- 
ings, and amongst the sums included are 3,500I. 
‘for extension of accommodation at the anti-sub- 
marine establishment at Portland; 38,0001. for a 
high-speed experiment tank at Haslar ; 2,2501. for an 
extension of the Research Laboratory at Tedding- 
ton; and 3,1701. for the Research Department at 
Woolwich; a total of about 47,0007. There are 
no similar items in the Estimates for 1914. 

It is probable there are other amounts in 
the 1928 Estimates for research and Experiment 
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which are not so definitely expressed, but those | or ' be made seriatim, and errors become cumulative 
which have been enumerated total 625,000], and Wat gas ae (32 4 D,) re. ;and difficult to discover and correct. 
necessitate the employment of over 1,000 persons 29 29 It is well known that these calculations are 
in the various establishments which have been li Lee D. th ston «it subject to correction on account of the velocity 
mentioned. The provision in the 1914 Estimates Onieg 3 Yes ; Kip ie not being uniform across the section, and there 
for the same purpose was about 20,000/. The re J - ; is also some doubt as to the operation of the 
increase is an appreciable one, and is generally over-| For a very short length d L, this may be written | friction factor under variable flow. However, the 
looked by those who compare the post-war estimates dE =(F—S)dL method outlined below allows the arithmetic to 
with those of pre-war years. The cost for 1928| (fF is constant over a short length). follow the theory exactly, and, in so far as the 
is slightly more than one per cent. of the total | or theory is correct, will give a true representation of 
Estimates, but nearly 7 per cent. of the sum allo- dE dD _ iy _ sg) a) the backwater curve with a minimum of labour. 
cated to new construction, and is nearly sufficient aD aL Sey an By inverting the expression (2) thus :— 
to meet the cost of two destroyers or submarines. | Now v2 
The value of scientific research and experiment is dE_ @ [fp , Vt OR ee 
difficult to assess, but this can be safely left to those aD aD (! at x) aD Fs 
who have the responsibility of preparing the Navy d (pi. & aL 
Estimates. "ap ( r sop) and plotting values of Zp 28 ordinates against 
VARIABLE FLOW IN OPEN CHANNELS. Tne -_-. a nian WATER CURVES a 

By A. P. Frocxwarr. tortor te Bee aaa orton C------------ 
In open channels the flow is said to be variable 
where the mean velocity varies from point to point, CALCULATING CURVES 
or, usually, where the water surface is not parallel FOR SLOPE ‘s" 
to the bed. This may be caused by the influence & QUANTITY 'Q 
of the end conditions, or by a change in the slope es) 
of the bed, or in the shape of the cross-section, or rR Cintez, 
in the roughness of the perimeter. The changes Depth 
of velocity and depth can be calculated by applying : 0.0 D, De 
. D3 / Dg 
a. . 
Fig {Horizontal - ; Area-L2 
D %, er eT N 
7 29 Total Energy Line v2 x 5 
| Water Surface "2/29 Area-L 









Portion A ----- 
“ (627. B.) 


Bernoulli's theorem to short reaches. It some- 
times happens, however, that the water surface 
breaks and large losses of energy occur, rendering 
useless any simple calculations that may have 
been made. It is of considerable importance to 
determine the conditions under which this will 
occur, and then to be able to analyse the flow. 

In a long uniform channel, apart from the effect 
of the gradient, the water depth is controlled by 
the frictional resistance. At the extreme end, 
however, the depth is usually fixed by local con- 
siderations. Upstream, the depth gradually adjusts 
itself until, after a considerable distance, the influ- 
ence of the end conditions finally dies out. Vari- 
able flow takes place in this region of compromise. 
It is necessary first to determine the conditions at 
the controlling point, and then to calculate the 
resulting velocities upstream and downstream until 
steady flow is attained. The profile of the water 
surface is known as the surface curve or backwater 
curve. The problem of analysing the variable flow 
becomes practically that of constructing the back- 
water curve. 

It will be better to discuss the calculation of these 
backwater curves before considering the question 
of controls. 

Backwater Curves.—Referring to Fig. 1, which 
represents the longitudinal section of a unit length 
of open channel, F is the friction slope or loss of 
head due to friction, and S is the bed slope. If 
the channel is considered sufficiently broad for the 
hydraulic radius to be sensibly equal to the water 
depth, and if the flow is variable, then, for a length 
L and a constant quantity Q, 

or 








+D, +8L= 8 4p,4+ FL 
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And since Q = V D for,unit width of channel, 
Q? 
ee an 
D3 4 
; = 
Da 


Substituting in (1) 


(: SS) AF-S 
gD/ du 


or 6 
. es : 
i. he. + oe 

gD 


This is the text-book relation between D and L, 

and permits the calculation of the backwater 
curve, this name being applied to all types, although 
perhaps not always strictly applicable. 
dD ho v2 
at, becomes equal to infinity when ae 
when the velocity head equals half the water 
depth. It is sometimes stated that the water 
surface becomes vertical at this point. This is 
not the case, but the equation becoming discon- 
tinuous at the same point and makes the interpre- 
tation anomalous. 

The standard method of drawing backwater 
curves is to start from any known point and 
calculate the friction slope F; produce this for 
a short distance on the assumption that it 
represents the actual surface and calculate a 
new depth, &c., and continue the process as far 
as necessary. Corrections for change in velocity 
and for bed slope can be made directly, or 
equation (2) can be used. The geometrical figure 
so produced touches the surface only at the 
starting point, and probably diverges considerably 
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after the first few steps. The calculations must 
































“ENGINEERING” 


water depths D, calculating curves (Fig. 2) are 
obtained. These enable us to plot the backwater 
curves. The areas between the axis of D and the 
curve represent the length upstream or down- 
stream between successive values of D, and thus 
give all the information necessary for plotting. 
By using ordinary squared paper and counting 
squares to obtain areas there is no need to use 
a drawing board or a planimeter. 

For a particular quantity Q, each point on the 
calculating curve is obtained by substituting 
in (3) a value of D with corresponding V and F. 
F must be calculated from a table of Kutter’s 
or other formula. The bed slope S is constant 
throughout. The calculation may be set out in 
tabular form, and each group of terms worked 
out at once. Only a comparatively few points 
need be calculated to draw a curve sufficiently 
accurate for ordinary purposes. 

The calculating curve crosses the axis of D at 


72 
the point where - = D. This is known as the 


critical point (with critical depth and critical 
velocity). Where F = §S, i.e., where the water 
surface is parallel to the bed as in ordinary steady 
flow, the curve goes to plus and minus infinity, 
and the area beneath it becomes infinite. This 
expresses the generally understood fact that the 
backwater ideally extends an infinite distance 
before finally dying out. Actual evaluation shows 
that the water surface becomes sensibly parallel 
to the bed within a reasonable distance. ie 
Energy Relations.—Fig. 4 shows the variation 
a 
of the depth plus velocity head, >, + D, or tota! 


energy of flow, as, for a given quantity Q, the 
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depth is caused to alter by varying the bed slope 
or otherwise. The lowest point occurs where 
. =D, ie, at the critical point defined above. 
Although as seen from the curve, for any one 
value of the energy of flow there are two alternative 
depths, for any given set of conditions there is 
only one depth at which the water can flow. 


: De, VV 
The momentum term = + sy has also been 


plotted in Fig. 4. The minimum again occurs 
at the critical point. This term will be referred 
to later. Differentiation of the expression, after 
substituting from D V = Q, will give the above 
result. 

If we plot either the energy of flow at each point 
on the longitudinal section, or the velocity head 
above the water surface, we get the energy line 
as in Figs. 1, 3, 5 and 6. This line must always 
fall downstream owing to the constant dissipation 
of energy by friction. This property forms a 
useful check on calculations. 

Controls.—Where a canal discharges into a deep 
pool we have probably the simplest form of control, 





may be to drown out the control next upstream, 
or we get a break in the water surface or a 
discontinuity, known as the hydraulic jump. 

Fig. 3 represents a series of normal sections 
joined by steep chutes. Calculation curves for 
the normal sections are represented in Fig. 2, 
but those for the chutes have not been shown. 
The surface curve for the chute AB commences 
with the critical depth at A, and reaches a certain 
depth at B, which forms the starting point for 
the curve BA’. The backwater curve drawn 
upstream from A’ meets this curve BA’. The 
physical point of junction gives rise to a hydraulic 
jump or standing wave; this exhibits an abrupt 
rise in the water surface at the point J accompanied 
by much aeration and “boiling” from which the 
water flows away steadily and smoothly although 
carrying fairly strong eddies. The height to which 
the water rises at J is not greater than the height 
of the upper backwater curve there. 

The jump occurs at the point where the 


> V 2 V ‘ 
z Q or aa 2 of the entering 





momentum —W = — 
stream is just equal to that of the issuing stream. 


Loss at Jump Line 
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The energy level at the end of the canal must be 
the same as the water level in the pool and the 
depth will gradually decrease upstream until 
steady flow is attained. 

A weir forms a control of a different type, the 
water passing over it at maximum velocity. The 
head above the weir is determinable from a formula 
appropriate to the particular shape of crest. 
Referring to conditions as sketched in Fig. 2, 
if the weir is low and does not hold the water up 
to the depth of steady flow, portion B of the 
calculating curve must be used in calculating 
the backwater curve. If the weir is high and 
creates a pond, portion C is required. 

In the case of discharge at “ spouting velocity ” 
over the end of a channel or of a level launder, 
the water leaves the open end with the greatest 
possible velocity. This is the critical velocity 
already defined, with minimum energy. The water 
cannot acquire any more energy to increase its 
speed, so the velocity remains fixed. The starting 
point for the backwater curve is now the critical 
depth at, or very close to, the end of the channel. 

When a steep chute immediately follows the 
above channel, the critical depth is again the 
control, and the depths decrease downstream until 
steady flow is attained. Calculating curves for 
this case are not shown. 

Where the water issues from an undersluice, 
as in Fig. 5, the control in the channel is at the 
vena contracta just downstream from the sluice. 
The height of the orifice determines the quantity 
of water passing, but the depth of flow in the 
channel is controlled by the energy level upstream. 
Knowing the coefficient of discharge of the sluice, 
the quantity of water is obtained; the depth of 
flow is then calculated by trial and error (to avoid 
solving a cubic equation) so that the energy of 
flow is equal to the water depth upstream of the 
sluice plus velocity of approach correction. 

Discontinuities and the Hydraulic Jump.—tin 
considering an open channel of constant section 
but varying bed slopes, we may plot the back- 
water curves upstream and downstream from the 
controlling points. There are two possibilities, 
viz., either that the effect of a downstream control 
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This term is a measure of the force exerted by the 
stream in a longitudinal direction. 

Fig. 4 shows that for any water depth there is 
another alternative depth for which the momentum 
is the same. The backwater curves being already 
plotted, it is necessary to plot the corresponding 
momentum term at each point, giving two momentum 
lines. Where these two lines intersect, the jump 
will occur, as at any other point there would be an 
unbalanced force causing the jump to move up- 
stream or downstream till a balance was attained. 
The process of determining the position of the 
jump is illustrated in Fig. 3. 

Examination of the energy terms upstream and 
downstream from the jump shows that energy is 
lost there. If there were no loss of energy there 
would be no jump, or, in other words, it is the excess 
of energy that causes the jump. Fig. 4 shows also 
that for the alternative values of D, for which the 
momentum is the same, the energy is different. 

As a contrary condition, where a possible control 
is drowned out by the depth of tailwater, we may 
consider the case, Fig. 6, where the control is 
actually in operation and where the tailwater is 
gradually raised by some means. The jump moves 
upstream towards the control, and the energy 
dissipated becomes smaller and smaller. When the 
energy level (minimum energy) at the control is 
the same as that immediately downstream, the 
control becomes drowned, and Bernoulli’s theorem 
will begin to hold as between depths and velocities. 
The dotted line in Fig. 6 shows the energy level 
just necessary for drowning. The criterion for 
drowning is thus : that the energy level downstream 
must be higher than the minimum energy level at 
the control. 

Where this obtains, the water surface is unbroken 
across the drowned control and the calculation of 
the backwater curves is not likely to be of great 
importance. The energy level at the control will, 
however, be intermediate between the levels for 
steady flow in the upstream and downstream reaches. 
This will give an approximate position for the water 
surface at the control. 

Fig. 2 refers to the more normal types of back- 
water curves. There are many other types depend- 


ing on whether the various factors are positive or 
negative and on the relations between the normal, 
critical, and initial velocities. Any problem should 
yield to the method outlined. 

From the design point of view, the study of these 
questions shows the danger of allowing excess 
height “ to take care of eddy losses.”’ If such excess 
energy is dissipated in a jump, it may be very difficult 
to deal with the erosion thus set up. It is better, 
when in doubt, to err on the other side and make 
provision for flooding upstream. 

The case of the discharge from an undersluice into 
a level launder is of interest. Fig. 5 shows the 
normal condition. The water depth is controlled 
at A and rises as the friction reduces velocity 
downstream. The water depth is also controlled 
at B, the end of the launder, and increases upstream. 
These two independent conditions are reconciled 
at the jump, where excess energy is dissipated. If 
the launder is very short, the water will leave the 
end at high velocity without causing a jump. If 
the velocity is reduced to the critical within the 
launder, a jump will be formed. If the launder is 
made longer than in Fig. 5, the depth at the jump 
will increase, and eventually, with a very long 
launder, the sluice will be drowned and a new 
situation will be created. 

Trapezoidal Channels.—The previous discussion 
has referred to wide shallow channels or to the ideal 
rectangular section with frictionless sides. Where, 
however, the width of the section is not great in 
proportion to the depth, equation (3) may be 
elaborated, for bed width B, depth D, and side 
slopes N to 1, of trapezoidal section, to the form (4) 
below. This is derived from equation (1) as before, 
by differentiation of the energy term, which now 
proceeds thus :— 





2 (P 4 552) = _ ada 
dD 29 Az gA? dD 
1 @ d(BD + ND) 
g Ae aD 
-1— © (B+2ND) 
g A’ 
v2 B4+2ND 


g9 BD+ND? 
or 
- e 
d * Area of cross section 


] Surface width 





Substituting as before, equation (3) becomes 








v? B+2ND 
au 1-7 °BDTND (4) 
aD F—Ss 


The construction of the calculating curves becomes 
more complicated on account of the longer arith- 
metic involved. The backwater curves are obtained 
from the calculating curves exactly as before. 

The critical depth for a trapezoidal channel is 


2 
not where D = . as was the case before, but where 
7 INT 7 

= , ni x x , or where D (average) = “ : 

Criterion for a Throat.—It sometimes happens 
in conduits where the cross section is not constant 
that the water passes a certain section with spouting 
velocity and that a jump occurs downstream. The 
jump sometimes causes damage, and in any case is 
unsightly. The cure is to raise the water level 
downstream and drown out the spouting section, 
or perhaps widen or deepen the spouting section 
with the possibility of causing further trouble 
upstream. It is desirable to examine a design for 
possibilities of this kind before the works are con- 
structed. 
If water passes one of these “ throats’ or con- 
strictions at spouting velocity, it will do so with 
minimum energy. This gives a basis on which 
the design may be examined. As the cross- 
section is varying, the minimum energy must be 
calculated for each reach for the particular quantity 
of water flowing. The length of the reaches must 
be decided by the accuracy required. The minimum 
energy is quickly found by trial, or by plotting a 
curve- similar to Fig. 4 and finding the lowest 
point. 
On the longitudinal section of the conduit, the 
values obtained are plotted, giving a minimum energy 
line. Any peak on this line indicates a possible 
throat or control. They will act as threads if the 
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minimum energy level is higher than the normal 
energy level immediately downstream, or they will 
be drowned if the opposite conditions obtain. 

In order to arrive at the normal energy level 
below the throat, it may be necessary to calculate 
a backwater curve through several reaches of varying 
section, which may be difficult to carry out 
accurately. If, however, an approximate solution 


shows any danger, steps should be taken either to | 


drown out the throat quite definitely or just as 


definitely fix its position and make provision for | 
dealing with the resulting disturbance. Examination | 
should also be made of conditions under half | 


load and also under the greatest overload likely 
to occur. 

Channels of Irregular Section.—Where the section 
is not of a form suitable for mathematical treatment, 
the various quantities are calculated by computing 
the area at each depth, and the corresponding velo- 
city from AV = Q. Wetted perimeter must be 
obtained directly for calculating F. The expression 








di 
for aD becomes the same as (4) above, thus :— 
V3 Surface width 
d L 2 l z y * Area of cross section - (9d) 
aD ~ (F—S8) 


Calculating curves are then constructed as before, 
and the backwater curves obtained. 

Where the critical depth only is required, it is 
obtained by calculating the minimum energy by 
trial from the dimensions of the cross section and 
the quantity flowing. 

Irrigation Channels.—The study of the hydraulic 
jump, and other allied problems, has been necessi- 
tated in recent years by the employment of concrete 
conduits in which velocities of the order of 10 ft. per 
second are common. With ordinary irrigation 
channels in earth, there is little chance of trouble 
due to high velocity, except at the junction with a 
concrete structure. The downstream aprons of 
such structures are generally placed higher than the 
beds of the channels, with the result that there is 
energy to be dissipated after the water has reached 
the earth section. Such conditions cause scour. 
Where the aprons are kept lower than the canal 
beds, the tendency to scour should be much reduced, 
as the bulk of the energy would be dissipated over 
the concrete, and not over the earth. 








THE TRENTON CHANNEL STATION 
OF THE DETROIT EDISON COMPANY. 
(Continued from page 664.) 

CONDENSING WATER SUPPLY. 

Brrore dealing generally with the auxiliary equip- 
ment it will be convenient to dismiss the subject 
of the supply of condensing water to the main and 
auxiliary condensers, which includes as_ will be 
remembered the cooling water to the generator air 
coolers. 

Each main condenser is supplied with water by 
two 48-in. centrifugal circulating pumps, each of a 
capacity of 60,000 gallons per minute, and delivering 
together normally 100,000 gallons per minute. 
They are direct-driven off 240-volt supply by direct- 
current motors of 460 h.p., which are capable of a 
range of speed extending from 175 r.p.m. to 255 
r.p.m. The pumps are by the Worthington Pump 
and Machinery Corporation, the motors being 
supplied by the General Electric Company. Fig. 131 
shows one of the pumps in the basement and its 
driving motor. 

The circulating pumps for the direct-current sets 
are of the three-volute type, with a capacity of 
10,000 gallons per minute; they are driven by 
60-h.p. direct-current 240-volt motors, having a 
speed range between 435 r.p.m. and 215 r.p.m. 
For the alternating-current sets the circulating 
pumps are of the two-volute type of 8,000 gallons 
per minute capacity and driven by 60-h.p. motors 
on 220-volt alternating-current with a range of 
from 720 r.p.m. to 450 r.p.m. 

In our first article mention was made of the fact 
that condensing water is drawn from the Detroit 
River on one side of the plant, and is discharged into 
a drainage canal on the other, thus most effectually 
preventing any risk of the discharge affecting the 
temperature of the inlet. A general plan of this 
arrangement is given in Fig. 132. The map already 
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given as Fig. 7 of these articles, on page 343, ante, 
shows the forebay on the river side, giving access to 
a screen house, the bay being closed by a boom, to 
prevent large debris approaching the house. Figs. 
133 and 134 on Plate LXX show the screen house, 
photographs relating to it being reproduced in 
Figs. 147 and 148, on Plate LX XI. 

The house contains fifteen inclined travelling 
screens, by the Chain Belt-Company, protected by 
trash racks. Each of the screens, together with its 
trash rack, is in a separate compartment as shown 
in Figs. 133 and 134, and can be isolated by stop-logs 
at the front and back, for inspection and repair 
purposes. The screens are 5 ft. 3} in. in width, and 
are inclined at 60 deg. to the horizontal. The 
total immersed area presented to the flow is about 
1,400 sq. ft. The screens are actually composed of 
grids measuring 16} in. by 60in., made of No. 12 
Band § copper wire with 3 in. spaces, the grids form- 
ing part of an endless chain passing over tumblers 
at the top and lower ends of the frame, centred 
28 ft. 6 in. apart. On the trestle frame-work 


‘above the floor level are direct-current motors 


of 5 h.p., driving the screens by chain, at the rate of 
9 ft. per minute. The upper tumbler is furnished 
with screw adjustment. The building is 39 ft. 10 in. 
high to the truss rods, and 3-ton lifting tackle is 
provided for lifting the screens clear of their pits. 
The revolving screens drop any debris collected, into 
a concrete trough 3 ft. 6 in. wide and set on a slope 
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of 1 in 75, down which rubbish is sluiced, to be 
returned to the river lower down. This trough is 
clearly seen in the view, Fig. 147, on Plate LX XI, 
which shows the reinforced concrete substructure of 
the screen house under construction, within a 
coffer dam. The intake extends the whole length 
of the house, and water passing through the 
screens enters a forebay, likewise extending the 
length of the house, being divided in two parts by 
a partition. Each part connects with the bottom 
section of a double level underground canal. A 
view of one of the double level canals during con- 
struction is shown in Fig. 150, on Plate LX XI. The 
plan showing these canals has already been referred 
to as Fig. 132. As will there be seen, the canals pass 
round the coal unloading and preparation buildings 
and then converge under the boiler house, running 
then parallel till the turbine room is reached. Here 
they are crossed at right angles by two channels, one 
under the main unit condensers, and the other under 
the line of auxiliary direct-current units. The 
section of these canals is chosen for a normal velocity 
for the circulating water of about 1} ft. per second. 

The main circulating pumps draw from the 
low-level intake cross channel, and the condensers 
discharge through tapered pipes direct into the 
overflow channel which is situated above the intake. 
Each discharge is furnished with a dispersing 
cone as shown in Fig. 139 on page 691. The over- 
flow is carried in two underground conduits of 
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Overflow Canal 


THE TRENTON CHANNEL POWER STATION, DETROIT, MICHIGAN, U.S.A. 


(For Description, see Page 690.) 
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THE TRENTON CHANNEL STATION, DETROIT, 





Fie. 137. 





Fig. 139. Main ConpENSER DISCHARGE. 


reinforced concrete at a somewhat higher level, and as 
stated, towards a drainage canal on the west side of 
the site, and is discharged through two outlets, one 
of which is shown in Fig. 149, on Plate LXXI. The 
arrangements include various interesting features. A 
number of weirs are provided, some of these being 
indicated in Figs. 135 and 136, on Plate LXX, and 
are denoted by A, B and C in Fig. 132. The weirs at 
A are in the overflow channel where the floor level 
is 1] ft. 6 in. below the turbine house ground-floor 
level, or 6 ft. above the floor of the screen house pit. 
The weirs at the point marked A stand 3 ft. 6 in. 
above the invert level, and maintain the water 
at a certain level, whatever height the river level 
may be, for the purpose of sealing the condenser 
discharges. When units are idle this covers the 
main condenser discharge pipes with 6 in. of water. 
Another set of weirs at the points marked B are 
set at + ft. 6 in. below turbine house ground-floor 
level. Weirs at C are also set at this level, and 
these together serve to form a pond for sealing the 
ash sluice pump suctions, boiler blow-offs, and the 
condensing water discharges from the alternating- 
current and direct-current units. Fig. 137, above, 
gives a view in one of the overflow canals, and 
Shows a typical weir. 


One of the more interesting points of the instal- 
ation lies in the fact that provision is made for 
recircu! 


; ‘ating the water in severe weather, in order 
thereby to 


mitigate trouble arising from ice in 





OVERFLOW CANAL, WEIR AND CIRCULATING PIPE. 
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Fie. 138. DousBLe Section or INTAKE CANAL. 











AN CIMLOAING 


Fia. 140. Re-CrrcuLtatina System SEcTION GATE. 


the river. It is for this reason that the conduit is, thick. The shaft is carried in a foot-step bearing 
of two stories. At the points A, gates can be} below, and above in a SKF ball thrust-bearing. 
lowered, cutting off the overflow channel beyond, | Just above the gate is a large gear of 102 teeth, in 
while gates D and E are opened, and allow the dis- | mesh with a second of 17 teeth, the latter being 
charged condensing water to flow into the recircu-| operated by handwheel and worm from ground 
lating channel, immediately over the intake canal, | level. Sealing strips of rubber are furnished, set 
and pass back towards the screen house. At the|on angle iron frames, round the openings of the 
screen house, each branch of the recirculating canal | recirculating canal and the screen house trough. 
is provided with a sector gate, which performs three | The openings which are closed by the gate have a 
| 





functions. This gate can beset to pass the discharge | width of 8 ft. 
into the trough in front of the screen house shown in Referring again to Fig. 132, at the points G, 
Fig. 134 and in Fig. 143, on page 692. From this| circulating pipes are inserted in the recirculating 
SD CS } £ yi 6 | £ f=] 
trough the water is permitted to flow into the intake, | canals. The object of these is to maintain circula- 
to warm the water taken in at the screens. Inasecond | tion through the recirculating canals when not in 
position, the gates can be set to turn the discharge} use, to prevent the water becoming stagnant. 
straight into the intake behind the screens, cutting | Attention may also be directed to the fact that at 
them out, while at any intermediate position the} certain points the channels are duplicated, in order 
discharge can be divided as required, and delivered | to secure the requisite sectional area at suitable 
in front of or behind the screens according to the | levels. A view of such a point is given in Fig. 138. 
itions 2 . vi sitions > | ° 
conditions to be met. The four positions are shown (To be continued.) 
diagrammatically in Fig. 144, on page 692, while | 
the position of the North sector gate with regard = Sr 
to the screen house and the conduits, is indicated| Tue Institution or Gas ENGIneers.—Arrangements 
in Figs. 141 to 143. Fig. 140, above, gives an | are well forward for the Cardiff meeting of the Insti- 
Than PE f sate, details of which are to be| tution, opening on June 12, on which date H.R.H. 
, merger baad one ga ©, oon — pes —— _ ae the Prince of Wales, Honorary Life Member, is to 
found in the drawings, Figs. 145 and 146. The) unveil the National Welsh War Memorial in Cathays 
radius to which the gates are struck is 5 ft. 10 in.,| Park. The Reception Committee of the conference 
the height of the canal openings being 6 ft. 11} in. recently held a meeting, when the final arrangements 
* ; sed by | ¥er? approved. Over 700 members are expected to 
The gates are built up of angle framing, carried DY | attend, and all the hotel accommodation has been 
a 44-in. vertical shaft. The gate plating is 2 in.| taken up. 
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THE TRENTON CHANNEL STATION, DETROIT, MICHIGAN, U.S.A 


(For Description see Page 690.) 
SECTION A-A. 
Fig.7H. 
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e i ToTrough} | duties of a fleet are (i) to protect a coast-line against 
cao ay = _ “ENGINEERING invasion, not so much by resisting an armed landing 
as by severing the sea communications of the 
’ ‘ F “8 gee ager 
LITERATURE. | delicate mechanism of docking and transportation ; | invading force ; (ii) to keep communications secure 
—_—__.—_ all that mechanism is exposed to aerial attack and is | for the transport of armies to overseas theatres, 


Armamenis and the Non-Combatant. By E. F., SPANNER. | defenceless against it. From this it follows, that a/| and (iii) to keep commercial communications secure 
London: Williams and Norgate, Limited. [Price | Continental enemy, with a large air fleet, might and uninterrupted. Now, can it conceivably be 
126. 6d. | dislocate all the processes of supply and distribution | said that a fleet of aeroplanes, however large and 

Mr. Spanner’s book is a closely reasoned contri-| by a concentrated and prolonged attack upon the| powerful, could perform these three duties? In 

bution to the literature of naval defence. We should | wharves, docks and railway communications of our | order to make the argument perfectly clear, let us 

say, at once, that we disagree from the author’s | commercial harbours. discuss a concrete example. Let us imagine, that, 
views, but, that, whilst disagreeing we reeommend| We may deal with each of these contentions in| under modern conditions of war, the British high 
his book to every perscn who takes a serious interest | turn. It is impossible to doubt that attack from | naval command were called upon to perform the 
in the problems of national defence. Mr. Spanner’s| the air has increased the vulnerability of heavy task before the government in the year of Aboukir. 
contentions may be summed up as follows :—First, | surface ships. A successful shot from a torpedo|They would have to make provision against a 
attack from the air has turned the flank of naval| plane, a lucky shot from a bomber, may kill no | landing on the south-western coast of Ireland. and 
forces composed on the old lines ; it has accentuated | more than a handful of men, and yet put a battleship | they would also have to cut communications between 
the vulnerability of battleships and heavy surface | out of service for months. What, however, are the | Egypt and southern France. Supposing that both 
craft, to such a degree, that they can no longer be | conclusions to be drawn from this admitted fact ? these duties were entrusted to fleets of aeropl nes 
relied upon to perform their ordinary strategical and| An additional danger does not in itself, make a| which were unsupported by surface ships of any 
tactical duties. Secondly, naval gunnery is so much| weapon obsolete. This can only be done by| kind, what would be the result? Resistance to 

a matter of guess-work and chance that it is folly to | substituting for it another weapon or instrument of | the actual landings in Egypt and Ireland w uld 

regard it as a decisive striking weapon. Thirdly, | war, which performs all the duties of the superseded | certainly be very much stiffened if air squadrons 

the distribution of our vital imports and the loading} weapon more efficiently and economically. As | could be concentrated beforehand near the points 
up of our most important exports is carried out by a} defined by three centuries of naval history, the | of landings. But could those air squadrons mae 
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any serious contribution to the major strategical 
duty of severing the communications of the landing 
forces? Obviously they could not. They could 
do not more than ensure that the supply ships and 
transports of the two invading forces should carry 
out their duties with greater difficulty and loss than 
they would do if no air force were available. The 
author will presumably answer that an air attack 
against sea communications could be made con- 
tinuous and effective if conducted from a large 
number of aeroplane carriers—or floating bases. 
But this argument leads directly to a justification 
of all that he contends against. Floating aeroplane 
bases can be displaced and destroyed by surface 
ships of greater striking power. The structure and 
composition of a modern fleet are the logical con- 
sequences of this admitted premiss. 

The author, however, may fall back on his 
second line of argument—the admitted hazards 
and chances of naval gunnery. He may contend 
that a science which can be proved to be so inexact 
as naval gunnery cannot be depended upon to 
destroy anything, certainly not the floating bases 
of aeroplane squadrons. This argument contains 
a certain amount of truth, and can only be answered 
by examining the essential data of the standard 
problems of naval gunnery—finding and keeping 
the range of a target. Naval gunnery is inexact and 
hazardous, because the unknown, or partially known, 
quantities in each of its essential, basic, problems 
are so numerous that those problems are not suscep- 
tible of mathematical solution. The problem of 
finding and keeping an enemy’s range is solved empi- 
rically and certain mathematical instruments are 
used as auxiliaries. A gunnery action at sea is a 
series of rapid experiments, which start from certain 
fairly well established quantities—the enemy’s range, 
the speed and direction of the firing ship. The 
accuracy with which any empirical problem can 
be solved depends largely upon the assistance which 
one experiment lends to the experiment that 
immediately follows. Supposing, in the case of a 
naval action, that a salvo has missed its target. 
The results of this first experimental salvo can be 
used to correct the second: the interval between 
the two is not so great as to make all the data used 
for the first experiment useless. 

This rather long and abstract discussion is neces- 
sary if Mr. Spanner’s arguments about naval gun- 
nery are to be understood. He has proved, that, in 
a naval action, only a very small percentage of the 
total number of rounds fired hit the target; but 
does he prove that any other offensive weapon that 
could be used at sea would give more accurate 
results ? He does not, and in our opinion he cannot, 
because the thing is unprovable. The alternatives 
to attack by artillery fire are attacks from submerged 
torpedo tubes, attacks from torpedo carrying aero- 
planes and attacks by bombers. The problem of 
making a torpedo or a bomb hit its mark is like the 
gunnery problem, one of experiment: no purely 
mathematical solution is possible. But it differs 
from the gunnery problem in that the variable data 
of each successive experiment are even more 
numerous. As a consequence, every attempt to find 
the torpedo or the bomb target is an experiment that 
stands by itself. Its success or failure cannot be 
used to ensure greater precision in the experiment 
that follows. Mr. Spanner’s argument is reducible 
to the contention that naval gunnery is not an 
exact science, but that every alternative to it is 
even less so. 

None the less, Mr. Spanner’s long analysis of the 
dangers to which a fleet of surface ships is exposed, 
its susceptibility to damage, the uncertainty of its 
Weapons, does provoke a thoughtful reader to reflect 
Seriously upon certain problems of naval warfare. 
The proper conclusion to be drawn from the data 
collected by Mr. Spanner seems to be that a fleet of 
surface attleships is becoming more and more 
unsuited for protracted operations in narrow land- 
locked s¢ Surface fleets operating in such waters 
as the Mediterranean, or even the Channel, would 
be parti: ularly subject to every form of minor attack 
that could be directed against them. The wastage in 
— s would be heavy ; the minor attacks caus- 
a sh astage would be continuous. This means 
ful ‘ain minor naval powers have more power- 

and eifective weapons of defence against naval 
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attack than they had a hundred years ago. But 
this conclusion has little or no bearing upon prob- 
lems of oceanic warfare, and upon the very difficult 
question of giving naval protection to trans-oceanic 
trade. Unless we commit Sancho Panza’s error of 
looking for this year’s birds in last year’s nests, 
it is with this form of naval problem that we are 
likely to be concerned in the future. 

Mr. Spanner’s chapters about the vulnerability 
and defencelessness of our great commercial harbours 
are, to say the least, impressive. It is impossible 
to doubt that our machinery for distributing supplies 
could be injured by intensive air attack. Any 
injury to that machinery is extremely serious : 
the effects of port congestion during the war are a 
standing and impressive testimony to the dangers— 
military and civil—attendant upon a dislocation 
of our economic machinery. But whilst he very 
properly draws attention to the vulnerability of 
our commercial harbours, Mr. Spanner overestimates 
the amount of damage that could be done to them 
by intensive attack from the air. This can only 
be estimated by making a careful survey of the 
results obtained from aerial bombing of similar 
targets. When it was clear that Admiral Bacon’s 
monitors could not seriously damage the submarine 
bases at Zeebrugge and Ostend, they were subjected 
to repeated bombing attacks. We can now estimate 
the damage done by these attacks from articles in 
the Marine Rundschau written by officers in the 
Marine Corps. Although these attacks continued at 
regular intervals for nearly a year, practically no 
damage was done to the vital machinery of the 
dockyards; the pumps, dock gates, sluices, were 
never so badly hit as to be out of action for a whole 
24 hours. If Mr. Spanner could collect the statistical 
data of these bombing raids, he would find that the 
chances of hitting a selected target from a bomber 
are very small. To this he will probably reply, 
that so long as a bomb falls on land it does some 
damage, and that an indiscriminate aerial bombard- 
ment of the quays and docks of London and Liver- 
pool would certainly cause losses sufficient to create 
industrial and economic dislocation. This is an 
arguable point. It may be necessary, at some 
future date, to erect bomb-proof covers over certain 
quays and wharves ; and it may, also, be necessary 
to keep larger mobile air defence forces than we at 
present possess near our great ports of entry; 
mobile defence forces of this kind would compel 
attacking forces to bomb by night, and night 
bombing is a very inaccurate form of offence. These 
measures are not, however, the revolution in our 
defence policy which Mr. Spanner would like to see. 

In conclusion, Mr. Spanner urges that naval 
and military experts should be compelled to explain 
their professional opinions to civilian critics, 
representative of the unarmed population that the 
professional soldier and sailor will have to protect. 
We are glad to be able to end this long criticism 
with a hearty endorsement. Experts have every- 
thing to gain, nothing to lose, by free and open 
discussion of all those matters upon which “the 
safety of the nation chiefly depends.” 





Electro-Farming. By R. BortasE MatTtHews, Wu.Ex. 
London: Ernest Benn, Limited. [Price 25s. net.] 
AGRICULTURE is still one of the greatest of British 
industries and, like other great British industries, 
is suffering from depression at the present time, as 
well as from a multiplicity of suggestions for its 
re-establishment on a paying basis. The difficulty 
is, however, that these proposals either emanate 
from farmers who have little knowledge of the 
intricacies of finance, or from politicians and other 
self-appointed experts, who have still less know- 
ledge of farming. Mr. Borlase Matthews suffers 
under neither of these grave disadvantages. His 
solution of the problem of agricultural depression is 
the ‘ mechanisation ’’ of the farm by the greater use 
of electrically-driven equipment, and his arguments 
deserve attention, since he began by being an 
electrical engineer and continued by becoming an 
“ electro-farmer.”’ For some years he has worked 
a 600-acre farm, on which electricity is used in 
about 67 different ways for the production of high- 
grade milk, pork and eggs. This farm is operated 
on a strictly commercial basis, which includes the 


costings. The results of his experiences, together 
with information about what is being done on similar 
lines in other European countries, are set out in this 
book and make interesting reading. One difficulty 
is, however, that few comparative data on the 
other side are available. The average farmer does 
not know what it costs him to perform a particular 
operation on his land, and is only vaguely aware 
of the results of a year’s working. When Mr. 
Matthews tells him that to plough electrically will 
cost him so much, it leaves him cold, unless he 
has been sufficiently enterprising to have discovered 
what it now costs him to employ other methods. 
Another disadvantage is, of course, that the use of 
electricity on the farm depends on a supply being 
available from either a public or a private source. 
To obtain electricity in the latter way means 
increased capital expenditure, while a public supply 
is not yet by any means universally to be had. 

Mr. Borlase Matthews’ book is therefore a little 
divorced from reality, in spite of the fact that the 
use of electricity on farms has recently largely 
increased. It is, however, a useful production, for 
it prepares the ground for future development by 
letting us know both what has been done and what in 
the near future it may be possible todo. After an 
introductory chapter, the author deals with farming 
as a load. This is of course addressed to supply 
engineers to encourage them to give greater facilities 
than they are always inclined to do at present. 
Then follow chapters on private generating plants, 
motor drives, systems of overhead transmission, 
electro-farming in other countries, rural industries, 
wiring, ploughing, harvesting, handling crops, 
electro-silage, electro-culture, irrigation, and the 
application of electricity to poultry-, dairy-, bee- 
farming and the homestead. These are all written 
with a distinctly practical bias, and figures of cost 
are freely given. The reader who is familiar with 
the subject will not find in them a great deal that 
is novel, but they should attract a new public to 
study a very important question, especially as here is 
collected between two covers a great deal of informa- 
tion that has hitherto been scattered. The book is 
not, perhaps, one which should be handed to the 
farmer direct, but it will form a useful basis on 
which to build educational talks, both public and 
private. It is clearly written and freely illustrated. 

The complaint is often made that technical books 
are lacking both in index and bibliography. Mr. 
Matthews’ book has a fair index, and no less than 
57 of its 357 pages are occupied by bibliography. 
The seeker after further knowledge will not there- 
fore be left in ignorance of the directions in which 
to pursue his searches. Unfortunately, this biblio- 
graphy has not been very accurately compiled. 
Passing over such venial and usual misprints as 
Thompson for Thomson (Kelvin), we find the 
names of foreign journals are often misspelt, e.g., 
Mitterbungen for Mitteilungen, while there is some 
uncertainty in the compiler’s mind as to whether 
German substantives should be spelt with a capital 
or small letter. C. H. Merz appears as H. C. Merz. 
These are, perhaps, small matters, but in biblio- 
graphy accuracy is almost everything. 





Valuation, Depreciation and the Rate-Base. By Caru 
Ewatp Grunsky, Eng.D. Second Edition. Revised 
and Extended. London : Chapman and Hall, Limited. 
[Price 25s. net. ] 

VALUES have been so changed as a result of the war 

and the question of making any business pay, in 

consequence thereof, is such a difficult, though vital 
matter, that any book, in which is satisfactorily 
treated any one of the elements of cost, is to be 
welcomed. Carl Grunsky, in his book entitled 
“Valuation, Depreciation and the Rate-Base ”’ 
presents a book of this type, and while he writes 
of United States practice and his references to law 
are to United States law, his dealing with the prin- 
ciples involved is really good, and will prove helpful 
upon a subject, the importance of which, perhaps, 
is not too well appreciated. Where both valuation 
and depreciation are concerned, the policy followed 
is often an arbitrary one, decided without reference 
to facts, resulting in inventories which may be far 
removed from correct values and in depreciation 
allowances which are deceptive in the extreme. 








keeping of proper audited accounts and detailed 





Mr. Grunsky gives more attention to public works 
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than to industrial concerns, but many principles 
are common to both, and the treatment given is 
the analytical work of a well-informed mind. 

The line taken is that ‘‘the owner of a public 
utility should be allowed :—(A) To obtain, sooner 
or later, a reasonable return on his investment. 
(B) To recover at some time the capital invested 
for the public good. (C) to reap a suitable reward 
for establishing and managing the enterprise.”’ 

Dealing with private industrial establishments, 
the line taken is that “ depreciation enters into the 
cost of production and must be covered in the sale 
price if there is to be any profit.” The author points 
out that it is possible to obtain ‘A’ and entirely 
forego ‘ B,’ and cites the cutting of the Panama 
Canal in illustration. He says that if interest only 
is covered by the toll charges, then the nation will 
stand in the position of having made a loan to the 
commercial interests of the world of 375,000,000 dols. 
for the construction of the canal. 

Under the heading of unprofitable expenditure 
and early losses, it is suggested that while early 
unprofitable expenditures do not add to the value of 
the business, they can represent one of its hazards, 
and, to that extent, represent legitimate expendi- 
ture and should be taken into account when rates 
are being fixed. These are sound points, and 
deserve to be kept in sight. Under the heading of 
depreciation, it is rightfully stated that deprecia- 
tion is not merely a question of wear and tear, but 
also of obsolescence caused by improvements in 
other directions. An examination of some machines 
now in use in some workshops would go to suggest 
that the question of depreciation is either neglected 
or that, if suitably provided against, the money so 
allowed is used for other purposes. 

The book is divided into seventeen chapters, the 
first two of which are of an explanatory character, 
general notes and definitions of the terms used 
being the subjects. These form quite a good 
introduction to the general subject-matter of the 
book, the various definitions made putting the 
reader at once in touch with the author’s own line 
of thought. This is followed by another chapter 
on “ Essentials of value,’’ in which is considered the 
question of supply and demand; cost of physical 
elements in relation to value ; the relation of present 
worth to cost of replacement and “ going value.” 
A number of detailed and other costs of public 
works are given, of waterworks, sewerage works and 
railroads. Next, “‘ Elements which reduce Value ” 
are discussed, and this is followed by a chapter on 
the effect of the non-agreement of actual with 
probable life upon the determination of the depre- 
ciation or replacement requirements. In this 
chapter, while it is admitted that all depreciation 
estimates as such can be but approximations, the 
value of recorded and tabulated experience is 
emphasised and a number of tables and diagrams 
are given to illustrate this. The problem is put 
in a nutshell, where it is stated that ‘‘ the present 
value of an article is not how old it is 
and how much did it cost ? but how much longer 
will it serve and what will it cost to replace it ?” 

Under “elements deserving special consideration 
when rates are to be fixed” the references to 
‘‘ obsolescence” and “hazard, management, and 
the unearned increment,” are of more than ordinary 
interest. In Chapter viii, the term ‘ rate-base ”’ 
is used. This term, it is gathered, was introduced 
by the author and, according to his remarks in the 
preface, is being accepted in America as representing 
the basis on which the fixing of rates should be con- 
sidered. It is held, and one would think rightly, 
that rates—fares, charges for service, &c.—should 
be based not on the naterial value of the property 
only, but, in addition, ‘some or all of the cost of 
establishing and developing the business.”’ 
appear that the items to be included in the rate- 
base would be almost analogous to the British 
conception of value plus good-will. 

A supplementary chapter contains tables of 
various kinds. Some of these are of interest, perhaps 
rather than of value, to British readers. Among 
the more useful are Tables showing the probable 
useful life of various articles; expectancy and 
remaining value of any article whose replacement 
cost is 100 dols. The book is well indexed, and 
is well printed with easily-read type. 
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Electric Winders. A Manual on the Design, Construction, 
and Operation of Winding Engines and Mine Hoists. 
By H. H. Broveuton, M.I.Mech.E., M.1.E.E., &c. 
London : Ernest Benn, Limited. [Price 52s. 6d. 
nett. ] 

To the colliery engineer we are afraid this book may 
prove a little disappointing, as it confines itself 
strictly to the subject of its title, and deals only 
with the electric winder; nothing is said about 
shaft equipment, cages, skips, &c. The author, 
moreover, informs us in his introduction, that he 
‘“‘ wishes to make it clear that he has no intention 
of attempting to write a treatise on the design of 
electric winders and electric winder equipment.” 
The whole question in his opinion, is too complicated 
to be dealt with by any one person. He confines 
himself, therefore, to an examination of the problem 
of ‘‘ winding ”’ from a theoretical point of view, and 
while, from a cursory examination the book would 
give the appearance of being highly mathematical, 
which perhaps is true so far as fundamental prin- 
cipals are concerned, yet for the student there are 
many interesting, and fully worked-out, examples of 
actual winders, which show the practical application 
of these principals. To those engaged or interested 
in the design of electric winders, the book will prove 
of great value, and to the student the graphical 
treatment of the subject is really fascinating. 

It deals mainly with winding from metal mining 
shafts, as these are—as is well known—sometimes 
vertical, but more often inclined, and the problem 
is therefore much more complicated than that of 
the ordinary vertical shaft of a coal mine, but several 
examples will be found described and discussed 
of electric winders in British coal mines. Mr. 
Broughton is to be congratulated on the production 
of a work which must have involved an immense 
amount of labour. It comprises a remarkable 
amount of useful information and tables, which will 
be of great value to the designer of electric winders 
and to the colliery engineer, who may have to 
decide upon the selection of some particular winder 
to suit both the electrical supply and the conditions 
of the load. It is a work which undoubtedly 
has been wanted for some time past, and will make a 
welcome addition to the engineer’s library. 








THE UTILISATION OF LIQUID 
OXYGEN IN RAILWAY WORKSHOPS. 


By J. Ouper. 


THE major portion of the oxygen consumed in 
industry is obtained by processes involving the 
evaporation of liquid air. The separation of the 
two gases present depends upon the fact that 
nitrogen boils at — 194 deg. C., and oxygen at 
— 182 deg. C. The gaseous oxygen obtained is 
collected in a gasometer and is, for transport 
purposes, compressed in cylinders at a pressure of 
150 atmospheres. From an economic standpoint, 
this method of dealing with oxygen has disadvan- 
tages. In the first place, it embodies a second 
compression of the gas; and, secondly, the subse- 
quent release of the pressure causes a lowering of 
the temperature of the issuing oxygen. The 
greatest disadvantage of all, however, is that the 
cylinders, required for the transport of the gas, 
are approximately eight times the weight of the 
oxygen they contain. The first cost of these 
containers, added to transport tariffs, handling 
charges, and costs of carriage as empties, all combine 
to swell the price of oxygen to the consumer. The 
risk of the cylinders bursting is an additional dis- 
advantage, and it is worthy of note that of late 
years such accidents have not been unknown. 

Taking all these matters into consideration, it 
| was natural that firms consuming large quantities 
|of the gas should endeavour to make use of the 





|liquid oxygen, produced in their own works, by 
|controlling evaporation and expansion conditions 
| in such a manner as to obtain the gas directly, 
; at the most satisfactory pressure for the particular 
| operations in hand. This has, in fact, been accom- 
plished by the Etablissements de Wendel, at 
| Hayange. This firm consumes quantities of liquid 
|oxygen in the manufacture of safety explosives, 
and conceived the idea of utilising this directly for 
the production of oxygen gas for their welding and 
metal-cutting operations. It was upon information 
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supplied by Mr. Weber, general manager of the 
Hayange Works, that the plant, the principles and 
advantages of which are described below, was 
installed at the Montigny-les-Metz workshops of 
the Chemins de Fer d’Alsace et de Lorraine. 

The liquid oxygen is evaporated, under a pressure 
of about 4 kgm. per square centimetre (56-9 Ib, 
per square inch), in special receptacles. The gas is 
stored in a tank measuring 8 cub. m. (282-5 cub. ft.), 
from which it is distributed throughout the workshop 
by means of iron piping. Fig. 1 shows diagrammati- 
cally the plant in question, and Fig. 2 is a general 
view of a portion of the installation. In Fig. 1, 
A, A are double-walled receptacles, the capacity 
of each of which is about 35 litres (8 gallons). These 
are furnished with openings at the top, through 
which the liquid oxygen is introduced. These 
openings are normally closed by means of screw- 
down stirrup valves. A current of warm air 
heated by the electric resistance apparatus shown 
in Fig. 1, and set in motion by a small fan (D), 
circulates between the two walls, and serves the 
purpose of activating and regulating the evapora- 
tion of the liquid oxygen. The electric current is 
controlled by means of a rheostat. Each receptacle 
is furnished with a non-return valve (B), which allows 
the vessel to be filled without appreciable loss. A 
reducing valve, not shown in the figure, is placed 
at the outlet of the gaseous-oxygen tank (C) and 
maintains the pressure of oxygen in the distributing 
pipe constant. As the evaporation of the oxygen 
is accompanied by a considerable reduction in 
temperature, the pipes uniting the evaporation 
receptacles and the gaseous-oxygen reservoir become 
coated with a layer of hoar-frost. This layer, 
however, melts as soon as the receptacle is empty, 
i.e., immediately the evaporation of liquid oxygen 
ceases. This constitutes, in fact, a warning that 
the evaporation vessel needs replenishing. 

Distribution Arrangements.—The oxygen is dis- 
tributed throughout the workshop by means of 
iron pipes, the internal diameter of which is 18 mm. 
(0-71 in.). The fitting up of this piping system 
demands the greatest care, otherwise leakage may 
occur. If the piping is built up from lengths of 
screw-ended pipes, joined together by means of 
unions, which, incidentally, is a convenient method 
of carrying out the work, it is necessary to run 
a little solder into each end of the unions. Need- 
less to say, all valves should also be connected 
up with the greatest care. Inthe plant at Montigny, 
Jenkins valves have been adopted and have given 
every satisfaction. On the other hand, valves of 
the Draeger type, as used on oxygen cylinders, 
would give equally good results, provided they were 
furnished with a greater number of turns for open- 
ing and closing. Leakage losses in a properly- 
constituted piping system, comprising 32 valves, 
and distributing oxygen under a pressure of 4 kg. 
per sq. cm. (56-9 lb. per square inch) should not 
normally exceed 3 cub. m. (106 cub. ft.) in 10 
hours. 

Transport of Liquid Oxygen.—In spite of the fact 
that the evaporation of liquid oxygen at ordinary 
temperatures and under atmospheric pressures 18 
relatively low, namely, about 0-57 per cent., per 
hour, lengthy transport delays would entail heavy 
losses. Consequently, when there is no liquid- 
oxygen producing plant in the immediate neigh- 
bourhood of the works in which it is consumed, 
arrangements must be made whereby the liquid 
gas is despatched by passenger train. A recep- 
tacle for liquid oxygen is shown in elevation In 
| Fig. 3. and in plan in Fig. 4; it consists of a brass 
| double-walled vessel enclosed in a metal bin 
provided with a perforated lid. These receptacles 
contain 25 kg. (55 Ib.) of liquid oxygen, and the 
tare of the vessel is 36 kg. (79 Ib.). They are 
accepted without restriction for transit by fast 
goods or passenger trains. The increased cost of 
carriage, due to the passenger-train rates, 1s com: 
pensated by the reduced tare of the receptacles, 
which works out at 1-45 times the weight of liquid 
oxygen carried, as compared with eight times. 7 
the case of compressed gaseous oxygen. 

Economies Effected.—At the present time the 





cost of compressed gaseous oxygen is 4°25 /. ee 
cub. m. (about 0-24d. per cub. ft.). The price 0 


the gas obtained by evaporation from liquid oxyze, 
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which costs 1-65 f. per kg. (about 1-6d. per Ib.). 
works out at 2-36 f. per cub. m. (0-14d. per cub. 
ft.) This latter figure represents, therefore, a 
saving of 44-5 per cent. If, however, evaporation 
losses and the cost of heating current be taken into 


from 5 to 6 hours’ duration should offer no great 
difficulty. 


Firms producing liquid air will easily 
be able to initiate a method of distribution by 
tank wagons, similar to those vehicles used in the 
transport of liquid fuels. On the other hand, the 
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account, the economy figure is reduced to 40 per 
cent. When the large quantities of oxygen con- 
sumed in railway workshops are taken into account, 
the importance of such a saving will be appreciated ; 
moreover, it will wipe out in a few months the costs 
Incurred for new plant. An additional advantage 
is that hand-operated pressure-regulating valves 
Which often function irregularly, are not used ; the 
regulation of the oxygen is effected by means of the 
blow-pipe valve. Again, the oxygen in the re- 
Servoir and in the pipes is warmed up gradually, 
and arrives at the blow pipes at a temperature 
little below that of the workshop. 

The method of utilising liquid oxygen, described 
above, will prove chiefly useful to those plants 
needing regular daily supplies of the gas. The 
organisation of the transport of liquid oxygen over 
distances corresponding to railway journeys of 



















use of compressed oxygen will always be indis- 
pensable wherever consumption is very irregular. 
This is the case with many small workshops. It 
will also be prudent for large establishments to 
have a reserve supply of compressed gas, sufficient 
for one or two days’ working, in case of delays in 
the arrivals of liquid oxygen. 








British INDUSTRIES Farr, 1929.—The preliminary pro- 
spects of next year’s British Industries Fair, at Birming- 
ham, has now been issued. This, the tenth fair, will be 
held from February 18 to March 1, 1929, in the per- 
manent and considerably enlarged building at Castle 
Bromwich which, with a total floor area of 400,000 sq. 
ft., under one continuous roof, forms the largest 
exhibition hall in the country. The prospectus, which 
comprises detailed general regulations for exhibitors and 
a form of application for space, may be obtained from 
the general manager, The British Industries Fair, 
Chamber of Commerce, Birmingham. 


AMERICAN INSTITUTE OF MINING 
AND METALLURGICAL ENGINEERS. 


AT a meeting of the American Institute of Mining 
and Metallurgical Engineers held in New York last 
February, a large number of papers were considered on 
a variety of subjects. We give below in the form of 
abstracts a selected number of these, in some cases for 
the sake of convenience, grouping them together. 


AIRCRAFT STEELS. 

In a paper entitled “‘ Steel for Aircraft Construction,” 
Mr. E. A. Richardson stated that the most promising 
steels in the particular sphere under consideration 
were the molybdenum alloys. These gave excellent 
strength figures, coupled with an unusual degree of 
ductility. Certain of the alloys had shown desirable 
welding characteristics. It might generally be expec- 
ted that, in time to come, greater use would be made 
of these alloys, particularly when mass production 
developed. Their most desirable characteristic, from 
the designer’s standpoint, might well be their high 
endurance limits under vibratory stresses. The only 
other outstanding materials of promise were the 
stainless alloys, both iron and steel. Resistance to 
corrosion was the great demand of the aircraft industry. 
Duralumin, in spite of its strength, weight and stiffness, 
did not resist corrosion satisfactorily. The Navy was 
particularly emphatic on that point. The anodic 
treatment, indeed, had recently come into use, but it 
had to be followed up by painting to ensure permanency. 
There was a distinct probability that beryllium might 
become a raw material of commerce. If the reports 
of its properties were even partly true, it would be a 
formidable competitor of steel, and might displace 
Duralumin altogether. It was considerably stronger 
than mild steel, did not corrode in air, was only about 
half as heavy as aluminium, and had a modulus of 
elasticity nearly one-third greater than that of steel. 


RAILWAY STEELS. 

An interesting subject, namely, “‘ Types of Steel 
Used by Railroads, Past and Present,” was covered 
in a contribution brought forward by Mr. R. Job. 
The author stated that the early steel rails though 
small in section as compared with present practice, 
were fine-grained, tough, and were frequently of excel- 
lent quality; they stood up well under the then 
existing conditions of traffic. These old rails which 
weighed from 50 Ib. to 60 lb. per yard only, had 
frequently given efficient service for 35 years and more. 
Fifty years ago rails were made of comparatively 
mild steel, z.e., they contained from 0-25 to 0-35 
per cent. carbon. At the present time, owing to the 
increased weight of rolling stock and to the intensity 
of traffic, the percentage of carbon in rails might be 
as high as 0-90. Considerable quantities of special 
alloy steels, such as nickel, chromium, vanadium and 
molybdenum steels had been used for axles, crank 
pins and side rods. In the case of all these forgings 
the special heat treatment, essential with such alloys, 
had been applied. The same condition was true of 
various important castings, particularly locomotive 
frames. As a result, elastic limit and resistance to 
shock had decidedly increased with consequent im- 
provement in service. 

In order to keep pace with increased boiler pressures, 
rolled nickel-steel plates, having an elastic limit of 
about 20 tons per square inch had been introduced 
on the Canadian Pacific and other railways. A still 
later development was the use, by the Canadian 
National Railways, of a special steel for the boiler 
shells of their most recently-designed locomotives. 
The material was termed silicon steel, but this was 
a misnomer, for it was merely a high-grade steel, 
with somewhat higher carbon and manganese than 
usual, and with a minimum of 0-18 per cent. of silicon. 
The physical properties of this steel were excellent for 
the purpose. Its elastic limit, tensile strength, and 
ductility were practically identical with those of 
more expensive materials containing nickel, chromium 
and vanadium. Its relatively high elastic limit 
permitted the use of a thinner plate, with a consider- 
able decrease in weight, at the same time allowing an 
increase in boiler pressure. Under present conditions 
of traffic, the serviceability and integrity of steel 
tyres were of the utmost importance. In the United 
States the specifications of the American Railway 
Association and of the American Society for Testing 
Materials were the usual standard; these called for 
tensile strengths ranging from 47 to 56 tons per 
square inch, with elastic limits about one-half of these 
amounts. The standard practice of the Canadian 
railways, for a good many years past, had been, 
however, to use heat-treated tyres, having an elastic 
limit of about 40 tons per square inch. Such tyres 
gave greatly increased mileages, as compared with 
the A.R.A. and A.S.T.M. type, and were far more 
serviceable. 

For many years, comparatively few changes were 











made in the composition of spring steel. The American 
practice called for steel containing about 1 per cent. 
of carbon and less than 0-50 per cent. of manganese. 
In England a lower proportion of carbon, with higher 
manganese content, about 0-80 per cent. of each, was 
preferred. Equally good general results had been 
obtained, provided that correct heat treatment had 
been given. In comparatively recent years alloy steels 
had been largely used in the manufacture of springs. 
Great improvement had resulted, partly owing to the 
properties conveyed by the alloys present, but also on 
account of the uniformity secured as a consequence of 
paying careful attention to the heat treatment of the 
springs. 

In a second paper on railway steels, entitled ‘“‘ The 
Manufacture of Some Foreign Rails,” Mr. C. W. Gennet 
stated that the bottom-casting of ingots, as carried 
out at the Rheinhausen works, Germany, of Messrs. 


Fried. Krupp, appeared to be responsible for the pro- | 


duction of rails free from segregation and piping. 
Another interesting feature of Krupp practice was that 
the rails were straightened by being passed through 
a roller straightening machine, the common type of 
gag-press being used only as a last resort for rails that 
the machine could not straighten. This process was 
likely to be much less detrimental to rails than was the 
series of from 5 to 15 blows that the average rail 
received in a gag press, and was also likely to result in 
a more accurate line and surface for the finished 
rail. 
WIbE Strip MILts. 

A paper dealing with ‘‘ Backed-up Mills for Continu- 
ous Rolling,” was presented by Mr. L. Jones, who 
stated that, during 1922, Messrs. The International 
Nickel Company, had desired to produce nickel and 
Monel metal sheets by cold rolling. The reduction 
in thickness amounted to about 35 per cent., and the 
final sheets were up to 36 in. in width. They possessed 
at their Huntington plant, the regular two-high, 26-in. 
diameter, cold-rolling mills for sheets. To effect a 
reduction of 35 per cent. necessitated from 50 to 80 
passes, the rolls, meanwhile, being forced together to 
the utmost extent. The expense of the large number of 
passes was prohibitive and the author had. designed 
and built for the company the first large backed-up 
mill (7.¢., a mill utilising the backing- or supporting-roll 
principle) to be used for this particular purpose. The 
success of this mill had been remarkable ; it decreased 
the number of passes from 60 to 5. Strip manufacturers 
had immediately seen the possibilities involved and 
had proceeded to design and construct mills of this 
type for wide strip. Nevertheless the principle of the 
backed-up mill was not new. In the cold-rolling in- 
dustry the six-roll or cluster type of mill was the arrange- 
ment favoured, while in the hot-rolling strip industry, 
the four-roll type was the more popular. 

The advantage of the cluster type of mill lay solely 
in the method of supporting the working rolls. The 
cluster mill had two supporting rolls for each working 
roll. Hence no bearings were required on the working 
rolls. On the other hand the four-roll mills had only 
one supporting roll for each working roll; hence all 
side and end-thrust must be taken by bearings, so as 
to maintain the rolls in alignment. Backed-up mills, 
although playing an important part in the rolling 
industry, would not supersede the two-high type 
entirely. Their logical field was the wide-strip, sheet 
and plate industry, and in this sphere they would accom- 
plish much. There were a few other departments in 
which they could be employed to advantage, and their 
use would gradually spread. 


BLast-FURNACE CONSTRUCTION. 

In a contribution, entitled ‘“ Improvements in 
Blast-Furnace Construction,” Mr. J. P. Dovel stated 
that, some years previously, a series of early inwall 
failures on a group of blast-furnaces, which he was 
operating, had brought him face to face with the 
fact that no brick was good enough to meet the require- 
ments of present-day furnace operations. He had 
come to the conclusion that he could not continue to 
reline these furnaces, when the idea of rebuilding the 
lining while in operation had occurred to him. This 
had been accomplished by the insertion of a series of 
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section of the furnace, which constituted a distinct 
advantage. 
Grain GRowTH BY DIFFUSION. 


In the course of his paper, ‘‘ Grain Growth in Metals 
Caused by Diffusion,” Mr. F. C. Kelley stated that it 
seemed to be a general law, whenever two metals were 
brought into intimate contact at a temperature at 
which diffusion took place, that a comparatively rapid, 
or abnormal, grain growth resulted. The grains were 
nearly always oriented with their long axes parallel 
to the direction of diffusion. The structure produced 
by the diffusion of chromium into iron, for instance, 
was typically radial or columnar. Many other metals 
diffused into iron in the same way. A paper recently 
published by G. Grube,* in Germany, stated that it 
could be assumed that metals which crystallised in 
the cubic system would generally diffuse into iron. 
Diffusion took place by an exchange of atoms between 
the diffusing metals. The author (Mr. Kelley) thought 
that the introduction of a new term, namely, “ force 
of diffusion,” was justified. The passage of a group 
of atoms through a metal lattice appeared to exert a 
powerful influence on the lattice, sufficient to produce 
re-orientation; to this force the name “force of 
diffusion’ had been given. 


CoNTAMINATION OF METAL Scrap. 

Mr. C. O. Thieme stated, in a paper entitled 
‘The Contamination of Metal Scrap: Its Effect on 
|the Value, and Suggested Means of Control,” that 
| the increase in the number of elements entering into 
| non-ferrous alloy manufacture had increased the con- 
| tamination in secondary metals, as received by the 
|smelter. It was necessary, however, for the latter to be 
able to utilise scrap materials of all kinds, for, sooner 
or later, most manufactured metal parts and the waste 
products formed during the process of manufacture, 
found their way to the smelter. In addition, the 
smelter, in contracting for salvaged material from 
the producer, received some undesirable and unusual 
materials. The value of secondary metals and the 
importance of their recovery had increased in recent 
years, and it was no longer sufficient to recover the 
base metal only, such as copper from copper-bearing 
material, but it was essential that other elements 
present be recovered and converted into useful form. 
In attempting to eliminate contamination as much as 
possible, the smelter had, through co-operation with 
the producer of scrap metals, effected much improve- 
ment. Suggestions made and followed had resulted 
in great savings to the seller of the scrap. Clean 
waste metal meant small loss and low cost of refining, 
naturally increasing the value of the metal scrap. 
Many industrial organisations maintained a salvage 
department, employing trained men at the head, 
whose duties were not only to maintain the segre- 
gation of scrap materials in the storage room, and 
to make proper classification, but to devise ways and 
means of keeping the metal scrap in the least 
contaminated condition as it was produced in the 
manufacturing departments. 





GASES IN Pure Iron. 


‘* Application of a High-Vacuum Induction Furnace 
to the Study of Gases in Metals,’ was the title of a 
paper presented by Messrs. P. H. Brace and N. A. 
Ziegler. The authors stated that the study of the 
relations between gases and metals was one of 
perennial interest to all who were connected’ with the 
production of high-grade metallurgical products. The 
present research had been undertaken with the object 
of gaining a more detailed knowledge of the reactions 
between gases and molten metals, particularly iron, 
under definitely-controlled conditions. They had 
attempted to reduce their margin of error by dealing 
with relatively large quantities of metal, namely, 
from 4 lb. to 13 lb., and keeping the ratio of refractories 
to metal as small as practicable. The furnace utilised 
might be described as a high-frequency induction 
furnace of the bell-jar type. They had introduced 
certain refinements of detail which made it possible 
to reach pressures as low as 0:0002 mm. of mercury 


temperature above 1,600 deg. C. This had been 








rows of bronze cooling-plates from the outside, at- 
tached to and supported by the sheli. This had | 
promptly agglomerated the material about the plates | 
and had rebuilt the iinings to the desired dimensions, | 
as he believed, permanently. The first plates had been | 
put in service in 1922, in a furnace that was suffering 
from inwall failure at the time; they had proved 
permanent over this period and were still in good con- | 
dition. Turning his attention to the top section of the 
furnace, he had discarded the brick in that section and 
had substituted a heavy cast-steel jacket lined with 
cast-iron blocks. This withstood wear and maintained 
a permanent stock-line. Nearly all blast-furnaces, as 
at present constructed, could be converted in this 
manner, resulting in increased areas in the upper 





of metal and glass, providing vacuum connections 
of large bore (1 in.), and placing the high-vacuum 
mercury condensation pumps as close as possible 
to the furnace. 
at approximately 10,000 cycles per second from a 
motor-generator set driven by a  direct-current 
motor. 


The question of refractories had, at first, proved a| 
problem, but the matter was now reasonably well in | 


hand. Two types of crucibles and covers were now being 
used. The first was made from the purest obtainable 
zirconium silicate bonded with approximately 10 per 

* Zeitschrift fir Metalikunde, vol. 19 II, page 438 


(1927). 





with 13 Ib. of molten iron in the furnace, at a} 


accomplished by constructing the furnace entirely | 


Power was supplied to the furnace | 


cent. of refractory clay and fired at approximately 
1,500 deg. C. The second type of crucible was com- 
posed of a high percentage of pure fused alumina 
bonded with aluminium ssilicate. These crucibies 
withstood temperatures well above the melting point of 
iron without appreciable softening and were also very 
satisfactory as regards the quantity of gas they released 
on heating. Further precautions against the evolution 
of stray gases during the operation of the furnace 
consisted in keeping all the refractory parts in an 
electrically-heated muffle furnace at a temperature of 
approximately 1,000 deg. C. for several hours prior’to 
use, and assembling them in the furnace while still 
hot. 

The interior of the bell-jar was carefully cleaned after 
each run to remove the black deposits of vaporised 
metal which condensed during the operation of the 
furnace. The charge was then placed in the crucible 
and the bell-jar put into place. When a satisfactory 
vacuum had been obtained heating was commenced at 
a rate dependent on the circumstances and the behaviour 
of the charge. Gas was evolved from the charge as 
soon as heating commenced, and the pressure under 
the bell-jar rose in consequence. An elaborate apparatus 
for the analysis of the gas evolved had been devised. 
A charge consisting of 1,200 gm. of cleaned electro- 
| lytic iron, containing 0-032 per cent. of carbon, gave, 
on melting, 398-7 cub. cm. of gas. The percentage 
composition, by volume, of this gas, was as follows: 
H,0, 2:7; CO,, 16-8; CO, 72-2; O,, 1-3; H,, 7-0; 
N,, nil. The results of a similar run on Armco iron, 
of good average quality, gave the following: Volume 
of gas evolved, 503 cub. cm.; percentage composition 
by volume, H,0, nil; CO,, 14:4; CO, 77-1; O., 
0-6; H., 2-1; Ne, 5-8. It would be seen, from a 
comparison of the two analyses, that there were some 
striking differences in the nature of the gases evolved. 
The electrolytic iron gave a certain amount of water, 
while none was recovered from the Armco iron. This 
was in line with the fact that electrolytically-deposited 
metals often contained inclusions of electrolyte. On 
the other hand, appreciable quantities of nitrogen were 
obtained from the Armco iron sample and none from 
the electrolytic iron. 

Another fact of considerable interest had been noted, 
namely, that for both electrolytic and Armco iron, the 
weights of carbon and oxygen, eliminated as gas during 
vacuum degasification, bore an approximately constant 
ratio to one another and to the total quantity of gas 
eliminated. This condition had been observed with a 
number of heats and for widely different initial con- 
ditions. Taking six typical cases, the ratio C/O, varied 
between 0-60 and 0-67 only. These results were quite 
surprising when it was remembered that both the total 
quantity and the relative amounts of the components 
of the gas mixtures differed widely. 


GEOPHYSICAL MetHops oF LocatinG MINERALS. 


A number of papers dealing with the above subject 
were presented at the meeting, and of these, six were 
mainly concerned with applications of the Eétvés 
torsion balance, but those papers in which the mathe- 
matical theory of this instrument was discussed would be 
| quite unintelligible to anyone approaching the subject 
| for the first time. In some cases, in fact, the variables 

were not even defined. In a paper entitled “ The 
| Eétvés Torsion Balance Method of Mapping Geological 
| Structure,” Mr. D. C. Barton defined a “ vertical 

| as the path which would be taken by a body falling 
(freely to the earth’s surface under no force save the 
gravitational attraction. This path was very nearly, 
but not quite, perpendicular to the earth’s surface, and 
near this surface it was nearly, but not quite, a straight 
| line. These anomalies were due in part to the form of the 
| earth, in part to surface irregularities and in part to the 
| lack of homogeneity in the sub-surface material. The 
Eétvés balance provided a method for measuring these 
irregularities in the gravitational attraction, and its 
indications were affected by masses of ore, and by 
the neighbourhood of faults. The difference in the 
horizontal variation of gravity per centimetre run was 
known as the gravity gradient and was measured in 
Eétvés units. This had been given the symbol E 
|and was equal to 1 x 10-* dyne (per gramme) pet 
|centimetre. One unit, therefore, corresponded to an 
increase of about 10-2 in the intensity of the normal 
gravitational force. In practical work the values 
observed ranged from 5 to 50E, but the author had 
observed values as large as 150E. Topographic 
| anomalies were caused by any mounds or depressions 
| surrounding the instrument and the readings ome 
| seriously affected by sloping ground. If a sub-suriace 
| mass were known its effect on the readings could be 
| calculated, but the inverse problem of discovering the 
| size and location of a body which gave rise to the 
| readings actually observed was much more difficult. 
| Nevertheless, three salt domes had been definite!y 
| discovered by the use of the balance in the Gulf Coast 
| salt dome district of Texas, and possibly two .morte 
;should be added. Much experience was, however, 
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needed for the accurate interpretation of the observa- 
tions. The instrument had also been used with success 
for the location of faults, but it was more suitable for 
the detailed mapping of these than for their discovery. 

Mr. C. A. Heiland contributed a paper on “‘A 
Cartographic correction for the E6étvés Torsion 
Balance,” which was intended to simplify the 
corrections for topographic anomalies. The paper 
comprises tables for facilitating the application of the 
method. A purely mathematical paper on “ The 
Computation of E6étvés Gravity Effects”? was con- 
tributed by Mr. E. Lancaster-Jones, who stated that 
surveys to locate minerals had made it necessary to 
extend calculations far beyond the limits originally 
adopted by Eétvés, and his paper was devoted to a 
discussion of these extensions, which he considered 
would satisfactorily meet even future requirements. 
The main difficulty in all cases was to differentiate the 
various features which combined to give the residual 
effects. He anticipated, however, a great development 
of the gravitational method of prospecting for minerals. 

A paper on “ Gravity Surveying in Great Britain ”’ 
was contributed by Capt. H. Shaw, who noted that 
so far the greatest success attained by gravitational 
methods had been in oil-producing regions where the 
conditions had been relatively simple. In comparison 
with the size of a salt dome or anticline, however, 
ore bodies usually occurred in relatively small masses, 
the gravitational effects of which were purely local, 
so that close investigation was needed to delineate 
successfully the ore body. Hence in virgin areas it 
might be desirable, in the first instance, to locate 
certain structures known to be favourable to the 
occurrence of the mineral sought, and to confine the 
gravitational survey to the more promising areas. 
In England the method had been mainly used with the 
object of locating deposits of iron ore, in a region where 
the sub-strata were highly faulty and irregular. Since 
the gravitational effects due to the mineral masses 
were relatively small in comparison with the corrections 
needed on account of various irregularities, very 
elaborate computations were necessary for the attain- 
ment of reliable results. Many of the faults in the 
area in question were faults between limestone and 
conglomerate, which differed very little in specific 
gravity, and in such cases the existence of an ore body 
could be detected only by its own gravitational effect 
due to its specific gravity being greater than that of the 
mother rock. In the case of faults between limestone 
and sandstone the specific gravities differed by 0-5, 
and such faults were readily detected by the balance. 
The problem of ore location was also greatly com- 
plicated by irregularities in the surface of the buried 
limestone, but a method had been devised for dealing 
with these anomalies, by which both the gradient and 
curvature of the “‘ level surfaces” were determined. 

In the area surveyed the overburden was glacial 
drift, the irregularities in which made it necessary 
at times to space the observation stations very closely. 
The topography of the area was also irregular, and it 
had been found essential to compute carefully and 
laboriously the corrections for terrain and topography. 
In some cases the instrument had been located in a 
rectangular emplacement cut in the hill side, having its 
floor and sides carefully planed down. In this area, 
moreover, it had been necessary to extend levelling 
operations to a distance of 1,000 ft. from the station 
points.. The author stated that gravity field work in 
the United Kingdom was less arduous than in most 
other countries, owing to the less severe climatic 
conditions and to the transport facilities. The dis- 
turbing effects were, however, greater than were nor- 
mally met with in explorations for oil, and different 
field methods were required. In general, only the 
gravitational gradient was determined, and reliable 
and consistent results had been obtained even in very 
irregular areas. It had, however, been necessary to 
reduce the average distance between stations to 100 ft., 
and over the more important regions this distance had 
been as little as 50 ft. or less. As matters stood to-day 
the determinations of the gradient could be relied on 
to about 1 E.on suitable ground. The sensitiveness 
of the balance could easily be increased, but this was 
unnecessary for the present, as the precision of the 
various Corrections could not be correspondingly 
improved. The main drawback of the balance was 
the slowness of operation, but recent improvements 


had reduced the reading interval from one hour to 
40 cr 45 minutes. If the gravitation gradient only 
Were observed, the time could be greatly reduced, 
ana a complete set of observations at any one station 
Would not then occupy more than one hour. 


In a paper entitled ‘‘ Experiments with Edétvis 
Tor m Balance in the Tri-State Zinc and Lead 
Dist ict,” Mr. P. W. George said that these originated 
in the rapid increase of drilling costs. Electrical 
methods of locating ores were first tried, but no success 
was recorded. The torsion balance was introduced in 
1926, but the tests made with it led to the conclusion 
that in the area in question the instrument would be 





ENGINEERING. 


697 








useful only in differentiating between zones containing 
silicified and fractured beds, with or without ore, and 
zones of unaltered limestone, which did not as a rule 
contain ore bodies. Further tests indicated that in 
the Tri-state district the torsion balance was useful 
only in favourable conditions. These implied com- 
paratively level surfaces, free from boulders, dumps 
and caves and no mine workings or sandstone thick 
enough to cause a minimum gravity zone above an 
area of unaltered limestone. 

Dr. Max Mason read a paper on ‘“ Geophysical 
Exploration for Ores.’ In this he said that the 
success of the Eétvés balance in the oil fields of Texas 
could not be duplicated in most mining regions, though 
he believed that it would, nevertheless, have useful 
though quite restricted applications in ore work. 
Magnetic methods of detecting ore bodies were not new, 
but had been greatly improved of late years, and in 
many cases were more powerful than any other in 
the exploration of hidden geological structures. One 
electrical method was based on the fact that certain ore 
bodies, and sulphides in particular, underwent oxida- 
tion, and the upper zones were thus in a state of activity 
different from that of the lower ores. This difference 
in chemical activity led to the flow of an electric current 
which tended to neutralise the potential difference. 
This current spread through the ground for consider- 
able distances, and by tracing the lines of flow it was 
possible to find the ore. Good work had been accom- 
plished in this way as far back as 1882 by Carl Barus, 
at the Comstock Lode. In all other electrical methods 
use was made of currents artificially generated. There 
were two main methods of procedure, the surface 
potential and the inductive. In the case of the Lund- 
berg surface potential method, straight extended 
electrodes were used, grounded at intervals along their 
length, and the current was thus introduced evenly 
along the length of the electrode. Two electrodes were 
used, and might be 3,000 ft. long and 2,500 ft. apart. 
In the absence of disturbing factors, the current would 
flow from one electrode to the other in straight parallel 
lines; and hence distortions were readily apparent. 
In the case of the inductive method, an alternating 
magnetic field was created, the frequency being 
generally 1,000 cycles per second. Such a field pene- 
trated the rocks and soils of the earth nearly as readily 
as the air. If, however, this alternating magnetic field 
encountered a conducting ore body, a secondary 
magnetic field was created, the existence of which 
could be detected with suitable apparatus. An 
advantage of this second method was that no grounded 
electrodes were required, and the existence of a highly- 
insulating layer above an ore body was no drawback. 
It was this inductive method which was used by the 
author’s firm in primary reconnaissance work. The 
area chosen for survey was laid out in long parallel 
traverses about 500 ft. apart, and observations were 
made at 100 ft. intervals along the traverse. Some 
hundreds of miles of such traverses had been made in 
the Sudbury nickel basin, where, on the average, 72 
acres were covered per day. On occasion, however, 
20,000 ft. of traverse had been done in a field day 
using the inductive method only, and this through 
heavily covered and rough country. The detection of 
ore bodies by electrical methods depended on the 
electrical conductivity of the ores, the continuity of 
the ore body, its size, and its distance below the surface. 
The depth of cover should not be greater than either 
the length or width of the ore body. In any case, much 
experience was necessary for the proper interpretation 
of the observations, since no physical method detected 
ore, but only some physical characteristics, usually 
but not exclusively associated with ore. Hence a 
certain percentage of failures must be expected. 
An attractive field for physical prospecting was that of 
underground exploration, since in many instances it 
would be of great value to learn whether ore existed 
within 100 ft. of certain drifts or cross cuts. 

A paper on ‘Recent Results in Electrical Prospecting 
for Ore’? was read by Dr. Hans Lundberg, who said 
that the cost of electrical prospecting was relatively 
cheap, ranging according to conditions from 2 dols. to 
40 dols. per acrea, a fair average figure being 6 dols. 
Like other new arts, the method suffered both from 
undue scepticism and from undue faith. If large 
areas were surveyed without result, the method was 
blamed, when the real reason was the non-existence of 
the anticipated bodies of ore. Such negative results 
had, however, a positive value, as an exploration by 
drilling would have cost very much more. In only a 
few places had positive results been checked up 
thoroughly by later explorations. Nevertheless, 
numerous ore bodies of commercial size and value had 
been thus discovered in various parts of the world. 
A number of such surveys had been made in the United 
States and Canada. Specially satisfactory results had 
been attained in Newfoundland, where bores subse- 
quently located, on the indications of the electrical 
survey, had proved the existence of more than three 
million tons of a valuable zinc-lead ore. 





A paper on “ Earth-Resistivity Measurements in the 
Lake Superior Copper Country” was contributed by 
Messrs. W. O. Hotchkiss, W. J. Rowney, and James 
Fisher. This survey was carried out in the summer of 
1927 on behalf of the Carnegie Institute and the 
Michigan College of Mining and Technology. The 
work included the study of the variation in resistivity 
with depth and the determination of the specific 
resistivity of the various formations. The resistivities 
per cubic centimetre were found to range with various 
materials as follows :— , 


Material Ohms per c.c. 
Glacial drift 825 to 396,000. 
Kewrenawan lavas 11,900 to 4,355,000. 


12,300 to 18,100. 
104,000 to 141,500. 


Nonesuch Shale 

Great Conglomerate .... 

Eastern Sandstone 3,500 to 11,780. 

Western Sandstone .... 17,900 to 41,400. 

A paper entitled ‘‘ Working methods of Practical 
Geophysics ” was read by Mr. Hans Haalck, who stated 
that the idea of using physical measuring methods for 
locating ore deposits were not new, and that in the 
seventies of last century, magnetic measurements on 
magnetic deposits were successfully used in Sweden. 
The increasing accuracy of modern measuring instru- 
ments made it possible to measure much smaller 
forces than hitherto, and this had led to an increasing 
use of geophysical methods in the search for ore bodies. 
Deep drillings were costly, and gave only scattered 
results, but the geophysical methods could not wholly 
replace them, but should rather be regarded as indicat- 
ing favourable positions for boreholes. Seismic 
methods had been successfully used, as well as the 
gravimetric, magnetic and electric methods. The 
seismic method was based on the fact that if a series 
of seismographs were set up, along a profile line, and 
a vibration started by exploding a charge at one point 
of this line, these vibrations were transmitted with a 
velocity which varied with the character of the sub- 
strata, and some information about this could be 
obtained from a study of the records. 


(To be continued.) 








TESTS OF STRUCTURAL MEMBERS 
FOR SYDNEY HARBOUR BRIDGE. 


Ir will be remembered that one of the requirements 
called for in the contract for the construction of the 
Sydney Harbour bridge, which was awarded to Messrs. 
Dorman, Long and Company, Limited, Middlesbrough, 
was that numerous tests of full-size members, and of 
large-scale models of important members, should be 
carried out by the contractors as a check on the design 
calculations. For this purpose, the contractors ordered 
from Messrs. W. and T. Avery, Limited, Birmingham, 
what is, we believe, the largest universal testing machine, 
in which the loads are actually weighed, that has so 
far been constructed. The machine was completed 
in July, 1926, and was described in considerable 
detail on page 134 of our 122nd volume. As erected 
on a comparatively light foundation in the makers’ 
works, however, it was not possible to carry out tests 
to the full capacity of the machine, which is capable 
of applying a load of 1,250 tons, and at the time our 
description appeared it had, we believe, only been used 
for tests involving a load of 200 to 300 tons. Since 
that time, however, it has been dismantled and re- 
erected on permanent foundations in a special building 
at the Britannia Works, Middlesbrough, where the 
firm’s constructional steelwork shops are situated. It 
was put into service early last year, and a number 
of tests have now been carried out in connection 
with the design of the Sydney Harbour Bridge. 
Some of these tests, we understand, have required 
practically the full capacity of the machine,.and have 
yielded valuable data. Although these are not gener- 
ally available for publication, it may be of interest in 
order to indicate the manner in which the machine is 
being employed, to give some illustrations and par- 
ticulars of a few tests carried out on a recent occasion 
when, by the courtesy of Messrs. Dorman, Long and 
Company, Limited, our representative was able to 
be present, 

For full particulars of the machine itself we must 
refer our readers to the previous article already men- 
tioned, but we may remind them that it is capable of 
taking specimens up to 50 ft. long and up to 3 ft. 9 in. 
square in cross section for tensile or compressive tests, 
while the normal equipment enables transverse bend- 
ing tests to be carried out on specimens 20 ft. in span, 
3 ft. 6 in. in width, and of any depth up to 50 ft., if 
necessary. The overall length of the specimen in 
transverse bending tests is practically unlimited, 
since sliding doors are provided in each side of the 
building housing the machine, to enable the ends of the 
specimen to project outside the building to any desired 
extent. 

A longitudinal section, plan and transverse section 
of the building are given in Figs. 1, 2 and 3, respec- 
tively. As there shown, it is a two-storey, brick-built 
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structure, the upper floor being used as a drawing 
office and for other office accommodation. The building 
measures 169 ft. 3 in. long by 45 ft. 9 in. wide, and the 
height from the floor to the level of the crane rails in 
the ground floor room, where the testing machine is situ- 
ated, is 23 ft. The crane, which is electrically operated, 
has a lifting capacity of 30 tons, and is used for hand- 
ling specimens and parts of the testing machine when 
these require to be moved. As shown in the plan, 
Fig. 2, a standard-gauge railway track is brought into 
the building, and on this track built-up specimens are 
delivered from the adjoining works. A 50-ton Buckton 
testing machine, located in a separate room at the left- 
hand end of the building, as drawn in Figs. 1 and 2, 
is provided for testing material, using specimens of the 
ordinary dimensions, and another separate room is 
equipped with tools for preparing specimens of this 
class. The hydraulic pumps which supply the main 
testing machine, as well as the Buckton machine, are 
located as shown in the plan, Fig. 2, which also shows 
the positions of the accumulators outside the building. 

A view of the interior of the building showing the 
testing machine, with some of the models of compres- 
sion members of the Sydney Harbour Bridge in the fore- 
ground, is given in Fig. 4 on Plate LX XII, and Fig. 5, 
on the same plate, shows a one-third scale model of one 
of the compression posts of the bridge in position in 
the testing machine after failure at a load of 855 tons. 
Another photograph illustrating the buckling of the 
flange angles of this model on a rather larger scale, is re- 
produced in Fig. 6,on Plate LX XIII. The model, in this 
case, was 36 ft. 9 in. long, 3 ft. 7 in. wide, and 1 ft. 3 in. 
deep, and the general design can be seen in Fig. 5; the 
actual details of the section, however, cannot be given. 
Of the other photographs reproduced, on Plate LX XIII 
Figs. 7 and 8 illustrate the form of failure of a half- 
scale model of one of the tension diagonals of the 
bridge, under a tensile load of 513 tons. The photo- 
graph from which Fig. 7 has been reproduced was taken 
immediately after the failure occurred, while that 
reproduced in Fig. 8 was taken later, after the two parts 
had been completely separated. The length of this 
particular model was 50 ft., and the section was com- 
posed of two web plates with two angles riveted on the 
inner face of each web and angle-bar lattice bracing 
riveted to the angles on the webs. 











Both models above referred to were constructed 
of Messrs. Dorman, Long’s silicon steel, having an 
ultimate tensi'e strength of 38 to 42 tons per 
square inch, this being the quality mainly used 
for the construction of the bridge. It is interest- 
ing to note that, in both cases, the failures 
occurred at loads close to, but slightly above, the 
calculated figures. In the case of the wire rope, 
the result of testing which is illustrated in Fig. 9, on 
Plate LX XIII, the agreement between the actual 
and calculated failing loads was even closer. The 
specimen, in this case, was a 30-ft. length of cable 
to be used in the erection of the bridge, the rope 
having a diameter of 2? in., and being composed 
of 217 strands of Messrs. Dorman, Long’s high- 
tensile steel wire. It was expected that the rope 
would break at a load between 320 and 350 tons, 
and the first wire actually parted with a load of 
344 tons, while the rope failed completely at a 
load of 364 tons. 
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The above three examples of the work of the 
machine will serve to illustrate the valuable \ 
assistance a tool of this character can give in the 
design and construction of a structure of the 
magnitude and importance of the Sydney Harbour 
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Bridge. In connection with smaller structures, 
and in other branches of engineering work, it is 3 
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sometimes desirable to carry out tests at loads 
above the capacity of the equipment of most of 
the public and private testing houses in this country, 
and it may, therefore, be of interest to mention that the 
equipment referred to above will shortly be available 
for such work. 








AMERICAN PETROLEUM REFINING InDustTRY.—<Accord- 
ing to a statement issued recently by the United States 
Bureau of Mines, there were 423 petroleum refinery 
plants in that country, on January 1 last. The daily 
crude oil capacity of these installations was 3,250,380 
barrels, as compared with 3,061,007 barrels on January 1, 
1927. 





INCORPORATED MUNICIPAL ELECTRICAL ASSOCIATION— 
ANNUAL CONVENTION.—The thirty-third annual con- 
vention of the Incorporated Municipal Electrical Asso- 
ciation will be held at Bath from June 11 to 16 under the 
presidency of Mr. F. W. Purse, engineer and manage, 


(933 8) 





“ENGINEERING 


Ham Electricity Department. Formal 
proceedings will begin on Tuesday, June 12, when . 
civic welcome will be offered by the Mayor of Bath 
(Ald. C. Chivers, J.P.), and Mr. Purse will deliver his 
Presidential Address. Subsequently a paper on _ Ad- 
ministration of Electricity Supply Undertakings, | 
by Colonel A. Sinclair and Mr. J. W. Burr will be rea! 
and discussed. On Wednesday morning papers 0? 
“Distribution of Electricity in Cities and Towns. 

by Mr. L. Romero, and on “ Distribution of Eleetricit 

in Rural Districts,” by Mr. H. F. G. Woods, will be dealt 
with. Thursday's proceedings will deal with domest! 
electrification ; and papers on ** Domestic Electrification : 
Its Development and Requirements *’ by Messrs. J. “ 
Carr and J. D. Peattie and on ‘Selling more Electricity | 
by Lieut.-Colonel W. A. Vignoles will be presente’. 
The Annual Dinner will be held on the same evenin 
while the Annual General Meeting will take place ¢ 
Friday morning, June 15. 
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MESSRS. DORMAN, LONG AND COMPANY, LIMITED, ENGINEERS, MIDDLESBROUGH. 
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Fig. 4. 1,250-Ton Avery UNIversaL Trestinc MACHINE. 
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CENTENARY CELEBRATIONS 
OF THE INSTITUTION OF 
CIVIL ENGINEERS. 


In accordance with the programme published in 
our issue of May 25, on page 645, the conference held 
to commemorate the centenary of the incorporation 
by Royal Charter of the Institution of Civil Engi- 
neers, commenced on Sunday afternoon, the 3rd 
instant, when the President, Members of Council, 
the delegates to the conference, and members of 
the Institution attended Divine Service in West- 
minster Abbey. The address was delivered by the 
Dean of St. Paul’s, Dr. W. R. Inge. On Monday 
morning a meeting was held in the Great Hall of 
the Institution, the President, Mr. E. F. C. Trench, 
C.B.E., occupying the chair. In opening the 
proceedings, Mr. Trench remarked that as the birth- 
day of H.M. The King fell on the same day as the 
100th anniversary of the incorporation of the 
Institution by Royal Charter, it was particularly 
appropriate that a loyal address should be forwarded 
from the meeting to His Majesty. The Chairman 
read the address, in the course of which appreciation 
was expressed for the interest shown by His Majesty 
and Members of the Royal House in the works 
which it was the privilege of engineers to carry 
out and on which the welfare, prosperity, and safety 
of the Empire depended. The address was 
enthusiastically endorsed and was duly forwarded. 

Mr. Trench then read his address, which we deal 
with in a leading article on page 707 of this issue, 
and at its conclusion remarked that many of the 
delegates to the conference had brought addresses 
of congratulation to the Institution from the 
bodies they represented. The time available was 
not sufficient for all these addresses to be read, and 
although they were all fully appreciated, it was 
proposed to read only a few from each of the different 
groups of bodies and countries represented at the 
conference. From the group of 23 scientific and 
professional societies, the address of the Royal 
Society was read by Sir Richard Glazebrook, 
while from the university group, in which 28 
universities were included, the Cambridge University 
address was read, in Latin, by Professor C. E. 
Inglis. In all, 45 engineering societies with head- 
quarters in this country, the British Dominions 
and foreign countries were represented, and the 
first address read from this group was that from the 
American Society of Civil Engineers, presented by 
Messrs. A. Hazen and G. T. Seabury. This was 
followed by the address from the Société des Ingé- 
nieurs Civils de France, represented by M. de 
Chasseloup Laubat and Mr. F. Merricks, the address 
being read in French by the former. As repre- 
sentative of the engineering societies of the 
Dominions, the address of the Engineering Institute 
of Canada was read, the delegates from this body 
being Messrs. D. Lyell and A. C. Macdonald. Finally, 
the addresses from three home engineering societies, 
viz., the Institution of Mechanical Engineers, the 
Institution of Naval Architects and the Institution 
of Electrical Engineers, were read in that order. 
These institutions each sent two delegates, those 
for the Institution of Mechanical Engineers being 
Mr. R. W. Allen and Sir Henry Fowler, those for 
the Institution of Naval Architects Sir John H. 
Biles and Engineer Vice-Admiral Sir Robert B. 
Dixon, and those for the Institution of Electrical 
Engineers Mr. A. Page and Dr. W. H. Eccles. 

The whole of the remaining delegates were 
presented to the President, to whom the addresses 
from the bodies they represented were duly delivered, 
and at the conclusion of this part of the proceedings 
the President expressed regret that time did not 
then permit the addresses to be read, adding that 
they would all be available for inspection at the 
conversazione to be held on Tuesday evening. He 
then called on Sir Alexander Kennedy, Past Presi- 
dent of the Institution, to propose a vote of thanks 
to the societies and delegates, and Sir Alexander, 
in doing so, said he wished to thank the delegates, 
on behalf of the President, Council and members of 
the Institution of Civil Engineers, for the addresses 
they had delivered, and particularly for their pre- 
Sence at the conference, which, in some cases, had 
involved journeys from distant parts of the world, 


The Institution, he thought, must be congratulated 
in that it had been recognised by representatives 
from the whole of the engineering and scientific 
world. He concluded by extending a cordial 
welcome to the delegates, expressing the hope that 
they would derive as much pleasure from their visit 
as the Institution had from their presence. 

This completed the business for the morning, and 
the meeting was then adjourned. 

In opening the proceedings in the Great Hall of the 
Institution on Tuesday morning, the President 
remarked that in pre-war times engineering con- 
ferences were organised by the Institution at frequent 
intervals, but that since the war only one had been 
held, that of 1921. As matters stood, engineers 
were compelled to specialise, which, though inevi- 
table, was regrettable. In the old days they were 
men of wide interests, and their advice was con- 
stantly sought on matters outside of their professional 
work. To-day they seemed to be regarded by the 
community simply as useful tools for building 
docks, bridges, and machinery rather than as fellow- 
citizens. This condition was partly the fault of the 
engineer himself, owing to his absorption in his 
work. His training, however, fitted him for filling 
the most prominent and responsible positions. 

After the conclusion of the President’s address 
the delegates left to attend the various sectional 
meetings. 


STRUCTURES OF CEMENT AND CONCRETE. 


The chair in the Great Hall was taken by Mr. Basil 
Mott, C.B., who called upon Mr. F. E. Wentworth- 
Shields to introduce the subject of ‘‘ Recent Develop- 
ments in Concrete and Cement for Engineering 
Structures.” An abstract of this note will be found 
on page 719. The discussion was opened by Sir 
Alexander Gibb, who said that Ciment-Fondu and 
Ferrocrete had undoubted advantages and made 
a very great difference in the cost of works, particu- 
larly in the case of ferro-concrete. Ferrocrete 
was simply a selected Portland cement very finely 
ground, but Ciment-Fondu had an entirely different 
constitution. With the latter, shuttering might be 
removed the day after pouring, and with Ferrocrete 
within two days or a week. The Ciment-Fondu 
however, cost more, and hence preference would 
probably often be given to the Ferrocrete. Dr. 
Abrams’s experiments quoted by Mr. Wentworth- 
Shields, dealt with the proper proportion of water, 
the size, grading, and proportion of the aggregate. 
His results, however, depended upon the meaning 
to be attached to his term ‘‘ workable.”” What was 
wanted was a mixture which would set as hard and 
as impervious as stone. This could be obtained, 
but more by the exercise of common sense than as 
the result of laboratory experiments. To reduce 
voids to a minimum there should be a great difference 
in the size of the aggregate. The proportion of 
water should be such as to yield a porridge-like 
mixture which would flow down the shoots without 
the stones coming out. It was not possible to 
secure this end by laying down fixed laws as to the 
amount of water to be added, since the aggregate 
was sometimes wet and sometimes dry. It was 
necessary, therefore, to watch each batch and make 
adjustments accordingly. The voussoirs of old 
masonry skew bridges were cut by the masons 
themselves to the angles required. These masons 
were a very fine body of craftsmen many of whom 
became engineers. To-day this class of man no 
longer existed. We now used, for corresponding 
work, concrete moulded by unskilled labour, and the 
whole of the designing and planning was done in the 
office. As matters now stood, therefore, concrete 
might well be regarded as the schoolboy did the lie, 
viz., ‘as a very present help in time of trouble.” 

Mr. Williams said that although water was 
obtained free and the cement had to be bought, 
neither could be regarded as the predominant 
partner, and he welcomed concrete as a destroyer of 
convention. 

Dr. Lowe-Brown said that in the past everyone 
had studied carefully the proportion of cement to 
be used, but had bothered little about the pro- 
portion of water. Now Dr. Abrams seemed 


almost to imply that if the water proportion was 
right, it was unnecessary to bother about anything 


so-called antiquated specifications, providing that 
the consistency must be approved by the engineer. 
This provision led, however, in practice to surpris- 
ing uniformity in results. In one case, a fixed 
water ratio system had been most carefully aimed 
at, but the result was very far from uniform 
strength. With the old specification and good 
inspection, the variations from the mean strength 
did not exceed 20 per cent., but in the case cited 
the range was very much more. 

Mr. Wilson said that in practice we had to 
use materials as we found them, and elaborate 
formule proved less reliable than the judgment of 
the gauger. Again, various mechanical means had 
been proposed and tried for testing the consistency 
of cement before filling the moulds, but here again 
reliance was best placed on the judgment of the 
gauger. It was very difficult to accept the con- 
tention that if the water ratio were right the 
cement did not matter. It was known, that if 
the amount of water were large, strength was lost 
during the early days of hardening, but this was 
regained later. Mr. Wentworth-Shields, had rather 
pushed the claims of Ciment-Fondu, which having 
been actually fuzed was presumably a uniform 
chemical product. There had, however, been some 
serious failures at Brest with this material. Some 
of the work, it was true, proved very good, but 
part was very bad. A commission of enquiry 
came to the conclusion that the bad material had 
been in some cases mixed with salt water, and in 
other cases had been mixed when the atmospheric 
temperature was too high. There had also been 
some serious failures of bridgework, and here the 
conclusion reached was that an improper proportion 
of water had been used. 

Mr. R. A. Smith said that it had been claimed that 
an aluminous cement, such as Ciment-Fondu, was 
specially suitable for use in sea water. It should, 
however, be borne in mind that in the fifth report 
of the Committee dealing with such applications 
of concrete, not a single one of the failures investi- 
gated was due to the Portland cement. The 
aluminous cements were twice as costly, and 
although of greater strength, it was not possible to 
make a proportionate reduction in the amount used, 
or the density would suffer. In Holland, in the 
works at Ymuiden, trass was successfully used in 
conjunction with Portland cement, which required 
to be of the best quality in order to get adequate 
strength. He suggested that in revising speci- 
fications, it might prove practicable to demand 
from the contractor a definite strength of the 
concrete, and to leave him a pretty free hand 
as to how he attained his results. This would 
promote the use of high-quality cements. 

Mr. H. A. Reed said that when constructing foun- 
dations for a large shed he had used Ciment-Fondu 
for two of the piles. These were 40 ft. to 50 ft. 
long, and of a 1: 14:3 mixture. Steel shuttering 
was used, and removed six hours after pouring. The 
piles were lifted when two days old and driven when 
three days old. It was very important to keep them 
flooded during the whole of this period. These 
piles had a very smooth almost polished surface, 
giving the impression of great impermeability. 
They cost practically twice as much as the Portland 
cement piles. He was now trying Ferrocrete, and 
would see how it stood. He had used silicate of 
soda for coating the Portland cement piles of a 
1,200 ft. pier. Three coatings were applied. The 
first two sank in, but the third remained on the 
surface. In the case of reinforced concrete it was 
impossible to use a very dry mix or the concrete 
would not pack satisfactorily, and in such work a 
very dry concrete would be extremely dangerous. As 
to the sagging of reinforced concrete beams he had 
examined carefully 16 beams erected in 1904. Of 
these, four had a sag of # in., and the rest a camber 
of from 7-in. to 4-in. In another case he had 
examined beams made in 1914 with a camber which 
was intended to be -in. Three of these beams still 
showed this camber of -in. In the case of some work 
executed in 1926-27, 60 beams were measured. 
They were supposed to have a camber as moulded 
of 3-in., and all still showed a camber. Careful 
measurements had been made, and these beams 
would be kept under observation for some years. 








He also took objection to a clause in the 
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which the process was carried out in vacuum which 
seemed to promise well. Piling he thought should 
always be tested wherever it was not driven to 
rock, as formule could not be relied on. 

Mr. Stanley said that rapid hardening Portland 
cement was offered, having a strength of 300 Ib. 
per square inch in 24 hours, but figures as high as 
500 were often recorded. One contractor decided 
that he would await test results before he classed 
the cement he was using as ordinary or as quick 
hardening for which he was to be paid 10s. extra. 
No doubt aluminous cements were coming into 
use for sea work, and where rapid construction was 
required, but they were seldom necessary for road 
work. The slump test would be extremely valuable 
if contractors could be got to use it. At present 
there was a very large range in crushing strengths. 
In one and the same mix the range in a 28-day 
test might be from 2,000 lb. to 6,000 lb. per 
square inch. He agreed that it would be well to 
specify strengths and to leave the contractor to 
choose his own proportions. 

Professor S. M. Dixon said that there was a 
demand for a very light concrete and this was 
provided by Aerocrete, which was made by adding 
aluminium powder to the mixture. The aluminium 
reacted with the water, gas being liberated, causing 
the concrete to rise like dough. This Aerocrete 
weighed from 22 to 40 lb. per cub. ft., according 
to the temperature and time of setting. It had a 
strength of from 400 lb. to 1,000 Ib. per square inch. 
The material was excellent for building and owing 
to its lightness could be rapidly put together. The 
joints were made by painting the faces with cement 
grout and perfect bedding was attained. The 
material had been used in Scandinavia, in Ireland, 
and in Scotland, and was passed as a builder’s 
material by the L.C.C. He might add that in 
America a very light and strong aggregate was 
produced during the war and was known as bloated 
clay. This had not, however, yet been used with 
Aerocrete. It was made by raising clay to a 
glazing temperature. This glaze was plastic and 
the gases liberated from the impurities in the clay 
gave the material a sponge-like structure. This 
aggregate weighed only 40 Ib. per cubic foot but it 
was very strong, and in no way analogous to a 
cinder aggregate, a strength of 2,000 lb. per square 
inch being reached in 28 days. For underpinning 
work Aerocrete had special advantages. 

Mr. Jackson advocated an aggregate broken to 
uniform size, which could be packed easily round 
reinforcing rods, and he believed that the time had 
come to recognise the greater strength of the 
cements now available. 

In reply to the discussion, Mr. Wentworth- 
Shields said that at Southampton they had experi- 
enced deterioration of reinforced concrete above 
water level where scaling had occurred, with 
consequent rusting of the metal. Work of this 
kind, erected 30 years ago directly by Mr. 
Hennibique had, however, stood perfectly, and 
inquiry showed that in this case great stress had 
been laid on the use of a dry mixture. The work- 
men objected to this as it was less easily manipulated, 
but the result had been very good. It would seem, 
however, that the trouble with a wet mixture was 
due to the evaporation of the surplus water during 
the early stages of hardening, and that by checking 
this by covering the work with damp sacking or 
sand and thus keeping the concrete wet for a week or 
a month soundness might be ensured. 


New Mareriats in Raitway Work. 

The chair was now taicen by Sir Brodie Henderson, 
and the subject of ‘“* Developments in the use of 
Materials in Railway Engineering ’ was introduced 
by Mr. C. J. Brown, C.B.E. An abstract of his note 
appears on page 719. 

The discussion was opened by Mr. W. W. Grierson, 
who agreed that ferro-concrete could be increasingly 
used on British railways. At the outset there was 
some doubt as to its resistance in service in view of 
the possibility of slight errors in workmanship 
shortening or jeopardising its life, and there was 
also a dearth of expert supervisors. Even now he 
was not prepared to use it as a substitute for steel 
girders carrying fast traffic. He had tried ferro- 


concrete sleepers during the war but the results 
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were unsatisfactory. Some crushed under the 
bearings, others split between rails, and none 
remained intact for long. Even should these difficul- 
ties be overcome the weight of these sleepers would 
be a drawback. The lightest weighed 150 lb. and 
the heaviest over 300 lb. He thought that in this 
country there was a better prospect for the pressed 
steel sleeper, which was used largely abroad. 

Mr. G. Ellson, O.B.E., who followed, said that he 
differed from Mr. Brown in regard to trough flows, 
which he found easier to drain than either flat or 
deck floors. Rustless steel would be even better for 
roofs than for bridges, since the scaffolding required 
in painting roofs was very costly. He thought 
ferro-concrete would be more used in substitution 
for timber than for steel. He had just put down 
100 ferro-concrete sleepers, for which better 
materials were now available than during the war, 
and he would observe their behaviour. Steel 
sleepers had been laid 7} years ago on a section of 
the Portsmouth line, traversed by their heaviest 
trains. These were reported to give less trouble 
than the ordinary track, but elsewhere, experi- 
ence had been less satisfactory, perhaps owing to 
different packing. For the past four years he had 
been experimenting with special track steel at 
Waterloo. Manganese steel had a life three or 
four times that of ordinary steel, but its cost was 
high. Next to it came chromium steel, which had 
in some cases shown two to three times the endur- 
ance of ordinary steel. Care was, however, neces- 
sary since with slightly too much chromium the rail 
was brittle, and one or two had broken. Good 
results had also been recorded with heat-treated 
steels. 

Mr. Sandberg said that in this country we had 
steered clear of the chemically hard rails used in 
America, of which there had been many fractures. 
We relied here on getting a sorbitic structure com- 
bining toughness and hardness. As for steel 
sleepers, it was absurd to have, as in some cases, 16 
separate clips merely to fix two rails. The sleeper 
should have the chair jaws formed on itself. If 
this were done, the bull-headed rail would be 
adopted by lines now using the flat-bottomed type. 

Mr. Gregson asked what precautions were necés- 
sary to protect overhead bridges of reinforced 
concrete from the sulphur fumes of engines passing 
under them. Concrete had been used abroad for 
strengthening existing metal bridges, and a similar 
procedure had been adopted in the case of certain 
Telford bridges in this country, that at Betts-y- 
Coed being thus increased in width from 20 ft. to 
28 ft. Mr. Gresley said that high tensile steel was 
being used for the Sydney Harbour Bridge. This 
steel had a tensile strength of 95,000 1b. per square 
inch, combined with a good elongation. If rustless 
steel could be obtained at a reasonable price, it 
would be of the greatest use. In America and 
Germany, two steels were being tried which, though 
not equal to the chrome steels in rust resistance, 
were expected to have twice the life of ordinary 
steels. Manganese steel had at least three times 
the life of the latter, and he had some in use of 
which one set had carried 50 million tons since 
1924, and another set double as much. In these 
conditions, ordinary steel gave out in two years. 

In reply, Mr. C. J. Brown said that in Germany 
steel sleepers were credited with a life of fifteen years 
under main-line traffic, after which they served for 
an equal period on secondary lines. This was no 
better than we got with timber in this country. 


Evectric TRACTION. 


A note on “* Railway Design and Maintenance as 
affected by the Application of Electricity,’ due to 
Messrs. G. Ellson and A. R. Cooper, was next dis- 
cussed. An abstract appears on page 720. 

Mr. A. Newlands said that to protect the road 
gang from electric dangers he provided rubber 
sleeves fitted over the handles of their tools. The 
size of the shovels was also reduced as the third 
rail limited the working space. Planking protection 
should be on the rail itself. Electrification led to 
greater traffic, which was, in part at least, respon- 
sible for the higher maintenance costs. The fact 
that the leading wheels were drivers, perhaps, pro- 
moted side cutting. 

Mr. John Wilson said that on the Buenos Ayres 
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Great Southern Railway they had the equivalent of 
125 km. of electrified single track. Direct-current 
at 800 volts was used, and, in view of the numerous 
level crossings, an under-contact was adopted, the 
rail being completely covered. They had sone 
trouble with metal signal wire stakes which were 
sometimes driven through the insulation of the high- 
tension cables. Wooden stakes were therefore now 
used, and also stranded wires, since the solid wire 
when it broke had caused short circuits by curling up. 
They sent out daily from one platform 130 trains, 
and received 130 at another. At the peak 11 trains 
left per hour with a four-minute headway, and 
there would be no difficulty in working out 20 
trains an hour. When manganese steel was used 
its low conductivity was compensated for by nega- 
tive cable. There had been very little trouble with 
electrolysis. 

Mr. Gresley believed that the overhead system 
was preferable to the third rail, and thought it 
would be impossible with the English gauge to adopt 
the under-running rail described by Mr. Wilson. 

Mr. Edward Wilson thought it inadvisable to 
provide the men with insulated tools, and that it 
was better to use instead insulated gloves and mats. 

In reply, Mr. Ellson said that he believed that the 
greater wear experienced on electrification was not 
wholly attributable to the increased traffic, but 
that the lower centre of gravity of the electric 
locomotive increased side cutting. 


STEEL FOR SHIPBUILDING. 


This subject was introduced by Sir William J. 
Berry, whose memorandum is reproduced on page 
720. The chair at the meeting, in the Theatre of 
the Institution, was taken by Sir John Biles. 

The discussion was opened by Mr. B. Talbot, 
who said that the use of high-tensile steels involved 
greater expense, as the yield from such grades 
must of necessity be lower. If the specification 
called for normalising treatment, deliveries would 
be delayed in busy periods, and the normalising 
plant would have to be very large. Mr. Talbot 
stated that high-tensile steels could, be obtained 
without secondary treatment, and concluded by 
stating that presumably the whole object of using 
such steels was to lighten weight, but there must 
be a limit to this process. With reduced scantlings 
corrosion would be a more serious problem. 

Sir Westcott Abell devoted the greater part of 
his remarks to a review of the progress in steel 
manufacture in the past forty years, expressing 
the opinion that advance had been very slow until 
recently. In ordinary mild steels the limit of pro- 
portionality might be as low as 3 or 4 tons, the 
average being about 8 tons, but the new steel gave 
a figure of 15 tons. On the question of corrosion, 
while this might be expected to give more trouble, 
it should be remembered that more care was taken 
in the selection and manufacture of the material, 
resulting in a cleaner and purer product. Sir 
Westcott concluded his remarks by referring to a 
written communication submitted by Mr. John 
Anderson, in which the writer stated that 50 per 
cent. of the structure of one of the Holt vessels was 
made from high-tensile steel, giving a total saving 
in weight of 10 per cent. A further 4 per cent. 
saving might be anticipated in the future. 

Mr. T. M. Service said that in ordinary mild steel 
manufacture, no refractory heads were provided 
on the ingots, with the result that numerous blow 
holes might be present. It was almost impossible 
to make this type of material with a high elastic 
limit, as the inclusions in the blow holes would 
not weld up. If a refractory head was provided, 
however, no blow holes would occur. 

Professor F. C. Lea remarked that the limit of 
proportionality was important in steels subject to 
compressive stresses. A high yield point was not 
required for cold bending. In built-up structures. 
in particular, it was very desirable that yield sh« yuld 
occur at joints and discontinuities, as plastic yield: 
ing would tend to uniformity in such cases. 

Mr. Foster King expressed the hope that the 
mistake of reducing scantlings in terms of ultimate 
strength would not be repeated in the case of high- 
tensile steel. This had been done when the chanze 
from iron to mild steel had taken place, and disaster 
was only avoided by the fact that the original iron 





scantlings were very excessive. 
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Sir Archibald Denny said that the statement in 
the paper to the effect that standard tests had 
remained unaltered in the last 40 years required 
modification. He outlined the various tests stand- 
ardised during the period, dealing more particularly 
with the work undertaken by the special committee 
of the Institution. While welcoming the high- 
tensile steels, he would put in a plea that makers 
should consistently endeavour to supply the highest 
possible quality of ordinary mild steel. 

Mr. W. Simons also spoke on the subject of tests, 
and in the course of his remarks, mentioned that it 
was most important to realise that the limit of 
proportionality was not proportional to the yield 

int. 

Mr. Grimshaw Martin thought that the distribu- 
tion of the carbon content was a very important 
question. More carbon increased brittleness and 
gave rise to segregation. Heat treatment gave 
uniformity both longitudinally and transversely, 
and uniformity of structure was very important in 
shipbuilding. He thought, therefore, that heat- 
treated mild steel was superior to high-carbon steel 
for this purpose. 

Professor B. P. Haigh remarked that an out- 
standing feature of recent years was the reliance 
placed on tensile tests as a criterion of the suitability 
of steel for shipbuilding. It was a platitude in 
other circles that such tests gave only a rough 
indication, and notching and other tests led 
to very different conclusions. He regarded 
fatigue strength as of extremeimportance. This 
property could not be specified, but demanded the 
most careful research. Nearly a week was required 
to determine the fatigue limit, which bore little 
relation to the elastic limit. 

In replying to the discussion, Sir William J. Berry 
first referred to the subject of normalising, mentioned 
by Mr. Talbot. He stated that the first steel made 
for the Admiralty was normalised, but this was 
ultimately abandoned, the plates as rolled being 
perfectly satisfactory. The ductility and elastic 
limit were in fact always found to be higher than 
the specified value. In his experience, cases of 
mild steel having a limit of proportionality of three 
or four tons were very rare, eight being the usual 
figure accepted at the Admiralty. As regarded the 
use of high-tensile steel, which was now used for all 
important parts, no defects had developed in actual 
vessels. In reply to Mr. Service, he would say 
that silicon steels were tested by the Admiralty, 
but were not now in use, as the present steel gave 
more reliable results. In connection with Sir 
Archibald Denny’s remarks, he regretted that the 
Committee of the Institution had not been referred 
to in the paper, as he fully appreciated the valuable 
work that they had done. In reply to Mr. Martin, 
he had not found that a high carbon content led to 
brittleness in practice. Professor Haigh had 
referred to the importance of fatigue tests, but he 
doubted if fatigue was ever of importance in ship 
steels, as the alternating stresses in this case were 
very slow. He had never known of a failure from 
this cause in actual service. 


MoperN DrvELOPMENTS IN SHIP PROPULSION. 


The two papers entitled ‘‘ The Generation and 
Utilisation of High-Pressure Superheated Steam 
for Marine Propulsion,” and ‘Progress in the 
Adoption of the Internal-Combustion Engine for 
Marine Purposes,” introduced, respectively, by the 
Rt. Hon. Lord Weir and Mr. H. E. Yarrow, and by 
Professor C. J. Hawkes, were discussed together, 
the chair being taken by Eng. Vice-Admiral Sir 
Robert, Dixon. These papers are both repro- 
duced in an abridged form on page 721 of this 
issue of ENGINEERING. 
Pe discussion was opened by Mr. J. Hamilton 
ir % who read a written contribution from 
One Johnson, of the Canadian Pacific Steamship 
th pany. In this contribution, the writer stressed 
ee rtance of a pure feed-water supply to high- 
ie pa boilers, pointing out that the make-up 
"ee must also be pure. He referred to the instal- 
— On one of the company’s vessels, in which 
“um-pressure Scotch boilers were used in 


cernotion with the main plant. The water-tube 
€rs Only received pure condensate from the main 
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mentary steam supply from the Scotch boilers to the 
intermediate-pressure main turbines. The equip- 
ment had been in use for six months with very 
satisfactory results. Continuing, the writer stated 
that in the Empress of Australia, which was fitted 
with Scotch boilers and a single-reduction geared 
turbine, the steam pressure was 220 lb. per square 
inch, and the temperature 600 deg. F. The con- 
sumption of oil worked out at 0-69 lb. per shaft 
horse-power hour, or 0:74 Ib. for all purposes. In 
the Duchess of Bedford (see p. 675 ante), fitted with 
water-tube boilers with a pressure of 350 lb. per 
sq. in. and a temperature of 680 deg. F., the corre- 
sponding consumption figures were 0-60 and 0-64 1b. 
If the latter vessel had low-pressure propelling 
equipment similar to the Empress of Australia, the 
machinery would have cost 20,0001. more, quite 
apart from the reduced economic value, due to 
the weight and space involved with Scotch boilers. 
The writer concluded his remarks by stating that 
he favoured high-pressure water-tube boilers and 
turbines rather than Diesel engines for the class of 
work involved. 

Mr. 8. 8. Cook referred to the figures quoted by 
him in a paper read before the British Association 
in 1925, of which a report will be found on page 
355, vol. cxx, of ENGINEERING. Speaking on the 
regenerative processes mentioned in the paper, 
Mr. Cook said the impression was given that the 
three uses referred to were all in the same category 
in this respect. This was not quite true, as the 
air heater was the most efficient process, the feed- 
water heating was not quite so efficient, and 
supplying steam for a low-pressure turbine was the 
least economical of all. He would like to ask the 
authors what was the temperature of the tube 
itself in the case given in the paper, where the steam 
temperature was 850 deg. and the gas temperature 
1,500 deg. F. 

Mr. A. Spyer stressed the importance to this 
country of using coal in preference to oil whenever 
possible. Referring to the temperature at which 
steam can be used, he said that this was very 
important from the point of view of the materials 
employed. Alloy steels were not giving quite the 
results hoped for, but high-carbon stee) with an 
increase in the manganese content could be used 
safely up to 900 deg. F. He noticed that the 
authors advised the use of solid-drawn drums at 
a 500-lb. pressure. These were costly, and he 
thought that riveted drums could be specified up to 
650 lb. at any rate, land boilers working at 800 Ib. 
being actually fitted with these drums. 

Mr. A. Hamilton dealt with the limitations 
imposed by the abilities of the junior engineers on a 
vessel in handling the machinery. 

Mr. S. B. Freeman pointed out that bunker weight 
had been left out of the discussion, although it was 
at the heart of the problem, particularly for long- 
distance transport. From the oil engine point of 
view, the immediate need was for a standard design 
of engine having a large power range, which could 
be made by any engine builder, enabling competitive 
prices to be quoted. Referring to the subject of 
wear on cylinder liners in Diesel engines, the speaker 
said that he had had experience of 29-in. liners made 
from Perlit iron, which showed practically no trace 
of wear after considerable use. 

Mr. W. A. Tookey elaborated Mr. Hamilton’s 
remarks on the engine-room staff. He thought 
that further training of junior engineers in handling 
the engines was very necessary. 

Engineer-Captain W. Onyon, after speaking on 
the importance of steam driers, said that ship- 
builders in this country were not making sufficient 
use of tank tests. He mentioned that, while in 
Hamburg recently, he had seen a model under test 
in the tank there of a vessel of 46,000 tons, with a 
designed speed of 27 knots, for the Atlantic service. 
Engineer-Admiral Wheyman spoke on the impor- 
tance of keeping in mind the best uses for coal and 
the development of our coal resources generally. 
He thought that there was an undoubted field for 
coal on certain routes with cargo vessels fitted with 
high-pressure water-tube boilers and turbines. 
Mr. J. H. Narbeth, speaking on Diesel engines, 
said that it was desirable for shipowners to confine 
themselves to one type of engine throughout their 
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Referring to the Biichi system of supercharging, he 
mentioned that reports had been published showing 
that the power of the engine was actually doubled 
by this system. 

In the absence of Lord Weir, Mr. Yarrow replied 
to the discussion, in so far as it turned on their joint 
paper. He said that Mr. Johnson’s contribution, 
giving the results for the Canadian Pacific vessels, 
was most valuable. He regretted that he could not 
answer Mr. Cook’s query as to the temperature of 
the tube. In reply to Mr. Spyer, he would say 
that the objections to the use of solid drums were 
becoming less, as such drums could not be made 
more cheaply than formerly. 

In replying to the discussion on his paper, Professor 
Hawkes said that his remarks would be brief, as 
the majority of the speakers had dealt with the 
steam aspect. He himself believed in both the 
steam and the oil engine, each having its legitimate 
sphere. Mr. Freeman had raised the question of 
cylinder wear. He agreed that wear could be 
reduced by the use of suitable materials, such as 
Perlit iron, but in the case of ordinary cast iron, 
the wear undoubtedly appeared to increase progress- 
ively with the size of the cylinder. 


UTmLIsATION OF Sotip AND Liquip FUuELs. 


A paper by Dr. C. H. Lander bearing the above 
title was the first dealt with at the sectional 
meeting presided over by Sir Richard Threlfall, 
F.R.S. The contribution, in abridged form, will 
be found on page 722 of the present issue. The 
first speaker in the discussion, Professor H. Louis, 
stated that Dr. Lander had remarked that, according 
to present practice and knowledge, coal or other 
fossil fuel, as extracted from the earth, was not 
available until labour of some kind had _ been 
applied to it. This statement, he thought, was 
perfectly true, but it did not go far enough ; three 
elements were actually involved—namely, labour, 
capital, and what, for want of a better term, might 
be called administration, which latter term included 
technical and scientific work. He would like to 
stress this matter because the necessity of the 
co-operation of these three elements was often 
overlooked. Coal was often spoken of as if it were 
one substance ; it was not, however, an entity like 
methane or benzole, but was a complex material. 
It might be said to be composed of bright coal, 
dull coal, and soft coal or fusain. The latter could 
be separated from the remaining constituents, and 
he was of opinion that the function of fusain was in 
connection with dust firing. Bright coal could not 
be separated from dull coal at present, but this 
would probably be accomplished at some future 
date. He would like to emphasise that, in order to 
utilise coal to its fullest extent, it was necessary to 
separate and use each constituent in its own 
particular sphere. 

Another speaker, Dr. Cullen, thought that the 
Fuel Research Board were giving undue prominence 
to low-temperature carbonisation processes. The 
board might, for instance, give a little more atten- 
tion to the subject of coke. The next speaker, 
Mr. T. Clarkson, stated that the subject of pul- 
verised fuel had not received the attention it 
merited. Dr. Lander had mentioned the pulverised 
fuel fired S.S. Mercer. He would like to point out 
that the advantage of using this fuel was that it 
facilitated bunkering ; the pulverised coal could be 
delivered into the bunkers much in the same 
manner as fuel oil was. An important matter in 
connection with the process was that large combus- 
tion chambers appeared to be necessary. Professor 
R. W. Dron, who spoke next, said that pneumatic 
processes for coal cleaning had facilitated the 
extraction of fusain. Froth flotation could be used, 
but the fusain took up so much moisture in the 
process that the subsequent utility of the material 
was impaired. Continuing the discussion, Engineer- 
Admiral Scott Hill stated that recent investigation 
had resulted in something being done to reduce the 
size of combustion chambers in pulverised-fuel 
plants. The last speaker, Dr. Max Toltz, stated 
that in the middle-western States of America and in 
central Canada there existed an enormous deposit 
of lignite. It was [used for domestic purposes 
to a certain extent, but it could not be shipped as 
it crumbled easily. The best way of utilising this 








ensers, the losses being made up by a supple- 





fleet unless the latter was exceptionally large. 





deposit presented a difficult problem; they had 
tried several low-temperature carbonisation pro- 
cesses, but could not make them a commercial 
success. They would welcome information on the 
subject. 

Dr. Lander, in his reply, stated that he cordially 
agreed that coal was not one substance. In their 
surveys of the national coal resources, the Fuel 
Research Board had found it necessary to take 
hundreds, and even thousands, of samples, in order 
to obtain correct impressions of each seam investi- 
gated. The term labour had come to possess a 
political significance, but he had used it in its 
widest sense. Dr. Cullen had referred to the undue 
prominence given to low-temperature carbonisation 
by the Fuel Research Board. He would like to 
assure the meeting that high-temperature carboni- 
sation accounted for 50 per cent. of their expendi- 
ture, while low-temperature carbonisation was 
responsible for only 25 per cent. 


CokEe-Oven, Town, AND PropuceER Gas. 


The second paper dealt with under the presidency 
of Sir Richard Threlfall was upon the above subject, 
and was by Mr. R. Ray. It will be found on 
page 722 of the present issue. The discussion was 
opened by Dr. E. W. Smith, who stated that, in 
connection with the supply of coke-oven gas to 
municipal authorities, there were, and rightly so, 
certain very rigid conditions in force regarding 
quality, pressure, and constancy of supply. He 
thought that what was wanted was the national 
co-ordination of gas-fuel producers and users on the 
lines laid down by the Electricity Commissioners for 
electricity undertakings. An outlet for the surplus 
coke-oven gas would mean cheaper gas, cheaper 
coke, and cheaper steel. The next speaker, Professor 
H. Louis, was entirely opposed to the view that 
surplus coke-oven gas should be applied to municipal 
use. This gas should be consumed in the steel 
works as a means of producing cheaper steel. 
Mixed with blast-furnace gas, if necessary, it might 
be used as fuel in open-hearth furnaces, in soaking 
pits, and for a variety of other purposes. The 
great modern necessity was cheap steel, and all the 
by-products obtained from coal should be used to 
that end. Professor W. A. Bone, who spoke next, 
emphasised Professor Louis’ remarks, and thought 
that steel works should be reorganised in such a 
manner as to enable them to make full use of all 
the gas produced as a by-product in any part of 
the plant. 

Mr. Ray, in his reply, stated that it was unfor- 
tunate that, in the past, coke-oven plants were 
erected at the pit-head rather than at the steel works. 
It was a question, therefore, of conveying the gas 
to the works. As matters stood at present, the 
disposal of coke-oven gas was a vital question in 
the coking industry, and coke manufacturers should 
come together and discuss the whole question. Sir 
Alexander Gibb, in his recent presidential address to 
the Institution of Chemical Engineers, had suggested 
another outlet for coke-oven gas, namely, for the 
generation of electricity. It might be pointed out 
that gas engines were small units for this purpose, 
but the proposal held future possibilities. 


WATERLESS GASHOLDERS. 

For the paper by Mr. F. Prentice, dealing with 
waterless gasholders, next considered at the meeting, 
the chair was taken by Mr. T. Hardie. Dr. C. C. 
Carpenter should have presided, but was unable tc 
be present. The contribution will be found on 
page 722 of the present issue. Mr. Hardie, who 
opened the discussion, stated that the type of 
gasholder under consideration was the result of the 
ingenuity of Dr. K. Jagschitz, of the Maschinen- 
fabrik Augsburg-Niirnberg A.-G., Gustusberg, Ger- 
many. During the past hundred years much skill 
and thought had been devoted in this country to the 
design of gas holders, and, as a result of this accu- 
mulated experience, two principles had come to be 
accepted as fundamental, namely, the telescopic 
system and the water seal. Dr. Jagschitz departed 
from these principles, and his form of seal was both 
ingenious and effective. Furthermore this system 


provided a rigid and static structure and enabled 
the engineer to calculate the stresses which occurred 
at various points. 


He had been interested to find 
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that a works for the manufacture of the holder had 


been installed in this country. 

Mr. R. J. Milbourne said that the waterless gas- 
holder was undoubtedly a machine in the strict 
sense of the term, and therefore needed supervision. 
He understood that in America the tar seals were 
inspected daily, and he would like to know if this 
was also the case at Ipswich. Supervision expenses 
should be taken into account when comparing 
costs. He disagreed from the view that a polygonal 
form of holder was as strong as a cylindrical one, 
and in connection with the holder at Tampa, 
Florida, mentioned in the paper, he was inclined 
to think that the glass windows were broken 
rather by the deflection of the cylinder from the 
vertical than by the force of the gale. Moreover, 
he would like to know if the broken glass had got 
into the tar seal, and, if so, what was the result. 
The author had spoken of electrically-driven pumps 
for raising the tar for the seals,and had said that 
they operated at rare intervals only. He himself 
thought that it was possible that they might fail 
just when they were needed; possibly, however, 
they were tested every day. Again, in cold weather 
tar was sluggish whereas in hot weather, it ran 
easily ; he desired to know if the tar were recon- 
ditioned in any way. 

Mr. Samuel Cutler stated that waterless gasholders 
had taken 18 years to obtain a footing in this 
country. One reason why they had been adopted 
in Germany and in the United States was because 
the spiral gasholder did not exist in those countries. 
This latter form of gasholder was much more econo- 
mical than the guide-framed holder ; consequently 
in the countries in which the cheaper spiral holder 
had been adopted, the waterless gasholder would 
not prove so attractive a proposition. He was 
of opinion that the weight of the disc at the top of 
a waterless holder would, in time, tend to cause it 
to lean out of the upright. The author had men- 
tioned the advantages enjoyed by the waterless 
holder in regard to painting ; he would like to point 
out that the facilities for raising and lowering a tank 
holder should be remembered in this connection. 
Mr. W. Doig Gibb, who spoke next, said that whether 
the holder under discussion was to be a permanent 
design or whether it was to be further modified, 
he would like to emphasise that the claims in 
its favour could not be lightly disregarded. Taking 
into account the very great cost of foundations, 
he was inclined to think that this or some similar 
design had come to stay. 

The next speaker, Mr. G. Evetts, stated that he 
had been responsible for the building of some twenty 
gasholders. From the point of view of foundations, 
he did not think that he would have saved much 
by putting in waterless gas holders. He agreed, 
however, that they would prove useful when the 
ground was bad. A previous speaker had drawn 
attention to the fact that spiral gasholders were 
cheaper than guide-framed holders. He con- 
curred, and his experience had shown that the former 
were from 8 per cent. to 12 per cent. cheaper than 
the latter. The last speaker, Mr. J. L. Chaloner, 
thought that waterless gasholders should be as 
successful in this country as they were in Germany 
and the United States; the conditions in each of 
these three countries were much the same. All 
that British engineers required was detailed infor- 
mation on the whole subject. 

Mr. Prentice then rose to reply. He stated that 
waterless holders had been attacked during the 
discussion because they required supervision. 
He maintained that they were no different in 
this respect from other gasholders; all needed 
frequent inspection. He himself had not been at 
Tampa, but he quite believed the statement of the 
engineer in charge of that gasholder, which was to 
the effect that no visible deflection had occurred as 
a result of the typhoon. He had not found that the 
electric pumps were in the habit of failing, but, 
to make quite sure, each pump was in duplicate, 
and the sets operated on alternate weeks. As a 
result of months of work they had obtained a 
sealing tar which was not greatly affected by 
temperature. The cost of painting a gasholder of 
the usual type was about 200/., and it needed 
painting once every two years; a waterless holder, 





on the other hand, only needed painting every five 





years. He calculated the annual cost of running an 
ordinary 18,000-ton holder, as compared with a 
800-ton waterless holder of the same capacity, 
to be as follows: Painting, 100/., in the first case, 
and 40l. in the second; inspection costs from 
151., to 201., for any ordinary, and 351. for a waterless 
holder; electricity in the case of the waterless 
holder 10/., and oil on the top of the water in the 
case of the ordinary holder from 8l. to 101. Con. 
sequently, the total annual cost of an ordinary holder 
was about 123/., whereas that of a waterless was 
about 85/. The question of foundations was an 
important one, but, in his opinion, the primary 
advantage of the waterless gasholder was the fact 
that constant pressure was obtained. This had 
proved of very great value during times of peak 
load, notably during the 2-hour midday cooking 
period. 


MopeErn BoIiLer ConstRvUctIon. 


The meeting at the Institution of Mechanical 
Engineers on the 5th inst. was set apart for the 
discussion of two papers. The first, entitled 
“The Properties of Materials for use at High 
Temperatures with special reference to Boilers 
for Superheated Steam,” was introduced by Mr. 
R. G. C. Batson, and is reproduced in abstract 
on page 723 of this issue. The chair was occupied 
by Sir John Dewrance, and, the paper having been 
taken as read, the discussion was commenced, 
immediately the meeting was opened, by Sir Robert 
Hadfield, who considered the subject of great 
importance, as it might possibly help in the develop- 
ment of the turbine. It was well known that mild 
steel could not be safely employed in any direction 
at high temperatures, and the metallurgist was 
trying to find alloys of iron and other metals to 
meet the higher stresses involved. Perhaps those 
alloys of iron, nickel, and chromium that were being 
developed were most resistant to high temperatures, 
but the field was very wide, and several firms had 
already produced some 8 or 10 heat-resisting alloys 
between them. 

An example might be quoted in an alloy made 
by his firm for the rotors of superchargers for aero- 
planes. In this connection, he might refer to the 
earlier work of Professor A. Rateau, to whose paper 
on turbo-compressors he was indebted for some 
useful data.* The rotor was cut out of the solid, and 
the stresses at the root of the blade might go up to 
10 tons per square inch. A speed of 53,000 r.p.m. 
was possible, and a temperature of about 850 deg. 
One rotor had been tested by a Government depart- 
ment for 250 hours, and had shown no change of 
shape. This type of steel might be useful in larger 
turbine work. Bronze alloys had high efficiency, 
but still stronger materials might ultimately be 
needed. In Paris a large turbine with blades of 
such a kind had done very well. The composition 
of a suitable alloy would be 0-4 per cent. carbon, 
11 per cent. chromium, 29 per cent. nickel, and 
about 60 per cent. iron. Investigation was con- 
tinually going on; his own firm had usually three to 
five alloys in hand at once, and engineers would soon 
be able to make full use of the knowledge gained. 

Sir Charles A. Parsons was of opinion that what 
engineers primarily wanted were tubes which would 
withstand high temperatures, and instanced the 
early adoption of pressures as high as 1,000 Ib. per 
square inch, which were rendered abortive through 
want of suitable material. 

Sir Dugald Clerk recalled that many years ago 
he had discussed the possibility of gas turbines with 
Sir Charles Parsons. The main difficulty was, that 
with the reaction turbine the blades would always 
be immersed in flame. The highest temperature 1m 
an ordinary constant volume engine was 2,000 deg. 
C., in special cases 2,500 deg. C., and it was unthink- 
able that any material bathed in gas of this temper® 
ture would stand. The impulse gas turbine was more 
practicable, and the temperature dropped with 
expansion, but the efficiency was so low that it 
would not compete with an ordinary engine. The 
steel mentioned by Sir Robert Hadfield was em 
ployed in a rotor actuated by exhaust gases with : 
much lower temperature. The question of meta 
standing high temperature strains was important. 
In some early experiments with the liners 








* See ENGINEERING, vol. cxiv, pp. 91, 123, 545. 
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constant-pressure engines, the metal had exhibited 
a disconcerting growth. 

Mr. H. N. Gresley pointed out that normally 
the locomotive engineer did not employ very high 
temperatures, as, with the exception of an engine 
in Germany and another in Switzerland, really 
high pressures were not employed at present in 
locomotive practice. At the same time, while 
superheater temperatures did not normally exceed 
800 deg. F., there were occasions when the tubes 
might be subjected to greater heat, as, for example, 
when an engine was stopped suddenly, with a 
heavy fire on the grate. There would be then no 
steam passing through the tubes. The immediate 
difficulty was more with cast iron. This was em- 
ployed in steam chests, superheater headers, and 
so forth. It would be interesting to know the 
limiting creep stress in cast iron when the tempera- 
ture was about 800 deg. F. 

Sir William Ellis thought that the discussion 
would emphasise the incompleteness of the know- 
ledge of the subject. He had found that in the 
United States greater progress had been made in 
the employment of welded pipes and headers as 
opposed to solid-drawn parts, with apparent safety. 
But in spite of such tentative advance, it was 
necessary to add to the common stock of knowledge 
by more extensive experiments in both tempera- 
tures and pressures. Other steels should be investi- 
gated. With the so-called alloy steels the physical 
difficulties were great enough, but present prices 
were quite prohibitive. A modern welded drum 
might be 45 ft. long, 4 ft. 6 in. in diameter by 4 in. 
thick. An alloy steel would be too costly to em- 
ploy in it, even if it were possible to manufacture it 
without setting up dangerous internal stresses. 
Experiments with alloy steels should, however, be 
vigorously continued. 

Dr. W. H. Hatfield said he thought it must be 
conceded that a temperature of 450 deg. C. was the 
limiting temperature for mild steel. For higher 
temperatures it was necessary to know something 
of the effect of continued heat application. The 
question of duration of tests was important, and he 
advocated, at some length, methods of extending 
them over a considerable period of time. 

Dr. W. Rosenhain found himself unable to agree 
with Dr. Hatfield’s long tests of 4 to 5 months. 
An accurate determination of creep stress was 
fundamentally desirable, but it should be possible 
to have mechanical and chemical tests which could 
be applied so as to identify the desired character- 
istics rapidly. Tests of three or four days he also 
viewed with misgiving. Metals, unlike other mate- 
tials, did not normally pull apart by separation 
between crystals, but when high temperatures 
were reached every metal would fail. Recent 
researches had shown a longer duration than the 
tests suggested above, in the case of steel, and the 
tests proposed might, therefore, be misleading. 

He thought that until more was known of the 
real behaviour of metals under higher temperatures, 
engineers in practice would have to be content with 
a shorter life of materials. Thus, manganese steel 
rails would last longer than ordinary steel rails. 
Engineers had, however, to accept the latter from 
considerations of cost. Again, it was well known 
that many aero engines could not be constructed 
at all if stresses were kept so low that a long life 
was possible. They were designed for a life of a 
certain duration only. Some figures would shortly 
be available on the question of the effect of high 
temperature on various materials. There was 
great difficulty in working high temperature steels 
because they were made heat resistant, and cast 
metals seemed to be more satisfactory on the whole 
than forged. Tubes could not be cast, but he 
Suggested that possibly welding might prove a 
Way out of the difficulty. 

_Mr. Batson, in reply, said he thought the discus- 
sion had indicated some interesting lines for further 
research. 

: The second paper, entitled ‘‘ The Present Trend 
in Boiler Practice,” was contributed by Mr. W. H. 
Patchell, and will be found, in abridged form, on 
page 723 of this issue. The chair was occupied by Sir 
Alexander B. W. Kennedy. Major S. J. Thompson 
Initiated the discussion by references to Mr.Patchells’ 
Pioneer work in installing large boiler plants some 





twenty-five years ago. Though thermal efficiency | change in the authorities’ views. On the Continent, 
than formerly, he| it would appear, the welded drum up to 400 Ib. 
thought, with Mr. Patchell, that it should be| 


was nowadays much higher 


correlated with commercial efficiency. There were 
many features in the modern boiler room which had 
no place in the old—superheaters, air-heaters, 
regulating systems and so forth, and more systems 
of firing, e.g., liquid fuels and pulverised coal had 
to be considered. This rendered the work of the 
consulting engineer more responsible. 

Mr. B. Samuels was of opinion that the trend in 
modern boiler practice might be described as one of 
getting away from the tank boiler. He thought a 
distinctive feature was that of air heating. There 
were a number of boilers at work to-day with air 
temperatures up to 400 deg. F., and one was being 
built to work with a temperature of 500 deg. F. 
Thermal efficiency had certainly increased. For 
example, there was in London to-day a boiler plant 
with a normal efficiency of 88-4 per cent. 

Mr. J. N. Heenan observed that the air heater 
seemed to be displacing the economiser. He 
thought the modern boiler was essentially a two- 
part one, the first part being the economiser through 
which water was forced, and having enough surface 
to reduce the temperature of the gases leaving the 
smaller steam-raising part, from, say, 1,300 deg. F. 
or 1,400 deg. F. to some 600 deg. F. It was not 
practical to expect an increase in thermal efficiency 
above 90 per cent., and it seemed to him that the 
path indicated was that of reducing capital costs. 
This involved the question as to how far the boiler 
could be split up into parts like those he had just 
mentioned. 

Mr. T. Sugden said the paper seemed to refer 
chiefly to boilers for power stations. Returns made 
by Mr. Hiller in 1895, showed that the percentage 
of the total horse-power in the United Kingdom 
generated in Lancashire and Cornish boilers was 
61 per cent., and in water-tube boilers at the same 
rating, 1-8 per cent. In 1913 these figures had 
become 45 per cent. and 5-3 per cent. respectively. 
To-day he thought the total horse-power generated 
in water boilers might be anything from 15 per cent. 
to 20 per cent. This confirmed the conclusion 
arrived at by a previous speaker. It was creditable 
to boiler makers that though boilers had increased 
both in size and pressure accidents were fewer. 
On this head it might be remarked that probably the 
explosion effect from a water-tube boiler generating 
100,000 of steam per hour at 800 1b. per square inch 
pressure would be less than that of two Lancashire 
boilers generating one-third of that quantity at 
200 lb. per square inch pressure. It should not be 
overlooked, however, that a modern boiler gener- 
ating 100,000 Ib. of steam at 800 lb. pressure was 
virtually a flash boiler, inasmuch as the water could 
disappear from the gauge glass in 2 to 3 minutes at 
normal rate of working and the boiler run dry in 
about 20 minutes. There must, therefore, be a 
perfect system of feed control. With regard to the 
life of tubes, his own experience was that they stood 
up to high temperatures satisfactorily, but failed 
chiefly from mechanical causes, e¢.g., cracking when 
expanding. 

Mr. H. Sporburg was of opinion that the modern 
boiler-maker should avail himself of all available 
auxiliaries for the production of steam at a high 
temperature ; pressure alone was not what was 
wanted. The new plant at Rugby with which he 
was concerned worked at 350 lb. pressure and a 
temperature of 750 deg. F. The only trouble they 
had had was with the economiser tubes, due to air 
in the feed water. Could boiler-makers not provide 
steam temperatures 25 per cent. to 30 per cent. 
higher than those now commonly met with ? 

Mr. H. F. 8S. Mackay thought the paper dealt with 
boilers for electric power stations only. In industry, 
the conditions were considerably different, the back 
pressure turbine playing an important part. The 
increasing size of turbines was a great factor in 
boiler development. They were now made of 
150,000 1b. steam capacity per hour and upwards, 
and 250,000 lb. were being considered. He was 
satisfied that riveted steam drums could be made 
nowadays perfectly tight for 600 1b. working pressure, 
and was of opinion that welded drums were not 
likely to become popular here unless there was some 








working pressure was adopted because of inadequate 
appliances for producing any other type. 

Power station designers called for advances in 
temperature up to 900 deg. F. A temperature of 
840 deg. F. seemed to be the present limit. Per- 
sonally, he would prefer 800 deg. F., so that mild 
steel could be used and a continuous supply of 
material would thus be available. The designers, 
however, ask for a steel with only a heat resistance 
of 900 deg. F., but the metallurgists offer them steels 
containing nickel and chromium, with enormously 
greater heat-resisting qualities, but with such 
limited physical properties as to make them unsuit- 
able. Higher carbon steels with a larger proportion 
of manganese seemed to offer possiblities. The 
superheater header should have the same charac- 
teristics as the'tubes to avoid trouble. There was 
no difficulty in distinguishing between a boiler and 
an economiser, the former always containing water 
at a relatively constant temperature. 

Mr. F. Samuelson considered the 600 deg. F. 
given as a maximum temperature for mild steel 
much too low. The experience of many years had 
shown no trouble with ordinary mild steel with 
higher temperatures. Designers should be placed 
in a position so as to be able to provide for 1,000 
deg. F. at least, and he would be prepared to work 
out a turbine for that temperature. At present, 
900 deg. F. was quite practicable. 

Mr. S. B. Donkin observed that one effect of air 
heating to a high degree was to increase the extent 
of mechanical stoker repairs, and thus tend to 
compel the use of pulverised fuel. Makers should 
be able to design stokers to withstand a tempera- 
ture of 600 deg. F. Personally, he thought condi- 
tions in steam generation would be happier without 
so many auxiliaries on the boilers. As to materials, 
the 70/30 nickel chromium alloy had a very high 
limiting creep stress, and it occurred to him that it 
might be used with advantage for parts of super- 
heaters and not necessarily the whole of them. 

Mr. W. H. Martin described the process of welding 
steam drums used on the continent, the strength 
of the weld obtained being 90 per cent. of that of 
the solid plate. Correct cylindrical shape was 
obtained by high internal water pressure before the 
final annealing process. The welded drum had the 
advantage of a hard natural skin as compared with 
forged drums which were machined. 

Mr. J. O. Twinberrow (Canada), referring to a 
remark in Mr. Patchell’s paper was of opinion 
that it was essential for the boilermaker to be 
responsible for the boiler and furnace as a single 
complete unit. At present design was in a state of 
flux, and in 12 months time boilers might be quite 
different. The solid brick-walled furnace had 
proved hopelessly inadequate and air cooling was 
not a satisfactory solution. Yet it was essential 
to have a high standard of air-heating for efficiency. 
The furnace walls should have a surface tem- 
perature of the melting ash of the coal used. 
Thicker walls overheated and were eroded to the 
right thickness by the melted ash until equilibrium 
was maintained. If thin they were too cool and the 
slag built up. Researches on bare tube walls made 
by the United States Bureau of Mines showed that 
the temperature of the furnace side of the tubes 
was 400 deg. F., which was too cool, the full furnace 
temperature was found 12 in. to 18 in. away from 
them. 

Reference had been made by Mr. Patchell to 
steaming economisers. The speaker had visited 
the Calumet Plant of the Commonwealth Edison 
Company, Chicago. This had a steaming econo- 
miser boiler generating approximately 300,000 
lb. of steam per hour, #.e., about 60 lb. per square 
foot of heating surface of both boiler and furnace. 
The furnace was formed of refractory-faced cast 
iron blocks bolted to 34-in. tubes on 6-in. centres. 
The original thickness of the refractory facing was 
1}-in., which became reduced shortly after the 
boiler started operating to its equilibrium point 
thickness of in. A change was made to a higher- 
fusing-ash coal, and the slag built up till the lining 
was somewhat thicker than originally. The furnace 
maintenance costs were negligible. 

The lazy flame pulverised-fuel burners involved 
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enormous furnaces. The present tendency was 
towards smaller volumes. The well-type furnaces 
at the Chas. R. Huntley Station at Buffalo operated 
at 60,000 B.Th.U./cubic foot heat release. Coal with 
1,800 deg. F. ash fusing point temperature was used. 
No attempt was made to solidify the ash which was 
tapped out at intervals like blast furnace slag. 
These furnace walls were also of refractory-faced 
cast-iron blocks bolted to 3} in. tubes. After six 
months’ steaming one furnace cost 15s. and two 
hours’ labour for one man to repair it. With regard 
to steam drums it must not be overlooked that in 
built-up ones, for say 750 lb. per square inch pressure, 
the weight of butt straps and rivet heads was not 
inconsiderable, and it was no wonder other methods 
of construction were being studied. 

Mr. Patchell, in reply to the discussion, recalled 
that the first superheater was started in a power 
station 35 years ago. In 1905 he had not succeeded 
in convincing United States engineers as to the 
merits of the large boiler, which was then in existence 
here. Last year in Detroit a boiler having 43,000 
sq. ft. heating surface was installed. He thought 
the boiler proper was getting rather smaller, so 
many adjuncts were being attached to increase the 
output. There were no higher boiler or turbine 
efficiencies in the United States than here, but there 
were higher overall efficiencies in power stations. 
An important factor in this direction was that in 
this country a boiler engineer had never yet been 
paid an adequate salary. 


ELEcTRIC PowER TRANSMISSION. 

Dr. S. L. Pearce presided at the meeting held 
in the rooms of the Surveyors’ Institution, when 
a paper on “ Electric Transmission of Power as 
Applied to Large Areas,” was presented by Mr. 
Archibald Page. This paper is reproduced, in a 
slightly abbreviated form, on page 724 of this issue. 

Dr. Pearce, in introducing Mr. Page, said that 
the subject of electric power transmission could 
not have been placed in better hands, since it 
was the author’s task to give effect to the ideas 
envisaged in the Electricity (Supply) Act, 1926, 
whereby it was hoped to establish a scheme of 
electric power transmission on national lines. 
With the establishment of the “ grid,” interconnec- 
tion would cease to be a subject of merely academic 
interest and would become one of great economic 
importance. 

Mr. Page, in introducing his paper, said that the 
route of 930 miles of the 3,000 miles which formed 
the ‘* grid,’ had been settled. The minimum area 
occupied by the cheapest type of sub-station 
would be about 30 ft. by 150 ft., and the cost 
would be some 30,000/. This explained why the 
main lines would not be tapped for loads of less 
than 10,000 kw. 

The discussion was opened by Sir John Snell, 
who remarked that the author was quite right to 
divide transmission lines into two classes. The 
object of the ‘‘ grid”? was to enable the electrical 
load of the country to be concentrated, as far as 
possible, on the most economical of the existing 600 
stations, thus permitting them to be operated at a 
high load factor and leaving the other stations, 
which were not 30 well placed, to look after the 
remainder of the ioad. The distances over which 
power would have to be transmitted were therefore 
short, and the whole of the design of the “ grid,” 
with its notable simplicity of lay-out, had been 
dominated by this fact. In time, however, he 
felt sure that it would also be necessary to build 
longer lines, in order that the water-power of the 
Highlands might be developed. Last year no less 
than 70 per cent. of the revenue earning plant in 
the country’s generating stations was held in 
reserve. The new Act would enable money to be 
more profitably invested in transmission, and also 
permit the country to be opened up electrically. 

With regard to regulations, the Electricity Com- 





Mr. F. H. Clough was the next speaker. Confining 
his remarks to the two subjects of voltage control 
and lightning protection, he said that synchronous 
machines might well be used at the distributing 
points, so as to improve the power factor and ensure 
good voltage control. The capacity current of 
50 miles of 132,000-volt line amounted to about 
8 per cent. of its normal loading of 50,000 kw., and 
was equal to the magnetising currents of the step-up 
and step-down transformers. The reactance of 
the system might considerably reduce the power 
factor at the station. Generators should be run 
at a slightly lagging power factor; the quadrature 
current, if not too large, could be supplied econo- 
mically by the main generators. The use of 
synchronous machines equipped with voltage 
regulators would enable the voltage to be auto- 
matically maintained and materially reduce the 
necessity for taps, or other voltage regulating 
devices, on the transformers. 

Turning to the subject of lightning protection, 
Mr. Clough said that where breakdowns due to 
lightning were liable to occur, the relative strengths 
of the insulation of the insulators, switchgear and 
transformers should be arranged to give protection 
in that order. It was inadvisable, for instance, to 
strengthen the line insulators unduly, since the 
trouble might then be passed on to more expensive 
apparatus. The use of guard wires reduced the 
voltage induced in the line due to a near-by lightning 
discharge. Additional guard wires should, therefore, 
be placed over the lines near a switching station, 
and the number of suspension insulators reduced. 
Any surge would then “spill over” the smaller 
insulators, instead of causing the breakdown of 
the more expensive switches and transformers. 

Mr. R. O. Kapp pointed out that the “ grid” 
lines, acting as interconnectors, would only carry 
about 20 per cent. of the energy generated and the 
ohmic losses would, therefore, be of the order of only 
0-15 per cent. The losses in the transformers would 
be about 2 per cent. Voltage regulation was, 
therefore, a more important factor in the design 
than the losses. <A variation of + 4 per cent. was 
allowed at the consumer’s terminals, but there 
were many places where a voltage drop occurred 
on the way from the generating station, owing to the 
transformations that took place and the wide 
spacing of the lines. Of the total drop, half occurred 
in the transformers and the rest in the lines. The 
carrying capacity of the lines, unlike a cable, was, in 
fact, limited by the regulation and not by thermal 
considerations. These interconnectors would have 
their periods of maximum load three times a day, 
when plant was started up and shut down, and this 
load might be greatest in the early years since, as 
the country became more electrified, the greater 
part of the station output would be used locally. 
A further point to notice was that while each station 
would want to run at the optimum power factor, 
the wattless current must come from somewhere. 
The voltage must, therefore, be ‘“‘ anchored” at 
one place and the other stations fall into line. 

Mr. J. W. Lieb, who was specially called upon by 
the Chairman, said that American experience was 
not necessarily a criterion for this country. It 
would be of interest to point out, however, that their 
output was increasing at the average rate of 
11 per cent. per annum and the number of under- 
takings was decreasing owing to the absorption of 
the smaller by the greater. Interconnection had now 
gone so far that the lines in an area roughly one- 
third of that of the United States, had been tied 
together and synchronised as one system. The 
percentage of electricity generated by water power 
was tending to decrease, and, as long as coal 
remained at its present price, would be used with 
increasing reluctance. Cables working at 132,000 
volts had been in successful operation in New York 
and Chicago for some months.* This was a notable 
contribution to the interconnection problem, since 


missioners had not only to stimulate the use of | «+ enabled the transmission lines to be connected 


electricity, but to protect the public, and it was not | direct to power stations in urban areas, without the 
always easy to preserve the middle course between | 4.6 of either transformers or overhead lines along 
the two. With the type of construction adopted | oi. streets. The interconnection of systems was 
by the Central Electricity Board, however, to ‘necessary to obtain a good diversity factor, and 
smother the line with cradles at road crossings, | the «load dispatcher’s” work was of supreme 
would not only not add to the safety of, but would | _ 
constitute a menace, to the public. | 





* See page 177 ante. 





importance. He must determine how the load should 
be carried and prevent the “ see-sawing,”’ referred to 
by Mr. Kapp, from taking place. The dispatcher 
was specially needed in cases of emergency. 

Dr. 8. Z. de Ferranti thought that what was 
required to make the operation of our large electrical 
undertakings more satisfactory was a_ vastly 
improved switching system. Mr. Page’s remark 
regarding the cost of tapping the main lines was a 
direct condemnation of our present methods, 
for while interconnection meant greater certainty 
of supply it also involved the tieing together of 
large amounts of energy which, when liberated at a 
fault, were very terrible in their effects. The biggest 
problem was, therefore, how to control these 
immense forces more cheaply, more easily and more 
certainly. If that could be solved, great improve- 
ments could be made in our methods of distribution. 

Mr. C. D. Taite pointed out that the “ solid ” inter- 
connection advocated by Mr. Page was not in 
accordance with the practice which had been 
generally adopted during the past few years on 
33,000-volt systems, the object of which was to 
remove any line that failed from the system at once. 
Close voltage regulation was of great importance in 
certain industries, e.g., artificial silk manufacture, 
where if the voltage were reduced by 5 per cent. 
considerable trouble would be caused, while if the 
supply was cut off for two seconds it might mean 
that hours had to be spent before the plant was 
ready to work again. 

Mr. Alexander Dow said the use of “ loose-linking ” 
mainly depended upon local conditions. In Detroit 
it was necessary, and was so arranged that when part 
of the system was faulty it was cut out, while if a 
station was cut out, the load it was supplying was 
also removed. A lightning stroke might induce a 
high-frequency voltage of 400,000 volts on the line. 
To such voltages transformers acted as a condenser 
rather than as an inductance, this “‘ transparency” 
allowing the voltages to be transferred to the 
secondary lines. He was glad to hear that the 
33,000-volt cable problem had been solved, and 
added, a little ironically, that this news would 
be welcomed all over the world. British engineers, 
he added, were going to have some wonderful 
experiences from which they would learn a great 
deal. He could tell them some things for which 
to look out, but they would soon discover them for 
themselves. 

Mr. Page, in the course of a short reply, remarked 
that even when the “grid”? was most heavily 
loaded, it would not be carrying more than 20 per 
cent. of the maximum demand. Sir John Snell 
had stated that the percentage of spare plant had 
been too high. It had recently been hinted that 
the pendulum had swung too much in the other 
direction. Though the situation would have to be 
carefully watched, no doubt the figure would be 
less than it had been. Mr. Taite was in error in 
supposing that the “ grid ’’ would be solidly inter- 
connected. Arrangements would be made so that 
when any part of the system got out of control, 
that part would be locked off from the rest. 


Domestic LIGHTING AND HEATING. 

A paper on “ Domestic Lighting and Heating 
and its Influence on Load Factor of Supply ” was 
then read by Mr. A. F. Berry, Colonel R. E. Cromp- 
ton occupying the chair. An abstract of this paper 
will be found on page 724 of this issue. 

The Chairman, in opening the discussion, said 
that the subject dealt with in the paper was very 
important for electricity undertakings in the west 
of London, where there was no power load, and 
some other way had to be found to fill the depres- 
sions in the load curve. 

Lieutenant-Colonel W. A. Vignoles remarked 
that the only way to improve the load factor was to 
sell electricity for purposes other than lighting. 
The only exception to that rule was when heaters 
carried a ‘“‘cold-snap” peak during the winter, 
such as did not occur at any other time. This, 
however, was only likely to take place when the 
price charged for heating was high. The load 
factor could be improved by increasing the inten- 
sity of shop lighting during the daytime and 
encouraging the illumination of shop windows after 
hours. The load in the summer time could be 
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mace both by water heating and refrigeration, 
There were now some 50,000 electric cookers in use 
in this country, though this only represented 1} per 
cent. of the houses in electrified areas. It was signi- 
ficant that progress was most rapid in new areas, and 
had been accelerated by the recent improvements in 
the hotplates. 

Mr. F. W. Purse thought the lighting peak would 
always be noticeable. He felt certain that the effect 
of the heating and cooking peak loads was not yet 
appreciated. It was not the load factor alone which 
affected the cost, but the output, or the two in 
combination. Under the Central Electricity Board’s 
system of charging, an increase in load factor 
would mean a higher average maximum demand, 
and the price payable would therefore increase. 

Mr. J. W. Meares said that the question of 
thermal storage required closer consideration even 
in steam stations, so that the energy generated 
during times of low load could be used during the 
peak. 

Mr. A. H. Dykes pointed out that practice had 
shown that the fixed charge in a two-part tariff 
could accurately be based on the lighting load. 
They must be allowed to retain a high flat rate, in 
order that consumers with a low load factor lighting 
load might not be unduly benefited. 

Mr. J. W. Lieb said that the improvement of the 
load factor was uphill work. In New York there 
was no seasonal ‘‘ off peak,” and very heavy loads 
now occurred in the summer. Broadcasting had 
improved the load factor in residential areas, as it 
kept consumers at home and kept them up later. 
Refrigeration, on both a large and small scale, had 
been a great assistance. 

Dr. 8. Z. de Ferranti thought that the author had 
underestimated the amount of electricity that 
would be used by a household of five people. Water- 
heaters should not be manually controlled. The 
paper referred to the question of heat storage, 
which was very important. 

The author made a brief reply. 


(To be continued.) 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


_ The Cleveland Iron Trade.—Buyers of Cleveland pig- 
iron are still backward, but makers are well placed and 
are not disposed to grant price concessions. The limited 
output is fully taken up by requirements of producers’ 
own consuming plant, and by delivery demands against 
running contracts, while the total stocks are stated to 
be down to about 10,000 tons, which is as small a quantity 
as is considered necessary for ordinary trading. Deli- 
veries to Scotland show some falling off, and there is no 
improvement in overseas shipments. Fixed prices 
stand: No. 1 quality, 68s. 6d.; No. 3 g.m.b., 66s. ; 
No. 4 foundry, 65s. ; and No. 4 forge, 64s. 6d. 

Hematite.—Conditions in the East Coast hematite 
branch continue unsatisfactory and discouraging. To 
secure orders, makers have to accept prices substantially 
below cost, and as the already rather large stocks are 
steadily increasing, quotations threaten to fall. Unless 
an unexpected change for the better is experienced in 
the very near future, further curtailment of output is 
likely. Nominally, market rates are governed by mixed 
numbers at 70s., but orders can be placed on considerably 
lower terms. 

Foreign Ore-—Threatened shortage of supply enables 
sellers of imported ore to uphold quotations, though 
sales are few and small. Best rubio is 22s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Fairly good export sales of 
furnace coke are reported, but only moderate quantities 
are taken up for local use. Durham, good average 
qualities, are 17s. 6d. to 17s. 9d., delivered to consumers’ 
works in this district. 

M inufactured Iron and Steel.—Finished iron and 
steel is slow of sale, and in some branches orders are 
rather urgently needed. Common iron bars are 101. 5s. ; 
best bars, 102. 10s.; double best bars, 10/. 15s. ; treble 
vars, 111. ; iron rivets, 111. 5s.; packing (parallel), 
‘. ls.3 packing (tapered), 101.; steel billets (soft), 


best 


61. | steel billets (medium), 7/. 2s. 6d. ; steel billets 
(har: . 7l. 128. 6d.; steel rivets, 111. ; steel ship plates, 
Bl. 6d.; steel angles, 7/. 17s. 6d.; steel joists, 
il. Vis, 6d. ; heavy sections of steel rails, 87. 10s. ; black 
sheets (No, 24 gauge), 10/.; and galvanised corrugated 
shevis (No. 24 gauge), 131. 5s. to 131. 10s. 

I\ports of Iron and Steel.—Imports of iron and steel 
to Middlesbrough continue to decline. Statistics just 
Issuc:! by the Tees Conservancy Commissioners give the 
imports of iron and steel to Middlesbrough from Holland, 
=f m, Germany, France, Norway, Sweden, India, 


; oastwise, for the seven months ending May 31 last, 
at 54,145 tons, as against 248,589 tons for the same 
months a year ago, and 42,718 tons for the corresponding 
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pre-war period of 1913-1914. Pig-iron imported was 
4,408 tons, as against 80,944 tons a year ago, and 
181 tons in the pre-war period ; crude sheet bars, billets, 
blooms and slabs, 102,967 tons, as against 132,123 tons 
and 27,413 tons respectively ; and plates, bars, angles, 
rails, sheets and joists, 26,770 tons, as against 35,522 tons 
and 15,124 tons respectively. 

Shipments of Iron and Steel.—Shipments of iron and 
steel from Middlesbrough during May totalled 71,252 
tons, as compared with 81,801 tons in April. Last 
month’s clearances comprised 16,351 tons of pig-iron, 
4,096 tons of manufactured iron, and 50,805 tons of 
steel. Of the pig-iron, 7,905 tons went to foreign ports, 
and 8,446 tons coastwise; of the manufactured iron, 
2,787 tons went abroad, and 1,309 tons coastwise ; and 
of the steel shipped, 38,720 tons went overseas, and 
12,720 tons went coastwise. Scotland was, as usual, the 
largest buyer of pig-iron, accepting 6,936 tons; while 
Denmark took 2,150 tons, Wales, 1,400 tons, and Italy, 
1,100 tons. South Africa, with an import of 650 tons, 
was the chief recipient of manufactured iron. Argentina 
was the heaviest importer of steel, with 8,883 tons. 
Other principal customers for steel were: India, 6,921 
tons; Australia, 5,406 tons; Kenya, 2,188 tons; Natal, 
1,835 tons; Portuguese East Africa, 1,690 tons; New 
Zealand, 1,438 tons; and Transvaal, 1,031 tons. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


The Coal ept that a moderate demand 
still exists for best Admiralty large coals and Black Vein 
Monmouthshires, the general inquiry for Welsh steam 
coal has slackened off to an appreciable extent of late. 
Shipments of coal in the past week amounted to only 
360,650 tons, compared with 394,430 tons in the pre- 
ceding week, and with 410,960 tons a month ago. Pit 
stoppages have increased owing to the lack of trade, 
but, despite this, colliery salesmen adhere to the minimum 
prices scheduled, but prospective buyers hesitate to 
commit themselves for forward delivery, as it is con- 
sidered possible that the owners might be compelled to 
reduce their minima notwithstanding that present 
figures are insufficient to meet costs. Here and there 
collieries are able to secure 3d. to 6d. per ton above the 
minimum prices, but the majority of salesmen are glad 
to book up business at the minima. Output of smalls 
has been curtailed by the poor demand for large, with 
the result that buyers of small experienced difficulty 
in obtaining their requirements, while colliery salesmen 
in some cases refused to sell small except in conjunction 
with large. It has been decided by the Marketing 
Association that the minimum price of smalls and 
duff for home use shall be ls. 6d. per ton at the pithead 
below the f.o.b. minimum, which in the case of smalls 
ranges from 10s. to 12s. 6d. 

Colliery Losses._-Evidence of the uneconomic condition 
of the Welsh coal industry is to be found in the latest 
joint audit by representatives of the owners and colliery 
workers. The audit for the three months to the end 
of April shows a loss of 293,438. sustained in South 
Wales, equal to ls. 3-99d. per ton on the output of 
11,268,033 tons. The position was slightly better than 
was the case in the previous three months, when a loss 
of 761,3127., or 1s. 5-82d. per ton, was shown. The 
proceeds at 12s. 9-92d. per ton at the pithead in the three 
months ended April compared with 13s. 2-68d. in the 
previous quarter, and 15s. 3-45d. per ton twelve months 
ago. In the fifteen months to the end of April, a loss of 
2,902,2931. was sustained, while the output at 58,200,000 
tons was 12,800,000 tons less than in the corresponding 
period of 1913-14, and exports at 28,000,000 tons 
showed a diminution of 9,000,000 tons. These figures 
are alarming when it is realised that the falling off is 
not due to a diminished consumption abroad, but to 
the fact that foreign countries have become less depen- 
dent on United Kingdom coal in consequence of the in- 
creasing output and consumption of foreign coal, par- 
ticularly in Belgium, Germany, France and Holland. 

Iron and Steel._-Exports of iron and steel goods in 
the past week totalled 13,184 tons, compared with 
17,818 tons in the preceding six days. Shipments of 
tinplates and terneplates were raised from 6,500 tons to 
8,179 tons, but those of blackplates and sheets were 
reduced from 2,345 tons to 153 tons, galvanised sheets 
from 3,722 tons to 127 tons, and other iron and steel 
goods from 3,251 tons to 4,726 tons. 











NOTES FROM THE NORTH. 


Wednesday. 

Scottish Steel Trade.—No change of any note has taken 
place in the Scottish steel trade this week. Orders are 
not any more plentiful and inquiries are also far from 
satisfactory. In very few instances can plant be kept 
running full for the week, and the present state of the 
industry is most discouraging to all concerned. The 
continued large output from the shipyards with no corre- 
sponding booking of new tonnage is a serious matter for 
the steel makers as well as for the shipbuilders, and 
improvement in the booking of new contracts is anxiously 
awaited. Inthe black sheet trade no change for the better 
can be reported. The demand all round,is poor and 
galvanised sorts are even rather quieter. The following 
are the current market quotations : boiler plates, 107. 10s. 
per ton; ship plates, 8l. 7s. 6d. per ton; sections, 
71. 17s. 6d. per ton; black sheets, }-in., 87. 12s. 6d. per 
ton; and galvanised corrugated sheets, 24 b.g., 130. 5s. 
per ton, all delivered Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there is only a moderate business 
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passing. The difficulty of securing a sufficient number of 
orders to ensure the week’s running of plant is as acute 
as ever, and it is seldom possible to see more than a day or 
two ahead. In the steel re-rolling branches the position is 
a little obscure at the moment owing to the adoption of 
the ‘‘ free’ price arrangement. There has not been time 
yet to show if the influx of business will be much increased, 
and at present the works are quiet. The prices current 
are as follows: ‘‘ Crown ” bars, 101. 5s. per ton for home 
delivery and 9/. 15s. per ton for export; re-rolled steel 
bars, 7/. 15s. per ton for home delivery, and Tl. for 
exports. 

Scottish Pig-Iron Trade.—The Scottish pig-iron makers 
are no better off for specifications this week as consumers 
are continuing their policy of buying for actual require- 
ments only. The net result is that stocks are increasing. 
The following are the market quotations: Hematite, 
74s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 75s. per ton, and No. 3, 71s. per ton, both on trucks 
at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last amounted to 597 tons. Of that total 
511 tons went overseas and 86 tons coastwise. For the 
corresponding week of last year, the figures were 459 tons 
overseas and 56 tons coastwise, making a total ship- 
ment of 515 tons. 

Shipbuilding.—Conditions in the shipyards are, on the 
whole, fairly active. There are, of course, many yards 
with little work on hand, but the general output for the 
year to date has been exceedingly good. New orders 
are scarce, but during the past month some ten or eleven 
were reported, and one or two of these were important 
contracts. To put the industry on a proper footing, 
however, several times that number of orders would 
require to be placed, but shipowners cannot yet see much, 
if any, possible betterment in freights. The output from 
the different districts for the month of May was as 
follows :— 


Vessels. Tons. 

The Clyde ... was ae $e ee 49,461 
The Forth ... sae na Sail 5 3,392 
The Tay ... Skee ia 7,400 
The Dee and Moray Firth ~ a 2 465 
37 60,718 


The Clyde total is the third highest for this year and 
is the best May output for many years. It brings the total 
for the year, to date, up to 240,732 tons, which total has 


only been bettered on six occasions for over twenty 
years. In 1913 the total was 293,997 tons, for the corre- 


sponding five months, so that this year is only some 
53,000 tons under the record year. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel._The amount of business being booked 
by the steel-producing sections is insufficient to keep 
plants operating above 50 per cent. capacity. The 
continued rise in the price of Continental materials is 
responsible for a certain amount of business being 
deflected to this area. Inquiries are not very numerous, 
and the general position is one that gives rise to a certain 
amount of anxiety. Home quotations continue steady, 
the latest figures being :—Derbyshire foundry pig, 63s. to 
63s. 6d.; Derbyshire forge, 58s. 6d. ; Lincolnshire foundry, 
62s. ; Lincolnshire basic, 60s. ; Siemens acid billets, 101.; 
hard basic billets, 7/. 2s. 6d. to 71. 12s. 6d.; soft basic 
billets, 6/. 5s. to 61. 7s. 6d.; soft wire rods, 7/. 10s. ; 
crown iron bars, 10/. 10s.; iron hoops, 117. 10s. ; steel 
hoops, 9/7. 10s. to 101. Quietude reigns in the heavy 
engineering branches. While the present demand for 
railway rolling- -stock is practically negligible, the future 
gives promise of some good contracts being booked by this 
area. South America is in the market, while new railroad 
schemes in South Africa, India, and Brazil, are likely to 
prove beneficent. The shipbuilding industry is depressed. 
The call for forgings and castings from this locality is 
well below normal. Despite keen competition from the 
Continent, makers of electrical equipment are receiving 
their full share of the work in circulation. India, 
Australia, New Zealand, and South America are all good 
customers. The home demand is steadily picking up. 
Foreign mining enterprises are not responsible for 
anything like the number of orders received in previous 
years. The slow revival of the home coal-export market 
is also causing British collieries to be rather meagre with 
their purchases. The chemical, aircraft, and automobile 
industries are taking big supplies of special steels. 


South Yorkshire Coal T'rade.—Under the coal marketing 
regulations many collieries are responsible for a greatly 
reduced output, and, in some instances, have partially 
closed down, having turned out their monthly quota. 
Buyers generally are proceeding cautiously, showing 
little inclination to enter into forward business. Best 
steam hards are only moderate on home account, but 
bigger quantities are being shipped abroad via Hull. 
Other industrial sorts show little change. Best quality 
house coal is in stronger request. Secondary and 
inferior sorts are, however, dull. Blast-furnace coke 
continues to improve, while there is a steady demand 
for foundry and furnace coke, both on home and foreign 
account. Quotations :— Best hand-picked branch, 27s.6d. 
to 29s. 6d. ; Derbyshire best brights, 20s. 6d. to 21s. 6d. ; 
best house coal, 19s. to 20s. 6d.; screened house coal, 
16s. to 17s. 6d.; screened house ‘nuts, 15s. 6d. to 16s. ; 
Yorkshire hards, 15s. to 16s.; Derbyshire hards, 15s. to 
16s. ; rough slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 6s. 
to 78s.; smalls, 3s. to 4s. 6d. 
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1,500-KW. TURBO- GENERATOR AT GUILDFORD POWER STATION. 
A. PARSONS AND COMPANY, LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 
(for Description, see page 713.) 
7“li% Bearing Centres. 
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Thin paper Copies .............cse0 £218 6 
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The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
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THE INSTITUTION OF CIVIL 
ENGINEERS. 


THROUGH the persistence of the war, the centen- 
ary of the foundation, in 1818, of the Institution of 
Civil Engineers could be commemorated only with 
maimed rites. Ten years after the date named, 
however, it reached a no less important epoch in 
its history, when its existence and purposes were 
recognised by the State, and it was incorporated 
by Royal Charter as a permanent body. The 
circumstances of the present time have fortunately 
allowed the centenary of the later event to be cele- 
brated by an international gathering, in which 
delegates from engineering, scientific, and profes- 
sional societies and universities in all parts of the 
Kingdom, throughout the Empire, and in most 
civilised countries have taken their welcome part. 
The celebration has been given a characteristic 
form by being made to synchronise with one of 
the periodical engineering conferences which the 
Institution has held of late years, and, to an extent 
perhaps even greater than at previous meetings, 
the papers submitted have furnished engineers 
with a stock-taking of the existing conditions 
of practice in numerous branches of their art. 
The delegates have had the advantage of listen- 
ing to a description in outline of the activities 
of the Institution by its distinguished President, 
Mr. E. F. C. Trench, and of receiving the thanks 
of the Institution on the proposal of one of its most 
illustrious members, Sir Alexander Kennedy, while 
the occasion has been taken to compile a brief 
illustrated account of its history, prepared with a 
singular sense of proportion and produced in an 
appropriate and unusually beautiful form. The 
proceedings have also included the delivery of the 
34th James Forrest lecture, of which we reproduce 


Ewing has enriched the literature of the country as 
well as of the profession by an address which should 
appeal to a wider audience than that to which it was 
delivered, and to later generations. Among the 
variety of matters to which attention has been called 
in the course of the week’s proceedings, it may be 
permissible to refer to some features in the history 
of the Institution, and to consider one or two facts 
which seem to bear on its prospects. 

Looking back on the place of the Institution in 
history, it may seem remarkable that it was not 
established at an earlier date. The Royal Society was 
founded in 1662, the Society of Arts in 1754, and 
the Medical Society of London in 1773. The 
explanation of this delay may perhaps be found in 
Mr. Trench’s remark that in 1818 civil engineering 
had not yet become a recognised learned profession. 
There was a superabundance of mathematical equip- 
ment and a considerable accumulation of physical 
observations, but as yet there was no co-ordination 
between these sciences and the practice of engineer- 
ing. It may, perhaps, be significant that the Institu- 
tion itself was started principally by a number of 
young mechanical engineers, but did not take root 
and prosper until after it had attracted the support 
of Telford and others, who would have been called 
civil engineers in the narrower sense of the term. 
Civil engineering in this sense is necessarily based 


3; more directly than mechanical engineering on 


experience and practice. In many kinds of works, its 
constructions themselves have to serve as the 
foundations of its methods, and their volume and 
permanence tend to give the art a settled practice 
which in mechanical engineering is assured more 
effectively by an experimental foundation. For 
such a foundation to be permanent, however, the 
experimental work must be informed by a general 
theory, and for this, as Sir Alfred Ewing points 
out, the material was not available at the time. 
Established, however, in 1828 on a sound founda- 
tion, the Institution pursued steadily the full range 
of activities it had been started to promote. From 
the outset it took for its province all engineering 
work that was not military, and its transactions, 
proceedings, selected papers and abstracts became 
a valued part of engineering literature throughout 
the world. It is a remarkable fact that the whole 
of this literature, the publication of which has 
cost over 400,000/., has been distributed without 
charge. In its early days the Institution sought to 
procure the necessary material by levying fines 
on members who did not contribute papers every 
year. With the growth, however, of humanitarian 
instincts, and perhaps the increase of its member- 
ship to numbers which would have been incon- 
venient if all members had contributed papers in 
order to escape fines, it came ultimately to sub- 
stitute the award of medals as a means of attracting 
suitable papers. Here, again, the comprehensive 
scope it gave to the class of work with which it was 
concerned is indicated by the fact that only one of 
these medals bears the name of an engineer—Telford 
—who was a civil engineer in the present sense, 
while two others bear the names of Watt and George 
Stephenson, a fourth that of the Institution’s 
secretary, Forrest, while a fifth, shortly to be insti- 
tuted, is to be an award for a metallurgical paper. 
From an early date, the Institution recognised its 
duty to the younger members of its profession, when 
in 1838 it instituted a class of Graduates, which, in 
1867, was replaced by that of Students. It was 
not, however, till 1889 that it prescribed certain 
external examinations to be passed by students, 
nor till 1897 that it instituted examinations of its 
own in preliminary and scientific subjects to be 
passed by associates, supplemented in 1919 by an 
examination in the routine office work of a civil 
engineer. Meanwhile, its practice of holding meet- 
ings was observed with extraordinary regularity. 
For 96 years it held one every week during the 
session for the discussion of papers, and only since 
the outbreak of the war have these meetings been 
held every fortnight. Beginning with 1897, it 
instituted periodical conferences, dealing with a 
wide range of engineering subjects, the sixth of 
which has now just been completed. 
A branch of work in which the Institution has 
taken a part which has sometimes been notable 
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its possibilities, is that of the experimental and 
scientific investigation of engineering problems. The 
need for such investigations was felt as far back as 
1827, when an inquiry was proposed into the relative 
merits of high-pressure and low-pressure steam, but 
at that time the Institution had to abandon the 
project through lack of funds, and did not 
resume such an intention till 1896, when it under- 
took its investigation into the thermal efficiency 
of steam engines, following on Willans’s classical 
papers. The various investigations conducted 
by committees of the Institution since then on 
the tabulation of the results of steam-engine 
and boiler trials, standards of efficiency of internal- 
combustion and other heat engines, and finally, 
the report of 1927 on tabulating the results of 
heat-engine trials, will be within the recollection 
of readers. A committee on reinforced concrete, 
appointed in 1908, had to abandon its work in 1914, 
owing to the outbreak of war. Another investiga- 
tion, still in progress, was instituted in 1916 with the 
assistance of the Research Department and various 
port and harbour authorities into the deterioration 
of structures in sea-water. In the early stages of 
the existence of the National Physical Laboratory 
the Institution also gave liberal support to researches 
on engineering subjects. Perhaps, however, the 
undertaking most important in itself, and illustrat- 
ing a function the Institution can discharge with 
peculiar propriety, was the initiation of what is 
now the British Engineering Standards Association. 
It arose out of the proposal of Sir John Wolfe Barry, 
that a committee appointed by the council of the 
Institution should consider the advisability of 
standardising various kinds of iron and_ steel 
sections. As.a result, a permanent committee was 
formed with the co-operation of the Institutions of 
Mechanical and Electrical Engineers and of Naval 
Architects and of the Iron and Steel Institute, out 
of which has grown the structure of the present 
Association. Anincidental example of the thorough- 
ness with which the Institution understands its 
functions is seen in the operations of its Benevolent 
Fund, supported by the voluntary subscriptions 
of its members, from which in the last sixty-four 
years £215,000 have been distributed with the 
strictest possible privacy. 

This record of sustained and various activity 
has been accompanied by every sign of material 
growth. From the “full 100 members” of 1826, 
contributing an income of 2001., the Institution 
has now a roll of over 10,000, with an income of 
over 38,000/., and accumulated and trust invest- 
ments of nearly 75,0001., in addition to a capital 
value of over 350,000I. in its premises. The increase 
in its numbers is, perhaps, the more remarkable 
because of the steady tendency to heighten the 
standard of qualification and the remarkable 
growth of institutions devoted to special branches 
of engineering. The Institution of Mechanical 
Engineers, founded in 1847, has also over 10,000 on 
its roll, and the Institution of Electrical Engineers. 
founded in 1871 and until the ’eighties serving only 
the need of telegraph engineers, has over 11,000, 
while there are several other engineering institutions 
with memberships running into thousands. A 
question which arises naturally in considering such 
figures is what are to be the functions and mutual 
relations of these bodies, and what are the pros- 
pects of the separate but allied industries they 
represent. 

In the impressive peroration with which Sir Alfred 
Ewing concluded his survey of the last century, he 
remarked with truth that, if progress is tested by 
the conquest of invnimate nature, that century 
finds no parallel in the past. He appears to view 
with something like apprehension the prospect that 
the engineering work of the next hundred years 
will produce. no such startling social changes as 
those it has effected in the last century, and will 
attract relatively little public notice. It may, 
perhaps, be questioned whether the likelihood that 
engineering work wil! attract less public attention is 
altogether to be deplored. It seems possible that 


no less active and useful work may be reserved 
for it in developing its functions in its own way 
than when the novelty of its productions procures 
them an exaggerated publicity, and to some extent 
their development may be distorted and even im- 


peded by the often misleading cries and catch-words |Institution and delegates to the Conference were 
of the market place. The recent evolution of engi- | received by the President, Mr. E. F. C. Trench, and 
neering has, indeed, been so rapid that it may well | Mrs. Trench and the Council, and an excellent 
be expected to have no parallel in the future, but | musical programme was provided for the entertain- 


the importance of its arts and sciences, and the 
responsibility attaching to those who practise them, 
is not likely to be the less on this account. It 
was not until the Institution of Civil Engineers 
was founded that an attempt seems to have been 
made to define the duty of the engineer, and even 
the famous definition then evolved may be thought 
to be incomplete. One aspiration of the engineer, 
indeed, is to direct the great forces of nature to 
the use and convenience of man. Much has been 
revealed during the last century to show how 
very much greater and more various those forces 
are than mankind could have suspected. When 
Shakespeare wrote 
‘** Be not afeard ; the isle is full of noises, 
Sounds, and sweet airs, that give delight, and 
hurt not,...”” 


his imagination anticipated fact no less surely than 
when his fairy undertook to put a girdle round 
the earth in forty minutes. It may be thought a 
curious coincidence, lending point to Sir Alfred 
Ewing’s remark on the extent to which engineering, 
progress has given mankind sharper tools than it 
can handle wisely, that the creature by whom these 
sounds were perceived was a homicidal monster. 
The primary task, however, of the engineer seems 
to be much less ambitious than that imagined by 
Telford or Tredgold. Before he can direct the 
forces of nature to the convenience of man, he must 
find means to avert the inconveniences and destruc- 
tion they constantly threaten. When first he dug 
himself a cave to live in, or a tomb to preserve the 
bodies of his kindred from the beasts, when he 
built himself a house, when he abolished space by a 
bridge, reclaimed land from the marshes, or pro- 
tected a harbour by a breakwater, he was not seeking 
to derive convenience from natural forces, but to 
avoid or abate their perils. If the next century 
produces no discovery to increase the number of the 
forces of nature available for the convenience of man, 
the engineer will still have an Atlantean task to 
perform for the world, and no less than heretofore its 
prosperity will depend on his success. While for the 
most part the resources of nature remain as they 
were or are decreasing, the numbers of mankind are 
growing steadily and still more rapidly their wants. 
Directly and indirectly, these processes constitute the 
most formidable natural force by which the material 
prosperity of the world, and even the maintenance 
of its civilisation, is threatened at the present time. 
On the other hand, the resources of nature are being 
used wastefully in every department of industry, 
and in many of them the mere saving of avoidable 
waste would go far to provide for the needs of any 
immediate future. The business of the engineer, 
already in hand, is to locate that waste and find the 
means of avoiding it. 
of one profession or one group of men. The extent 
labour of all classes of workers can be co-ordinated, 
interlocking their activities as to produce the utmost 


insufficient body of workers. 


take such co-ordinating work. 
already. 


to be of more importance than that its great 


branches more efficient. 
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This will not be the work | 
of its success will depend on how intimately the 
not by subordinating one to another, but by so 


result possible from what at best is likely to be an 
By its position and 
history the Institution of Civil Engineers seems to 
be in a position of conspicuous advantage to under- 
Upon occasion it 
may indeed be said to have acted in this sense 
Among the activities most to be hoped 
for it during the next hundred years none appears 


powers should be addressed to assist in co-ordi- 
nating the work by which it is being sought | 
to make the practice of engineering in its various | 


INSTITUTION OF CIVIL ENGINEERS. 

As an item in the programme of the Charter- | of the London, Midland and Scottish Railway. The 
Centenary Celebrations of the Institution of Civil | two first-mentioned models wereshown bythe S ience 
Engineers, to which we devote a considerable | Museum, and the others by Sir Hugh Reid, Bart. 
amount of space in this issue, a conversazione was | Models of the latest types of bogies used with m 
held at Great George-street, Westminster, on the | rolling stock were also shown by Mr. G. H. She 
evening of Tuesday, June 5. Members of the 


;ment of the guests. Numerous exhibits of engi- 
| neering models were displayed, these, appropriately 
|to the occasion, being mainly of an_ historical 
|character illustrating the developments in civil- 
engineering work since the initiation of the Institu- 
tion in 1818. 

A supply of water being a prime necessity of 
| mankind, we may well commence the brief account 
|of the exhibits we propose to give by referring to 
those relating to this subject, which were provided by 
the Metropolitan Water Board, of which Mr. H. E, 
Stilgoe is Chief Engineer. The exhibits included a 
section of elm water main, as used in London prior 
to 1808, each section consisting of a tree trunk bored 
axially and formed with male and female conical 
| joints at the opposite ends. Portions of lead 
water mains of the late 16th Century, showing 
plumbers’ joints, and of early cast-iron spigot and 
socket mains, jointed with wooden staves, were also 
| shown, as well as early methods of connecting supply 
| pipes to mains. Brass driving ferrules were used 
\for this purpose with wooden mains and their use 
was continued with cast-iron mains until they were 
superseded by screwed ferrules. 
| The Elder Brethren of Trinity House, whose Chief 
| Engineer is Mr. J. P. Bowen, showed an interesting 
| collection of ancient and modern apparatus used 
|in connection with coast and channel lighting. A 
| model of the old Goodwin light vessel, of 1795, was 
|to be seen, as well as one of the modern lightship 
| stationed at the Royal Sovereign Shoals. In this 
| vessel the illuminant is a 3-kw. gas-filled electric 
| incandescent-lamp of 500,000 candle power, giving 
/a range of visibility of 11 miles. A 4-kw. lamp of 
| the same type was also shown, as well as an early 
| 10-wick kerosene burner, an early arc lamp, and a 
/modern Hood petroleum-vapour burner, used 
|with an incandescent mantle. Developments in 
|reflectors and lenses for lighthouse purposes were 
| illustrated by examples of a Mersey reflector, made 
|from small rectangular mirrors attached to a 
| parabolic former, a Fresnel lens panel, and a panel 
|of a modern fifth-order optic. Other exhibits in 
|connection with shipping and navigation were 
|models of the first Cunarder, Britannia, built in 
| 1840, the Great Eastern, and the modern oil-tanker 
| British General, these being lent by the Science 
|Museum, South Kensington. Sir John I. Thorny- 
‘croft also showed models of the first torpedo-boat 
built for the British Navy, viz., the Lightning, of 
| 1876, and of a modern destroyer representing the 
| Bruce class. Another model exhibited by Sir John 
| was designed by his father, Mr. Thomas Thornycroft, 
|in 1846, and was notable in that it was probably 
| the earliest example of a boat fitted with a closed 
'stokehold and forced draught. 
| Railway developments, in connection with per- 
| manent-way, were illustrated by an exhibit provided 
‘by Mr. Charles J. Brown, who showed samples of 
| angle rails and fish-bellied rails on stone sleeper 
| blocks, the former being designed by Outram in 
|1797 and being used by vehicles with ordinary 
|wheels. A section of the present standard track of 
| the London and North Eastern Railway system was 
|also shown for comparison, as well as an exper!- 
| mental type of track, laid this year, using bull- 
| headed rails, cast-iron chairs and reinforced-concrete 
| block sleepers. A rail from Trevithick’s old railway 
|at Merthyr Tydfil, discovered during the construc- 
‘tion of the Taf Fechan Reservoir, as mentioned in 

ENGINEERING, vol. cxxiv, page 144, was also shown 
| by Messrs. Sir Alex. Binnie, Son and Deacon. Loco- 
motive developments were illustrated by a sect ional 
| model of the Rocket, shown in motion, of the long- 
boiler type of locomotive patented by Robert 
Stephenson in 1841, of a modified Fairlie type of 
| locomotive constructed by the North British Loco- 
| motive Company for the South African Government 
| Railways, and of the Royal Scot engine, No. #100, 
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progress made in the development and application 
of alloy steels, was arranged by Sir Robert A. 
Hadfield, Bart., but the space at our disposal 
will not permit us to describe this in detail. It 
included specimens of cast iron, wrought iron and 
carbon steel produced by the cementation and 
crucible processes a century ago, as well as of various 
implements made from the last-mentioned material. 


Modern alloy steels were represented by specimens | 


of manganese, silicon and nickel-chromium steels, 
and articles made from these to illustrate their uses, 
as well as of high-speed steels, permanent-magnet 
steels and many special steels of recent origin. 
Among the latter may be mentioned a machinable 
non-magnetic steel having a high yield strength, 
heat-resisting steels, non-corrodible steels, and 
special steels for steam-turbine construction and 
for the manufacture of steam fittings. The develop- 
ment of projectiles, including those of the armour- 
piercing type, was also illustrated in a very complete 
manner, by numerous specimens and photographs. 
The only other metallurgical exhibit we noticed 
was that of Mr. 8S. O. Cowper-Coles, who showed a 
model of his process for rendering iron and steel 
rust-proof by forming zinc-iron and other alloys 
on the surface, together with numerous examples 
of objects treated by the process. 

In connection with the development of power- 
production appliances there were comparatively 
few exhibits, but those of the Science Museum 
included a model of Maudslay’s table engine of 1807 
and one of a Bellis & Morcom high-speed engine. 
This exhibit also included a Gramme dynamo and a 
Siemens dynamo of 1870 and 1873 respectively. 
Dr. P. Telford Petrie showed the original drawings 
of a number of boilers, mostly of the Lancashire 
and Cornish types, used in the early part of the 
Nineteenth Century, and Mr. W. H. Patchell showed 
plugs trepanned from the tube holes of a steel 
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| to, which is nearly opposite the present Tate 
| Gallery. Experimental work was carried out and 
| guns were made here for some years. At the northern 
| end of the site was a house occupied by Sir Samuel 
| Morland, in which was a collection of mechanical 
| curiosities, and in 1654 it was proposed to establish 
| here a College for artisans, which would probably 
| be the first technical college ever contemplated. 








| NOTES. 


| INTERNATIONAL TEST CoDE FOR STEAM TURBINES. 
| Av a meeting held in Italy last September of the 
Advisory Committee on Steam Turbines appointed 
by the International Electro-technical Commission, 
a draft specification for steam turbines was agreed 
upon, and at a meeting held in The Hague during 
the fourth week of May last a general agreement 
was reached as to a draft circle of acceptance tests 
for steam turbines. The Committee met under 
the presidency of Professor Feldmann and was 
attended by 25 delegates which represented the 
principal manufacturing countries. A large propor- 
tion of the delegates were turbine designers, and 
there was practical unanimity on the general 
principals which should govern acceptance tests. 
Specific proposals were submitted by the British, 
the German, the Czecho-Slovakian, and the United 
States delegates. These were collated by the 
committee, a work which was greatly facilitated 
by the preparatory work of the United States 
National Committee. It is hoped to hold a further 
meeting in London in about a year’s time which 
will consider a full draft of international Rules for 
acceptance tests, based upon the discussions at 
the Hague, which in the meantime will be con- 
sidered independently by each national Committee. 
The British delegation consisted of the following 
gentlemen: Messrs. J. P. Chittenden, H. L. Guy, 





boiler-drum plate and from a boiler-drum forging 


W. A. Patchell, I. V. Robinson, T. Roles, F. Samuel- 


designed to withstand pressures of 400 Ib. and| son, G. Stoney, M. G. S. Swallow, and J. F. Stanley. 


1,200 lb. per square inch respectively. 

Apparatus for investigating the stresses in| 
structures was exhibited by Professor E. G. Coker | 
and by Messrs. J. S. Wilson and W. Gore, the former | 
showing apparatus demonstrating Sir David Brew- 
ster’s suggestions, made a century ago, for examining 
the stresses in masonry arches by means of glass 
models in polarised light. Modern photo-elastic 
methods for finding the stress distribution in bridges 
by means of celluloid models was also shown, and 
we hope to deal with some of Professor Coker’s 
newly designed apparatus for this purpose in an 
early issue. Messrs. Wilson and Gore’s exhibit 
included the rubber models and ancillary apparatus 
used by them twenty to twenty-five years ago in 
determining the distribution of stresses in masonry 
dams. It will be remembered that these experi- 
ments, particulars of which will be found in ENGI- 
NEERING, vol. Ixxx, page 134, and also on page 692 
of vol. Ixxxv, confirmed the validity of the trapezium 
law of pressure distribution on horizontal planes and 
proved that the shear stress increased from zero 
at the upstream face to a maximum near the down- 
stream face. Doubt had been thrown on the 
validity of these assumptions in 1904 by Pearson and 
Atherley in a Draper’s Company research memoir, 
the effect of which was to cause the late Sir Benjamin 
Baker to defer his recommendations regarding the 
raising of the Assouan dam. 

Of the remaining exhibits, we may mention that 
of the Central Electricity Board, of which Mr. A. 
Page is the Chief Engineer, consisting of models of 
the steel towers for the overhead transmission lines 
for the 132,000-volt grid, which were illustrated in | 
our columns (vol. exxiv, page 532), and a model of 
an outdoor transformer substation for use on the 
system. Many interesting books and manuscripts 
from the Institution library were also on view, 
including the minutes of the first meeting, an early 
account book, and the original record of Tredgold’s 
description of a civil engineer from the Council 
minutes of December 29, 1827. One other exhibit— 
namely, that of Mr. W. H. Thorpe—may be referred 
to in conclusion. This was a plan showing the site 
of works and laboratories which existed at Vauxhall 
from 1628 to 1667. In 1628, the second Marquis of 





Worcester engaged Kaspar Kaltoff, a Dutch master 
mechanic, and established him on the site referred 
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To build a public generating station at the present 
time with an initial capacity of only 6,000 kw. seems 
at first sight to be contradictory to the policy of 
centralisation, of which so much has lately been 
heard. The difficulty is, however, that the demand 
for electricity is increasing more rapidly than re- 
organisation can be effected, and that during this 
transition period it may be necessary to continue 
to put such relatively small plants into operation 
in certain districts, in order that progress may not 
be interfered with. The particular example of this 
policy we have in mind is that of Guildford, where 
a new station with an initial capacity of 6,000 kw. 
and an ultimate capacity of 40,000 kw. was formally 
inaugurated by the Mayor (Councillor W. R. 
Philpot) on Wednesday, May 30. It may be added 
that work on this station was only begun in Janu- 
ary, 1927, so that it is not one of those cases where 
approval had been given before the new regime had 
assumed practical form. The new station is, more- 
over, not one of those that have been “ selected ” 
under the South-East England Scheme, and Mr. 
F. W. Purse was disposed, during the opening 
ceremony, to congratulate its owners, perhaps a 
little ironically, on this fact. For, he said, as long 
as it was ‘‘non-selected”’ it could be operated 
free from regulations, and could not be interfered 
with so long as it generated energy more cheaply 
than the Central Electricity Board could supply. 
We mention this to show the dilemma in which the 
Commissioners may be placed. If they refuse con- 
sent to a new station they may be accused of 


combination being 40,000 lb. of steam at 290 lb. per 
sq. in., and a temperature of 750 deg. F. These boilers 
supply one 3,000 kw. and two 1,500 kw. Parsons 
turbo-alternators, some further details of which 
are given on page 713 of this issue. The machines 
run at 3,000 r.p.m. and generate three-phase current 
at 6,600 volts and a frequency of 50. The switch- 
gear is of the Reyrolle metal clad type. The borough 
electrical engineer is Mr. W. Ellis Affleck, who is 
making arrangements for extending the supply not 
only in the town, but into the adjoining country 
districts. 





A CENTURY OF INVENTIONS.* 


By Sir James ALFRED Ewrne, K.C.B., M.A., LL.D., 
D.Se., F.R.S., M.Inst.C.E. 


Lone ago, as the nineteenth century was drawing 
to its close, I delivered a ‘‘ James Forrest” lecture.t 
The honour of being invited to serve again entails a 
responsibility which is all the heavier because this 
time the lecture is an item in the celebration of our 
centenary. When I lectured before, I was free to 
select a department of science in which I was then 
a worker, by way of illustrating, in accordance with 
the founder’s wish, the interdependence of abstract 
science and engineering; now, though the general 
purpose is the same, I am asked to survey an immensely 
wider field. In those days I was young, and took a 
part, albeit a small one; now I am old and mainly 
a spectator, who at the best may draw his armchair 
up to the footlights and discourse to the audience 
about the play. The piay itself goes on and on, end- 
lessly, with never a curtain: its interest does not 
flag ; and the stage grows so big and so crowded with 
actors and incidents as to bewilder the most observant 
critic. He must perforce confine his attention to but 
a few aspects and episodes of a drama which daily 
becomes more and more intricate, vast, and elusive. 

The Council, when inviting this address, suggested 
a very comprehensive text, namely, a prediction which 
Thomas Tredgold added to the definition of Civil 
Engineering which he drew up for the petition for a 
Royal Charter presented in 1828. It ran thus :— 

“The scope and utility of Civil Engineering will be 
increased with every discovery in philosophy, and its 
resources with every invention in mechanical or 
chemical science.” 

Seldom, surely, has a prophecy been so justified in 
the event. The history of engineering during the 
century which has passed since these words were 
written is in its main features the story of their fulfil- 
ment. Every advance in scientific theory has in- 
creased the engineer’s mastery of the material world. 
Discoveries, which at first may have seemed wholly 
unserviceable to him, have, in fact, furnished new 
points of departure, leading in ways that were often 
unforeseen to enlargements of his many-sided art. 

It may be doubted whether even Tredgold, with all 
his vision, saw the other side of the picture ; whether 
he realised the beneficent reaction by which science 
was itself to profit. But we, at any rate, see it now. 
We see how developments in science are fostered and 
even initiated by industrial requirements, by engineer- 
ing enterprise; how inventions that were made for 
the purpose of serving a public need have widened the 
outlook of science and given it new tools for research. 
Nowadays theory and practice march together in such 
close association that it is often difficult to distinguish 
them as separate figures in the procession. In chemis- 
try, in metallurgy, in thermodynamics, in electricity, 
who would venture to apportion the credit for progress, 
as between the man who pursues abstract truth and 
him who strives after technical application? And 
looking back we may assert that there has from the 
first been some mutual obligation, not indeed so con- 
stantly operative as it is to-day nor so clearly admitted, 
but often very influential. From modest beginnings 
physical science and engineering have advanced, side 
by side, and in the advance their intimacy has deve- 
loped; they have discovered the advantages of rela- 
tionship, and the relationship has itself become closer. 
A century ago they were both sturdy infants, playing, 





holding up the electrical development of an area, 
while if they give consent they may delay the date | 
when concentration reaches its maximum, since a 
modern station in a remote district, even if its 
capacity be small, will probably be able to for some | 
time to give a supply as cheaply as that obtainable | 
from the “ grid.”” Such a position is, however, not | 


one may say, in more or less separate nurseries, some- 
times meeting and perhaps sometimes quarrelling a 
little. Now, adult and masterful, they are partners in 
one firm, still conscious—as partners may be—of 
differences in temperament and taste and viewpoint, 
but very conscious also of the strength that comes 
from co-operation. 

To-day we can take no more than an aviator’s 


likely to arise very often. The new station, for which | survey—what used to be called a bird’s-eye view. Your 


Mr. G. W. Spencer Hawes, M.I.E.E., acted as con- | Council has chosen for the purpose an old bird, who, 


sulting engineer, and Messrs. C. A. Parsons and | if he is not so strong on the wing as he was, has the 
Company, Limited, of Newcastle-on-Tyne, as main | 
contractors, is equipped with two Stirling tri-drum 
water-tube boilers with integral superheaters and 
economisers, the normal steaming capacity of the | vol. cxxxviii (1899), page 289. 





* The Thirty-Fourth James Forrest Lecture, delivered 
before the Institution of Civil Engineers, on June 4, 1928, 
+ “Magnetism.” Minutes of Proceedings, Inst. -C.L., 
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doubtful advantage of having seen more than half-a- 
century pass since the time when he began to teach 
engineering. I recall as a boy finding inspiration in 
an account of the doctrine of the conservation of 
energy then published as a new gospel—a doctrine 
which flooded with light much that had been very dark 
in earlier attempts to co-ordinate mechanical ideas. 
My recollections go back to a period before the coming 
of the oil engine, of the dynamo, the electric motor 
and the transformer, when the only practical applica- 
tion of the electric current was in telegraphy, when the 
arc lamp was a scientific curiosity and the telephone 
had still to be born. It is something to have witnessed 
the whole pageant of electrical engineering display 
itself before one’s own eyes, from tiny beginnings to 
its present greatness ; to have seen the dream realised 
of a distribution of power from central stations; to 
have watched each stage in the development of the 
steam turbine and its use on land and sea; to have 
observed the internal-combustion engine arrive as a 
modest ally to steam, and gradually turn into a serious 
rival, after effecting a social revolution by making 
transport by road easy and transport by air possible. 
These things are familiar to you all; but it is perhaps 
to the old, who saw their first coming, who knew a 
simpler, homelier world before they came, that they 
make their strongest appeal. To me, who began 
engineering experience with the telegraphy of the early 
seventies, it is much to have been a spectator of the 
wizardry which has so transformed the art of com- 
munication that the spoken word literally goes forth 
to the end of the world. 

But in this review we have to go back further than 
the reach of even the longest individual memory. 
Try to realise what engineering meant in 1828, what 
was its relation to the science of the day, and what 
in fact was, in that day, the state of science. 

The engineers of that period were mainly con- 
cerned with roads, bridges and canals; the era of 
railways was about to begin. Macadam had just been 
appointed Surveyor-General of Roads. He and our first 
President, Telford, had contributed to convert the 
roads from sloughs of despond into highways in 
which the wayfaring man could not err, fit, as the 
President observed in his inaugural address, for 
their Scottish compatriots to use in the continued 
invasion of England. A few years earlier, Telford 
had spanned the Menai Straits with a chain bridge, 
to take the Holyhead road, and the Southwark 
bridge, with its cast-iron arches, was erected to the 
designs of Rennie. But these stractures were 
exceptional; it was a rare thing then to build a 
bridge of iron. Shortly before that, Rennie had done 
a far finer work, in the beautiful Waterloo bridge, 
whose fate is now a matter of anxious concern. It 
was in stone that the pioneers erected their graceful 
and enduring monuments of early engineering skill— 
in bridges, lighthouses, docks and harbours. They 
made their mark, too, in the cutting of canals. They 
had covered England with a network of waterways 
whose economic importance we, children of another 
age, find it difficult to estimate aright. During the 
half-century or so which precedes the date we 
celebrate, canal projects were promoted with some- 
thing of the enthusiasm which later attended the 
development of railways; the commercial success of 
some ventures was so conspicuous as to bring about 
a ‘canal mania.” Speculative fever is’ the last 
thing we think of now in looking at these tranquil 
relics of an almost vanished usefulness, but in the 
years before railways opened a prescient investor 
in canal stock might have had the same good 
fortune as modern venturers sometimes find in such 
things as artificial silk or Marconis. 

The success of the canals wrought their ruin. They 
developed a public need which became too great for 
them to satisfy, and drove men to seek a solution 
in the creation of railways. The canal interest, 
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was not till 1829 that Stephenson’s Rocket, when 
tried against competitive engines on a section of 
the Liverpool and Manchester Railway, settled the 
much-disputed question whether steam locomotives 
should be used, and determined also the general 
lines of subsequent locomotive design. 

The steam engine, beginning as a device for pumping 
water out of mines, had been adapted by Watt and 
his followers to the driving of machinery in factories, 
and had thereby become a potent agent in the 
industrial revolution which followed the Napoleonic 
wars. It had been applied experimentally to drive 
carriages on roads and had established its position, 
especially in America, as the motive power of paddle 
boats for river traffic. To a small extent, steam was 
being adopted as an auxiliary in sailing ships, and 
reformers were urging that the Navy should give it 
a trial—alleging what seems to us the curious reason 
that a steam ship would cost less to build than a 
sailing ship. We have not found the Hood cheaper 
than the Victory. 

Watt’s prejudice against the use of high-pressure 
steam for a long time dominated English practice. 
Nevertheless, Jacob Perkins, rightly described by a 
contemporary as ‘“‘an experimenter of no common 
cast,” ventured, even before 1828, on pressures such 
as would still be considered very high. He exhibited 
a piece of steam artillery which, under a pressure 
of 65 atmospheres, projected nearly 1,000 musket 
balls per minute. But Perkins was one of those 
unfortunate inventors who are born before their 
time. What is relevant for us to notice is that, in 
those days, the theory of steam was even more rudi- 
mentary than the practice; the early development 
of the steam engine proceeded without the guidance 
which. it would have had if the properties of steam 
had been known. Carnot had already written his 
wonderful essay on the motive power of heat. But 
it had fallen flat. Its meaning was not appreciated ; 
and, at the time of which I speak, the very alphabet 
of thermodynamics had still to be framed. 

Remember that these early steam engineers had no 
idea that what they were doing was to convert heat into 
mechanical work. Many years were to pass before 
the notion of energy as a thing neither produced nor 
destroyed was to become an established part of natural 
philosophy, before Joule determined the mechanical 
equivalent of heat, and the first principles of the 
subject were formulated by Kelvin and Rankine and 
Clausius. But it may fairly be claimed that the way 
was prepared for these conceptions by the work of the 
engineers, by the invention and frequent use of the 
indicator, by Watt’s numerical definition of the term 
‘ horse-power,”” and by the sporting interest of the 
Cornish mine managers in the “‘ duty ”’ of their engines, 
a figure which expressed the relation of what we now 
call the work done to the coal consumed. 

I say “ what we now call the work done,” for it is 
curious to notice that a hundred years ago the word 
“work ’’ had not received the mechanical significance 
we now give it. Even so late as 1841, Whewell, 
afterwards Master of Trinity, an eminent writer on 
mechanics, with a reputation for omniscience which 
was more possible then than now, published a treatise 
on the Mechanics of Engineering “‘ intended for use in 
Universities and in Colleges for Engineers,” in which a 
chapter is devoted to what he calls ‘* Labouring Force.” 
This, in fact, is nothing else than work. It is, he says, 
“measured by the product of the resistance overcome 
and the space through which it is overcome,” and he 
adds that Poncelet and other French engineers, “ call 
it travail.” But the obvious English equivalent had 
still to make its way into our scientific phraseology. 

When one looks into the technical literature of that 
period one is sorry for the early student of engineering. 
Physicists and engineers alike were groping their way, 
confusedly, towards mechanical ideas which were as 





strong though it was, could not stay the coming 
of a more adaptable and quicker method of traction. 


In engineering, as in other affairs, the better is the | * ‘ 1021, e 
Naturally the good did not fitst gave the equations for the equilibrium of elastic 


enemy of the good. 
love its enemy. Perhaps it was an owner of canal 
shares who bewailed his sufferings as a householder 
near the line of an earl: railway by writing in this 
fashion to a newspaper: “‘ Judge of the mortification 
whilst I am sitting comfortably at breakfast with 
my family, enjoying the purity of the summer air, 
in a moment my. dwelling, once consecrated to peace 
and retirement, is filled with dense smoke or fetid 
gas; my homely, though cleanly, table covered with 
dirt, and the features of my wife and family almost 
obscured by a polluted atmosphere. Nothing is 
heard but the clanking iron, the blasphemous song, 
or the appalling curses of the directors of these 
infernal machines.”’* 

Though the Stockton and Darlington line, first 
of such public enterprises, was opened in 1825, it 





* Quoted by Jackman, T'ransporiation in Modern 
England, page 497. 


strange then as they are familiar now. The mathe- 
| matical theory of elasticity is described by its historian, 
Todhunter, as having had its birth in 1821, when Navier 


solids. Navier had brilliant colleagues among the 
other mathematicians of France. But between them 
and the stolid practicians of Westminster there was a 
|wider difference than one of language or political 
|sentiment. Their ways were not as our ways. Tred- 
| gold, in a preface to his “‘ Essay on the Strength of 
Cast Iron,’”’* which discusses the strength of beams, 
goes so far as to repudiate the use of fluxions as un- 
sound. He appears to have regarded a differential 
coefficient as a device for “forcing the assent rather 
than convincing the judgment.’ This prejudice against 
the calculus remained for long a serious handicap to the 
British student of engineering. Teachers misspent 
their ingenuity in dodging the calculus; they often led 
the student to think of it as mysterious and unattainable 
when he ought to have been learning not how to avoid, 
but how to use what is really an indispensable intel- 








* Second edition, 1823. 
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lectual tool. The bogey is now pretty well laid, thanks 
in great part to the unconventional, yet effective, 
teaching of the late Professor John Perry. 

Not less than mechanics and heat, the science of 
electricity was still in its infancy. Chimerical ideas 
found vent in engineering papers about the possibility 
of driving ships by the consumption of a little zinc in a 
galvanic battery. One sanguine inventor estimated the 
cost of propelling a ship in this way at 3s. 4d. a day.+ 
Ohm’s Law had been formulated in 1825, but in the 
absence of units and instruments of measurement, its 
significance could not be understood. It was not till 
the requirements of the telegraph had to be met that 
the engineers and physicists together attacked the 
problem of framing a logical system of electrical units, 
determined their magnitude, set up standards, and 
established practical means of comparing electrical 
quantities with them. The work was begun in the 
early sixties, under the auspices of a Committee of 
the British Association, of which the secretaries were 
Clerk Maxwell the physicist, and Fleeming Jenkin the 
engineer. What it accomplished was an incalculable 
boon to the investigator in pure science no less than 
to the technician. 

To be able to measure—that, as Lord Kelvin used to 
say, is in any subject the first step towards real scien- 
tific knowledge. Till you can measure quantities and 
express them in numbers you may have the beginnings 
of knowledge, but you cannot claim to have reached 
even the beginnings of science. Not in electricity 
only, but in mechanics, in heat, in all the properties 
and actions of matter where engineers and physicists 
find common ground, it is through the alliance between 
science and practice that the art of measurement has 
been evolved. In the beginning came geometry, and 
the word itself tells a tale, reminding us that the origin 
of mathematics was the practical need to measure 
land. And all through the century now under review 
we see the same alliance at work, with the same give 
and take of advantage. It was to meet the needs of 
engineers that Whitworth brought precision into 
mechanism by laboriously creating for the first time a 
true straight-edge, a true plane surface, and a satisfactory 
screw. But this was no less a service to science ; it 
made practicable the devices for measuring, the stan- 
dards, and the gauges, that are now familiar alike in the 
laboratory and the workshop. Our knowledge of 
physical constants and of the properties of materials, 
our units and scales and instruments and testers of all 
sorts, are, for the most part, offspring of the marriage 
of science with practice. They make science exact, and 
they allow engineering to be standardised. 

It was to meet the rapidly growing needs of steam 
engineering that Regnault undertook his researches 
into the properties of steam, which led to the publi- 
cation, in ,1847, of tables and data which for long 
remained a classic of the engineer. Now, thanks to 
Callendar, Mollier, and other workers, we enjoy a fuller 
and more accurate knowledge of these properties than 
Regnault could achieve, hampered as he was by the 
uncertainties of early thermometry. The science of 
thermometry became definite only after Kelvin intro- 
duced the absolute scale of temperature—a brilliant 
philosophical conception which runs_ through all 
physical and chemical science like a thread of gold in 
a woven fabric. It guides the engineer to the ultimate 
standard of thermodynamic efficiency; and it was 
from meditating on the action of heat-engines that the 
inspiration came. 

It was to meet the requirements of the naval architect 
that William Froude attacked the problem of ship 
resistance, devised the method of the experimental 
tank, and showed how measurements on the drag of 
small models might, through application of what is 
now called the principle of dynamical similarity, 
furnish data from which to determine the power re- 
quired at any speed to drive the largest ships. And 
in more recent days the same principles, applied by 
aid of experimental wind channels to study the forces 
which air currents exert on model objects, have been 
a powerful factor in the development of aeronautics— 
an art whose beginnings many of us have witnessed, 
and whose progress, sensationally rapid, compels 
attention from day to day. 

A new art, such as flying, becomes inevitably and at 
once a branch of applied science; it advances 
like a fire engine in a crowded thoroughfare ; it escapes 
the long period of empiricism through which the older 
arts had to pass while they were laboriously making 
their way into the light. 

It is to aid engineering, no less than pure science, that 
we now supplement private enterprise by the official 
organisation of research. In this it must be admitted 
that we followed somewhat slowly the example set by 
Continental neighbours. The National Physical 
Laboratory was promoted by the joint efforts of 
physicists and engineers. It was, from the first, 
fortunate in having for its head a man in the fullest 





t See Stuart’s Historical and Descriptive Anecdotes of 
Steam-Engines, 1829, vol. ii, page 611. 
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sympathy with both schools of thought, who, for 
many years and with the happiest results, applied his 
faculty for leadership to build up an establishment 
whose work is accepted as authoritative, and whose 
influence on the scientific development of engineering 
has been, and continues to be, profound. Sir Richard 
Glazebrook has himself dealt with ‘“‘ The Interdepen- 
dence of Abstract Science and Engineering” in a 
James Forrest Lecture delivered five years ago. No 
man could speak with a closer personal understanding 
and experience of the subject. In his hands the value 
of the Laboratory was so fully demonstrated that after 
a time, from being semi-official, it was made official— 
becoming a truly national laboratory, administered 
by a new Government office, the Department of 
Scientific and Industrial Research. 

That department, established in 1916, remains 
with us as a beneficent legacy of the war. It is a 
notable item on the credit side of an account that 
is mainly one of debit. The war turned men’s thoughts 
as never before to mechanical problems. From being 
questions of mere luxury or convenience, such 
problems became, almost suddenly, questions of 
national life or death. Physicists and mathematicians 
whose interests had been wholly abstract were brought, 
as it were, from the clouds to earth. They faced 
facts—often, one should add, to excellent purpose. 
With the community generally, applied science took 
on a new significance; till then it had meant little 
to them. They now saw it as a man struggling in 
the water sees a plank within his reach. Research, 
and the adaptations of research, from being treated 
with general indifference, were hailed as a way to 
public salvation—salvation not only from the immediate 
menace of the struggle itself, but (after that was past) 
salvation from the abiding danger of international 
competition and the burden to industry through 
waste and debt. The national intelligence was 
stirred ; blind eyes were opened. They have remained 
open, and the Department does much to keep them 
open. You have only to glance at its annual reports 
to see the great range of its activities. It undertakes 
researches of a type no private worker could attempt. 
It acts largely through committees, on which experts 
in one or another industry co-operate with men of 
scientific habit. I have served on such committees, 
and can bear witness to the benefit that comes of 
this co-operation. On one of them we are now 
approaching the end of a long and fruitful inquiry 
into the stresses which are caused in railway bridges 
by the passage of trains. It is a question of much 
practical importance and of great complexity, a 
complexity greater than any of us understood when 
the investigation began. I may safely say that the 
results we have reached would not have been attainable 
save by the association of representatives of the 
railway companies, experienced on the practical side, 
with others who were qualified to interpret the experi- 
mental data by the methods of an intricate mathe- 
matical analysis. 

The Department also subsidises young research 
workers. For a young worker to attempt research 
is often a useful education, and he may discover 
arealaptitude. But we must not forget that researchers 
of the best sort, are like poets; they are born, not 
made. You may produce in this field competent 
hewers of wood and drawers of water, men who will 
usefully assist or follow a real leader. But the wind 
bloweth where it listeth ; no man who says, “ Go to, 
I will research,” can count on inspiration, and not 
even the draught in a wind-channel will make dry 
bones live. 

On the other hand, when the right man is found, 
there is no limit to his potential achievement. He 
may give the world a new idea; he may create a 
new industry; he may make for himself a name ; 
he may make, generally for others, a fortune. Of 
late the practice has sprung up in the great manu- 
facturing corporations of engaging the services of 
a team of researchers, and placing the best laboratory 
equipment at their disposal. One is glad to know 
that this procedure has been found to pay. Some 
corporations take a wise line in giving the researchers 
a free hand—a roving general commission of inquiry— 
not limited to points of immediate utility. There are 
notable instances where this has led to discoveries 
and inventions which more than justify such a policy 
on its economic side. 

Thirty years ago, and more, I used to be a professor 
of engineering. In those days one was a missionary, 
& propagandist of the value of theoretical training. 
One had to preach, insistently, to the followers of 
an older rule-of-thumb that time spent in scientific 
study was not time wasted. All that is changed now. 
The younger generation of engineering professors 
cannot imagine how tactfully, how guardedly, we, 
of a less enlightened age, had to beg for tolerance, 
to plead as it were for our own existence. To me it 
marked the beginning of a new era when the head of 
a great engineering a said, ““I want you to send 
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me regularly some of your young men.’ Now they 
all say that to the happier professors of to-day. From 
the big establishments representatives come before- 
hand to learn the names and qualifications of youngsters 
who are about to take their degree. The most promising 
are snapped up; all seem to find ready employment ; 
they are paid for their work instead of paying a 
premium for the privilege of entry—though, in truth, 
they have much to learn of a kind no college can 
teach. This, surely, is evidence that engineers 
recognise, more and more, the benefit of associating 
practice with science. Moreover, the constant flow 
of youths so educated into professional life makes 
always for a closer linkage, a quicker reaction between 
the scientific outlook and the world of construction 


and design. 
(To be continued.) 








NOTICES OF MEETINGS. 





Roya Socrety or Arts.—To-night, 4.30 p.m., John- 
street, Adelphi, W.C.2. ‘‘ The Port of Calcutta and its 
Post-War Development,” by Mr. 8. C. Stuart-Williams. 


Royat Instrrution.—To-night, at 9 p.m., Albemarle- 
street, W.1. ‘‘ The Waves of an Electron,”’ by Professor 
G. P. Thomson. 

INSTITUTION OF MUNICIPAL AND CouNTY ENGINEERS.— 
North-Eastern District: Saturday, June 9, 10.30 a.m., 
Various Visits. At 5 p.m., Grand Hotel, West Hartle- 
pool, ‘‘ Municipal Work at West Hartlepool,” by Mr. F. 
Durkin. ‘‘ Municipal Work at Hartlepool,’”’ by Mr. J. H. 
Miers. Yorkshire District: Saturday, June 9, 2 p.m., 
Town Hall, Wakefield. ‘‘ Municipal Work in Wake- 
field,” by Mr. L. Ives. 

INCORPORATED MUNICIPAL ELECTRICAL ASSOCIATION. 
—Annual Conference, Bath, Monday June 11 to Satur- 
day, June 16. Monday, June 11, 8.15 p.m., The Grand 
Pump Room, Reception by the President. Tuesday, 
June 12, 10 a.m., Theatre Royal, The Sawclose. Presi- 
dential Address by Mr. F. W. Purse. ‘‘ Administration 
of Electricity Supply Undertakings,” by Colonel A. 
Sinclair. At 2.30 p.m. Various Visits. Wednesday, 
June 13, 10 a.m., The Grand Pump Room. “ Distribu- 
tion of Electricity in Cities and Towns,’’ by Mr. L. 
Romero. ‘“‘ Distribution of Electricity in Rural Dis- 
tricts,”” by Mr. H. F. G. Woods. Thursday, June 14, 
10 a.m., The Grand Pump Room. “ Domestic Electrifica- 
tion: Its Development and Requirements,” by Mr. J. L. 
Carr and Mr. J. D. Peattie. ‘‘ Selling More Electricity 
for Domestic Purposes,” by Lieutenant-Colonel W. A. 
Vignoles. At 7.15 p.m. Annual Dinner, The Grand 
Pump Room. Friday, June 15, 10.30 a.m., Annual 
General Meeting, The Grand Pump Room. Saturday, 
June 16, Visits to Various Works. 

InstTiITUTION oF Gas ENGINEERS.—Cardiff Meeting: 
Tuesday, June 12, to Friday, June 15, Cory Hall, Cardiff. 
Tuesday, June 12, 9.15 a.m, Presidential Address by 
Mr. H. D. Madden, ‘The New Morriston Works of the 
Swansea Gas Light Company,” by Mr. W. H. Johns. 
3.15 p.m, Reports of Institution Committees, Wednes- 
day, June 13, 9.30 a.m. “The Economic Aspects of 
High-Pressure Gas Distribution,” by Mr. 8. Lacey. 
“Some Recent Alterations and Extensions in the Distri- 
bution System at Tottenham,” by Mr. H. C. Smith. 
3.15p.m. Reports of Institution Committees, Thursday, 
June 14, 9.30 a.m. ‘‘Some Applications of Chemistry in 
Gas Making,”’ by Mr. H. Hollings. ‘‘ Gas Supply East of 
Suez,” by Mr. 8. B. Johnson, Reports of Institution 
Committees. Thursday afternoon, June 14, and Friday, 
June 15, Visits and Excursions. 








T.S.S. ‘‘DucHess oF BEpFoRD”’: ADDENDUM.—In 
the account of the machinery of this vessel given on 
page 675 of our issue of June 1, there was a reference to 
the six high-pressure Yarrow boilers fitted. It was not, 
however, made clear that these were not supplied by 
Messrs. Yarrow and Company, Limited, although this 
firm was entirely responsible for their design. The 
actual construction was carried out by Messrs. John 
Brown and Company, Limited, under licence from Messrs. 
Yarrow and Company, Limited. 

SKILLED EMPLOYMENT AND APPRENTICESHIP ASSOCIA- 
TION.—The main object of the Skilled Employment and 
Apprenticeship Association is now well known. Briefly 
it is to promote, through affiliated committees, the 
welfare of boys and girls by encouraging and assisting 
them to enter skilled trades, and to continue this 
encouragement and advice after they have entered such 
trades. The Association also endeavours to arouse the 
interest of employers, trades unions, and the general 
public in the industrial training of boys and girls, 
disseminates information on the subject, and watches 
legislation affecting such training. The twenty-second 
annual report of the Association shows that the number 
of applications received during 1927 was 2,214, and the 
number of boys and girls placed was 1,052. It is pleas- 
ing to note that the office work of the Association has 
been carried on for the very small sum of 25/. 10s. 3d., 
and the cost of administering the East London Apprentic- 
ing Fund has been only 7/. 5s. The Association has been 
able to grant 30/. to affiliated committees. Expres- 
sions of appreciation for their services are paid, in 
the report, to Major H. D. Myer, hon. solicitor, and to 
Messrs. F. Coston Taylor, A.M.Inst.C.E., and H. O. 
Horne, joint hon. secretaries. The central office of the 
Association is at 75, Denison House, 296, Vauxhall 





Bridge-road, London, S.W.1. 





LETTER TO THE EDITOR. 


AVOIDING PERMANENT SET IN 
HELICAL SPRINGS. 


To THE Eprror OF ENGINEERING. 


Smr,—The following notes on a method I have 
devised for making helical springs may be of interest 
to some of your readers :— 

Helical springs which are not tempered after coil- 
ing, take a more or less marked set when first used, 
if made in the usual way. This may be avoided by 
twisting the wire until it takes a set before the 
coils are completed, provided they are sufficiently 
numerous. 

For purposes of illustration, a piece of stout string, 
of not too soft a quality, will make a sufficiently good 
spring, and the sketches show it coiled round a rod 
such as a cedar pencil. They apply equally, of course, 
to a wire coiled in a similar manner, the arrows show- 


os SS/ION SPRINGS. 





(756) 


TENSION SPRINGS 
ig. 3. 





\ 
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“ENGINEERING” 


ing the direction in which the wire or string must 
be twisted in order to produce the desired effect. 
Figs. 1 and 2 represent left-handed and right-handed 
compression springs, respectively. It will be seen 
that if the loose end be regarded as free, it is to be 
twisted in such a direction that it would roll along the 
pencil away from the coils, as in Fig. 5. For a tension 
spring, Figs. 3 and 4, the wire is to be twisted in a 
direction which would roll the free end towards the 
coils, as in Fig. 6. 

The same results may be obtained, in the case of a 
compression spring, by making the coils more open 
than are finally required, the spring being therefore 
too long: The exact amount of distortion is best 
found by experiment with a spare spring. After com- 
pression to a length slightly shorter than that required, 
no further set may be anticipated. 

This would be a convenient method to be adopted 
in making springs for mattresses and the seats of 
furniture. The first method would be specially applic- 
able to the springs of expanding bracelets, non-ferrous 





springs for pump valves, &c. I may add that I have 
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used the methods in practice, with good results, for 
making small springs. 
Yours faithfully, 
C. H. WINGFIELD. 
13, St. Margaret’s-road, Oxford, 
May 16, 1928. 








LABOUR NOTES. 


AT a meeting in London, on Tuesday, of the Execu- 
tives of the trade unions affiliated to the Federation of 
Engineering and Shipbuilding Trades, it was stated 
that a majority of the organisations had agreed to 
accept the offer of the Shipbuilding Employers’ Federa- 
tion to increase the war bonus of plain time-workers. 
The employers have been informed of the decision. 
The effect of the concession is to increase the bonus 
of skilled time-workers from 7s. to 10s. per week in two 
instalments—the first next month, and the second in 
August. In the case of labourers and semi-skilled 
workers, the amount of the increase will vary, but the 
effect will be to bring the bonus up to the new level 
of that of the skilled time-workers. A condition 
attached to the employers’ offer was that the unions 
should appoint a committee to consider, with a com- 
mittee of employers, the question of an index scheme 
for the automatic regulation of wages. Six of the 
craft unions—those of the boilermakers, shipwrights, 
joiners, electricians, plumbers, and painters—have yet 
to give their decision on the offer. Recently, they 
unsuccessfully appealed to the employers either to 
increase the offer or agree to arbitration. 





A writer in Man and Metal, the journal of the Iron 
and Steel Trades Confederation, says that the Budget 
has been hailed as a proposal for the purpose of 
rehabilitating trade in Britain, but on examination it is 
found to be a proposal for taking money out of the 
pockets of the workers and putting it into the pockets 
of the shareholders in certain industries. While rates 
on factories will now become partly a national burden, 
the rates paid on dwelling-houses by the workers will 
go on just the same as hitherto. The overburdened 
workers will have to continue to bear the burden. A 
tax on land, an increase in the Income Tax and the 
continuance of unemployment pay as provided for in 
Mr. Shaw’s Act of 1924 would, the writer says, have 
been much better ways of meeting these problems. 
Millions of pounds of national money have been 
expended in making arterial roads, which have had the 
effect of increasing the value of the land on each side 
of them as much as tenfold in some cases. That value 
has been created by the community and ought to be 
absorbed by the community to be used for national 
and social purposes and to permit of real relief being 
given to necessitous areas and necessitous people. 


A manifesto issued by the Belgian Trade Union 
Committee declares it to be intolerable that the Belgian 
working classes, whose sacrifices during and since the 
war were well known, should continue to be in a 
position, in respect of wages, which is unparalleled 
in any other industrial country. In the United States, 
Great Britain, Germany, France, Holland and Switzer- 
land, wages are, it is stated, higher than in Belgium. 
It seems, therefore, to the Committee, the manifesto 
says, that the moment has come for organising through- 
out the country a vigorous campaign for higher wages, 
and in order to give definite form to the movement, 
which has the sympathy of the 550,000 workers 
affiliated to the Committee, the following minimum 
demands have been drawn up :—50 francs a day for 
skilled workers, 45 frances a day for specialised workers, 
40 frances a day for labourers, and 30 francs a day for 
female workers. For women, the application of the 
principle of ‘‘ equal pay for equal work ”’ is demanded, 
and, “finally, strict observance of the Eight Hour 
Act.” ee 


The withdrawal of the Union of Post Office Workers 
from the Post Office Whitley Council is an unfortunate 
affair which ought never to have been allowed to 
happen. On May 17, it will be recalled, the official 
side intimated that they were not prepared to continue 
the Council unless the staff side agreed to the admission 
of the Guild of Post Office Sorters and the Association 
of Counter Clerks and Telegraphists—which are com- 
posed of members, who have seceded from the Union 
of Post Office Workers. As both the Guild and the 
Association have been officially recognised by the Post- 
master-General, the course which the official side pro- 
posed to take was, on its face, strictly proper, and in de- 
clining to agree to it, the Union of Post Office Workers 
imperil the harmony which has up till now marked the 
relations of the two sides, and do Trade Unionism 
anything but a good turn. The impression left by the 
incident on the mind of the average man will almost 
certainly be that, having failed to prevent the secessions, 
the Union of Post Office Workers is now bent upon 
freezing the seceders out. 


ENGINEERING. 


At Nimes, last week, the International Federation 
of Miners passed the following resolution: ‘‘ In view 
of the necessity of the ratification of the Washington 
Convention, fixing an eight-hour day and a 48-hour 
week, by the Governments concerned, and in view of 
the attitude of the British delegation at the 38th session 
of the Council of Administration of International 
Labour Office by which the revision of the Washington 
Conference was requested, the Congress unanimously 
protests against the British attitude and invites the 
trade union organisation of miners in those countries 
which have not yet ratified the Washington Convention 
to engage in a violent campaign in favour of its ratifi- 
cation and to employ the most energetic means in its 
power to bring the Convention into effect within a 
maximum period of two years.” 





In some quarters, a resolution passed by the Nimes 
Congress on the subject of the admission of the Russian 
mineworkers has been described as a satisfactory 
compromise. The resolution expressed willingness to 
admit to membership of the Federation not merely the 
Russians, but the miners’ organisations of all countries 
—provided they accepted the statutes, principles and 
decisions of the International. That, however, has 
always been the attitude of not only the Miners’ Inter- 
national, but of practically all the other Amsterdam 
Trade Union Internationals. Moreover, it was the 
attitude which the International Federation of Trade 
Unions itself took up when the question of trade union 
unity was last under discussion. The difficulty is that 
neither the Red International nor its affiliated bodies 
will have anything to do with the statutes, principles 
and decisions of Amsterdam or its affiliated Inter- 
nationals. 


At the end of April, 11,101 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society were 
‘‘ signing the books, ” as compared with 11,022 a month 
earlier. The number of members in receipt of super- 
annuation benefit was 4,295, as compared with 4,338, 
and the number of members in receipt of sick benefit 
2,884, as compared with 2,986. The expenses for April 
were 10,6271. lls. 7d. ; in March, when there were five 
weeks’ outlay, they were 12,692. 11s. 6d. 





A Legislative Decree issued by the President of the 
Polish Republic, dated March 22, 1928, provides for 
the protection of patents and trade marks. Section 17, 
which relates to inventions by workmen, is, the weekly 
organ of the International Labour Office says, as 
follows :—A workman employed in a public or private 
undertaking may obtain a patent for an invention, even 
if the invention has been made in the course of his 
employment in the said undertaking. He may not be 
deprived of this right unless he has concluded with the 
employer a contract of service under which he is required 
to work as an inventor. The employer shall be em- 
powered to make use of the invention under a special 
licence. Should he be unable to obtain a licence by 
friendly arrangement with the workman, and should the 
invention in question be connected with the manufac- 
ture carried out in his undertaking, he may obtain a 
licence by official order. If the workman is party to 
a contract of service under which he is required to work 
as an inventor, the employer shall have the right to 
obtain the patent unless the contract contains provisions 
to the contrary. Should the compensation received by 
the workman in this case be manifestly inadequate in 
proportion to the profit derived by the employer from 
the invention, the workman shall be entitled to claim a 
fair increase in the compensation. 





Questions relating to the administration of the 
industry occupied much of the attention of a recent 
Congress in Moscow of the Russian Textile Workers’ 
Union. According to a number of delegates, the lack 
of unity and of ability in management, and the absence 
of well-considered programmes, are having a serious 
effect on production. Programmes are drawn up very 
late, and are changed frequently. The quality of the 
raw materials is unsatisfactory, the machinery and the 
looms are worn, and spare parts are lacking. Intensifica- 
tion and rationalisation of work can scarcely be applied 
in such conditions. Moreover, the workers are mistrust- 
ful of attempts at rationalisation, partly because such 
efforts are often not sufficiently thought out, are applied 
in a haphazard fashion, and hence do not give the results 
anticipated ; and partly because rationalisation chiefly 
affects the workers, involving an increase in individual 
output, frequently without any compensating increase in 
wages, and unemployment for the workers dispensed 
with. 
The necessity of appointing competent persons to 
posts on the technical staff was emphasised. At present 
the level of ability among foremen and engineers often 
leaves much to be desired. Besides, there is a growing 
need of trained specialists, and also of specialised 








workers. According to the Golos Textilei, of April 8, 
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1928, the textile industry has 1 engineer and 1-5 


13,000 looms, and 1 technical worker per 2,000 looms. 
The Congress considered that steps should be taken to 
prevent engineers, on the completion of their training, 
from being allotted to office administrative work, as is 
frequently the case at present. It is also thought 
desirable that young engineers should undergo an 
adequate period of probation and opportunities of 
increasing their knowledge by reading and by special 
finishing courses. It was pointed out that the union was 
not devoting enough attention to specialists (engineers 
and technical workers), and was not making serious 
efforts to attract them into trade union work. 





In the course of a general discussion at the Inter- 
national Labour Conference at Geneva on the question 
of the prevention of industrial accidents, the High 
Commissioner for Australia, Sir Granville Ryrie, alluded 
to the report of the Chief Inspector of Factories and 
Workshops in Great Britain, which brought out the 
astonishing fact, he said, that only a quarter of the 
reported accidents in industry were due to machinery, 
and that the greater proportion of the casualties were 
due to failure of the human element. Therefore, he 
maintained that the hope of reducing the appalling loss 
of life and limb among industrial workers lay with edu- 
cation rather than legislation. 





According to Industrial News, a weekly organ of the 
Trades Union Congress General Council, plain speaking 
at the expense of Russian trade union leaders was a 
feature of the recent meeting of the Red Trade Union 
International (known among its adherents as “‘ Profin- 
tern’), an impartial report of which, compiled from 
Russian sources, is now available. The discussion 
opened, it is stated, with a criticism of the ‘‘ Red” 
trade unions by Mr. Losovsky, general secretary of the 
R.T.U.I., who enumerated a long list of “ faults” 
which he said had been committed by these organisa- 
tions. Among the errors of which he complained were 
the failure of the “‘ Red”’ unions to carry on effective 
propaganda among non-unionists, an irresponsible strike 
policy, an inability to transmute increased influence 
into practical gains, an erroneous conception of trade 
union unity, inadaptability to new situations, lack 
of energy, and an inability, on occasion, to understand 
the situation. 


These allegations brought protests from Mr. Nin, a 
Spanish delegate, who said it was a pity that the 
Soviet Trade Unionists had not been more open in 
confessing their own shortcomings. ‘It is sufticient 
to point out,” he said, “ that trade union democracy 
is completely absent from the Trade Unionism of the 
U.S.S.R., and that no attempt is made there to educate 
the workers in a socialist spirit. There would have 
been no conflict in the Donetz region if the local 
trade union organisations had really applied the 
system of trade union democracy.” Mr. Losovsky 
declared that the Trade Unions of the U.S.S.R. were 
entirely under the direction of the Communist Party 
and that they cannot and will not do anything what- 
soever contrary to the decisions of the Communist 
Party and the Communist International. The Congress 
instructed the English Minority Movement to keep up 
a more energetic struggle against the General Council 
of the Trades Union Congress and the Trade Union 
leaders. 


Contracts.—Messrs. Fairfield-Howden Ruths Steam 
Accumulators, Limited, have received an order from 
Messrs. Taylor Brothers and Company, Limited, Trafford 
Park, Manchester, for three steam accumulators, having a 
volume of 2,460 cub. ft. and a pressure range from 200 lb. 
to 190 Ib. sq. in., and two accumulators with a total capa- 
city of 9,000 cub. ft. and a pressure range from 250 Ib. to 
150 lb. sq. in.—Messrs. Cammell Laird and Company, 
Limited, Birkenhead, have received an order from Messrs. 
James Chambers and Company, Liverpool, on behalf of 
the Lancashire Shipping Company, for two cargo liners 
of about 10,000 tons deadweight, which are to be fitted 
with Diesel engines, 











PersonaLt.—Mr. H. E. Macnab, Craven House, 
Northumberland-avenue, London, W.C.2, has _ been 
appointed the agent for the British Isles of Messrs. Wert 
Gusto, Firma A. F. Smulders, Schiedam, in succession 
to Mr. A. Rodger, who has retired.—We are officially 
informed that the Right Honourable The Earl ot 
Verulam, who joined the board of Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, recently 4 
has been elected chairman of the company in succession 
to Lord Southborough, who will continue on the board.-—- 
The general committee of Lloyd’s Register of Shipping 
have agreed to the retirement of Mr. F. A. Mayne, 
assistant secretary, under the age limit of the society's 
pension scheme.—Messrs. Heap and Digby, Limited, 
Consulting Engineers, 34, Victoria-street, London, 8.W.1, 
have now changed their name to: Messrs. Heap and 
Ryley, Limited.—Sir S. George Higgins, C.B.E., has 
been elected chairman of the Management Committee 0! 
Lloyd’s Register of Shipping, in succession to Sir Thomas 
J. Storey, K.B.E., who is resigning on account of age. 





technical workers per 100,000 spindles, 1 engineer per 
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1,500-KW. TURBO-GENERATOR AT GUILDFORD POWER 


c. A. PARSONS AND COMPANY, LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 


CONSTRUCTED BY MESSRS. 





STATION. 








GOVERNING AND VALVE GEAR FOR 
1,500-KW. PARSONS TURBINE. 


THE generating plant in the new power station at 


Guildford, reference to the formal opening of which is | 


made on page 709 of this issue, consists of one 3,000-kw. 
and two 1,500-kw. turbo-alternators, all of which have 
been constructed by Messrs. C. A. Parsons and Com- 
pany, Limited, of Newcastle-on-Tyne. The 1,500-kw. 
sets, a view of one of which is given in Fig. 1, are 
supplied with steam at a pressure of 250 lb. per square 
inch and a temperature of 700 deg. F., the vacuum 
being 28-5 in., with the barometer at 30 in. and a 
cooling-water temperature of 70 deg. F. The turbines 
are of the single-cylinder design, and incorporate blading 
of the Curtis, Rateau and Parsons’ patterns, in that 
order, from the inlet to the exhaust, as shown in Fig. 2, 
on page 706. The last row of reaction blading is 8 in. 
high on a rotor diameter of 24 in. 

Though generally following standard design, these 
machines embody two interesting features. The first 
of these is the governor gear, details of which are 
shown in Figs. 3, 5 and 8. It consists of an oil pump of 
the gear-wheel type, which is mounted on the governor 
spindle next to the lubricating pump. This relay 
pump delivers oil at a pressure of approximately 
60 lb. per square inch through the relief valve body 
L to the underside of the relay piston. Oil is also 
led from the relief valve body to the feed port in 
the governor casing M. This oil drains away through 
the special leak-off port in the regulating sleeve, N, the 
quantity of oil passing through this port being deter- 
mined by the position of the governor sleeve O. An in- 
crease in speed uncovers more of the leak-off port, thus 
reducing the pressure under the relay piston. The main 
valve spring therefore forces the piston down and closes 
the double balanced valve sufficiently to bring the speed 
back to normal. The position of the regulating sleeve 
N can be altered by means of a hand wheel. If the 
pressure in the system becomes too great, the relief 
valve L opens, and the oil drains away to the bedplate, 
as shown in Fig. 8. The momentary variation in speed 
between full load and no load is 5 per cent. and the 
permanent variation 2} per cent. 

At starting, when no oil pressure is available, the 
governor valve is slightly lifted against the action of the 
telay spring by means of the hand lever, and is tem- 
porarily held open by inserting the pawl R under the 
crosshead 8S. When the speed is such that the governor 
assumes control of the machine, the valve opens a little 
Wider, so that the pawl R is released and falls out of 
position by its own weight. 


Fia. 1. 


called is the use of a steam chest incorporating a 
combined stop valve and run-away valve. The 
| arrangement is shown in Fig. 4, which is a diagrammatic 
section through the steam chest and valve. The 
incoming steam is admitted under the valve A, which 
is in one piece with the lower portion of the spindle, 
the two being loosely connected to the portion B, 
which screws into the spring cap C. This cap is a 
sliding fit in the housing D, which is secured through 
the valve seat to the steam chest. A piece of hardened 
tool steel is let into the cap C and is provided with a 
notch for the reception of the trip spindle E. This 
spindle is kept in the notch by the torsion spring F, 
Fig. 6, while the key G prevents the spring cap from 
turning. The top portion of the housing forms a 
dash pot and cushions the blow of the valve on its 
seating when it is released. The stop valve can be 
operated independently of the trip devices when the 
trip levers are set, being opened and closed like an 
ordinary valve. Before opening the stop valve, the 
by-pass valve on the steam chest must be opened, in 
order to reduce the pressure above it, after which it 
can easily be opened by means of the hand wheel. 

The by-pass valve must be closed immediately the 
combined stop and run-away valve is opened. When 
the valve A is open and the machine trips, the spring 
H in the steam-end keep (Fig. 3) pulls over a lever 
mounted on the spindle E, thus pulling the catch 
out of engagement. The main spring then forces 
the spring cap and spindle upwards, so closing the 
valve. The trip levers may be set without re-- 
opening the valve by pushing in the knob K, asa 
slotted hole has been provided in the lever train, as 
shown in Fig. 7. . This double eye allows the run-away 
valve to be closed down without disturbing the lever 
gear by means of the trip handle provided. To set the 
valve after it has been tripped, the wheel is turned in a 
clockwise direction asif closing the valve. This motion 
is continued until the hand lever on the spindle E takes 
up its normal position, the torsion spring automatically 
setting up the trip gear when the spring cap is in 
position. The direction of rotation is then reversed 
and the valve opens in the usual manner. 

The 3,000 kw. turbine is also of the single-cylinder 
type, but is of pure reaction design. Its governor gear 
is of the Parsons standard oil-relay pattern. Stainless 
steel is used for the blading on all three sets. The 





reaction portion in the 1,500 kw. turbines, and the last 
six rows in the 3,000 kw. turbine, are of the “ radial- 
clearance” type, while the remainder of the blading 
in the 3,000 kw. set is “ end tightened.” Arrangements 





™ | 
The second feature to which attention may be | have been made so that steam can be extracted from 


each machine at a pressure of 15 lb. per square inch 
absolute for heating the feed water to a temperature 
of about 180 deg. F. 

Each set is equipped with Parsons surface con- 
densers of the three-flow pattern, which are fitted with 
steam jet operated ejector air pumps. The feed-water 
heater is integral with the condenser, and the main 
condensate from the condensers is used as cooling 
water, in order to conserve the latent heat: of the 
operating steam from the jets. The cooling water is 
extracted from the River Wey by means of two 
vertical electrically-driven centrifugal pumps manufac- 
tured by Messrs. The Pulsometer Engineering Company, 
Limited, each of which has a capacity of 250,000 Ib. 
per hour against a 27-ft. head. These are installed in 
a separate pump house on the river bank. The water 
enters an intake bay through two Ledward and Beckett 
rotary screens 10 ft. 6 in. in diameter. These screens 
are operated by a Pelton wheel through reduction 
gear, the necessary water being obtained from the 
circulating-water main in the pump house. 








BRADFORD ENGINEERING Society.—We received 
recently a copy of the Journal of Proceedings of the 
Bradford Engineering Society for the twenty-seventh 
(1925-1926) session. The journal contains four of the 
lectures delivered before the Society during that session, 
namely, ‘The Progress of Engineering in Bradford,” 
by Mr. J. W. Banks; ‘‘ Modern Developments in the 
Utilisation of Exhaust Steam,’ by Mr. D. Adamson ; 
** Water Meters,” by Mr. H. W. Swift; and ‘‘ The Steam 
Accumulator for Use in Power Plants,” by Professor 
G. F. Charnock. The meetings of the society are held 
at regular intervals at the Technical College, Great 
Horton-road, Bradford, and the honorary secretary is 
Professor G. F. Charnock, 30, Pemberton Drive, Bradford. 


ENGINE KNOCK AND RELATED PROBLEMS: ERRATA.— 
Mr. A. C. Egerton, F.R.S., whose lecture on the above 
subject was reported on page 673 of our last issue, writes 
to correct the statement made in column 2, page 674, 
that it is only in a narrow zone of the travelling flame 
that anti-knocks are effective. He considers that they 
are also useful during the stages of slow combustion which 
occur during the compression stroke. It is during these 
early atages that “‘ active centres ’’ may be formed, which 
promote combustion after ignition. He also adds that 
it is not quite exact to state that lead reduced the ignition 
temperature of petrol by 100 deg. C. What it did do 
was to reduce the temperature reached in these anti- 
ignition reactions, even at a temperature 100 deg. C. 
higher than the normal ignition temperature of the fuel. 
The experiments with a lead arc were, moreover, made 
by Messrs. Ricardo and Thornycroft, and not by 
Mr. Tizard, as was stated in error. 
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THE LATE MR. CLAUDE JOHNSON. 


WE regret to record the death of Mr. Walter Claude 
Johnson, which occurred on Saturday, June 2, only 
a few weeks after his retirement from the chairman- 
ship of Messrs. Johnson and Phillips, Limited, a firm 
which he had assisted to found and had done a great 
deal to develop. He may not incorrectly be said to 
have been one of the pioneers of modern electrical 
industry. 

Mr. Johnson was born at Newton-le-Willows in 
1847, and served his apprenticeship at the Vulcan 
Foundry in that town. On the completion of his 
training he joined the engineering staff of the Tele- 
graph Construction and Maintenance Company, and 
was engaged with them in laying submarine cables 
in many parts of the world and in the design of cable- 
laying machinery. In 1875, he entered into partner- 
ship with Mr. S. E. Phillips to found the firm of John- 
son and Phillips, at a time when electricity connoted 
telegraphy, and a great deal of work was being done 
to establish a world-wide system of submarine cables. 
The firm’s business was, therefore, naturally the 
manufacture of submarine telegraph-cable machinery 
and stores for the cable ships. They were largely 
concerned with the actual design of this machinery, 
and that this was successful, is shown by the fact that 
the majority of the world’s cable fleet are equipped with 
paying-out, picking-up, and handling machinery made 
at Charlton. 

In the early days of electricity supply the firm 
turned its attention to the manufacture of generators, 
the late Dr. Gisbert Kapp being for a time their chief 
designer, while the “ Brockie-Pell’’ arc lamp, and 
later, the ‘‘Metro-Flam’’ magazine flame arc, were 
other products of which a great success was made. 
In 1890, Johnson and Phillips laid the first electric 
lighting main in the City of London, the working 
pressure being 5,000 volts, while alternators and 
static transformers also began to be manufactured 
about this time. They not only made cables, but 
cable-making machinery for use all over the world, 
and, of recent years, their activities have been con- 
centrated on cables and wires of all sizes, overhead 
conductors, transformers and switch gear. The firm was 
registered as a limited company in 1905, when 
Mr. Johnson became its chairman. 








SELL’s TELEGRAPHIC ADDRESSES.—The 1928 edition of 
Sell’s Directory of Registered Telegraphic Addresses, now 
in its 43rd year of publication, was issued recently. As 
was the case with previous volumes, the Directory is 
divided into three main sections, the first of which is 
an alphabetical list of firms in London and the Provinces. 
In this section are set forth the full title of the firm, 
together with particulars regarding trade or profession, 
postal address, telegraphic code used, telephone number, 
and full registered telegraphic address. The second 
section is an alphabetical list of telegraphic addresses, 
while the third section comprises a classified-trades list 
of the chief business concerns of Great Britain and Ireland 
in every trade. Stock-Exchange and newspaper-press 
sections, and divisions devoted to American, Belgian, 
French, and German telegraphic addresses, are also in- 
cluded. The Stock-Exchange section, it is interesting 
to note, is entirely new. it contains the authorised 
official lists of stock and share brokers who are members 
of the respective Stock Exchanges in Great Britain and 
Ireland. The newspaper-press section has been con- 
siderably amplified, and a considerable amount of detailed 
information is given for each publication. Taken 
generally, the high standard set by previous editions has 
been more than maintained in the present issue of the 
Directory. The work is published by Messrs. Business 
Dictionaries, Limited, 8 and 9, Johnson’s-court, Fleet- 
street, London, E.C.4, and the price, including the mid- 
summer supplementary edition, is 45s. net. 





HANDBOOK oF STRUCTURAL STEEL Work.—It is 
common knowledge that a good deal of useful engineering 
information is to be found in manufacturers’ catalogues, 
and that this is often more up-to-date and written 
from a more practical point of view than is that given in 
text books. Again, steel has become such an important 
feature in modern building construction, and has to be 
utilised in such a variety of forms and under different con- 
ditions that reliable data regarding its properties is 
essential for the architect, the maker, and the erector. 
For these reasons, there‘ore, we welcome the appearance 
of the 1928 edition of the Handbook of Structural Steel 
Work, which has just been issued by Messrs. Redpath, 
Brown and Company, Limited, of 2, St. Andrew-square, 
Edinburgh. It has been necessitated by the revision of 
the British Standard steel sections for structural purposes, 
recently recommended by the British Engineering 
Standards Association, and includes data relating to an 
extensive range of compound girders and pillars of 
various types, and to the safe load on pillars calculated 
both by the Moncrieff and the London County Council 
formule. The dimensions, properties and safe loads 
for all sections are presented on facing pages, those due 
to the two different authorities being printed in different 
coloured inks. The derivative formule are also given, 
together with a large number of useful notes and 
mathematical tables, The book is not on sale, but 
is distributed, by the firm, to architects, engineers, and 
approved applicants. It is a really useful production. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norz.—In the diagrams, the figures plotted for tin and copper are the officiai closing cash quotations of 


the London Metal Exchange for “ fine foreign 


lead are for English metal, whilst those for spelter are for virgin metal. 
for steel plates and rails, and also for hematite and Cleveland pig-iron. 


” and “ standard ” metal, respectively. The prices shown for 


Middlesbrough prices are plotted 
The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for,heavy sections. The pig-iron 
rices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
ttle, the contents of which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 














THE Late Mr. FREDERICK Watton.—The death of 
Mr. F. Walton, who died recently at Nice, in his 95th 
year, after an accident, recalls the discovery of linoleum 
and the development in this country of a thriving linseed 
oil industry. The usual floor covering of a century ago, 
a wax cloth, consisting of cotton fabric provided with 
a coating of linseed oil varnish and colouring matters 
was not durable, even when the cotton fibre had been 
replaced by the coarser jute. E. Galloway, in 1844, 
provided jute fibre with a covering, rolled or pressed on 
as before, of cork meal, resins and rubber. This camptu- 
licon became popular, but also very expensive when the 
vuleanisation of rubber increased its uses. The linseed 
varnish was, or is, prepared by heating the oil with 
oxidising metallic compounds, siccatives (oxides of lead 
and manganese), or the oleates of these metals, which 
act as catalysts. The oil then becomes thin and dries 
to an elastic skin. Walton succeeded in oxidising the 
bulk of the linseed oil to solid linoxyn ; most drying oils 
can be hardened in this way, but linseed oil is particularly 
suitable. According to Walton’s first patent of 1860, 
thin jets of the oil were exposed to light (in glass houses) 
and received in troughs into which the fabric was subse- 
quently dipped ; both the streaming and the dipping 
were several times repeated. Later on the oil was boiled 
and blown, air or oxygen being injected, or run in thin 
films over the material. The oil was then mixed with meal 
of cork, wood, colophony and colouring matters, mostly 
metallic oxides, to be applied to the jute fabric. Walton’s 
first linoleum works were started at Staines in 1863. 
Noteworthy improvements of these products and pro- 





cesses were his Lincustra Walton, which soon became a 
favourite material for dados, wallpapers and ceilings, 
and his inlaying process. The imitation marble and 
granite floor cloth were made at Greenwich by moulding 
machinery of his own design. In later years, Walton 
took an interest in the introduction, from France, and 
in the manufacture of flexible metallic tubing, and he 
perfected the making of large-size tubing in various ways. 

New EscaLaToRS ON THE UNDERGROUND.—So rapid 
has been the growth of the traffic handled by the new 
station at Tooting Broadway, on the City and South 
London Railway, that it has been decided to construct 
a third escalator. Opened in September, 1926, Tooting 
Broadway handles over 800,000 passengers a month, and 
is the twenty-second busiest station of the 125 on the 
system. The new escalator, which will be the sixty- 
ninth to be installed on the Underground, is to be of the 
“comb ” type, and capable of being reversed up or down 
to suit the flow of the traffic. Highgate and Camden 
Town are also to become escalator stations, with two at 
each, while Piccadilly Circus is to have eleven, this being 
the largest number of escalators at any one station 
in the world. Two additional escalators are to 


installed at Charing Cross, and one at Oxford Circus, 


making five, in all, at this station. All these machines 
vary in length from 17 ft. to 60 ft., travel from 90 ft. bi 
100 ft. per minute, and are capable of transporting over 
780,000 passengers an hour. When the present scl aoe 
is completed, the Underground will have expended ove 


620,0001. on escalators. 
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ELECTRICITY IN MINES. 


Mvcu has been done in recent years to ensure the 
safety of mine workers where electricity is used for the 
operation of underground machinery, and the results of 
much research work have been published and have been 
applied in practice with considerable success. Efforts, 
however, continue to be made in order that the safety of 
underground working may be ensured to the fullest 
possible extent. Further evidence of this continued 
work is afforded by the publication of two reports by 
Messrs. G. Alisop and R. V. Wheeier. The first of 
these treats the question of The Pressures Produced on 
Blowing Fuse Links, and was recently published by 
His Majesty’s Stationery Office at a price of ls. 6d. net. 
Fusible cut-outs are used to a large extent in mines 
for the protection of electric machinery against over- 
loads, but they must be installed in such a manner 
that in freeing a machine from possibility of damage 


they do not themselves become the cause of worse | 
They should be installed in flame-proof | 


troubles. 
enclosures, which are either capable of withstanding 
the pressures caused by the explosion of inflammable 
gas mixtures within them, or are arranged to permit the 
release of the pressure without the passage of any 
flame to the surrounding atmosphere. The object of 
the work described in this publication of the Safety in 
Mines Research Board was to determine the maximum 
value of the pressures developed under all sorts of con- 
ditions and with particular reference to the types of 
current used. In brief, the method of test used was 
to blow the thermal cut-out within a closed vessel 
of known volume to which a recording pressure gauge 
was attached. 

The general trend of the results, which varied accord- 
ing to the position along the wire at which fusion took 
place, suggested that the development of pressure 
was mainly due to the vaporisation of the fuse wire, for 
there was a marked tendency for the pressure to 
increase in magnitude as the mass of metal in the wire 
was increased. The position of the thermal cut-out 
had but little influence on the pressures developed, 
especially with the smaller fuse boxes. In general, 
however, the pressures were higher when the fuses were 
mounted vertically. One point of importance was 
found, in that the pressures were higher when the 
upper connection was positive. This appeared to be 
due to the fact that the metal globule at the cathode, or 
lower end, did not fall off readily and so extinguish 
the are as quickly as when the polarities were reversed. 

It was found that if the whole of the vapourised metal 
remained uncondensed during the arcing period, the 
rate of development of pressure increased with the 
power in the arc, but condensation caused the pressure 
to be much reduced. Should the rate of condensation 
equal that of vaporisation, the pressure remained 
constant. In larger fuse boxes the pressure rose 
continuously, but comparatively slowly, during the 
arcing period, while in the smaller boxes the pressure 
rose rapidly and remained practically constant until 
the are was extinguished, when the fall of pressure 
also took place with rapidity. Tin and zinc fuses as well 
as copper ones were tested, but with the more easily 
melted metals the ares were speedily broken through 
the falling away of portions of the wires. Higher 
pressures under similar conditions of test were therefore 
found with copper fuses. Cartridge fuses, through 
the provision of a larger cooling surface on the particles 
of the filler, facilitated arc extinction and led to reduc- 
tions of the pressures developed. 

A comparison of the results under similar conditions 
with alternating and direct currents showed that the 
blowing of thermal cut-outs used as a protection 
on alternating current lines did not give rise to the 
production of such high pressures as were found where 


direct current circuits were tested. This was due to the 
ig ached of the alternating current arc. As far as 
the ignition of a gaseous mixture was concerned, it 


appeared that it did not start until the fuse had melted 
and arcing had commenced. The result was that 
ama n of the gas before ignition did not occur in 
the true sense, though it was believed that if the rate of 
tise of pressure due to the blowing of the fuse was 
Sreater tllan that due to the explosive mixture, some 
effects of this nature might be possible. 

In the second report, that on The Pressures Produced 
bY Electric Arcs in Closed Vessels, the same authors, 


ren ©. Allsop and R. V. Wheeler, examined the case 
—— formed between metal electrodes. When a 
STuptive clectric discharge occurred, a pressure was 


eta “8 produced, but in dealing with arcs of 
pie oe ation little or no evidence was available of 
pia action. This was found to be the case with 

ents up to 200 amperes and voltages up to 250, 


se in other tests with 1,350 amperes at 575 volts. The 
Lagi developed by arcing within an air-filled switch 
sing seemed to be due entirely to the heating effect of 


the are and { . see 
eet — to be mainly caused by the vaporisation of the 
ao * When an adequate circuit breaker was in the 
ysvem, there was no dangerous pressure produced, but 
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should the circuit breaker fail and arcing be prolonged 
dangerous pressures might be created. The effects 
were much less severe with alternating than with direct 
currents. 


THE LINKING-UP OF THE VOLGA 
AND DON RIVERS. 


In the many changes which have come over Russia 
in recent years one is apt to lose sight of the scale 
of her activities. In 1912 the Volga fleet consisted of 
3,300 steamers and 6,998 other vessels, and the tonnage 
of this fleet was 8,500,000 tons. In 1913, 25,000,000 
tons of goods were transported by the Volga, while, 
in the same year, all the railways of Russia carried 
not more than 130,000,000 tons. 

According to the Bank for Russian Trade Review, the 
Soviet Union has now in hand plans for linking up the 
Volga and the Don. A study of the map will convey 
some impression of the great area covered by the basin 
of the Volga, the principal river in the European 
territory of the Soviet Union, which has its mouth in 
the Caspian Sea, and is thus in direct communication 
with such important ports as Baku. In conjunction 
with the river Kama, it flows through the richest 
districts in the Union, and also constitutes an excellent 
connecting link in the transport of raw material, 
such as grain, hides and skins, &c., from Siberia, 
while the river Oka, the Moscow river and the Klyazma, 
connect with the central industrial area. 

At certain points on its course, the Volga is in com- 
parative proximity to other important natural water- 
ways of the Union, tapping further districts, and flow- 
ing into other seas. The most important of these 
points occurs in the neighbourhood of Stalingrad, a 
town situated on the banks of the Volga, approximately 
250 miles from its mouth. Here the river Don, which 
flows into the Black Sea, is only 35 miles away. The 
question of the construction of a canal, joining the two 
rivers at this point, was first raised as long ago as 1568, 
but, owing principally to the lack of funds and in- 
sufficient technical knowledge, the scheme has never 
taken concrete shape until the present time. The 
original intention was to construct a canal sufficient 
to deal with only the smaller types of craft, but the 
present scheme, now favoured by the Soviet, is much 
more ambitious, and embodies the digging of a canal 
of approximately 65 miles in length. The connections 
would be near Stalingrad, on the Volga, and Kalach, 
on the Don. The construction of locks on the Don 
over a distance of about 325 miles, would enable large 
steamers from the Volga to reach the Black Sea, via 
the port of Rostov-on-Don, which is to be deepened, 
while a second canal would have to be dug between 
Rostov and Taganrog. 

Among the great benefits accruing from such an 
improvement, would be those arising from the fact 
that the rich districts served by the Volga and Kama 
rivers would be able to export direct to the Mediter- 
ranean. The estimated cost of the project, as quoted 
by the Bank for Russian Trade Review, is between 
130,000,000 and 150,000,000 roubles, which, taking the 
rate of exchange as 9-46, amounts to between 13-74 and 
15-32 million pounds; in addition to which, approxi- 
mately 5,000,000 roubles, or 500,000/., would be 
required annually for the general maintenance. It is 
expected, however, that on account of the economies 
effected in the transport of coal from the Donetz 
basin into the Volga area, and the export of such raw 
materials as grain and timber, &c., and of oil from 
Baku, the amount saved on the railways would, in 
the course of about ten years, repay the expenditure 
in connection with the construction and maintenance 
of the canal. 
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EQUIPMENT FOR AN ELECTRIC TRAMLINE IN GRANADA, 
—tThe British Vice-Consul at Granada, Spain, reports 
that a company has been formed to construct an electric 
tramline from Guadix to Alcudia. It is understood that 
the company requires a Diesel-electric set, comprising a 
Diesel engine of 150 h.p. and a generator of 100 kw., 
550 volts, and the necessary rolling stock. The name of 
the company can be obtained by British firms on applica- 
tion to the Department of Overseas Trade, 35, Old Queen- 
street, London, 8.W.1. (Ref. No. A.X. 6331.) 


BritisH STANDARD TABLES OF PrpE FLANGES.—The 
British Engineering Standards Association has recently 
issued Part 1 of the revised tables of pipe flanges, 
publication No. 10, which, with Part 2 (steam), published 
in 1926, completes the revision of the 1904 edition. 
Part 1 comprises the three tables A, B and C, which deal 
with flanges for pipes, valves and fittings for gas and 
water. Dimensions are specified for pipes up to 72 in. 
nominal bore for working water pressures up to 50 Ib., 
and up to 48 in. nominal bore for working pressures up to 
130 lb. and 175 lb. per square inch respectively; the gas 
flanges are for working pressures up to 30 lb. per square 
inch. Copies of the tables, No. 10, Part 1, 1928, may be 
obtained from the Publications Department, B.E.S.A., 
28, Victoria-street, London, S.W.1., price 2s. 2d. 
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COAL MINING EXPLOSIVES. 

THE paper read recently by Dr. W. Payman, under 
the auspices of the Institution of Mining Engineers, on 
the problem of the safe use of coal mining explosives, 
deserves the attention of mining engineers on two 
principal grounds. It is a record of what has been done 
experimentally to throw light on this subject, especially 
at the Safety in Mines Research Station at Buxton, 
and all of it but the last few lines is devoted to describing 
some of the results which have been obtained and to 
indicating lines on which further experiment is to be 
made. As yet no adequate method has been worked 
out for testing an explosive in regard to its absolute 
safety. No explosive fit for practical use has been 
discovered which works without producing a flame, and 
under some conditions this flame will ignite firedamp 
and air in a mine. It may, indeed, be considered the 
chief agent of this ignition, but its action may possibly 
be assisted or lessened or altogether avoided by the 
effects of the hot gases evolved by the detonation and 
the waves of shock, concussion, or compression by which 
it is followed. It has been found, moreover, that 
sometimes the primary flame is followed at an interval 
of about one thousandth of a second by a secondary 
flame of greater volume, lower luminosity, and 
longer duration, which may be more dangerous than 
the primary flame. The mechanism by which the 
detonation of explosives produces ignition of fire- 
damp-air mixtures in mines is not yet known. It 
cannot be said either whether the flame or another 
agency is the cause of such ignition, or why the great 
flame of an explosion does not always produce it. 

The varying behaviour of an explosive according 
to the manner in which it is applied, as shown by 
photographic and gallery observations, is evidence of 
the fact that the method of applying the explosive 
may have a dominant influence on its safety in 
practice. Though the duration of the flame varies 
widely with different explosives and charges, it is 
usually of the order of no more than one-thousand 
of a second, and its very short duration may be an 
element of the reason why sometimes it fails to ignite 
an explosive mixture. The paper contains many such 
unanswered questions, and summarises much of the 
ingenious and persistent experimental work by which 
it has been sought to clear them up. These investi- 
gations are being continued, and it is hoped that 
ultimately they may define conditions in which coal 
mining explosives can be used safely in the presence of 
firedamp or coal dust. The real intention of the 
paper seems, however, to lie in the appeal to mining 
engineers with which it concludes. Experiments on 
any explosives are not likely to be successful unless 
they are supplemented by knowledge gained through 
practical experience of the same explosives in use. 
This experience can be furnished only by mining 
engineers, and Dr. Payman, speaking apparently for his 
colleagues at the Experimental Station as well as for 
himself, admits frankly that the paper has been written 
with the object of obtaining their assistance and advice. 
Little doubt can be felt that he is right in believing not 
only that this will be offered as freely as it is requested, 
but also that it will be of essential value to the investi- 
gators in their extremely difficult task. 





DRILLING MACHINES WITH GEARED 
AUTOMATIC FEED. 


A compact and ingenious adaptation of that useful 
mechanical device generally known as the gear-box 
has recently been introduced by Messrs. A. A. Jones 
and Shipman, Limited, Leicester, by which firm 
it has been applied to its 18-in. super-power. single 
and multiple drills for changing the speed of the 
automatic feed mechanism. This adaptation consists 
of a worm wheel on the rack shaft controlling the 
movement of the drill spindle, which wheel runs in 
an oil bath and is driven by a worm coupled to a 
set of three gear wheels. These are slid into mesh 
with corresponding wheels on the feed driving shaft, 
and the dive keys, hitherto customary, are entirely 
dispensed with. The feed driving shaft receives its 
motion from the drill spindle through a chain. Both 
the details of the mechanism and its application 
are illustrated in Figs. 1 to 10, on pages 716 and 
717, the first of which shows a six-spindle drilling 
machine with the gear. This machine is for ship- 
ment to one of the Dominions, and the specifi- 
cation required two only of the spindles to be 
automatic, hence the division of the six heads into 
two groups, each consisting of one automatic and 
two ordinary sensitive drills, it being understood 
that the automatic drills can be immediately used 
as sensitive drills also by the movement of a simple 
clutch. 

The description of the feed mechanism may well 
open with a reference to the chain drive for the 
feed shaft. This is detailed in Figs. 2 to 5. The 








post free. 











drill spindle, immediately below the frame bearing, 
carries a sprocket pinion running on ball bearings. 
This drives a sprocket wheel by means of a chain, 
the said wheel having a pinion attached to its under- 
side which meshes with a spur wheel on the feed 
driving shaft G so that there is a double reduction 
effect of 6 to 1. The most noteworthy point about this 
part of the feed mechanism is the device for tightening 
the chain, an operation which is effected by mounting 
the secondary sprocket wheel and its pinion on a 
spindle capable of movement in a slot radial to the 
feed shaft, a considerable longitudinal displacement 
between the centres of the sprockets being thus 
attained. In the present design the housing of this 
gear is not completely closed, but it is intended in 
future machines to convert it into an oil bath. 

The general arrangement of the new gear is very 
clearly seen in Fig. 6, which shows a single-spindle drill, 
while details are shown in Figs. 7 to 10. The drill spindle 
may be taken as a starting point. This runs on a ball 
bearing and thrust bearing in a quill A, 1} in. in 
diameter, which has a traverse of 6 in. and is balanced 
by a weight in the column, being connected with it 
by a sprocket chain. Movement is effected by means 
of a rack and pinion, the latter being cut in the 
rack shaft B. This shaft carries the worm wheel C, 
which can be disconnected at will by the star wheel 
clutch next to the sensitive feed lever on the end of 
the shaft, which lever is used when the wheel is so 
disconnected. The worm wheel is rotated by the 
worm D, Fig. 7, which is mounted freely on a short 
vertical secondary shaft, and is provided with 
projections engaging with a dog clutch. This shaft 
has a long keyway cut in it, in which the keys, both 
of the dog clutch and the three-speed change wheels E, 
slide. The feed driving shaft G has also a long 
keyway, and carries a triple wheel F, of which the 
three peripheries mesh respectively, with the three 
wheels on the secondary shaft. In this case, however, 
the triple wheel F has no movement along the shaft, 
the keyway being provided to permit the vertical move- 
ment of the drill. The wheels E may be moved into 
gear with either one of the wheels F at will, giving a 
rate of feed of 1 in. per 176, 240 or 333 r.p.m. 
respectively. 

The alteration in rate of feed may be made whilst 
running at any speed, and the change is effected in a 
remarkably smooth and positive manner, and without 
any of the noise and shock incidental to the use of the 
old drive key. The method by which the pinions E 
are moved into position is shown in Fig. 10. A short 
block, formed with a pair of jaws, clasps two of the 
pinions and is provided with a milled knob by which 
it may be traversed along a slot in the housing. At 
each side of the slot are cut three grooves of triangular 
section for the purpose of locating the exact position 
into which the knob must be moved in order to secure 
correct engagement of the several gears. The milled 
knob is expanded at each side so as to bridge the slot, 
and has projections engaging with the triangular 
grooves, locking being secured by a spring which 
holds the knob down. To change the speed involves 
only lifting the projections clear of the grooves, and 
moving the block up or down as the case may be. 

A knock-out device is fitted for the purpose of stop- 
ping the automatic feed at any predetermined depth. 
The quill is provided with an adjustable collar which 
carries a screw having a milled head and milled lock 
nut. This screw forms the fine adjustment. The 
point of the screw is so set that on the descent of the 
drill it comes into contact with the end of a lever 
actuating the dog-clutch which engages with the 
worm D. The depression of the lever throws the clutch 
out of gear, and the live secondary shaft runs freely in 
the worm. The lever is provided with a handle, 
in addition to the boss for the knock-out, so that the 
feed may be stopped by hand, if desired, at any time. 
This arrangement will be quite clear from Figs. 7 and 8. 
As stated above, this feed gear is at present fitted to 
the firms’ 18-in. drills, which, like the 16-in. machines, 
to which it will also be fitted, will drill holes up to 
1} in. in diameter, and has normally six drill speeds 
up to 2,600 r.p.m. The multiple machine illustrated 
in Fig. 1 has a vertical adjustment of the sliding 
head of 9} in., with » maximum range from spindle 
nose to table of 30$ in. The jockey pulleys seen at the 
back of the machine are mounted on swivelling frames 
carried on slides on the knee bracket. These frames 
are given coarse adjustment for belt tensioning by a 


lever at the left hand side of each column, and fine | 


adjustment by the T handle seen at the front. The 
lever at the right-hand side of the column operates a 
cam, by which the knee bracket is given the necessary 
vertical movement for driving on either step of the 
spindle pulley as required. 








SweEpDIsSH IRON AND STEEL INDUSTRY.— Recent statistics 
show that, during 1926, Sweden produced 8,469,697 metric 
tons of iron ore, 462,155 tons of pig iron, 38,532 tons of 
ferro-alloys, and 495,220 tons of steel ingots and castings. 
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THE NATURAL LIGHTING OF 
PICTURE GALLERIES. 


A GREAT deal more work will have to be done before 
either science or industry will know how eyes can be 
used to their best advantage. At present the best 
knowledge at the disposal of either is largely empirical, 
and perhaps for that reason among others is often 
ignored when it might be used with advantage. It is 
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known, for instance, that eyes work best when the 
objects at which they wish to look are illuminated to 4 
sufficient extent, that the accuracy with which they can 


| distinguish colours depends on the composition of the 


light falling on those objects, and that both clearness 
and comfort of vision are impaired when an excess of 
light or the image of unwanted objects falls upon the 
eye. A study of a special case in which it has been 
sought to express these facts quantitatively and to 
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contribute to these disturbances, and to that extent | especially with an appropriate decoration scheme. The | experiments made at the National Physical Laboratory 
the trouble can be avoided by putting the windows | illumination on the North wall was about 85 per cent. | with the object of combining adequate illumination of 
high enough. Objects within the gallery, on the other | of that on the south wall, but this difference would | the picture wall and complete freedom from mischievous 
hand, such as pictures on opposite walls, spectators, | have been reduced considerably by using enamelled iron | reflections. A model was made to the scale of one- 
&c., can be dealt with either by screening them off | instead of painted wood for the screen, so getting the | twelfth full size, and so constructed that the height of 
or by reducing their brightness sufficiently. This | benefit of considerable specular reflection on to the | each wall, and the distance between them could be 
reduction means that the brightness of the objects | north wall, and by shifting the screen slightly | adjusted. The gallery was to run approximately 
must be small relatively to that of the pictures ; a little | towards the south. The varying tones of decoration | N.W. by S.E., so requiring provisions to exclude direct 
less than one-fifth, if their reflections are to beinnocuous. | tried included light grey, light brown, and dark grey, | sunlight; but it was found by experiment with the 

In dealing with the usual] oblong gallery with pictures reflecting respectively 40 per cent., 18 per cent. and | model that the transverse screens necessary for the 
on each of the two long walls the simplest course is to| 8 per cent. of the incident light. The conclusions | purpose would cause too great a reduction of the day- 
erect a dark featureless screen down the middle, as | drawn from the measurements, verified by observations | light factor, and that direct sunlight could not reach 
shown in Fig. 1. Failing this, something may be done | with pictures hung in the model, gave dimensions for | the picture wall after 9.30 a.m., so that the necessary 
by avoiding strong contrasts of brightness in the| the screen both for winter and for the larger size | provision could be made by means of blinds, to be 
pictures, their frames, and the decorations, giving the | required in summer, taking it to be made of silvered | 
decorations a greyish colour and about the same reflec- | plate glass or of white enamelled iron. It was also | 


tion factor as the pictures. The lighting should also be | recommended that the walls where pictures were | Fig.3.SECTION OF GALLERY WITH VELUM. 
arranged so as to make the ratio of the illumination on | hung should have a reflection factor of 14 to 18 per cent., | 
the walls to that in the centre of the gallery as small as | that of the parts above this level as well as the solid | Roof Light 





possible. This condition is not fulfilled by the ordinary | part of the roof opposite the lights being not more than 

form of roof-lighting used with double-sided galleries | 7 per cent., both of as nearly as possible a neutral tint. | 
(Fig. 2), such as the room in the National Gallery men- | Very dark pictures should be hung on the brightest | 
tioned above, in which the illumination in the centre | part of the wall. | 
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is as much as about half that on the pictures. Acom-| For galleries running north and south the screen was | withdrawn before the gallery was opened in the morn- 


plete solution of the difficulty can be obtained by using | replaced by a series of 20 transverse screens, 1 ft. 6 in. | ing. The longitudinal screen A (Fig. 6) was added. 
a central false ceiling (a velum or velarium, Fig. 3), | deep, capable of being tilted with the bottom edges | It excluded all reflection of the sky from the picture 
which, however, has been objected to on aesthetic | southwards (Fig. 5), with a large fixed screen at the | glasses to observers on or behind the line of pillars 
grounds. An alternative method, suggested by Mr. S.| south end completely fitting the space between the | when the pictures were not more than 13 ft. 6 in. from 
Hurst Seager, and actually embodied by him in a ridges. With the screens vertical, this reduced all | the ground, or 15 ft. if the pictures were tilted forward 
gallery at Wanganui (N.Z.), is illustrated in Fig. 4. the daylight factors, those on the sunny walls averaging | 24 degrees. It also tended to even out the distribution 
In this it will be seen that, while the full light of | about double those on the shady walls, which were | of illumination over the wall, though leaving it about 
the sky falls on the picture walls, little reaches the | about half the values obtained without the screens. | 50 per cent. higher at 12 ft. than at 4 ft. from the 
centre part of the room. Details are given of a series | On the screens being tilted, so leaving both sunny and | ground. The gallery, when built, bore out the predic- 
of experiments made on a one-third full size scale | shady walls without direct sunlight, but allowing the | tions made from the experiments on the model. The 
model of such a gallery, both without the external | shady and not the sunny walls to receive north sky |ratio of the illumination of a spectator’s face to that 
screen A and with screens of various heights, the | light between the screens, the walls were all illuminated | of the picture opposite was 1:7, or well below the 
colouring of the interior being also varied. The | to about the same extent, except the sunny end wall, | figure suggested earlier in the report. If the light tone 
dimensions of the mode' were based on those of a/| which had a somewhat lower value. The actual day- | of the decoration of the upper part of the picture walls 
room in the National Gallery running East and | light factor was about 6 per cent. to 7 per cent., the | were darkened, the illumination of the spectators could 
West. Each set of measurements involved observa- | same figure as had been obtained with the same decora- | be reduced still further. As it is, however, reflections 
tions of illumination at 40 points on the wall, and | tion for the east to west gallery. By measurements of | are practically absent even from the darkest pictures. 
40 sets were made at different times of day, and | the daylight factor across the breadth of the model,| It is suggested that the tilting of pictures hung above 
with weather conditions varying from a medium fog | it was found that the vertical illumination of objects | eye-level would probably not be open to the objection 
to bright sunshine. It was found that the effect of | in the middle of the room was about a third of that of | felt to tilting those that are hung lower down, and in 
these variations on the distribution of daylight factor | the pictures, an advance on the results of ordinary roof | any design of gallery, may sometimes serve to prevent 
did not usually exceed 25 per cent. Daylight factors | lighting, though still higher than desirable. ithe reflection of a roof light from being visible to the 
were obtained for different parts of the wall at screen The best results were obtained by a gallery with only | spectator. A further general observation is that much 
heights of 0 ft., 3 ft., 4$ ft. and 6 ft. These | one picture wall, as adopted for one room in the Duveen | of the light which reaches the picture walls is refle ted 
showed that the variation of illumination over the | wing of the Tate Gallery (Fig. 6). The gallery is about | from the opposite walls and the roof, and that when 
picture space decreased as the height of the screen was | two-thirds the width of a gallery with two walls, and | these surfaces are of a pronounced tint, especially the 
increased, with an average range of about 2 for the | accordingly requires a larger area for the picture space | upper part of walls receiving direct sunlight, they may 
4} ft. screen ; a variation that was not objectionable, | it provides. Its dimensions were determined by | cause appreciable colour distortion of the pictures. 
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WE reprint 
papers, or “‘ Introductory Notes” as they we 
described in the programme, which were considered | 
on the morning of Tuesday, the 6th inst., at) 
the Engineering Conference which was held in| 
connection with the Centenary Celebration of the | 
Institution of Civil Engineers. The report of| 
the discussions on these papers will be found | 
elsewhere in this issue. For convenience of | 
reference we have retained the original numbering | 
of the papers, but it should be noted that the) 
papers read at the various meetings were not| 
necessarily taken in numerical order. We have| 
printed the papers in such sequence that the) 
whole of those read at any meeting come together. 
The division was as follows: At the meeting in 
the Great Hall of the Institution, Papers Nos. 1, 3 
and 4 were taken; at that held in the Theatre of | 
the Institution, Nos. 2, 24 and 25 were read ; | 
at the meeting in the Library of the Institution, 
Nos. 16, 17 and 15 were taken ; and at the meeting 
at the Institution of Mechanical Engineers, Nos. 18 
and 19; while at the meeting at the Surveyors’ 
Institution, Nos. 27 and 28 were considered. 





No. 1. RECENT DEVELOPMENTS IN 
CONCRETE AND CEMENT FOR) 
ENGINEERING STRUCTURES. 
By F. E. Wentwortu-Suerzps, 0.B.E., M.Inst.C.E. | 


Tue past decade has seen some notable extensions | 
of the usefulness of cement and concrete. As regards 
the former, there has been a remarkable increase in the 
demand for, and the supply of, rapid-hardening 
cements, of which perhaps the foremost is that known | 
as “fused”? cement (Ciment Fondu), which was first | 
produced at the works of Lafarge in France. Its 
name seems hardly apt. It is made from bauxite and 
chalk and is actually fused during treatment. This, 
however, is incidental, and its distinguishing qualities | 
would seem to be due to the fact that it contains a very 
high proportion of alumina—35 or 40 per cent. as 
compared with about 6 or 8 per cent. contained in 
Portland cement. As bauxite is scarce, the cement is 
expensive, but it is none the less growing in favour, 
especially in connection with marine works. 

Its invention seems, however, to have produced a 
demand for rapid-hardening cements of moderate price, 
which has been met by the manufacture of very finely 
ground Portland cement, of which, Ferrocrete is 
typical. The makers of this cement guarantee that 
their product shall pass all the British Standard 
cement tests, and in addition that 3: 1 sand briquettes 
shall bear an ultimate stress of 300 lb. per square inch 
when | day old, and 550 Ib. per square inch when 7 days 
old. As its chemical composition is very similar to 
that of Portland cement, it is not certain that it will 
resist better the action of sea-water, but on the other 
hand its rapid-hardening qualities may perhaps give 
it an advantage even in this respect. A cement which 
will most probably be durable in sea-water is the 
Portland blast-furnace cement, of which a fair quantity | 
is made in Scotland, and for which a British Standard | 
specification was issued in 1923. The admixture of 
blast-furnace slag seems to combine with the lime freed 
during setting and to render it harmless. 

_ As regards concrete, much interest has been aroused | 
in the researches carried out at the Lewis Institute at | 
Chicago under Professor Duff A. Abrams,* who has | 
Investigated the question of how to produce a concrete | 
of required strength with given aggregates at minimum 





cost. His investigations have thrown much light on 
the effect on strength of three variables, namely (1) the | 
proportion of water to cement, (2) the size and grading 
of the aggregate, and (3) the proportion of aggregate 
tocement. As regards (1), his experiments go to prove 


bro idly that with a given cement the strength of the 
concrete will be constant for a given water/cement 
rati , no matter what aggregate may be used, or 
in what proportions, provided that the mixture is | 








| 

* «Design of Concrete Mixtures,” Bulletin No. 1. | 
tru tural Materials Research Laboratory, Lewis Insti- | 
tute, Chicago (1918, Revised 1925). 


St 


d | that aggregates of every variety of grading, will, if | 


used with a given proportion of cement and water, give 
the same strength, provided that the maximum size 
and the ‘‘ fineness-modulus”’ of the aggregates are 
the same. The fineness-modulus is determined by 


adding together the percentages rejected by a set of | 


standard sieves and dividing the result by 100. 

These researches have undoubtedly caused much 
more attention to be given to the composition of 
concrete mixtures, and the well-known 1 : 2 : 4 mixture 
is threatened with extinction. There is also an 
increasing tendency to use a slump test, in order to 
ensure some degree of uniformity in the water/cement 
ratio of concrete made with aggregates which may 
vary widely in their water-content according to the 
state of the weather. However, although it is good 
that the proportion of water should be constant, there 
are dangers in making that proportion too low, even 
though at early dates it seems to give high crushing 
strength. Another concrete research of great interest 
has been made lately by Dr. Oscar Faber, M.Inst.C.E.,* 
who has found that the permanent shortening (plastic 
yield) of concrete under compressive stress is additional 
to and exceeds the shortening due to shrinkage, and 
that it increases with the stress and also increases 
with time—more rapidly at first, but continuing for 
many weeks. Dr. Faber points out that in the case 
of reinforced concrete in compression, the stress on the 
steel is thereby greatly increased, and that this .fact 
should be considered in designing compression mem- 
bers. 

The use of reinforced concrete for piles increases daily, 
partly on account of the difficulty in obtaining timber 
in long lengths, and partly because of its liability to 
attack—especially in sea-water. In spite of their 
great weight, it has been found possible to make and 
drive very long piles of this material. The piled 
retaining-wall, which has been used for some years on 
the Continent, is fast coming into favour in this 
country. Its use emphasises the need for further 
investigation into the lateral pressures induced on such 
walls by the earth backing, and also the need for better 
means of determining the safe load on heavy piles, 
from the set produced by the hammer-blow. In this 
connection Mr. Alfred Hiley, Assoc.M.Inst.C.E., has 
put forward} an interesting formula which takes into 
consideration not only the energy given out by the 
hammer, and the penetration of the pile, but also such 
factors as the weight, length, sectional area, and sub- 
stance of the pile itself, and also the nature of the 
helmet. The use of piles cast in situ is also growing 
in favour, in spite of past failures, and several ingenious 
plants for their construction have lately been brought 
in. Every day seems to bring forth some new use for 
reinforced concrete which a few years ago would have 
been deemed impracticable. For example, the King 
George V. Bridge at Glasgowt contains three spans, 
one of 166 ft., apparently supported by very flat 
arches, but in reality by double cantilever beams of 
reinforced concrete mounted on roller bearings. 








No. 3. DEVELOPMENTS IN THE USE 
OF MATERIALS IN RAILWAY EN- 
GINEERING. 

By C. J. Brown, C.B.E., M.Inst. C.E. 

For ordinary bridgework on railways, where spans 
are generally of moderate size, the mild rolled steel 
introduced about 1880 has, except for its susceptibility 
to corrosive influences, continued to serve its purpose 
admirably. Of the forms in which mild steel has been 
used in bridgework, one of the most objectionable, 
from the maintenance point of view, is pressed trough- 


|ing, and the designing engineer who has any con- 


sideration for those responsible for the upkeep of his 
structures will avoid, as far as possible, its use in bridge 
floors where difficulties of drainage may arise and in 
places where it may be exposed to serious corrosion, 
e.g., where one railway has to be carrried over another. 





* «Plastic Yield, Shrinkage, and Other Problems of 
Concrete, and their Effect on design.”? Minutes of Pro- 
ceedings Inst. C.E., vol. cexv. : 

t ENGINEERING, vol. cxix, pages 657 and 721 (1925). 

t Concrete and Constructional Engineering, vol. xxiii, 
page 2 (1928.) 





below abstracts of the various | “workable.” This is certainly startling. As regards | Trough flooring used under such conditions has led to 
re | the second, he comes to an equally startling conclusion | many bridges having to be condemned prematurely. 


If rustless steel of adequate strength can be made 
available in the ordinary sections for bridgework at a 
suitable price, it will go far towards solving one of the 
most troublesome problems that face the maintenance 
engineer in dealing with steel girder bridges. 

In bridgework the elimination of corrosion makes the 
eventual extension of the use of reinforced concrete, 
wherever practicable, a certainty; and even where 
steel, in the exposed form, cannot be wholly avoided, 
the engineer will strive to substitute, as far as possible, 
reinforced-concrete work. 

In the construction of new railways the arguments 
in favour of its adoption are greatly strengthened. 
The engineer is then generally free to carry out his 
structural work without interference from rail traffic. 
His main difficulty is with road traffic, which can usually 
be diverted temporarily. Freedom from interruption 
is essential, as one of the main difficulties arising out of 
this form of construction is the relatively long time 
required for the construction in situ of reinforced- 
concrete structures. A bridge of reinforced concrete 
of 40 ft. clear span, with longitudinal girders, cross 
girders, rail-bearers and flooring of a design exactly 
analogous to a steel girder bridge with parallel flanges, 
was constructed by the author in 1915, to enable a new 
road to be taken under an existing line of railway 
carrying passenger traffic. By sluing the track to one 
side it was possible to do the work in situ without 
undue interference with the traffic. This bridge does 
not carry heavy express traffic. In the case of another 
reinforced-concrete bridge, constructed in 1921 to 
carry a road over a navigation waterway, it was not 
permissible to erect falsework, and the main girders, 
spanning 45 ft. between abutments and weighing 
about 50 tons each, were made on an adjacent site and 
launched in exactly the same way as steel girders. 
The cross girders and flooring were then constructed 
on temporary staging slung from them. Where the 
spans are not too long, pre-cast reinforced-concrete 
beams or slabs, forming a continuous flooring, are now 
frequently used in bridges carrying both passenger and 
goods traffic. As the beams can be quickly placed in 
position under one track at a time, the work can be 
done without undue interference with traffic. 

The suitability of reinforced concrete for strengthen- 
ing, existing metal structures, where the design admits 
of such treatment, has been well demonstrated by 
the Paris-Lyons-Mediterrancan Railway engineers in 
dealing with two cast-iron viaducts, each of several 
arched spans, which carry their tracks over the Rhone, 
near Lyons. For bridges over railways, subject to the 
fumes of locomotives, the use of reinforced concrete 
is advisable wherever it can be adopted, whether done 
in situ or in the pre-cast form, and even over lines 
carrying heavy traffic its construction in situ is becom- 
ing quite usual practice. Many footbridges have been 
built by both methods over running-tracks, the rela- 
tively light weight of the pre-cast parts making erec- 
tion of the pre-cast structure a very simple matter. 
For culverts of smaller spans reinforced-concrete pipes 
up to 5 ft. in diameter, bedded on and backed with mass 
concrete, form an effective and relatively cheap sub- 
stitute for the older form of brick culvert. 

The use of reinforced concrete for buildings is well 
established, although the probability of alterations or 
extensions being required in the future may be an 
objection to its adoption in some cases. Where, 
however, work has to be completed quickly, the 
advantages would appear to be with the steel-framed 
structure with filling of brick or other material to 
form the walls, leaving the floors to be constructed of 
reinforced concrete or other suitable material. A 
number of fine goods warehouses have been constructed 
entirely in reinforced concrete by railway companies 
in this country, and its special advantages for such 
buildings as engine-sheds, water tanks and coaling 
plants, of all of which there are now plenty of examples, 
needs no comment. 

The introduction of reliable ‘‘ rapid-hardening ’ 
brands of Portland cement is proving of great benefit 
to railway engineers, especially those responsible for 
mainténance. With this material it is no longer 
necessary to allow concrete some weeks to mature 
before it can be put into service; moulds can be 
stripped 24 hours after the material has been put in 
place, while piles can be driven safely less than a week 
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after casting. As a protective coating to steelwork, | shoes from coming into contact with metal structures, | of the kind required for shipbuilding purposes was sanc 
fine concrete of proper composition, consistency and | especially where the rail has to be interrupted. Where | produced with much greater uniformity by the open- ado} 
thickness to make it waterproof, has been used in a| clearances are small, the normal conductor-rail may | hearth than by the other methods, and it was this a Sil 
number of cases, especially for under sides of metal} be carried through in an out-of-gauge position, thus | process, which, in the end, eclipsed all its rivals, as far and 
overbridges which are in close proximity to the blast | acting merely as a conductor, or a short length of shallow | as the shipbuilding supplies were concerned. In the ben 
from locomotives. section may be used. Signal and telegraph equipment | meantime Lloyd’s and the Liverpool Underwriters’ of 
As regards track, the rails of higher carbon steel, of | will have to be diverted to clear the conductor-rail | Registry had reached very similar conclusions to those part 
45 tons to 55 tons per square inch tensile strength, | and collector-shoe. | come to by the Admiralty, and in 1877 Lloyd’s formally qual 
in lengths of 60 ft., supported on heavy cast-iron chairs| In the earlier installations continuous protection was | sanctioned the use of mild steel for mercantile vessels type 
resting on creosoted timber sleepers, are now standard. | provided for current-rails carrying 600 volts, but protec- coming under their registration, and issued their ship 
For places where wear is excessive, steels of still higher | tion is now provided for this pressure only at such places | standard tests for steel. stee’ 
quality (manganese, chromium, and others) have for | as footways across the track, through platforms, where| Excepting the high-tensile steels referred to hereafter, amo 
some years been available and are used when conditions | shunting or uncoupling takes place, and where men | mild steel has held almost undisputed sway for the last exal 
justify the extra cost. The ordinary higher-carbon | require to pass or to work in close proximity to the | 40 years for shipbuilding purposes, and it is worthy of the 
rail steel can also be subjected in course of manufacture | conductor-rails. In many cases, the ends of the con- | note that the standard tests adopted by the Admiralty field 
to special processes which give the best wearing qualities | ductor-rail at level crossings are protected. Where a| and Lloyd’s for mild steel have remained unaltered limi 
consistent with reliability in service. The pressed-steel | large measure of protection is thought to be necessary, | for that period. It is obviously a necessary condition W 
sleeper, which has been adopted to a very appreciable | double boarding is used, a single board on the outer | that, within the limits of the maximum stresses legis- pure 
extent on some railways abroad, is beginning to be | side being sufficient in other cases. These boards, are | lated for, a ship structure should behave as nearly as that 
considered seriously in this country, but concrete | supported either from the rail or direct from the sleeper. | possible as a perfectly elastic structure, and it has been mini 
sleepers are still in what may be regarded as the experi- | It is difficult to say to what extent the protection should | the aim of ship designers, ever since it became possible vess 
mental stage, though with the greatly superior quality | enclose a conductor-rail at 1,500 volts, and it may be | to compute with some degree of accuracy the stresses to imp 
of the Portland cements now obtainable the prospect | that the present form of rail, with the addition of | which ship structures were subjected in service, to keep ches 
of producing a satisfactory concrete sleeper is improving. | protection boards each side extending a short distance | such stresses within what might be loosely termed the sma 
The introduction in ever larger numbers of heavy | below the rail, will be considered sufficient. elastic range. The assumption had usually been in littl 
express locomotives has necessitated bringing up the} Car-sheds are usually designed for both cleaning and | design work that an “ elastic limit ” (the range within usin 
track on fast lines to a very high standard, and the| inspection. Pits are provided to most of the roads| which stress is proportional to strain and Hooke’s law It x 
formation of the road-bed and the quality of the ballast | under cover, for inspection and adjustment of equip-| is obeyed) of about half the ultimate strength could desc 
is receiving more attention than ever before. The| ment under the cars. In general, platforms for | safely be taken ; but there has too often been confusion of t! 
latest experiment in track work—the provision of a| cleaning cars are not provided, mobile trolleys being | between the “ commercial ”’ elastic limit or yield point and 
continuous raft of reinforced concrete on which the| preferred. Current-rail equipment is not used in| and the proportional or true elastic limit. valu 
rails are directly bedded, thereby dispensing with | sheds, insulated flexible leads with a sliding contact| In the case of commercial structural steels as ordi- ing, 
sleepers and ballast—now being made on the Pere| overhaul being provided. With the advent of electric | narily produced, the proportional range of elasticity the 
Marquette Railway in the United States—is being| traction, current is available along the railway for | is extremely variable, and might almost be said to be also 
watched with with great interest by all railway | subsidiary purposes, lighting of stations, and work- | an accidental property of the steel; but this feature is heat 
engineers. shops. The installation of electric signalling and| subject to control, if, for a specific purpose, a definite buil 
electric point operation is encouraged, giving better | proportional limit is desired. This point was investi- cire 
No. 4. RAILWAY DESIGN AND MAIN- working and economy. Steam pumps, the mainten- gated with great thoroughness at the time the Admiralty = 
TENANCE AS AFFECTED BY THE ance and operation of which are costly, can be replaced | was drawing up the specifications for the steel for some Sug 
by automatic electric pumps. of the recent warships. With the help of some of the as t 
APPLICATION OF ELECTRICITY. The presence of conductor rails on the track increases | foremost steelmakers in the country, a steel has been that 
By G. Extson, O.B.E., MInst.C.E., and A. R. the cost of permanent-way maintenance. An addi- evolved for Admiralty use (now widely known as D 
. Gocpas. Mlet <8. tional payment of 2s. per week is made to men working | quality), in which a proportional limit of 17-20 tons 
a a 3 on tracks with conductor rails, but this naturally | per square inch is associated with an ultimate strength No 
THE provision of clearance for the overhead contact | cannot be taken as a measure of the additional cost. | of 37 to 43 tons, without sacrificing to any appreciable l 
wire under bridges and other structures will necessitate, | There does not appear to be any great change in the | extent the ability of the steel to withstand ordinary c 
in many cases, either drastic alterations to the gradients | number of men employed per mile, but more work | manipulative treatment in a shipyard. The tests 1 
of the line, or the rebuilding of the structures. Overhead | js done by special or extra gangs. The short intervals | actually specified are :—(a) A minimum proportional 
equipment brings about special difficulties with regard | between electric trains on some railways has increased | limit of 17 tons per square inch; (6) a minimum By 
to the supporting structures, and by reason of the/ the work carried out at night. Opinions differ as to | elongation of 17 per cent. on 8 in.; (c) a bend through . 
interference of such equipment with the sighting of | whether the permanent-way staff should be protected | 180 deg. round a curve whose radius is 1} times the T 
signals. The overhead equipment also increases the against contact, either direct or indirect, with a live | thickness of the specimen tested. All these require- ry 
difficulty of dealing with breakdowns. After the | rail, or whether it is better to let them fully realise | ments are regularly exceeded in supplies obtained by rae 
preliminary investigation of the general scheme of| the danger and keep clear of the live rail. Until the | the Admiralty under their contracts. To secure such pa 
electrification, detailed consideration of the whole} present no fresh type of tool appears to have been | results great care has to be paid in the first place to Eq 
of the track becomes necessary. _ | introduced to reduce the likelihood of short circuits, | chemical composition, and in the second place to the util 
At terminal stations where both steam and electric | with the exception of the issue of specially narrow | choice and control of the finishing temperature at the ne 
services operate, it has been found preferable to allocate | shovels on certain electrified sections. rolls. As regards chemical composition, advantage a 
a portion of the station to the steam service and the; The lower centre of gravity of electric shock, the | is taken of the beneficial effect of increased percentages wit] 
remainder to the electric. Where the traffic is entirely | smaller diameter of the wheels, and other factors, | of manganese, in elevating the proportional range with- the 
electric, station-yards can be rearranged and much | contribute to increase rail wear. Irregular wave-like | out detracting from ductility. A fairly representative the 
simpler layouts provided. With appropriate planning, | wear at the side of the rail has occurred both on the | composition would be carbon 0-33, manganese 1-1 pra 
the number of points and crossings can be considerably | straight and on curves. On the Underground Rail-| to 1-4, silicon 0-12, sulphur and phosphorus being kept ava 
reduced and the radii of curves improved, which results ways irregular wear on the top of the rail takes place | to about 0-03 or 0-04 per cent. wo 
in better running and simplifies the traffic operation. | on sharp curves, and if the rail is not unduly worn as| The temperature of finishing the rolling is all-impor- the 
In the design of junctions and turnouts, special care | regards total depth, it is planed and reinstated. Man- | tant, as it enables a normalising effect to be obtained wen 
has to be taken to avoid long gaps in the conductor-rail, | ganese steel is used to a limited extent to meet condi-| without actually going through the procedure of a tior 
and this feature makes tandem leads unsatisfactory | tions of abnormal wear, but it is costly, and there is a| separate treatment. For steel of the composition given, tur 
from a contact-rail point of view. ; wide field for a rail steel having better wearing qualities | a temperature of 830 deg. to 860 deg. C. (or rather in 
Some improvement of sharp curves will generally | than ordinary hard steel, at a reasonable cost. Any | above the critical range) is the one to be aimed at. stre 
be needed to allow of higher speeds, particularly near| steel used for track rails should have satisfactory| A word should be added as to the method stipulated I 
stations and on gradients, and these higher speeds | electrical conductivity ; manganese steel is unsuitable | for recording the proportional limit of elasticity. To ie 
may demand closer attention to the maintenance of | in this respect. do this with scientific precision would necessitate the rad 
the track. The rail wear on heavy curves and-on| The permanent-way section gangs are usually | plotting or the autographic drawing of a curve for each ont 
switches and crossings is much heavier under electric | responsible for the condition of the electrical equip- | specimen tested, and the location, by examination, of ord 
traction, and will frequently justify the use of special! ment on the track, but the amount of inspection and | the particular point at which the load-extension curve inf 
steels. To avoid leakage and electrolysis, improved | work that they are called upon to do varies on different | departed from the straight line. Obviously this is out obt 
standards as regards the type of ballast employed and | lines. On some railways the permanent-way depart- | of the question where thousands of tons of steel are i 
the drainage provided are desirable on electrified rail-| ment is responsible only for the general condition of | passing under inspection at a rapid rate in the early as | 
ways. Bull-head track in electrified sidings is to be} the conductor rails, ramps, and insulators; on others | stages of construction of a ship. After hundreds of diff 
preferred since the insulators will be too low to be the permanent-way gangs also maintain part of the| specimens had been dealt with under extensometer ne 
really effective if flat-bottomed track rails of light section | electrical equipment, as, for instance, conductor-| test in the preliminary investigations mentioned, a offi 
are used. ‘ rail and track-rail bonds. Usually the electrical| simple and expeditious system was evolved which oe 
Different views are held as to whether the most | engineer is responsible for the testing of the con-| provided all the relevant information. The Ewing less 
convenient position for the conductor-rail is on the | ductivity and insulation and for the supply of suitable | extensometer was the instrument and this regis- pn 
6-ft. side or on the cess. It is often claimed for the| materials. One railway is considering the question | tered with fair accuracy to 1/50,000th of an inch. ja 
rail located on the cess side that there are fewer inter- | of increasing the scope of the work performed by the | To ensure absence of slipping of the grips, &c., when ths 
poe in the continuity oi the contact, and that the permanent-way men, thus avoiding dual attendance | the lower reading was taken with an ordinary com- hig 
6-ft. is the most suitable plac for handling and deposit- | and divided responsibility ; this would involve addi-| mercial test-bar, a load of 2 tons per square inch tak 
ing material and tools. The main disadvantage of a/| tional training of the permanent-way men. was first put on, and a reading taken; the load was Ra 
rail on the cess side is said to be that men have to step 5 then gradually increased to 17 tons per square inch, | 
over it when getting clear of the track, but this appears and a second reading taken. The load was then tak 
soon to become a habit with them. In certain cases} No. 2. STEEL FOR SHIPBUILDING. | reduced to 2 tons per square inch, and a third reading the 
it is the practice to put the conductor-rail on the 6-ft. By Sir W 3 recorded. To meet the specification this final figure ae 
side through stations or where it is situated on the high y Sir Witu1aM J. Berry, K.C.B. was not to exceed the original reading at 2 tons per = 
side of checked curves, or again where a siding on which} THE first ships wholly of steel for the Royal Navy | square inch by more than 0-0004 in. This system, = 
shunting takes place is adjacent to the cess side. The| were the 18-knot despatch vessels Iris and Mercury, | which is now in daily use at many of the largest steel- adv 
provision of suitable clearance for the conductor-rail | ordered in 1875. They were of 3,730 tons displacement, | works in the country, has given complete satisfaction tha 
may require special measures on under bridges, where | and were built at Pembroke Yard of steel supplied by | to both the makers and the purchasers. of 1 
the rail level may have to be raised and regraded, and | the Landore Steel Works, and produced by the open-| In 1925, Lloyd’s issued a memorandum on the subject reh; 
of “ Special Quality Steel for Merchant Shipbuilding,” 


where insulation may have to be provided to prevent 


hearth process. It was found that mild ductile steel 
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sanctioning the use of steels similar in character to that 
adopted by the Admiralty. Another specification of 
a similar character is followed by Messrs. Alfred Holt 
and Company. In both these cases, the elongation and 
bend tests are the same as for mild steel. The method 
of measuring the proportional limit follows in every 
particular that laid down by the Admiralty for D- 
quality steel. It is interesting to note that these new 
types of steel are also being adopted for merchant 
shipbuilding on the Continent. Two Italian liners with 
steel produced, it is believed, in Czecho-Slovakia are 
amongst the recent instances of this kind. Another 
example in an entirely different kind of engineering is 
the new Sydney bridge; and in this direction a large 
field seems to be open for the utilisation of high-elastic 
limit steels. 

While D-quality steel is of such great value for the 
pure strength girder in ships, it must not be supposed | 
that the modern warship is wholly of this steel. For | 
minor and partitional bulkheads, for the ends of a 
vessel where the bending-stresses are small, for un- 
important flats and decks and for deck structures, the 
cheaper mild steel still fills its particular niche. In 
small vessels also, where longitudinal stresses are of 
little importance, the initial and subsequent cost of 
using the higher quality of steel could not be justified. 
It must also be remembered that steels of the types 
described suffer to some slight extent from the defects 
of their special qualities. Ease or difficulty in flanging 
and bevelling is dependent entirely on the low or high 
value of the yield point. Under the shearing, punch- 
ing, and drilling machine, one cannot expect quite 
the same ease of operation as with mild steel. Owing 
also to the higher carbon and manganese content, 
heating and flame cutting, now so common in ship- 
building, have to be carried out with somewhat more 
circumspection. It is surprising, however, how quickly 
the building employees adapt themselves to the 
slightly modified materials and conditions, and, as far 
as the Admiralty is concerned, it is exceedingly rarely 
that any case is reported of failure in working. 











No. 24. THE GENERATION AND 
UTILISATION OF HIGH-PRESSURE 
SUPERHEATED STEAM FOR MARINE 
PROPULSION. 


By the Rienr Hon. Lorp Wer, P.C., and H. E. 
Yarrow, C.B.E., Assoc.M.Inst.C.E. 


THE economic situation calling for reduction in costs 
of marine transport applies with special significance 
to British shipowners owing to existing high wages 
costs, dock and handling charges, and taxation. 
Equally important is the necessity for maintaining the 
utilisation in some way of British coal instead of 
imported liquid fuel. It is not difficult to estimate the 
possibilities presented of increased thermal efficiency 
with higher pressure and temperature. From the 
thermodynamic aspect, there is no maximum limit to 
the temperature which might be used, but there is a 
practical limit fixed by the nature of the materials 
available. The corrosive and erosive effects of the 
working fluid are intensified by high temperature, but 
the definite limitations are imposed in the main by the 
weakening influence of temperature on the construc- 
tional materials commonly in use. Beyond tempera- 
tures of, say, 750 deg. to 800 deg. F., slight increases 
in temperature will produce great diminution in 
strength. 

If the purely theoretical cycles are considered, so 
far as increased thermal efficiency is concerned, there 
is no limit to the pressure that might be used. But this 
only presents the initial aspect of the problem, and in 
order to form a reasonable judgment, some idea of the 
influence of pressure upon turbine efficiencies must be 
obtained. Briefly stated, increased pressure involves 
mereased expansion in the high-pressure field, as well 
as in that of saturated steam. To meet the wetness 
difficulty, maximum initial superheat or reheating is 
necessary. The effect of high pressure upon stage- 
efficiencies can only be determined by a detailed 
examination of pressure effects upon nozzle and blading 
losses, «lise friction, and leakage losses. In addition to 
such examination, the influence of stage feed-heating 
and reheating should also be included, since it is clear 
that the full thermodynamic gain due to the use of 
high pressure and temperature, can only be realised by 
taking advantage of such variations from the usual 
Rankine cycle. 

The results of such an examination show that, by 
taking advantage of stage feed-heating and reheating, 
the possible efficiency increases fairly steadily up to a 
Pressure of about 1,000 lb. per square inch. Higher 
Pressures promise some slight advantage of thermo- 
dynamic gain, but probably too little to justify much 
advance beyond that limit. It has been estimated 
that, taking as the “‘ limiting cycle” initial conditions 
of 1,250 lb. per square inch and 900 deg. F. with two 





reheating and eight feed-heating stages, a consumption 


of about 0°37 Ib. of oil or 0°67 lb. of coal per horse- 
power-hour might be expected. In marine plants such 
an elaborate cycle could not be employed, but Sir 
Charles Parsons, M.Inst.C.E., has calculated* that a 
turbine of 5,000 shaft horse-power, using steam at 
500 lb. per square inch and 700 deg. F. with extraction 
feed-heating but no reheating. might be expected to 
use about 0-57 lb. of oil (or 0°87 1b. of coal) per horse- 
power-hour. 

For the pressures now contemplated, the boilers 
must be of the water-tube type, and experience has 
shown that this type of boiler is eminently satisfactory 
from the standpoints of both reliability and mainten- 
ance, provided the feed supply is pure. By the use of 
hermetically-sealed surface condensers, having tubes 
of high nickel content, and a closed or de-aerated feed 
system with low-pressure feed make-up apparatus 
forming a definite part of the heat-balance scheme, no 
practical difficulties are now presented. 

It is clear that such boilers must work under condi- 
tions of combustion efficiency higher than can be 
achieved continuously with hand firing, and this points 
to the use of fuel oil, mechanical stokers, or pulverised 
fuel. Similarly, it involves taking as much as possible 
of the heat of the fuel at the highest possible thermal 
datum to the working fluid. With such high steam 
temperatures, it is clear that regenerative processes 
must be employed to prevent serious losses in the final 
flue-gas temperatures. Of these the most obvious is 
the preheating of the air, a process highly beneficial to 
combustion and now commonly in use. If generation 
in two stages is accepted, some advantages would accrue 
from having a single furnace with a radiant-heat water- 
tube boiler working at the higher pressure, the gases 
then passing to a normal convection type of multi- 
tubular marine boiler working at a normal pressure and 
supplying steam to the turbine at a later stage. Another 
alternative would be to have a single-furnace high- 
pressure water-tube boiler, both radiant and convective, 
and a multitubular boiler working at, say, atmospheric 
pressure. 

The case for the adoption of the water-tube boiler in 
the marine field is now very strong, and success depends 
almost entirely on the single factor of the provision 
and maintenance of pure feed-water. The question 
of the use of suitable materials subject to high steam 
temperatures is engaging the close attention of metal- 
lurgists and others, and a considerable amount of 
research work is being undertaken on this subject. 
Mr. Geo. A. Orrokf states that four years’ experience 
in continuous operation of superheaters raising the 
steam temperature to 850 deg. F., with ordinary steel 
superheater tubes, has proved that such an operation 
is commercially practicable, as no serious difficulties 
have been encountered. It may perhaps be considered 
that the use of mild steel tubes containing steam at a 
temperature of 850 deg. F. is approaching the danger 
zone. 

The economical burning of coal on board ship has 
reached a very interesting stage of development. The 
adaptation of mechanical stokers for marine purposes 
has been publicly referred to in connection with the 
Canadian Pacific cargo steamers. Pulverised fuel has 
been given much attention of late, and, while its intro- 
duction on board ship presents certain difficulties, these 
will no doubt be overcome in time, and this system of 
burning coal will be used in certain circumstances. A 
number of different powdered-fuel systems are being 
tried, but at present the initial cost is somewhat high 
and the power required for pulverising the fuel and the 
cost of upkeep of the plant must be taken into 
account. It is, however, important, when any system 
of powdered fuel is adopted, to ensure that the boiler 
has a large combustion space, and also that some 
means of cooling the ash below its fusible temperature 
is employed. 

There appears to be little real difficulty with high- 
pressure steam in the turbine itself. Such difficulties 
as have occurred have been attributable to impurities 
in the steam, and when these are removed and proper 
provision is made in the design for expansion due to 
the wider temperature-range, it seems proved that 
upkeep costs will not be excessive. 

Is it then possible to conserve in one installation the 
best features of modern practice in fuel-handling and 
preparation, combustion, heat-cycle lay-out, and boiler 
and turbine design, and to apply such an installation 
with appropriate modifications to meet marine condi- 
tions? If this can be done, the result will be a pro- 
pelling-unit of minimum fuel-cost, and lower weight, 
bulk, and intrinsic first cost than any form of propelling 
machinery of equal thermal efficiency. A successful 
solution would open a new era in marine propulsion 
and would substantially assist the British coal situa- 
tion. With such a premium on success it is not to be 
doubted that the work already begun in this field 
will be prosecuted with increased activity. 





***The Steam Turbine,’’ International Mathematical 


Congress, Toronto, 1924. 
} Third Mid-West Power Conference, Chicago, 1928. 





No. 25. PROGRESS IN THE ADOPTION 
OF THE INTERNAL - COMBUSTION 
ENGINE FOR MARINE PURPOSES. 

By Professor C. J. Hawxes, A.M.Inst.C.E. 


THE first large motorship, which was propelled by 
twin-screw engines of the four-stroke cycle type, was 
put into service over sixteen years ago, rousing con- 
siderable interest in marine circles. The first large 
ocean-going ship to be propelled by two-stroke single- 
acting engines, was put into service in 1912. Develop- 
ment, which was largely at a standstill during the war, 
has been rapid since, and the outstanding feature has 
been the adoption of oil engines of large power for the 
propulsion of ocean-going liners. Double-acting 
engines, of the two- and four-stroke types, designed to 
develop over 1,000 brake horse-power per cylinder, have 
been installed in a number of ships. 

The early four-stroke engines were generally success- 
ful, but at first there were some difficulties with exhaust- 
valves, which were remedied ; and in some instances 
cylinder covers and pistons were cracked, largely due to 
the inefficient cooling of these parts. The early two- 
stroke engines were not so successful. Valve scaveng- 
ing was employed in a number of these engines, and 
the housing of the scavenge valves in the cover seri- 
ously complicated the casting. The introduction of 
port scavenging appreciably simplified the cover casting, 
enabling it to be satisfactorily cooled. 

In the early Diesel engines the blast-air compressors 
were frequently a source of trouble, particularly with 
engines of comparatively high speed, and it was largely 
on this account that Messrs. Vickers, Limited, 
developed the airless-injection system, which is now 
being largely adopted by other makers, both in this 
country and abroad. Considerable progress has been 
made with airless injection, but, generally speaking, 
the combustion efficiency with this system is somewhat 
less than with the air-injection system. 

Whilst the early difficulties with the marine oil- 
engine have been largely overcome, the increase in 
the dimensions of cylinders has introduced further 
difficulties. The maximum continuous power that 
can safely be developed by an engine depends upon the 
heat-flow through, and the thicknesses of the parts in 
contact with the working fluid. The volumetric 
efficiency of the engine and the quantity of fuel burned 
per stroke are, therefore, of the utmost importance. 
One of the advantages of the four-stroke engine is its 
high volumetric efficiency ; for the two-stroke engine 
is generally less favourable in this respect. On the 
other hand, the fouft-stroke engine has generally a 
somewhat complicated cover, while the cover of a 
two-stroke engine can be a simple casting and can be 
effectively cooled. With an increase in the dimensions 
of cylinders there has been a tendency to work with 
lower mean pressures, that is, to burn a smaller quantity 
of fuel per unit volume of cylinder. This has been 
done with the object of reducing cycle temperatures. 
The dimensions of any type-of engine, however, for a 
given power and speed, are dependent upon the mean 
indicated pressure employed, and from this point of 
view a reduction in the mean pressure is undesirable, 
although perhaps necessary. The alternative is to 
increase the charge-weight of the working-fluid within 
the cylinder by supercharging, and thus enable a higher 
mean pressure to be employed without increasing 
cycle temperatures and, therefore, without increasing 
the temperature stresses in the material of the parts 
in contact with the working fluid. The Biichi system 
of supercharging has been applied to several four-stroke 
engines with satisfactory results, and this system has 
the distinct advantage that the blowers required for 
supplying the induction and supercharging air are 
driven by exhaust-gas turbines. 

More attention is now being given to the balancing 
of engines and to the scantlings of the shafts, so as to 
ensure that any critical speeds may not coincide with 
the service speeds of the vessel. 

The increase in the sizes of cylinders seems, in some 
instances, to have had the effect of increasing the rate 
of wear of liners, and this is causing some concern. 
The brand of fuel-oil, or lubricating oil, may in some 
instances have had some effect on liner wear, but in 
other cases it may be that the material used may not 
have been entirely suitable. 

The author does not think that any appreciable 
increase in the efficiency of the oil engine can be 
expected without further complication ; and simplicity 
and a reduction in first cost are needed at the present 
time. There are fashions in propelling machinery as 
well as in other things, and it is always possible that 
the pendulum may swing in the direction of steam in 
the future ; but much will depend upon the experience 
with large oil engines, the first cost and cost of upkeep, 
the fuel position and developments generally. The 
fact remains that at present the oil engine, whilst 
playing an important part in marine propulsion, is 
not necessarily the cheapest or the best form of prime 
mover for all ships and for all conditions of service. 
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No. 16. UTILISATION OF SOLID AND 
LIQUID FUELS. 
By C. H. Lanper, D.Sc., M.Inst.C.E. 


ALTHOUGH considerable quantities of important 
chemicals are derived from coal, wood, &c., by far the 
larger proportion of the organic matter contained in 
these substances is eventually utilised as fuel. The 
late Sir George Beilby, in his James Forrest Lecture, 
delivered before this Institution in 1921,* referred to 
fuels of different “‘ availabilities,” and pointed out that 
the higher the availability of a fuel, the easier it was to 


tained within it. According to present practice and 
knowledge, coal or other fossil fuel as extracted from 
the earth has no availability until labour of some kind 
has been applied to it. Even when it is mined and 
delivered, its heat units are generally less easy to direct 
into useful channels than those of gaseous fuels or 
motor spirits, which are therefore of higher availability. 

It is usual in discussions of this nature to trace what 
happens to a quantity of fuel fed, say, to a furnace or 
other utilisation device, and follow it through to the 
stage of complete oxidation. The author proposes to 
invert this, and, starting with the oxidation products, to 
go backwards along the scale. The oxidation products 
of completely-burnt fuel consist mainly of carbon 
dioxide and water, small amounts of other oxides, 
such as the oxides of sulphur, being also present. 
Scientific research, although not definite upon the 
point, leads to the belief that these products have been 
formed by the oxidation of hydrogen and carbon 
monoxide, which may be derived from the breaking 
down of more complex molecules such as methane, 
the higher hydrocarbons, &c. Were it possible fully 
to trace backwards the involved series of reactions 
which occur, the molecules would be found to become 
more and more complex. Referring to a complex 
gaseous molecule, two types of reactions are taking 
place simultaneously, the first being a “* cracking up ” 
by heat of the complex molecule to simpler molecules, 
with a strong tendency to deposit solid carbon, and the 
second an oxidising reaction; the whole efficiency of 
the process depends upon the second reaction’s taking 
place far quicker than the first. 

Alternatively, if the carbon monoxide and hydrogen 
are obtained from a fuel such as coke, the carbon 
monoxide may be derived from the coke in a much 
simpler manner, which cannot yet be said to be com- 
pletely understood. The modern working hypothesis, 
however, assumes that when carbon burns it first forms 
a physico-chemical complex, C,0,, which breaks down 
into mixtures of carbon dioxide and carbon monoxide. 

The various pre-treatments advocated, which are 
applied, say, to coal, and occasionally even to oil, 
consist in bringing about outside the boiler furnace 
some of the reactions, which, under normal conditions, 
may go on within the furnace. Any advantages 
obtained by processes of pre-treatment are due to the 
fact that these reactions can be kept under more definite 
control, and products obtained which can be finally 
utilised with higher commercial efficiency. 

It is frequently stated that it is uneconomical to burn 
fuel in its raw state; but this is, at the best, only a 
half-truth, and since any pre-treatment cannot possibly 
have a 100 per cent. efficiency, it would involve heat 
losses in addition to those within the boiler furnace. 


Sir G. Beilby pointed out, for instance,that the efficiency | 


of a low-temperature carbonisation process amounted 
to about 80 per cent., and that the deficit would have 
to be made good by utilising the products of the car- 
bonisation within the final burning appliance, be it 
boiler furnace or internal-combustion engine, with 
higher commercial efficiency. Gas is the fuel of greatest 
availability, and the fuel which, generally speaking, 
can be utilised with the highest efficiency. 
the scale, the light motor spirit and the heavier fuel-oils 
are also fuels of high availability, since they can be 
turned into gas by methods which are scientifically 
much simpler than those employed in the case of solid 
fuels. An important object of the pulverisation of 
solid fuel is to render it more analogous to gas, so that 
the oxygen necessary for combustion can be brought 
more rapidly into contact with the molecules of the 
combustible material. 

The most important source of fuel in this country, 
and even in the world, is coal. In its passage from 
the solid stage to the flue-gas stage, the whole range 
of products from solid carbon to liquid molecules 
and gaseous molecules are involved. Modern boiler 
furnaces can probably extract and make definite use 
of a greater proportion of the initial energy of the coal 
than can any series of processes involving pre-treat- 
ment before final combustion. The justification for 
such pre-treatment thus requires the possibility of 
monetary savings in other directions. 

Perhaps one of the most interesting developments 





* Proc. Inst.C.E., vol. cexii (1921), page 337. ENGINBER- 
ING, vol. cxii, page 26, 





ENGINEERING. 


[JUNE 8, 1928 





of the last few months has been the application of 
pulverised coal to marine propulsion, the U.S. Shipping 
Board 8.8. Mercer having successfully accomplished 
voyages across the Atlantic on this fuel. The vessel 
is bunkered with ordinary coal which is pulverised on 
board in unit pulverisers. In other systems the 
delivery to the bunkers of fuel already pulverised is 
advocated. If this can be successfully and safely 
accomplished, the analogy between the ship having 
furnaces using pulverised fuel and that in which the 
furnaces burn oil would become more complete, and 





extract and utilise with high efficiency the energy con- | stations holding stores of fuel already pulverised would 


trimming labour would be reduced; but bunkering 


have to be provided. Certain types of coke would be | 
suitable for this purpose, the danger of spontaneous | 
combustion being less than in the case of raw coal. 











No. 17. COKE OVEN, TOWN AND 
PRODUCER GAS. 
By R. Ray. 


In previous papers the author has emphasised the 
importance of the vast and ever-increasing volumes of 
cheap gaseous fuel produced by coke ovens. At 
present, coking is going through a transitory stage. 
Large and modern plants are being constructed, and 
many more are projected. Such a development is 
essential in order to provide a cheap and, at the same 
time, first-class product for the blastfurnaces—and, 
indeed, the whole future of both industries depends 
upon the modernisation of coking plants. 

It can be stated that the minimum charge which 
would justify the erection of a modern coking installa- 
tion lies between 6d. and 7d. per 1,000 cub. ft. It is 
true that town gas can be manufactured by suitably 
situated works at a figure lower than those mentioned 
above; but this is exceptional. At present the law 
does not permit of the disposal of crude gas for use 
beyond the confines of the manufacturing plant, owing 
to the danger to life as a result of the impurities con- 
tained in it. This is unfortunate, as there are many 
opportunities, especially in connection with the iron 
and steel industries, for disposing of crude gas at a 
figure which would be remunerative to the coking 
plant, to the gasworks through which it would be dis- 
tributed, and to the industrial consumer who at 
present pays fairly heavily, even in favourable circum- 
stances, for purified gaseous fuel. The author would | 
therefore suggest that an endeavour to obtain certain 
relaxations in the existing stringent regulations rela- 
tive to crude gas would meet with the approval of all 
interested parties. The demand for such gas at a 
reasonable price undoubtedly exists, and could be | 
easily satisfied in those instance where municipal | 
authorities are buying crude coke-oven gas, for in many | 
cases industrial concerns would then be able to tap 
the crude-gas mains running between the coke ovens 
and the gasworks purification plant. Thus, the gas- 
works would be able to sell this crude gas at a figure 








Going down | 


| considerably below that of purified gas, as the distribu- 


| tion charges would be light, and the cost of purifica- 
| tion non-existent. 

| One has only to consider the developments which 
| have taken place in the production, distribution, and 
| industrial use of town and coke-oven gas in Northern 
Belgium, Holland. and Germany, within the past few 
years, to see what could be done in certain areas of this 
country, and to realise the position gas would sooner 
or later assume in its industrial life. To those who have 
doubts as to the cost of distribution of gas from coking 
plants or gasworks the following tabular statement 
may be of interest. 


TABLE I.—Total Cost of Distribution in Pence per 
1,000 Cubic Feet. 


116,000,0007. have been invested in the industry. 
Although it is obviously difficult to generalise, the 
modern gas-plant can at present produce gas at 7/7. 
per 1,000 cub. ft., including all retort-house charges. 
Though the use of gas has greatly increased witiin 
recent years, there is, as previously suggested, a vast 
market in industry, the fringe of which has only just 
been tapped. 

Amongst certain industries which use gas in large 
volumes, producer-gas plays an important part; in 
this connection the well-known producer-gas grid in 
the Potteries may be cited. Likewise, batteries of 
producers are to be found connected with all the large 
iron and steel works in the land, the gas being used by 
them in reheating furnaces and soaking-pits. On the 
Continent and in America, producer gas is used for the 
heating of coke-oven batteries, the object being to 
liberate the whole of the coke-oven gas of high calorific 
value. This is considered to be of questionable value 
in this country, and no producer-gas heated battery is 


| in operation to-day, though several of the most modern 


plants have been constructed with a view to utilise 
producer gas in the future should circumstances permit. 
If a figure of 6d. per 1,000 cub. ft. is assumed for coke- 
oven gas, there is a slight advantage in heating the 
ovens by producer gas, which, allowing for a fuel cost 
of 10s. per ton, can be produced at approximately 
54d. per 1,000 cub. ft. 

It has recently been a subject of discussion amongst 
engineers connected with steel works, whether it would 
not pay to scrap producer batteries, provided a supply 
of crude coke-oven gas were available. In this connec- 
tion it has to be remembered that gas producers used 
in steel works are fired with washed coal nuts, which 
makes the cost of production approximately 10d. to 
1s. per 1,000 cub. ft. This suggestion has already been 
dealt with in the author’s previous remarks, but the 
following figures may be of interest :— 

Per Ton of Steel. 
B.Th.U. 
7,400,000 to 8,100,000 
5,900,000 to 6,900,000 


Fuel. 

Producer gas from coal 

Coke-oven gas and tar 
Coke-oven gas (McKune 
system) ... oan 4,500,000 to 5,000,000 
Certain difficulties have been encountered regarding 
the length of flame of coke-oven gas in the reheating 
furnace as compared with that of producer gas, but 
satisfactory solutions of this problem have now been 

reached. 


No. 15. WATERLESS GASHOLDERS. 


By F. PRENTICE. 

A WATERLESS gasholder is more than a mere struc- 
ture ; it is an accurately-designed machine, consisting 
of a vertical, polygonal, continuous shell, having one 
end closed by a bottom plate, and the other by a slightly 
curved roof, fixed rigidly to it. A flat movable piston 
slides inside this shell, rising or falling according to the 
change in the contents. As no water-tank is required, 
the total weight is light, the absence of a tank reducing 
the weight of the whole structure to one-twentieth, 
and in the case of large holders to one-sixtieth, of the 
total weight of a tank holder of similar capacity. 

The holder erected at Ipswich last year weighs 800 
tons, and is carried on a ring foundation of reinforced 
concrete, 6 ft. deep and about 2 ft. wide, slightly 
widened at the uprights, and splayed to a width of 
about 5 ft. at the base. The weight to be carried is 
about 1 ton per square foot. The saving in the cost 
of foundations is evident, since the total weight of a 
tank holder of the same capacity would be about 
18,000 tons. 

To construct a rigid cylinder 254 ft. in diameter and 
337 ft. high, with a piston, so accurately fitted as to 











(Amortisation in 20 years.) 





Quantity of} pength Inlet Pressure : Lbs. per Sq. In. 
Gas : Million | of Main: —— 








} Cub, Ft. Miles. 
per diem. 5 10 |; 20 
\ \ 
{ 5 0-704 0 0- 
5 J 10 1-074 | 1 Lk» 
¢ | 15 1-491 | 1 
20 1-950 | 1 1: 
( 5 0-534 0 0- 
10 ) 10 0-782 | 0 0-3 
‘Y ie 15 1-046 | 0 1: 
( 20 1-316 | 1 is 
[ 5 0-481 0 0- 
15 J10 0-678 0 Q- 
. | 15 0-883) 0-866") 0-4 
20 1-103 1:015* 1- 
{ 5 0-449 0-504 | 0-62: 
20 .. Pe ] “4 0-609 0-629 O- 





0-952 0-920* 0-95 


Figures marked * are the minimum costs. 


In the past, excellent work has been done by all 


—|sections of the gas industry, as distinct from the 


|coking industry. In 110 years of public service, the 
former has gained 9,000,000 consumers, while 





obviate leakage at any elevation, working easily inside 
| it, is no small engineering achievement. The reason 
the cylinder is made polygonal and not circular in plan 
|is that, in the first place, it is thus easier to attain 
rigidity ; secondly, straight plates can be used instead 
| of curved ones; and thirdly, a straight plate can be 
| introduced of such a section as will need no external 
stiflening. The result gives a shell composed of 


2 | straight plates, so designed that no external supports 


| are required, which, when riveted together, assume 4 
form capable of very little distortion under very severe 
stresses. 

One of these holders erected at Tampa (Florida) was 
| subjected to a severe typhoon in the early part of 1927, 
| with a wind-velocity exceeding 120 m.p.h., and while 
| wired glass windows 2 ft. square were shattered by wind- 
pressure. no distortion of the cylinder shell was observed. 
This rigidity is important because a piston has to slide 
| up and down inside the shell, and it must fit accurately 
and move freely at all points of its travel. Nothing 
must project internally to foul the piston in its move- 
ments, hence a shaped plate has been designed that 
permits all rivets to be outside the shell. 

The periphery of the sliding piston must make yntact 
with the inside surface of the shell in such a way 48 
to preclude any leakage of gas, and yet permit free 
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movement. This end is attained, firstly, by accurate 
fitting, which is evidenced by the fact that during 
construction, and before any sealing liquid is introduced, 
the piston is used as a working platform, raised by 
air-pressure, and carrying with it the roof, crane, and 
workmen, to any desired elevation. Secondly, tar of a 
suitable viscosity is introduced into the seal, making a 
free, flexible, yet perfectly gas-tight connection. 

The method of erection is as follows. When the 
bottom plates are fixed and the lower stanchions 
erected, a few rings of shell plates are riveted up. The 
piston is then constructed inside the shell plates, and 
the roof also completed, both being temporarily con- 
nected together. On the centre of the roof is fixed a 
crane, the luffing jib of which extends just beyond the 
circumference. Air is then blown in under the piston 
which rises, carrying with it the roof and the external 
working-ptatform, to any desired position, where it is 
temporarily attached to the stanchions. The crane 
rapidly swings further rows of plates into position, and 
when these are fixed the piston is again raised and the 
process repeated until the complete shell is erected. 
On the roof is attached a large ventilator which permits 
ingress and egress of air as the piston rises or falls, and 
immediately under the roof-eaves is a series of windows 
which light the space above the piston and enable all 
parts to be easily inspected. 

The advantages of the waterless gasholder may be 
briefly summarised as follows: 1. As there are no lutes 
to cup and uncup, the pressure remains constant, and 
this pressure can be varied within limits to suit indivi- 
dual requirements, between, say, 4 in. and 20 in. of 
water pressure. 2. For ground liable to subsidence, 
such as is experienced in mining areas, these holders are 
especially suitable, as they can easily be uprighted 
should occasion demand. In one holder of 10 million 
cub. ft. capacity that the author examined in the Ruhr 
district, which is especially liable to subsidence, jack 
cavities form a permanent part of the structure. 3. The 





costly operation of painting the gasholders each year | 
is no longer necessary, a coat of paint once in five or | 


six years being sufficient to keep them in good condi- 
tion. 4. Owing to their light weight they can easily 
be erected 10 ft. to 15 ft. above ground-level, thus 
providing a large covered store, this being a regular 
practice, where space is limited. 5. In cold climates, 
where severe and continued frosts are experienced, 
the absence of water in lutes and tanks minimises all 
difficulties arising from low temperatures. 6. The 
light weight of these holders has already been men- 
tioned. 








No. 18. THE PROPERTIES OF 
MATERIALS FOR USE AT HIGH 
TEMPERATURES WITH SPECIAL 
REFERENCE TO BOILERS FOR 
SUPERHEATED STEAM. 

By R. G. C. Batson, M.Inst.C.E. 


Ir is now generally recognised by engineers that, if 
the steam engine is to compete effectively with the 
internal-combustion engine, the initial temperature of 
the working fluid must be considerably higher than 
that which has hitherto been customary. In the 
development of steam plant to meet these conditions 
the principal limiting factor is the strength, at these 
temperatures, of the material used. Modern steam 
plants employ an inlet temperature of about 400 deg. C. 
(750 deg. F.), and from consideration of the properties 
of ordinary mild steels at high temperature, a tempera- 
ture of this order appears to bea maximum. Professors 
A. L. Mellanby and William Kerr have expressed* the 
opinion that 480 deg. C. (896 deg. F.) represents an 
upper limit of temperature in the near future, even 
allowing for fair advance by the metallurgist. 

Mr. John Anderson, as a result of wide experience, 
stated} that the maximum temperature to which 
boiler tubing of 0-16 per cent. carbon steel, with a yield 
Stress of 20 tons per square inch and an ultimate tensile 
strength of 25 -9 tons per square inch, could be subjected 
without failure was approximately 480 deg. C. (896 
deg. F.). It is known that this type of steel would 
have an ultimate tensile strength (when obtained in 
the usual way) at 480 deg. C. (896 deg. F.) of about 
20 tons per square inch, which would appear to give 
a reasonable factor of safety. Recent research has 
shown, however, that the tensile strength of materials 
at high temperature, obtained by the ordinary methods 
of testing at air temperature, is misleading. It has 


_—. 





** The Limiting Possibilities in Steam Plants,” Trans. 


N orth Last Coast Inst. of Eng. and Shipbuilders, vol. xli 
(1925), page 243; see also ENGINEERING, vol. cxix, 
pose 301 (1925); and ‘‘ The Use and Economy of High- 
Tessure Steam-Plants,’’ Proc. Inst. Mech. E., 1927, 
i 53; see also ENGINEERING, vol. cxxiii, page 117 
p 7 Operating Experiences with 1,300-lb. Steam 
essai Journal Inst. Fuel, vol. i, page 131 (No. 2, 
vanuary, 1928); see also ENGINEERING, January 6, 
1928, page 25, A 





also been found that at high temperature a stress much 
lower than the ultimate tensile stress will cause failure 
of any material if prolonged for some time. This is 
due to creep or flow of the material with time. Further, 
it has been shown that for each temperature there is a 
stress below which the material will not fail or will last 
for many years. This stress has been called the limiting 
creep stress. 

There is considerable difference of opinion as to the 
method by which this limiting creep stress should be 
determined, and the results published by different 
experimenters show in some cases considerable varia- 
tion for apparently similar materials. Two conditions 
are met with in design :—(a) Where no permanent 
deformation is admissible; (4b) where permanent 
deformation can be allowed, provided failure does 
not result. There is probably a temperature where 
the maximum stress for both conditions is coincident—- 
that is to say, where, if permanent deformation occurs, 
failure results. On the other hand, at a lower tempera- 
ture permanent deformation can occur without failure. 
This is due to the fact that at such a temperature 
the material strain-hardens under stress and tempera- 
ture, owing to creep or flow without appreciable 
softening, and the creep ultimately ceases, whereas at a 
higher temperature there is appreciable softening, and 
flow continues. 

It does not necessarily follow that the limit of propor- 
tionality obtained in the usual way at high tempera- 
ture gives the stress for condition (a). The test is 
carried out in less than an hour, and creep may occur 
at such a low rate that it is not perceptible during the 
test. The value obtained would be on the high side. 
Results expected from steels used for boiler and super- 
heater tubes, and superheater and steam drums, are 
given in Tables I and II. These values indicate the 


TABLE I.—Steel for Boiler and Su perheater Tubes. 





0-17 Per Cent. 


| | 
| 0-10 Per Cent. 
Carbon Stecl. 


Carbon Steel. 





Temperature | 
Limit | Ulti- | Limit 

















Limit | Ulti- | Limit- 
of Pro-| mate | ing | of Pro-| mate ing 
portion-| Tensile | Creep |portion-| Tensile | Creep 
ality. Stress. | Stress. | ality. | Stress. | Stress. 

| 

| Tons | Tons | Tons | Tons. | Tons. | Tons. 
Deg. | Deg. | per | per per per per per 
C. F. aq. in. | 3q. in. | sq. in. | sq. in. | sq. in. | sq. in. 
400 752 | _— —_— —_ 6:5 29-0 13°4 
450 | 842; — — -- 5:5 | 24-5 8-5 
480 | 896 4-0 17-0 5:5 5-0 | 21-5 6-0 
500 932 3:3 14:9 3°5 4-8 19-4 4-8 
525 | 977] 2-9 | 13-7 2-0 4-4 | 17-0 3:5 
550 |1,022 | 2-5 12°1 1-3 4-0 15-0 2-4 
570 |1,058 | 2-2 10-5 1-0 3°5 13-0 2-0 
600 | 1,112 1-9 8-4 0-6 2:8 | 11-0 1-2 








These values were obtained by interpolation from plotted 
experimental observations. 


TaBLE II.—0-23 Per Cent. Carbon Steel for Superheater 
and Steam Drums. 














: Ultimate Limiting 
1 Limit of : 
L'emperature. : A Tensile Creep 
Proportionality. : 2 
Stress. Stress. 
| 
Deg. C.| Deg. F Tons per Tons per Tons per 
sq. in. sq. in. sq. in. 
400 752 6:3 26-0 13°5 
470 878 5:3 18-5 7:0 
530 986 4-0 16-4 4-0 
(approx.) 











extremely rapid decrease in the limiting creep strength 
of boiler-tube steels as the temperature is raised above 
400 deg. C. (752 deg. F.). At a temperature of 
525 deg. C. (977 deg. F.) the actual working stress in 
the tubes may be equal to the limiting creep stress, 
as in the case of Mr. Anderson’s high-pressure plant. 

Practically all metals are subject to failure by inter- 
crystalline cracking, if the temperature is high enough. 
There is evidence that this type of failure may occur 
with boiler-tube steel at temperatures of about 600 deg. 
to 650 deg. C. (1,112 deg. to 1,202 deg. F.). Further, 
this steel readily oxidises in the presence of air at a 
temperature above 570 deg. C. (1,058 deg. F.). It is 
clear, therefore, that if working pressures and tempera- 
tures are to be raised much above their present limits, 
say, 800 lb. per square inch, materials other than those 
now employed must be used for boiler and superheater 
tubes. For this purpose a material is required which 
will give the mechanical and physical properties at 
500 deg. C. (932 deg. F.) obtained with the present 
low-carbon steels at 400 deg. C. (752 deg. F.), but with 
no (or very small) addition to the cost. That is to say, 
a limiting creep stress of about 13 tons per square 
inch is required at 500 deg. C. (932 deg. F.), with good 
ductility at normal temperature. 

The position as regards materials other than low- 
carbon steels is as follows :—Increasing the carbon- 
content reduces the ductility and increases the limiting 
creep stress, but only to a very small extent ; 0-51 per 





cent. carbon steel, with an ultimate tensile strength 
at 500 deg. C. (932 deg. F.) of 25-7 tons per square 
inch, has a limiting creep stress of about 5 tons per square 
inch.* Very little information is available on the 
properties at 500 deg. C. (932 deg. F.), and over, of steels 
containing additions of other elements such as nickel, 
chromium, cobalt, vanadium, &c. The general indica- 
tion, however, is that :—(a@) The improvement is not 
appreciable when the amount of the additions is small 
(3 to 4 per cent.). (6b) Where the amounts added are 
large the gain in strength is considerable. 

Mr. J. H. S. Dickenson has shown that high-speed 
steel (containing from 14 to 18 per cent. of tungsten), 
and the 12 to 14 per cent. chromium steels, have a 
limiting creep stress of 84 tons per square inch at 
575 deg. C. (1,067 deg. F.) and 520 deg. C. (968 deg. F.), 
respectively, while Mr. P. Chevenard, in France, has 
developed the high-chromium high-nickel steels, and 
finds that they have high resistance to creep at the 
temperature under consideration. 

An alloy of 70 per cent. of nickel with 30 per cent. of 
chromium (in the rolled condition) has been thoroughly 
investigated, and the resultst obtained show consider- 
able advance (as regards strength at high temperature) 
over other materials which have been considered. 
Values are given in Table III. Messrs. Dickenson and 


TABLE I11.—Nickel-Chromium Alloy. 











Limit of Ultimate Limiting 

Temperature. east ‘ Tensile Cree 
| 
l 
Tons per | ‘Tons per Tons per 
Deg. C.| Deg. F. | sa. in, | sq. in sq. in. 

500 | 932 5 | 45 | 24 
590 1,932 12 | 40 16 
650 | 1,202 | — 35 9 
700 | 1,292 | 5 29 | 6 





Chevenard have also experimented with alloys of this 
type and have shown their superiority. It is thus 
possible to obtain materials that will meet the require- 
ments for increased steam pressures and temperatures ; 
but, as they involve the use of expensive alloys, their 
application at present in boiler construction is ex- 
tremely limited. The present position, therefore, 
shows the great need for further research in order 
to obtain a material suitable for the needs of the 
power-production industry. 








No. 19. THE PRESENT TREND IN 
BOILER PRACTICE. 


By W. H. Patcuett, M.Inst.C.E. 


Boiter units producing 100,000 lb. of steam per hour 
and upwards are now quite common, while units with a 
capacity of 500,000 lb. per hour are also at work. The 
value of the large A-shaped furnace, with the greater 
part of the heating surface exposed to radiant heat, has 
been appreciated, and its use has been followed by the 
much higher setting of the horizontal-tube boiler. The 
fullest advantage has been taken of it in installations 
using pulverised fuel, in the first of which depth of 
furnace had to be found for the U-shaped flames from 
the vertical burners. This emphasised the necessity 
for cooling the high brick walls, first by forming air- 
channels or by placing water-tubes in them, and later 
by substituting water walls for brick walls. To-day 
furnace walls often consist of tubes with fins welded 
to them, or with blocks of cast iron bolted or cast on 
to them, and of refractory materials used partly to 
screen these tubes. 

The modern tendency appears to be the development 
of still larger steam-generating units, which will utilise 
to better advantage the space they occupy, and of 
still higher steam pressures to meet the more exacting 
demands of the steam cycles that are now becoming 
fashionable. While the height of furnace-walls has 
increased both the pressure on them and the expansion 
of the refractories that has to be taken care of at 
furnace temperatures, the design of furnaces has been 
rendered difficult by the use of hot air and of less excess 
air to secure the best combustion of the fuel. The air- 
heater is steadily coming into use in power stations, 
either as auxiliary to, or to supplement, economisers 
where the feed water is heated by steam bled from 
the main turbines. In this use of hot air a compromise 
has often to be found between consequent repairs 
to mechanical stokers and refractories and a slightly 
lower efficiency in fuel combustion. The remedy lies 
in the employment of water walls. 

Steel economisers are costly, and if the feed water 





*** Mechanical Properties of 0-51 per cent. Carbon 
Steel and 0-53 per cent. Carbon Cast Steel.’’ Depart- 
ment of Scientific and Industrial Research, Engineering 
Research Special Report No. 2, London, 1927. 

{ H. J. Tapsell and J. Bradley, “‘ Mechanical Tests at 
High Temperatures on a Non-ferrous Alloy of Nickel 
and Chromium.” ENGINEERING, vol. cxx, page 614 
(1925). 
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15 made so hot that the economiser can do but little good 
at a final gas temperature at which it will operate 
safely, the final gas temperature desired may be more 
safely secured by the use of an air-heater, in which 
case the element of anxiety may be transferred from 
the upkeep of the economiser to that of the furnace. 
The corrosion of steel economisers is being reduced 
by the greater attention paid to the quality of the feed 
water. Exterior corrosion, which is apt to occur at 
low final gas temperatures, is avoided by keeping away 
from the zone of low temperatures, and by the develop- 
ment of designs in which leakage of water into the gas- 
space is avoided. 

The division of the duty according to the latest ideas 
is to arrange a large portion of the heating surface so 
that it may “‘ see the fire.” This decreases the work 
done by the back of the boiler. The Heat Engine Trials 
Committee, in its Report (1927), states of an economiser : 
‘* It should have no steam space, since it is not designed 
to generate steam.’ This was true; but latest 
developments introduce a steaming economiser, well 
thought-out and connected to the boiler proper so 
that it should and may steam with impunity. 

The periods over which a boiler may be kept in 
operation are being extended. Internal cleanliness is 
assured by proper feed water. The exterior is kept 
clean above by soot-blowers judiciously placed and 
operated, and below by various types of sluicing ash- 
conveyors. 

Designs for the higher steam pressures have so far 
developed that boilers with a working pressure of 
800 Ib. per square inch are now being made without 
any rivets. The drums are hollow forged, and all joints 
are made by expanding. On the Continent, welded 
drums are allowed, but in this country they have not 
yet been accepted, though how soon they may be is 
an open question. A short time ago the Board of 
Trade had passed no boilers working at a pressure 
exceeding 250 lb. per square inch, but now there are 
boilers with a pressure of 500 lb. per square inch on 
ships under their survey. With data available of more 
than fifty plants at present operating at steam pressures 
of 500 lb. per square inch and more, it may be said 
that the use of higher steam pressures has not brought 
with it the troubles that were expected. In many 
power stations it is impossible to judge from appear- 
ances whether high pressures are in use. There is less 
leakage and mess than is evident in many plants which 
are operated at the lower pressure. Commercial 
results are still anxiously awaited, but the prospects 
are distinctly improving. 

Taking the boiler heating surface as 100, maximum 
figures for the other added surfaces are : superheaters, 
86 per cent. ; economisers, 150 per cent. ; air-heaters, 
700 per cent. ; water walls, 60 per cent. In the field 
of higher temperatures, a metal at a reasonable price 
is still awaited that will withstand the stresses at such 
temperatures. Ordinary cast steel has never been as 
good as could be desired under steam pressure, but 
greater care and skill in the foundry are leading to 
improvement, and forgings are in many places now 
taking the place of castings, with beneficial results. 








No. 27. ELECTRIC TRANSMISSION OF 
POWER AS APPLIED TO LARGE 


AREAS. 
By A. Paag, M.Inst.C.E. 


Ir has become customary to classify transmission 
systems for supplying power into main and secon- 
dary. The former has two functions—namely : 
(1) Long-distance transmission of power in one direc- 
tion, and (2) interconnection of important power 
stations and districts—an outstanding example of 
which is “the grid” in this country. Secondary 
transmission may also be subdivided as follows :— 
(1) The part which is subsidiary to the main grid and 
is used for interconnecting other stations and providing 
bulk supplies for distribution purposes, and (2) the 
high-tension networks belonging to authorised under- 
takers. If the size of the area served and the extent 
of the load necessitate it, a tertiary transmission system 
is often employed by authorised undertakers, but as 
this is really a high-tersion distribution system, it is 
best excluded from the category of transmission. 

So far as the main transmission system is concerned, 
there is no alternative to overhead lines, and the natural 
characteristics of a country are the predominating 
factor in determining its general arrangement. For 
instance, in Great Britain the bulk of electrical power 
will always be derived from coal. Moreover, the price 
of the class of coal used varies very little in different 
localities, thus giving a wide choice of suitable sites for 
power stations. Many of those sites have already been 
developed, and the problem therefore resolves itself 
into selecting the best of them for association with 
the grid. 

The voltage and carrying capacity of the grid lines 
have been fixed at 132 kv. and 50,000 kw. respectively. 
These were found to give the best balance of advantages 
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figure chosen. In passing, it may be of interest to 
operation at this voltage in New York and Chicago.* 
Experience with the first scheme has shown that the 


divided between the lines, the transformers, and the 
switchgear. The circuit-breakers will have a rupturing 
capacity of 1-5 million kv.-a., but, although the number 
used in each sub-station and grid point (which are all 
of the outdoor type) will be minimised, the cost of 
tapping the main lines is still such that this will not be 
done for loads below 10,000 kw. 

The general design of the lines follows established 
practice, and lattice steel towers have been preferred 
to those of reinforced concrete. The conductors will be 
of steel-cored aluminium with a diameter of 0-77 in. 
The corona voltage will be 180 kv. to earth, whereas the 
actual pressure to earth willbe 77 kv., so that, despite 
the published statements to the contrary, there will be 
little danger of luminosity, even under the most adverse 
weather conditions. The average span will be 900 ft., 
and the suspension insulators will be of the cap-and-pin 
type, nine to the string, this number having been 
decided upon after a careful study of the effect of 
foggy salt-laden atmosphere. The high insulation 
strength thus obtained, combined with the use of highly 
conducting and properly grounded earth wires, will 
form the chief safeguard against lightning. It is agreed 
that, so far, no means of escape from the consequences 
of a direct lightning-stroke exist, but induced voltages 
due to lightning, which, according to Mr. F. W. Peek, 
are of the order of 50 kv. per foot of line height—say 
1-5 million volts in the case of the grid—are not 
likely to exceed the impulse insulating value of the 
insulator chains, if the screening effect of the earth 
wire is taken into account. The risks to the insulation 
of the transformer end-turns from these shock pressures 
have been greatly reduced as a consequence of recent 
technical developments. 

The stability of the grid system is intimately 
connected with the problem of voltage control. Control 
will be obtained by ‘** on-load ’’ tappings on the trans- 
formers, the object being to operate the lines at or near 
unity power factor, some of the alternators at selected 
stations acting as rotary condensers. The lengths of 
individual line units do not exceed 40 to 50 miles, 
which renders the problem comparatively easy. 

Operation will at first be carried out on the principle 
of “solid”? interconnection as distinct from loose 
linking, but provision will be made whereby alterations 
in the arrangement can be easily effected, and also for 
the use of additional reactance, should this be found 
necessary. Every effort has been made to secure the 
most sensitive and accurate means of disconnecting 
faulty lines without disturbing sound sections. The 
work of British manufacturers is unique in this respect, 
and there is every reason to hope that the protective 
system employed will ensure continuity of supply. 
Nothing approaching standardisation of protective 
gear is as yet possible, and it appears certain that it will 
be necessary to use systems both with and without 
pilots, in order to obtain the most economical solution. 
The question of supervisory control is linked with that 
of protection, and radio systems are at present under 
investigation for this purpose. 

Under the head of secondary transmission there is 
not much of special interest to record. Pressures range 
from 11,000 volts up to 66,000 volts, and it may be 
well to remark that the subdivisions referred to earlier 
do not mean duplication in any sense. Underground 
cables will, as hitherto, continue to be extensively used. 
The early efforts to extend the range of economical 
power transmission by using 33-kv. three-phase cables 
were somewhat unfortunate, but the reasons for the 
failures which occurred are now well known, and the 
constructional weaknesses have been finally overcome. 
Three-phase cables for voltages up to 60 kv. are in 
successful commercial use, and single-phase cables for 
66 kv. are in extensive operation. 








No. 28. DOMESTIC LIGHTING AND 
HEATING AND ITS INFLUENCE ON 
LOAD-FACTOR OF SUPPLY. 

By A. F. Berry. 


THE facts that electric lighting has no rival and is 
remunerative have stunted the development of otheruses 
of electricity in the home. For heating and cooking 
electricity has rivals which are much appreciated and 
well understood, and the charges for which are usually 
included in the rent or form a small addition to it. 
In spite of this heavy handicap, electric heating and 
cooking progress, but not at the rate they should. 
Broadly speaking, heating and cooking are essential 








* See ante, page 177. 


on the economic side, and, as it may be necessary to use 
cable on certain sections, there were serious technical 
disadvantages in increasing the voltage above the 
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state that quite a considerable length of cable is in 





ings, which must be low with lighting alone. When 
general domestic electrification has been developed 
efficiently the lighting peak-load will be negligible. ‘The 
lighting plant can be used during the “ sleeping” 
hours for securing a supply of hot water, and, during 
the day, for meeting part of the heating and cooking 


total cost of construction will be approximately equally |load. In a house or flat with complete electric ser. 


vices, lighting accounts for only a small fraction of 
the energy used. Apart from all-night water-heating 
units, other applications of electricity should use 
1% times the energy required for lighting in the winter 
quarters, and 1% times the amount in the summer 
quarters of the year. 

Lack of appreciation of the great convenience of 
electricity often makes it more costly to the user than 
is necessary. For instance, it is uneconomical to 
replace a coal fire by an electric fire in a dining-room 
fireplace. In that room warmth is required mainly 
under the table. Electricity alone can furnish this, 
and at a small fraction of the cost of a fire, whether 
electric or other. Electricity should be so installed 
that it is available exactly when and where it is 
required. This is the most economical plan, and con- 
duces to the greatest appreciation of the convenience 
of electricity. Few engineers would replace a boiler 
and engine by one large motor when electrifying a 
works or factory, and in the same way a candelabrum 
and a coal fire should rarely be replaced by an electrolier 
and an electric fire. The load-factor of supply can be 
greatly increased and money saved by developing 
domestic electrification on more thoughtful lines. A 
good load factor is the result of incessant use, and such 
use means that the service is found to be invaluable. 
The maximum effect of domestic lighting and heating 
on the load-factor will be secured only when appliances 
in great variety are supplied on easy terms and when a 
desire for the convenience afforded by electricity has 
been created in the minds of housewives. 

In an example, for which the author is indebted to 
Mr. W. A. Gillott, it is assumed that the connected 
load on an all-electric house is 17-85 kw., the average 
demand being 1-3 kw. The most important feature 
of such a load is that the peak occurs during the 
winter on Sundays. The average annual consumption 
would be 5,450 kw-h. during the day, while the con- 
sumption for water heating at night would be 9,100 
kw-h., equal approximately to 80 per cent. load-factor 
onthe demand. With a house of the size assumed very 
little, if any, other form of fuel would be needed, and the 
cost of electricity would be found to compare favourably 
with that of other methods. A suitable tariff would be 
8l. per kw. per annum of lighting demand plus }¢. per 
kilowatt-hour. 








LauNcH OF THE M.S. ‘‘ ANGLO-CANADIAN.’’—A 
successful launch took place recently, from the yard of 
Messrs. Short Brothers, Limited, Pallion, Sunderland, 
of the single-screw motor-driven cargo vessel Anglo- 
Canadian, which is on order for Messrs. Lawther, Latta 
and Company, Limited, for the Nitrate Producers’ 
Steamship Company, Limited, of London. She is 
designed to carry a deadweight of 9,700 tons on a moderate 
draught, her main dimensions being :—Length 426 ft., 
breadth 58 ft., and depth moulded to shelter deck 36 ft. 
6in. Water ballast is carried in the fore and aft peaks, 
two deep tanks and part of the double bottom, the 
remainder of the latter being arranged for oil fuel, 
Ample access is given to the holds for bulk cargoes, and, 
for the carriage of grain, steel shifting boards have been 
fitted between the hatches in the lower holds, and wood 
shifting boards and trunk feeders in the shelter deck. 
Twelve derricks, worked by electric winches, are provided 
for handling the cargo. The propelling machinery will 
be installed by Messrs. Wm. Doxford and Sons, Limited, 
Sunderland, and consists of a four-cylinder, opposed- 
piston, airless-injection Doxford engine, which will 
develop 2,850 i.h.p. at about 86 r.p.m. 





THE BRITISH AND DoMINIONS TRADES’ DIRECTORY.— 
We have received from the publishers, the Association 
of Dominion and British Trades Limited, Dominion 
House, Bartholomew Close, London, E.C.1, a copy of 
the first edition of The British and Dominions Trades 
Directory. As its name implies, the Association came into 
being for the purpose of fostering and facilitating inter- 
Empire trade ; up till the present it has secured the co- 
operation of over 35,000 overseas firms, and of many 
merchants, manufacturers and shippers in this country. 
The names and full addresses of these firms appear 1n 
the Directory, the first portion of which is devoted to a 
classified trades list of buyers and sellers covering the 
British Dependencies. The second section of the volume 
comprises a selected alphabetical list of merchants. 
manufacturers and shippers throughout Great Britain, 
and Ireland, who are interested in Empire trade. Then 
follow a British classified trades section, an alphabetical 
list of trade marks and brands, and a guide to sellers. 
It is stated that all the addresses and particulars of each 
of the firms incorporated in the volume will be verified 
every year, and no firm will find a place in the directory 
unless full verification is supplied. The publishers inform 
us that the next edition will include a number of addi- 
tional sections which will increase the size of the volume 
considerably. The present Directory contains 754 pages 
and is priced at 30s. 





to increase the load-factor of electric supply undertak. 
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CENTENARY CELEBRATIONS 
OF THE INSTITUTION OF 
CIVIL ENGINEERS. 


(Continued from page 705.) 


On Thursday, June 7, two meetings were held in 
the Great Hall of the Institution, each meeting 
comprising two papers and the discussions thereon. 
In both meetings the papers were taken as read 
consecutively, and in the discussion speakers 
directed their comments to either or both papers. 


HarsBourR WoRKs. 


The first meeting, commencing at 10 a.m. was 
under the Chairmanship of Sir John P. Griffith, the 
papers being as follows: “The Dimensions of 
Harbour and Dock Approaches,” introduced by 
Sir Cyril R. 8S. Kirkpatrick, and reproduced in 
abstract on page 749 of this issue; ‘* Harbour 
Breakwaters,” introduced by Mr. H. H. G. Mitchell, 
and abstracted on the same page. 

Mr. H. A. Reed opened the discussion by com- 
menting on the subject of the squat, or apparent 
sinking, of a vessel which he believed arose from the 
action of a vessel in a narrow channel pushing up the 
water in front of it and causing a lowering of the level 
elsewhere. Experiments on the Suez Canal showed 
that the maximum squat on that waterway was 
just under one metre. His own experiments on the 
Manchester Ship Canal, which was smaller and in 
which lower speeds were attained, had given some 
interesting results. With a vessel of such a form 
that its midship cross section to that of the canal 
was in the ratio of 1 to 4, and with a speed of 6 knots 
the maximum squat was | ft. 94 in. aft and | ft. 6 in. 
forward. But ships of the same cross section and 
practically similar speed gave very different squats, 
and the actual form of the ship did not seem to 
throw any light on the phenomenon. He had made 
observations on the same ship from several points, 
and it would seem that further information would 
be required before there was any possibility of 
making a formula. 

As an example of the difficulties which arose he 
would mention the case of a vessel 390 ft. long by 
50 ft. broad, moving at a speed of 3-75 knots. At 
the first observation point there was a squat of 
1-63 ft. aft and 0-52 ft. forward, while at the third 
observation point there was only 0-84 ft. aft and 
1 ft. forward. Thus, while there was a difference of 
1-11 ft. between forward and aft at the first point, 
there was only one of 0-16 ft. at the third point, 
and, moreover this difference was in the reverse 
direction. On the subject of ship draught in canals 
there was the question of salinity to be borne in 
mind, thus, for instance, on the Manchester canal, 
the water at its mouth at Eastham was distinctly 
brackish while it was fresh elsewhere. He thought 
the original permissible draught on the Suez Canal 
was 36 ft., and the actual draugh€ now 35 ft. 

Mr. L. H. Savile said he had attempted to 
show at the International Navigation Congress of 
1923* that (1) the total cost of a dock scheme 
increased approximately as the cube of the depth of 
water to be provided, (2) unless the annual tonnage, 
dealt with at a port capable of accommodating 
vessels of a given draught, exceeded by more than 
60 per cent. the capital cost (in pounds sterling) of 
increasing the depth, no general benefit was likely to 
be gained by this deepening solely with a view to 
employing ships of economical draught. If these 
two assumptions could be accepted as correct he 
hoped that a limit of 35 ft. draught might be accepted 
for all ships, except those for special purposes, for a 
period! of 15 years, so that those responsible would 
know what they had to provide for in any contem- 
plated extension, at any rate as far as depth was 
concerned. 

_With reference to the twenty large ships men- 
tioned in the paper, it was interesting to note that 
although size had continued to increase, the 
average draught had tended to decrease from about 
1919. It was clear from the following figures that 
although the breadth of ships in proportion to 
length had steadily increased from 1880 to. the 
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See ENGINEERING, vol. cxvi, pages 22 and 23. 


present date, the draught in proportion to length 
had decreased from 1900. 


20 Largest Ships. 


Percentage Percentage 
of Draught to of Width to 
Length. Length. 

1880 5-4 10-0 
1890 55 10°5 
1900 5-4 11:2 
1910 4-8 11-0 
1919 4-5 11-3 
1927 4°5 11-5 


It would often happen that the increase of length 
and breadth of vessels could be provided for at 
ports where the provision for increase of draught 
was out of the question, and this might be the 
explanation of the progressive fall of ratio of 
draught to length exhibited by the figures. Con- 
tinuing, Mr. Savile suggested that although the 
limitation of draught might cause some loss of 
efficiency in the design of a ship with a consequent 
increase in the cost of running, this loss might be 
accepted in view of the saving in the cost of docking 
facilities which, would be reflected in the port dues, 
and would benefit the trading community including 
the shipping companies. The case of a ship canal 
on a main trade route was in a different category. 
In such a case all classes of ships had to be provided 
for, including battleships, and there was no doubt 
but that the directors of the Suez Canal were fully 
justified and had shown foresight in arranging for 
an increase of depth up to 42 ft. 8 in., although the 
number of vessels likely to require anything near 
this depth would be few for many years to come. 

Sir E. W. Moir thought in dealing with break- 
waters a good deal depended on both craftsmanship 
and imagination. His work had included practic- 
ally every class of breakwater construction, built 
on solid rock or its equivalent, and on rubble over 
sand. He considered it important to guard against 
wave downstroke by adequate aprons, and here 
imagination was helpful in enabling the probable 
wave effect to be ascertained. Experiment also 
was helpful, thus, it had shown that on the large 
and daring breakwater at Valparaiso, there was 
no indication of dangerous motion below a depth 
of 40 ft. There was always liability to damage 
from undiscovered wave action. Thus, in the 
Seaham Harbour Breakwater, which was of angular 
blocks on limestone, the rock had been scoured out 
below the work in two places for a length of 70 ft. 
The breakwater itself was, however, uninjured. 
He advocated, therefore, large aprons wherever 
possible, and large blocks, while as many trial 
borings as possible should be made. 

Commander H. B. Tuffill, said that, as a layman, 
he could only make two remarks on the papers. 
On the question of beam of ships, aircraft were now 
provided for on naval units, and the catapults used 
required increased beam. It seemed only a ques- 
tion of time before similar accommodation for air- 
craft would be needed on passenger liners. These 
would be hardly likely to sacrifice present deck 
space and the probability was that increased beam 
would be the result, a state of things affecting 
dock accommodation. Again, such ships as Atlantic 
liners only used certain ports. In the event of 
future hostilities, such ports and harbours would 
inevitably be attacked. It was therefore impera- 
tive to develop sea approach in as many directions 
as possible. 

Signor Enrico Coen Cagli (Italy) could not agree 
with Mr. Mitchell’s recommendation that the direc- 
tion of breakwaters should be such that the heaviest 
seas struck them obliquely. His own conception 
of the ideal arrangement of the plan of a harbour 
breakwater was a structure projecting approximately 
at right angles to the shore to form the inner arm, 
and then, at the ruling depth contour of the harbour, 
bending round with its face as nearly as possible 
at right angles to the direction of the heaviest 
seas. The structure for the deep water conditions 
should be a vertical wall with a bottom at such a 
depth that the rubble mound or sea bed on which 
it rested was immune from all danger of scour or 
wave action. It was, of course, necessary to place 
the entrance sufficiently far from the shore to secure 
both depth and sea room. The direct impact of 
the waves resulted in their final reflection when it 





took place in deep water. 





Signor Cagli supported his contention by a 
reference to the great breakwaters at Genoa. 
The old Galliera breakwater was of the mixed 
type with a pell-mell wave breaker on its seaward 
face brought up to above water level, the width 
at sea level being 40 m. It had been very consider- 
ably damaged on many occasions, in fact it suffered 
to some extent by every heavy storm. On the 
other hand, the new Principe Umberto breakwater 
was of the vertical wall type based on a rubble 
wall about 35 ft. below water level, the total 
depth of water running to about 60 ft. This wall 
was only 12 m. wide at water level, and had sus- 
tained no material damage in the several excep- 
tional storms to which it had been subjected during 
the 12 years it had been constructed. All break- 
waters now building in Italy in situations similar 
to that of Genoa would, however, have a deeper 
vertical wall, the depth from the water level to the 
upper surface of the rubble mound being 12 m. or 
more. 

He had inspected the vertical breakwaters at 
Dover, and on the Tyne, and elsewhere in England, 
and as a result had proposed this construction in 
Italy as far back as 1907, in order to provide for 
the reflection of the wave force, which was small 
compared with that exerted by a wave impinging 
on wave-breaker blocks. He could not agree with 
Mr. Mitchell that 70 ft. was a practical limit for 
diving operations. His experience was that such a 
depth was not conducive to good work, and that 
40 ft. was the maximum if really satisfactory results 
were desired. Nor was he in agreement with Mr. 
Mitchell that breakers with solid superstructures 
required protection on the seaward face, for the 
reasons he had already indicated. 

Mr. T. M. Newell said it was impossible to make 
rules for harbour approaches, each must be con- 
sidered on its own merits. Where there was a tidal 
rise and fall of 30 ft. there would be enormous loss 
if a long working period was given for ships to enter 
or leave docks. On the Mersey, transatlantic ships 
could be handled four hours before and four hours 
after high water. He did not see why the table given 
in the paper should have begun at ships of 10,000 
tons. There were many ships in the eastern trade 
under this tonnage with draughts up to 34 ft. 

Mr. H. R. Moffatt (Cape Town) thought that the 
alignment of breakwaters should be at right angles 
to the direction of the heavy seas. The breakwater 
at Table Bay, which was of two lengths forming an 
obtuse angle was subjected to considerable scour, 
with consequent movement of the stones composing 
it. In connection with vertical wall breakwaters, 
he questioned what proportion of the energy of a 
breaking sea travelled downwards. 

Dr. B. Cunningham, referring to the figures in Sir 
Cyril Kirkpatrick’s paper, which had been compiled 
from information supplied by Lloyd’s Registry, 
wished to put forward a plea that Lloyd’s should 
always give loaded draughts, which would be of 
great assistance to harbour designers. 

Mr. N. G. Gedye thought some information 
regarding French practice in breakwater construc- 
tion might prove of interest. In the Mustapha 
breakwater, Algiers, blocks weighing 420 tons each 
were being put down, piled four or five deep to form 
vertical piers, and were free to settle independently 
of adjoining blocks. A later development was at 
Marseilles. The so-called Marseilles section of 
breakwater had been abandoned, and extensions 
were being made of large solid blocks weighing about 
500 tons each, with two fairly large key-holes. This 
extension was being built in 100 ft. of water, and 
was set on a rubble mound the top of which was 
49 ft. below low-water level. The outer row of 
blocks was protected by an apron. Very con- 
siderable economy had been effected by this method 
of construction. 

Mr. A. D. Delap related an experience with a 
form of vertical-wall breakwater in Rosslare Har- 
bour, which was subject to heavy seas from the 
Atlantic. This was a vertical wall on boulders in 
30 ft. to 40 ft. of water, and to minimise the effects 
of wave downstroke the face was made in blocks 
weighing 30 tons to 40 tons each, stepped 8 in. back. 
Certain experiments were carried out to determine 
the effect. The ledges apparently broke the impact 
of the waves, and the disturbance was deflected well 
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clear of the face of the wall at the bottom. There 
had also been a tremendous growth of seaweed. 

Mr. J. Foster King, referring to the first paper, 
said he agreed about the difficulty of generalising ; at 
all events, it should not be done on the 20 largest 
ships. He thought the diagrams he showed at the 
Navigation Congress in 1923 would assist engineers 
for the next two generations. 


MopERN Roaps, BRIDGES, AND TRAFFIC. 


The second meeting was under the chairmanship 
of Sir Henry P. Maybury. The first paper 
“Modern Road and Bridge Construction,” was in- 
troduced by Mr. F.C. Cook. It is reproduced in 
abridged form on page 750. The second paper, also 
reproduced in abstract on page 750, was entitled 
“The Problem of Road Traffic from the Engi- 
neering Point of View,” and was introduced by Mr. 
H. R. Hepworth. 

Mr. T. P. Frank, on opening the discussion on 
both papers, after some comments on the financing 
of arterial roads, said it was doubtful if the carriage- 
way need be more than 50 ft. wide, though, as the 
volume of traffic had increased by 70 per cent. since 
1913, future density was somewhat problematic. 
The dual road with a tramway down the centre 
was being experimented on in the Queen’s Drive at 
Liverpool, and had been favourably commented on. 
The future, however, might see such a tramway 
converted into a high-speed track. If arterial 
traffic increased, it would become necessary to 
create an inner-circle road in large municipalities, or 
there would be serious congestion at the centre. 
No risks must be taken with foundations. He had 
seen a concrete foundation, 7 in. thick and covered 
with granite setts, shattered into pieces, not exceeding 
2 sq. ft. in area, six years after construction. The 
traftic was 4,000 vehicles a day. Under similar 
conditions, a 9-in. foundation had shown no trouble. 
Reinforced-concrete roads showed a tendency to 
“explode ” on a hot day, usually at the centre of 
jong straight stretches. County bridges were 
likely to have a heavier impact than those nearer 
towns, owing to the condition of the approaches, 
which were usually bad. 

Mr. Curzon Harper thought that country roads 
could be made adequate for mixed traffic by turn- 
outs for overtaking and passing. On arterial roads, 
there should be sidings, or recesses, every mile for 
vehicles changing wheels, &c. Otherwise such 
stationary vehicles caused dangerous eddies in the 
traffic stream. 

Mr. E. J. Elford was of opinion that mere width 
in a road was becoming an obsession. If the traftic 
were properly regulated, roads narrower than 50 ft. 
would be adequate. He would instance Balham 
High Road as anexample. Here there was a double 
line of tramway, with a space of 9 ft. 6 in. each 
side. The traffic was 5,000 tons a day, and 80 per 
cent. of the wheels passed over the 9 ft. 6 in. margins, 
only 20 per cent. going on the tramway. Standing 
vehicles were a trouble, but the traffic continued 
fairly well. What was wanted was freedom from 
obstruction and not necessarily more width. A 
30-foot roadway, when there were no side streets, 
was sufficient. In Putney High Street, with traftic 
amounting to 32,000 tons a day and less than 
30 ft. wide, there was little to complain of beyond 
obstruction caused by omnibuses having to turn 
round at the journey’s end. He did not agree with 
Mr. Cook as to the main function of a curb, but 
regarded it as a protection for pedestrians. It was 
important at corners, where it should be left as 
somewhat of an obstruction to cause reduction of 
speed, and not rounded off when buildings were set 
back. 

Sir Owen Williams considered that the days of 
highway mending were passing. A permanent road 
should be aimed at. He suggested, as a possible type, 
a road surface supported on piles, so that, as it 
would not be in contact with the subsoil, it would 
not suffer from moisture changes. There were 
certainly problems connected with new types of 
bridges, as generally nowadays the sites were com- 
pulsory. A concrete bridge seemed to have great 
advantages. In a recent one, costing 75,000/., 
the cement had cost 3,5001. and the aggregate 
2,2501., that is about 7-7 percent. In building work 
cement and aggregates usually ran out to 15 per cent. 








to 17} per cent. of the total cost. 
therefore, more could be spent on cement and aggre- 
gates, and the richer mixes were advantageous as 
there was increased resistance to weathering. A 
bridge was usually more exposed than a building. 
He purchased cement by unit quality instead of by 
mere weight. The cover in bridge work should 
be 2 to 3 in., so as to forma wall and not a skin. 
With regard to parapets, he considered width was 
as important for safety as was height..a low thick 
parapet being better than a higher thin one. He 
suggested a figure of 4 ft. 2 in. as being suitable for 
the sum of height and width. 

Sir Joseph Nall thought that many of the 
advantages of the new arterial roads were lost 
by ineffective control and lack of instruction to 
drivers. Speed was largely dissipated by the 
smallest and least important traffic, that of the 
small car. It was a great advantage to get tram- 
Ways on separate tracks. The centres of future 
roads would be the parts used for highest speeds. 
The tramway was, after all, a street-to-street convev- 
ance, and as traffic speed increased, the dangers to 
pedestrians boarding the trams were greater. 
Further attention should be given to the merits of 
the two systems. With the new arterial roads it 
was becoming the practice to build along the front- 
age with no streets behind. It was not the func- 
tion of an arterial road to provide frontage, and 
he was strongly of opinion that entrances to pre- 
mises along such roads should be confined rigidly 
to side streets. 

Major R. A. B. Smith said be thought that 
cyclists should have more consideration. 
should be a 12-foot wide path arranged for them. 


On_ bridges, | 





There | 


| 


Possibly a tax of 5s. a year would meet the cost. | 


There were too many side roads. The Kingston 
by-pass was simply a series of dangerous cross 
roads. Side roads should be collected into a 
gathering road, so that there would be only one 
entry to the arterial road. 

Mr. H. Jackson said there was, on concrete 
roads, something analagous to the creep of railway 
lines under the rolling action of the wheels, and this 
caused deterioration on a concrete road not coverec 
by a blanket. 

Mr. E. Willis maintained that whatever changes 


were made in administration the control of roads | 


should remain with the urban surveyors through 
whose districts they passed. He thought tramways 
were not yet done with, though the younger men 
might live to see their abolition. The maintenance 
of tram lines was important. -He knew of places 
where horse-drawn traffic had to diverge 45 deg. to 
60 deg. to the side to get out of the track. Concrete 
roads should have a covering of asphalt. 


| 


| 


Those | 


engaged in town planning should not only provide | 


adequate car-parking spaces in new layouts, but 
should allocate sites for aerodromes adjoining or 


close to arterial roads, even if there were no imme: | 
modern principles, was used. The engine was of the 


diate prospects of using such. 


Col. J. A. Saner drew attention to the way in| 
which road engineers were compelled to work in|} 


the dark as to the moving loads they had to provide 
for, while the permanent-way engineer was fully 
conversant with the weights of the rolling stock. 


The official method of describing road engines 
was obsolete. There should be three classes | 


dependent on the axle weight, as the damage done 
to roads was directly proportional to axle weight. 
The driver of each road locomotive or heavy vehicle 
should carry a certificate showing his permissible 
weight. Corners of roads should be concave, like a 
circus, and not convex, which involved chafing. 

Mr. T. C. Ormiston-Chant thought that 35 ft. 
between curbs was a suitable width for a road. 
Excessive width was dangerous on foggy nights. 
Parti-coloured curbs should be adopted. Signs and 
finger-posts all required remodelling and standard- 
ising. Pedestrians should be protected by a grass 
bank, verge or hedge. Cyclists might be protected 
by a partially reserved white line space, which 
might be encroached on when no cyclists were 
present. He considered the best non-skidding 
surface was asphalt. 

Col. F. H. Hebblethwaite considered that, with the 
extending use of soft tyres, a smooth surface was not 
imperative. He suggested a sub-base of concrete 
and a cover of granite setts. 
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Mopern Locomotive DEVELOPMENTS. 

At the meeting devoted to the above subject, 
the chair was taken by Sir Hugh Reid. The 
memorandum on which the discussion was based, 
by Sir Henry Fowler and Mr. H. N. Gresley, was 
entitled ‘‘ Latest Types of Steam and Internal- 
Combustion Locomotives,” and is reproduced, in 
abridged form, on page 751 of this issue. 

Sir John Aspinall, opening the discussion, sug- 
gested that it would be useful if those who had had 
an opportunity of observing the effect on the fire 
of different blast arrangements would record their 
experiences, as regarded the effect of continuity of 
draught on coal consumption. Continuing, he said 
that when one looked back, it was remarkable to 
note the wonderful length of life and reliability of 
steam locomotives generally. He thought that it 
would be difficult to improve on the performance 
of the older engines from this point of view, but it 
was, of course, desirable that every effort should 
be made to do so. He concluded his remarks by 
mentioning that the claim often made that boosters 
were invented in America was not correct, as they 
were produced in France as early as 1852. 

Mr. A. E. L. Chorlton said that, in view of the 
increasing pressures and superheats employed on 
locomotives, it would be interesting to know 
whether difficulties were not being experienced with 
valves. He imagined that it would become neces- 
sary to employ drop-valve gear driven by cams, 
with the exhaust valves separately operated. He 
had noticed that modern engines were very ready 
to blow off, due to the small boiler capacity relative 
to the cylinders, and he would suggest that con- 
sideration might be given to a return to the storage 
system. He thought that Sir John Aspinall had 
made experiments in this direction with a tank 
engine. Referring to internal-combustion loco- 
motives, the speaker said that such engines might 
have a heat efficiency six or eight times as great 


| as that of a steam locomotive, that they avoided the 


boiler which represented the main upkeep cost in an 
ordinary engine, but that their greatest advantage 
was in the possibility of halving the labour required. 
They were also available quickly at all times, and 
two or three units could be coupled together for 
common operation. With all these advantages, it 
might be imagined that they would come into use 
more quickly. Admittedly the first cost was high, 
but this would fall with quantity production. 

Dr. Brown, of the Swiss Locomotive and Machine 
Works, said that two ways were open of improving 
the efficiency of the locomotive. The first of these 
was to obtain the utmost efficiency from a steam 
locomotive using high-pressure steam, and the second 
was to adopt Diesel engines as the prime mover. 
In producing the Winterthur high-pressure steam 
locomotive, his firm had endeavoured to provide a 
simple, easily-handled engine. No condenser was 
employed, and a water-tube boiler, built on the most 


single-expansion uniflow type, with poppet valve 
gear. They had found that a boiler pressure of 
800 lb. per square inch, and a temperature of 750 
deg. F., gave the best all-round efficiency. Trials 
of this engine by the Swiss Federal Railways had 
shown a saving of 40 per cent. in fuel and 50 per 
cent. in water, as compared with a standard loco- 
motive of equal power employing superheat. With 
regard to the internal-combustion locomotive, it 
appeared that a high-speed, solid-injection Diesel 
engine, operating on the four-stroke cycle, was the 
most suitable unit. The Biichi system opened up 
new possibilities for powerful engines. Speaking 
on the transmission gear, Dr. Brown said that this 
should be light and low in first cost. Electric 
transmission was reliable in all sizes, but mechanical 
gears were cheaper, and, in his experience, were 
reliable up to a moderate size. They were at present 
experimenting on mechanical transmission for large 
powers. 

Mr. T. Clarkson, speaking on the Clarkson boiler, 
said that it was unsuitable for the main_ boiler, 
but was convenient as a silencer and waste-heat 
boiler. A large amount of steam was required for 
train-heating purposes in cold climates, some 
American tests showing that 3,000 lb. of steam per 
hour, at 100 Ib. per square inch, were used in this 
way. In the case of one Diesel locomotive, two 
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engines were fitted, each of 1,500 brake horse-power. 
Each had a silencer boiler giving 1,000 lb. of steam 
per hour, and it was considered desirable to augment 
this by two automatic oil-fired boilers giving 
2,500 Ib. per hour each. It might be noted that, in 
summer, the boilers were run dry, acting simply as 
silencers, and not only had no ill-effects resulted, 
but it was possible to introduce cold water into the 
boilers while hot without damage. 

Mr. T. E. Dyke Acland said that the question of 
fuel economy could easily be overstressed, the 
essential question being one of safety. It was 
doubtful whether one man only on the footplate 
could ever be safe. With electrical transmission, 
remote control could be adopted, but this was 
more difficult with a mechanical system. 

Mr. L. Poultney expressed the opinion that it 
would be difficult to improve on the present loco- 
motive from a commercial aspect. It was particularly 
low in first cost, whereas engines giving a high 
fuel economy were always very expensive to build. 
He thought that ordinary locomotives lent them- 
selves to further improvements at low cost by 
improving the valve gear and by fitting preheaters. 
The Winterthur locomotive was fitted with both 
air and water preheaters, and also with an 
economiser, and all these could be fitted to an 
ordinary locomotive if desired. 

Mr. A. Devon pleaded for more research work with 
the object of reducing the cost of railway transport, 
and suggested that such work could best be carried 
out by the co-operation of the railway companies 
with private locomotive-building firms. 

Sir Seymour Tritton dealt particularly with con- 
ditions in India, referring to the special problems 
arising from the type of Jabour available, and the 
particular difficulties of shed overhauls in that 
country. He mentioned that the present axle load 
varied between 17 and 224 tons, but that a design 
had been got out embodying an axle load of 28 tons. 

Sir Dugald Clerk gave a brief review of the pro- 
gress made in both steam and internal-combustion 
engines in the past fifty years, in which he con- 
trasted the efficiency of 10 per cent. for a steam 
engine, and 16 per cent. for an internal-combustion 
engine, obtained at the commencement of that 
period, with present-day figures. 

Sir Gordon Hearn said that, although passenger 
engines were characterised by increasingly-high 
pressures, little attention appeared to be given to 
the quality of the feed water. Certain waters were 
quite unsuitable for high-pressure boilers, and he 
would like to know whether this point was really 
receiving consideration. 

Major E. G. Beaumont asked for information on 
the tvpe of packing employed for the piston rods 
and valve spindles with high-pressure steam, and 
also on the behaviour of piston rings. Would the 
authors also state what type of valve mechanism 
was proving most suitable ? 

Sir Henry Fowler, replying to the discussion, 
said that, as regarded Sir John Aspinall’s query, 
he was able to say that the effect of three blasts, 
as shown on the Royal Scot, was to give an 
improved draught, but that he was not able to 
quote coal-consumption figures. On the general 
question of the merits of internal-combustion and 
steam engines, locomotive engineers were mainly 
concerned with financial results. The essential 
requirement for the steam locomotive was a good 
boiler, while, with respect to the internal-combustion 
type, a good system of transmission, regarded from 
the dual standpoint of efficiency and finance, 
was of the first importance. He was able to report 
that, to date, no trouble had been experienced 
with the mechanical transmission of the Ljungstrém 
locomotive at present under test. In reply to 
Major Beaumont, metallic packing was normally 
used for the piston rods and valve spindles. The 
only difference with regard to piston rings was that 
they were made narrower. Dealing with Sir Gordon 
Hearn’s remarks, Sir Henry said he agreed that 
the quality of the water supplied to the boilers 
was most important, and on the London, Midland 
and Scottish system, the stand pipes were marked 
With an appropriate colour according to quality. 
Experiments were being made with poppet valves 
on the same railway, and they were very satisfied 


Mr. H. N. Gresley, who also replied to the dis- 
cussion, referred the meeting to some results on 
different blast arrangements given in a paper 
before the Institution of Mechanical Engineers. 
He agreed on the desirability of further mechanical 
testing plant for locomotives, but the financial 
resources available for the creation of new plant 
were limited. He also agreed with the speakers 
who had said that the steam locomotive was 
difficult to improve on, and quoted test results 
taken on two Pacific engines. The first of these 
had a 180-lb. steam pressure, with a cylinder 
diameter of 20 in., while the second worked at 
220 lb. with 18}-in. diameter cylinders. The tests 
extended over a week between Doncaster and 
London, the same drivers being employed through- 
out, but interchanged on the engines. The low- 
pressure engine gave a coal consumption of 38-8 Ib. 
per mile, or 0-069 lb. per ton-mile, while the 
figures for the high-pressure engine were 35-37 lb. 
and 0-062 Ib., respectively. The trains averaged 
450 tons, but on one trip, with a load of 512 tons, 
the coal consumption for the high-pressure engine 
was only 0-059 Ib. per ton-mile. 


Light AND Heavy INTERNAL-CoMBUSTION 
ENGINES. 

At the session devoted to this subject, the chair 
was taken by Sir Dugald Clerk, the two papers 
considered being “Light High-Speed Internal- 
Combustion Engines,” by Mr. H. R. Ricardo, 
and ‘Heavy Internal-Combustion Engines,” by 
Mr. G. Porter. These papers are reproduced, in 
abridged form, on pages 751 and 752 of this issue. 
The discussion on the two papers was taken 
separately. 

Opening the discussion on Mr. Ricardo’s paper, 
Commander G. C. Malden asked whether the 
author, in giving figures of ’bus engine performance, 
wished to suggest that these engines ran for 
16 hours a day for six months, developing 60 h.p. 
continually. The fact that commercial vehicles, 
engines usually ran at about half the rated load 
was often lost sight of in comparing their perform- 
ance with that of, say, a Diesel marine engine. 
He noted that the author mentioned 38-8 per 
cent. efficiency as having been obtained with a 
Diesel engine having a cylinder of 8-in. bore. 
In comparison with this, 38 per cent. had been 
recorded for a much larger Diesel at the West 
Drayton Admiralty Laboratory. He would like 
to ask the author whether the weight of 1-4 Ib. 
per horse-power, given for a radial engine, was 
for the engine alone, or for the whole unit, 
including the propeller. He thought the statement 
made in the paper that the wear was less per hour 
for high-speed engines was very arguable. 

Mr. H. Kerr Thomas, after referring to the 
developments in petrol-engine design in the past 
ten years, said that the present increased durability 
of commercial engines was no doubt largely due to 
the additional care taken in their construction. 
An advantage of the modern high-speed engine was 
that its small size resulted in low replacement costs 
for parts. 

Mr. A. E. L. Chorlton said that the figure of 
39-5 per cent. efficiency, quoted for an engine 
employing carburetted fuel, was most interesting. 
He had himself obtained an efficiency of about 42 per 
cent. for a small high-speed Diesel engine. Generally 
speaking, he thought that further advances depended 
on the metallurgist. The big end was generally the 
crux of the problem in the development of high- 
speed engines, and this applied with special force 
to the larger sizes. He had been able to run with a 
loading of over 3,000 lb. per sq. in. on this bearing, 
although this figure appeared most excessive. No 
mention had been made of supercharging, and he 
would like to ask the author’s opinion on this point. 
Professor C. J. Hawkes pointed out that the 
efficiency of 38-8 per cent., quoted in the paper for 
the R.A.E. engine, was based on the lower calorific 
value of the fuel, and asked whether the other 
efficiencies given were on this or the higher value. 

Major E. G. Beaumont expressed the opinion 
that developments in the future in high-speed 
light-fuel engines would be in the direction of more 
cylinders of smaller diameter. LEasily-renewable 


The discussion on Mr. Porter’s paper was then 
opened by Prof. Hawkes, who said he agreed with 
the author that oil engines had their place in elec- 
tricity-supply work. Speaking on the  solid- 
injection engine, he pleaded that the name Diesel 
should be abandoned in this connection, and that 
credit should be given to British inventors by sub- 
stituting Ackroyd-Stuart as the group title for this 
type. He thought that stresses due to heat flow 
were not yet sufficiently appreciated. Referring 
to the statement in the paper, that in four-stroke 
and two-stroke engines, the oxygen content of the 
mixture was about 96 and 93 per cent., respectively 
of that which would obtain if perfect scavenging 
was effected, the speaker stated that he had never 
before seen such figures quoted, and he would like 
to ask what was meant by perfect scavenging. 
Could the author give actual figures ? 

Mr. J. H. Narbeth briefly reviewed the develop- 
ment of the marine Diesel engine in the past, and 
turning to the future, said that developments must 
be in the direction of reducing weight, accessibility 
being an important point to be kept in mind. 

Mr. W. A. Tookey said that the cooling of the 
engine after running was as important as cooling 
during running, a point that was usually neglected. 

Mr. F. H. Loveris briefly reviewed the early 
history of the Ackroyd engine, and Sir Ernest W. 
Petter spoke on the two-stroke engine with crank- 
case compression, saying that the type had fully 
justified itself. 


Tae FuTuRE DEVELOPMENT OF THE STEAM TURBINE. 

The meeting in the Library, on Thursday morning, 
was presided over by Mr. P. W. Partridge, who 
called on Mr. H. L. Guy to introduce the subject 
of “The General Trend of Modern Development 
in Steam Turbine Practice.” An abstract of 
Mr. Guy’s note will be found on page 752. 

The discussion was opened by Mr. Frank Hodg- 
kinson, who said that there was less diversity of 
pressures and temperatures in the United States 
than in this country. Boiler pressures had, how- 
ever, risen in jumps from 200 Ib. to 400 Ib. per 
square inch, and there were some boilers with 
riveted drums working at a pressure of 600 lb. per 
square inch, and with welded drums at 1,200 Ib. 
The main demand in the United States was for 
maximum plant capacities. Every variation in 
turbine construction involved some new difficulties, 
and there was an unfortunate tendency to stan- 
dardise each as it appeared before it had been long 
enough at work for the minor defects to be corrected. 
It was generally the generator which limited the 
capacity. The advance towards high pressures 
was checked by the cost of the boilers. It had 
been suggested that boilers worked at the critical 
temperature would not cost more than those designed 
for 400 lb. to 500 lb. working pressure, but he 
thought that, in view of their small heat storage, 
such boilers would be suitable for base-load plants 
only. Mr. Guy had pointed out that, with a total 
temperature of 810 deg. F., the wetness factor 
would not be greater with pressures of 600 Ib. to 
1,000 lb. per square inch than it was now with 
steam at 350 lb. pressure, and a total temperature 
of 700 deg. F. So far as the turbine was concerned, 
the high temperature would be confined to small 
structures, not subject to excessive stresses, so that 
if creep were inevitable, it might be provided for. 
He considered that the heat rate provided the best 
criterion for making comparisons between different 
plants. 

Mr. F. Samuelson said that, under the new Act, 
it was proposed to allow power companies only very 
moderate dividends, which he feared would remove 
almost every incentive towards plant improvement. 
He hoped the Electricity Commissioners would 
support Mr. Guy’s plea, that the purchaser should 
share with the manufacturer the risk of new depar- 
tures, and regard such ventures as being nationally 
advantageous. With respect to high pressures, 
no unforeseen difficulties were to be anticipated, 
but with high temperatures, they were compelled 
to enter a new field. He was confident, however, 


that our metallurgists would produce, at a not 
prohibitive cost, alloys which would allow of steam 
temperatures being raised 150 deg. to 200 deg. 
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constructing a 10,000-kw. plant for a steam tem- 
perature of 900 deg. F., and expected ultimately to 
go to 1,000 deg. F. This plant was regarded as 
experimental, and he had reason to believe that this 
fact would receive benevolent consideration from 
the purchaser. He strongly supported the plea for 
standardisation. He thought better results would 
be obtained by using steam at 400 Ib. to 600 lb. per 
square inch, with a total temperature of 850 deg. 
to 900 deg. F., than by adopting higher pressures 
and reheating. 

Mr. H. M. Martin drew attention to the remarkable 
improvement in the efficiency of impulse blading 
which had followed the publication of the measure- 
ments of the Nozzles Research Committee. In a 
widely advertised test, Dr. Stodola had recorded 
an hydraulic efficiency of 83-9 per cent., and the 
speaker had independently confirmed this figure. 
A still better result was shown in very careful and 
independent tests of a Metropolitan-Vickers turbine 
of similar output, which, analysed in the same way, 
showed for the impulse blading an hydraulic 
efficiency of about 85 per cent. Such figures were 
fully 5 per cent. or 6 per cent. better than anything 
recorded in commercial practice before the work 
of the Nozzles Research Committee. Mr. Guy had 
dealt mainly with the steam end of the turbine, 
but there had also been striking progress in con- 
denser design. Unfortunately, the usual method 
of basing comparisons on the logarithmic mean 
temperature difference was very unreliable, being 
in error at times by as much as 15 per cent. or 20 per 
cent. The logarithmic formula was, moreover, 
based on a wrong theory. It took no account of 
the fact that, with a mean water temperature of 
35 deg. F., the resistance to heat flow from tube 
to water was some 60 per cent. greater than when the 
mean water temperature was 85 deg. F. The 
formula also ignored the effect of water speed. 
The main essential to condenser efficiency was 
the avoidance of blanketing of the tubes by air. 
To this end, a good current of steam must be main- 
tained round the tubes, and accordingly, any con- 
denser the efficiency of which depended upon the 
vertical fall of the drops of condensate, was ipso facto 
a bad condenser. 

Mr. K. Baumann drew attention to the slowness 
with which thermal efficiencies increased with rise 
of pressure. Taking as 100 the total increase of 
capital costs due to the adoption of super-pressures, 
the turbine and condenser would be responsible 
for only 5 per cent. of this, and the piping, feed 
pumps and auxiliaries for 5 per cent. to 10 per cent. 
The remaining 85 per cent. to 90 per cent. was due 
to the boilers. The cost of such boilers had fallen 
15 per cent. within the past few years, but he 
trusted that this fall would soon be greatly accele- 
rated. In view of the fact that the gain by a rise 
of 100 deg. in total temperature gave the same 
gain as an increase of 75 per cent. in the pressure, 
he expected that the main development would be in 
the direction of high temperatures, though high 
pressures had the advantage of requiring smaller 
pipes and valves. Builders were greatly in need 
of further information regarding strengths at high 
temperatures, which, at present rates of progress, 
promised to take 5 or 10 years to obtain. 

Mr. W. H. Patchell thought it very necessary 
that there should be some international agreement 
as to standard steam tables, without which it was 
impossible to compare heat rates. Of the two tables 
now popular, one favoured the turbine and the 
other the boiler maker. The significance of the 
maximum continuous rating was not always ap- 
preciated. The buyer was apt to regard this as 
the normal running output, forgetting that this 
was not that corresponding to maximum turbine 
efficiency. 

Mr. S. B. Donkin suggested that it might be 
practicable to ask builders to give guarantees for the 
whole plant on the basis of the steam and vacuum 
conditions. Such a guarantee should cover all the 
steam required by the auxiliaries. With such an 
arrangement, no steam tables could be required. 

Mr. I. V. Robinson said that, at the Bellagio 
Conference last year, Mr. George Orrocks had 

suggested that turbines should be rated on the 
annular area through the last row of blading, 
assuming a vacuum of 29 in. It would not be 
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supply, as the effect of this on output was small. 
As a basis for comparing tests, he favoured the heat 
expenditure per unit developed. He agreed with 
Mr. Patchell as to the need for an international steam 
table. Research on the properties of steam was in 
progress in three centres: in America, at Callendar’s 
laboratory in this country, and Professor Jakob 
was also studying the question in Germany. There 
was a general agreement to communicate and 
compare results during the early stages of these 
researches. 

Mr. R. G. C. Batson said that creep depended 
on many variables. In some cases, the material was 
under stress, in others it was subject to varying 
temperatures, and we might thus have strain 
hardening, temperature hardening and temperature 
softening, the relative importance of which would 
depend on the conditions and on the material. In 
some cases, a certain amount of deformation might 
perhaps be permitted. One difficulty was that a 
relatively small rise of temperature beyond an 
intended limit might bring in an entirely new 
factor, that of intercrystalline cracking. The 
whole subject was thus a very complicated one. 

Dr. Lieb said that, in 1890, the largest unit at work 
was rated at 400 kw. With the introduction of the 
steam turbine, there had been an extraordinary 
increase in size, so that, in 1927, there was at work in 
America one unit rated at 94,000 kw., and, before 
the end of the present year, two, each rated at 
160,000 kw., would be in operation. Next year this 
output would be generated on a single shaft, whilst 
a three-shaft set would have a rated capacity of 
210,000 kw. Two 208,000-kw. machines were on 
order for Chicago and there were a number of other 
large units under construction rated at from 100,000 
kw. to 165,000 kw. In America they had immense 
base-load plants, the demand being in some cases 
one million kilowatts. As to efficiency, there were 
many difficulties, as conditions varied so much in 
regard to base load, load factor, water supplies and 
fuel prices. There were eleven stations at work 
with boiler pressures of 500 Ib. per square inch or 
more. At one station, the pressure was 1,200 lb. 
per square inch, and at another 1,400, and three 
others were under construction. Experience with 
these pressures had been quite satisfactory, only 
minor detail troubles being encountered. There 
were a number of plants at work, taking only 
1 Ib. of coal per kilowatt-hour, and at the Columbia 
station the figure was as low as 0°9 1b. The coal 
had a higher calorific value of 12,500 B.Th.U., and 
the load factor was, of course, extremely high. So 
far 750 deg. F. had been the recognised maximum 
total temperature, but at times this had been 
exceeded without consequent trouble, and makers 
were prepared to go up to 840 deg. F. They had 
not, however, been quite happy with the blading, 
and a more intimate interchange of experience in 
this regard would be of advantage. 

Mr. R. W. Bailey said that if, as he believed, 
creep existed at all temperatures, then we had to meet 
no new phenomenon at high temperatures and 
could safely work on the basis of past experience. 
Unfortunately, there was disagreement as to the 
effect of carbon on creep. Mr. Batson held this to 
be small, but, according to Pomp and Dahmen, 
it was very considerable. Co-ordinated research 
was needed in order to get quick results. At the 
H.P. end of a turbine, the centrifugal forces would 
not give rise to difficulty. Mr. Batson said that 
some new materials were particularly suitable 
for high temperatures, but many of these had an 
austenitic structure with a large coefficient of 
thermal expansion, and there might be trouble 
where they had to make joint, with the carbon steels. 

Mr. W. Selvey suggested that it would be well, 
in testing the new materials now on offer, to push 
the tests beyond practical limits. At some tempera- 
ture all these alloys underwent a structural rearrange- 
ment and, by pushing tests up to the limit, experience 
would be bought more cheaply than by construct- 
ing large plants, though these might be needed to 
convince the public. 

Mr. Le Page, as secretary to the Research Com- 
mittee on Turbines of the American Society of 
Mechanical Engineers, welcomed the suggestion of 
collating the experimental results on steam obtained 
at the different centres and of an international 
steam table. 








In reply, Mr. Guy said he was interested to note 
that it was not the 1,200 or even the 600 lb. pressure 
plants which were regarded as representative of 
United States practice, but those working at 400 Ib, 
per square inch. As Mr. Hodgkinson had pointed 
out, a very large overload capacity was demanded 
in America. An alternative method of dealing 
with peak loads was to provide relatively cheap and 
simple turbines to take the peak loads whilst running 
the main machines on the base load. This was the 
plan favoured in Germany. In America, the public- 
utility companies had shown themselves prepared 
to share risks with the makers, and this was all he 
asked for here, where conditions had been very 
unfavourable to pioneering. He entirely agreed 
with Mr. Martin that the usual methods of estimating 
condenser performance were very unsatisfactory, and 
he might add that Martin’s analysis of heat 
transfer had formed the basis of the important 
experimental researches now in progress. He 
thanked Mr. Baumann for reminding him that the 
increase of costs with increase of pressure was pre- 
dominantly in the boiler-house. With regard to an 
international set of steam tables, he thought that 
a working basis for this had already been arrived at, 


THE DESIGN OF STATION PLANT. 


The chair was next taken by Sir John Snell, 
G.B.E., who called on Dr. S. L. Pearce to introduce 
the subject of the ‘ Prospective Development in 
the Generation of Electricity and its Influence on 
the Design of Station Plant.” An abstract of 
Dr. Pearce’s paper will be found on page 753. 

The discussion was opened by Mr. C. A. Sparkes, 
who said the present tendency towards lower prices 
for electricity would lead to enormous developments 
and to a marked improvement in the load factor. 
The boiler house was where the main changes might 
be expected. Heating surfaces were being markedly 
reduced, and he thought that there would be a 
field both for powdered fuel and for automatic 
stokers. It should be borne in mind, however, 
that the fixed charges constituted the major part 
of the cost of electricity. There was a tendency for 
these to decrease, but it seemed likely that the cost 
of fuel would rise ; both tendencies would promote 
the adoption of higher pressures and temperatures. 

Dr. Lieb said that, save in special cases, the 
cost of 1,200 lb. to 1,400 lb. plant could not be 
justified. What was needed was not record thermal 
efficiencies, obtained by loading down the plant 
with innumerable auxiliaries, but the lowest possible 
price per kilowatt generated. The problem in the 
United States was to get plant of the largest capacity 
at the lowest cost, and hence they had still in 
operation uneconomical units of 5,000 to 10,000 kw. 
rating, which could be put on load practically 
instantly, instead of requiring to be nursed for 
2 or 3 hours. The switchgear was fast becoming 
a limiting factor, and was steadily increasing its 
requirements, both in the matter of space occupied 
and in that of capital cost. A short circuit 
was a serious matter with the large amount of 
synchronous plant now in operation which had a 
flywheel effect. and the circuit-breaker problem 
was not solved by the introduction of reactances 
and reverse-current switches. In one square mile 
of Manhattan Island, there was 108,000 kw. of 
demand, and four blocks took no less than 15,000 kw. 
They were rapidly approaching the limit of the 
capacity of the streets to take low-tension mains. 
Even now they could not use existing empty ducts, 
as the rise of temperature, due to the cables in the 
ducts already in use, had reached the limit. 

Sir Phillip Nash said that the establishment of 
the Electricity Board had introduced new condi- 
tions and rendered mass production possible. He 
thought that, as regarded the turbines, British 
designers were in the forefront, but that America 
had gone ahead in boiler practice. Less advance 
had been made in the design of switchgear, which 
still followed the original idea of mechanically 
breaking the circuit. 

Dr. Ferranti, whilst admitting that in central 
station design both capital costs and demand 
must be taken into account, hoped that there would 
be a leaning towards optimism in regard to the 
latter, as this would prove more economical in the 
end. He believed that storage would play a large 





part in the future, and that what he might call the 
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design of the load would prove more important 
than that of the station. If the best use were to be 
made of electricity it must be supplied at a price 
and in a way that would ensure a large demand, 
and to meet these conditions some form of storage 
would be necessary. 

Dr. Alexander Dow said that, in America, in 
cases where the turbines were good but the boilers 
merely glorified tea-kettles, the temptation was to 
go in for quite high pressures. A turbine taking 
steam at 1,400 lb. per square inch, and expanding 
it down to 250 lb. would give 30 per cent. of the 
total output and the exhaust could be used in 
the existing good turbines. He did not agree with 
the plan of reducing to a minimum the length of 
the steam piping, since boilers refused to arrange 
their ‘‘lay offs” to coincide with those of the tur- 
bines they fed, and the ring main, in its simplified 
form, was still in service and would, he believed, 
remain so. As matters stood for the present, the 
cost of boilers increased greatly with pressures of 
over 400 Ib. per square inch. It was becoming the 
practice to arrange transformers in groups of three, 
each rated at, say, 10,000 kv.-a. when air cooled. 
Provision was, however, made for water cooling in 
an emergency, so that if one of the set broke down, 
the remaining two could take each a load of 15,000 
kv-a. No reactance should be incorporated in 
switchgear, as, in modern conditions, it only made 
matters worse. If two mains were coupled up at 
points 50 miles apart, then if one switch were opened, 
the two mains would remain in phase where still 
connected, but would get out of phase at the 
opened switch, which might be 50 miles away. 
Hence an immense current was required to pull the 
mains into phase again on reclosing the opened 
switch. He had lived with switches for some years 
past, and could not say all he felt about them 
whilst confining himself to parliamentary lan- 
guage. He looked forward to the day, which he be- 
lieved would ultimately arrive, in which these heavy 
switches would be constructed on the lines of the 
Fleming valve, which would pass current in one 
direction only. He knew that even now 10,000 to 
15,000 kv-a. could thus be handled, but did not 
know whether this could be done commercially. 

Mr. F. H. Clough said that high-tension surges 
caused a heavystrain on theinsulation of theend turns 
ofatransformer. This could be reduced by increas- 
ing the electrical capacity of thetransformer. He did 
not think that metal-clad switches were necessary, 
except where there wasalackofspace. Sofaras the 
immediate future was concerned, he thought that our 
circuit-breakers would be found reasonably reliable. 

Mr. G. W. Partridge said that it was easier to 
control a small current at a high voltage than a 
large current at a small one, and as to generators, 
he thought it was more difficult to keep the con- 
ductor inside the insulation than the current. He 
thought it would be wise to proceed slowly in the 
adoption of high steam temperatures, and suggested 
that a pressure of 400 lb. per square inch and a 
total temperature of 750 deg. F. should not be 
exceeded. With a higher standard temperature, 
there would be occasional excesses approaching a 
temperature of 1,000 deg. F., and he did not like 
the idea of red-hot steam pipes. With such a plant 
as he advocated, an overall thermal efficiency of 
22 per cent. could be maintained, and, whilst he 
would say experiment by all means, this should 
be done at the risk of the manufacturers. 

Mr. Spyer said there would be no difficulty in 
getting boilers generating 300,000 lb. of steam per 
hour, but whether these were suitable for British 
conditions was another matter. At Langenbrugge, 
there were boilers and turbines working at 800 deg. 
to 850 deg. F. with satisfaction, giving a thermal 
eflicicncy of 28 per cent., but this estimate, the 
Speaker thought, must be based on the lower 
calorific value of the fuel. There was no difficulty 
in high pressures or in temperatures up to 
500 deg. F., but beyond this the question of mate- 
rials became very important, and, so far, recent alloys 
had not given quite the results expected. In 
Germany, high-carbon steels were being tried which 
were claimed to be reliable up to 1,000 deg. F. and 
Were not costly. He thought reheating was too 
complicated for general adoption, and, though 
conomical, the eost was appalling. 





Mr. A. H. Law said that the main difficulty of 
high temperatures lay with the superheater. 

Mr. K. Baumann said that the Hell Gate turbine, 
though designed for a maximum output of 
160,000 kw., gave a maximum efficiency at an output 
of 90,000 kw. The extra load meant an increase of 
9 per cent. in the steam rate. The working condi- 
tions were easy, the steam pressure being 285 lb. 
per square inch, and the total temperature 680 deg.F. 
If high total temperatures were to be adopted, then 
these high overloads were undesirable, as they 
meant introducing high-temperature steam into 
the intermediate sections of the turbine. Surface 
condensers, he added, had of late years been im- 
proved by 80 per cent., and heat transfers of 800 
B.Th.U. per sq. ft. per hour per degree of tempera- 
ture difference could now be obtained. 

Mr. I. V. Robinson said that at quite a number 
of stations half the plant only yielded 4 per cent. to 
5 per cent. of the total output, and he believed 
the course followed at Hell Gate should be imitated 
and high overload capacities provided. There 
would be no difficulty with the boilers, and the 
alternators could be designed to carry these high 
overloads for the two or three hours required. 

Colonel R. E. Crompton expressed his satisfaction 
at having converted Dr. Ferranti to the advantages 
of storage. 

Mr. W. H. Patchell said that when he first took 
over to America the high-capacity boiler, the second 
one built had a steel casing, but Mr. van Fleck had 
improved on this by making the boiler casing the 
actual boiler-house. The Benson boiler at Berlin 
was situated in the open, and he would suggest that 
this example might be followed, and cover provided 
merely for the operatives. In the United States, 
metal-clad switchgear was used only in special 
cases, and he might add that a boiler pressure of 
600 lb. per square inch was not an American 
standard, neither was it likely to be. 

In reply, Dr. S. L. Pearce said that his note had 
been written prior to a visit to America, but it 
represented the result of six months’ careful study of 
central-station practice there and on the Continent. 
In America, there were at least fifty stations working 
with pressures of over 500 lb. per square inch. The 
great progress in boiler practice which had been 
made in America had been rendered possible solely 
by the co-operation of station engineers and the 
manufacturers. Whilst he did not desire to over 
stress the advantages of thermal efficiency, he 
believed that it was true that at the stations with 
the highest thermal efficiencies the total generating 
costs were generally the lowest. 

(To be continued.) 








LAUNCH OF THE M.S. “ Kine Witti1am ’’—The launch 
took place recently of the single-screw motor cargo vessel 
King William, which is being completed at Belfast by 
Messrs. Harland and Wolff, Limited. She is the last of 
the nine motor vessels ordered by the King Line, Limited, 
and is asister-ship to the M.S. King John, described on 
page 30 ante. The main dimensions are: length, 400 ft. ; 
breadth, 54 ft. 6 in. ; and depth, 34 ft. 8 in. ; while the 
gross tonnage is 5,280. The propelling machinery consists 
of one Harland-B. and W. six-cylinder, four-cycle, single- 
acting Diesel engine. The M.S. King Stephen, a sister- 
ship to the King William, has been launched recently 
from the same yard, and the King Arthur, another sister- 
ship, has been handed over to her owners after running 
satisfactory trials. 





REVISED STANDARD TOLERANCES FOR REAMER D1a- 
METERS.—When the British Standard Specification No. 
122, on Milling Cutters and Reamers, was drawn up and 
issued in 1920, the Report on British Standard Limits 
and Fits for Engineering (No. 164-1924) had not been 
completed, and there had been no opportunity of correlat- 
ing the reamer limits given in specification No. 122 with 
those for the standard holes. The tolerances for the 
reamer diameters have now been reconsidered by the 
British Engineering Standards Association, and the 
revised tolerances have been issued as a leaflet for inser- 
tion in specification No. 122-1920. It has not been 
found commercially practicable to standardise reamer 
limits to suit each of the standard grades of holes provided 
for in Report No. 164, Limits and Fits for Engineering. 
A compromise has therefore had to be effected, and the 
reamer limits given in Tables XLIII to XLIX have been 
chosen as likely to meet the majority demand from 
users working to the standard U unilateral holes, and the 
Y bilateral holes given in Report No. 164. Manufacturers 
generally are prepared to supply reamers to limits other 
than those given in Tables XLIII to XLIX when so 
specified by the user. Copies of the leaflet will be sup- 
plied gratis by the B.E.S.A., Publications Department, 
28, Victoria-street, London, S.W.1, on receipt of a 
stamped addressed envelope. 


THE TRAFFORD PARK WORKS OF 
MESSRS. METROPOLITAN-VICKERS 
ELECTRICAL COMPANY, LIMITED. 


(Continued from page 659.) 


As stated in our last article, the large machine 
shop is divided, approximately equally, between the 
mechanical and electrical departments, a part of 
aisle C and the whole of aisles D and E, with an 
annexe to E, being occupied by the latter. The 
lay-out of this department is shown in Fig. 109, on 
page 730, the main aisle, D, a single-storey building, 
90 ft. wide, being occupied throughout its length of 
898 ft. by large machines and by the necessary 
erection and test floors. A view of this aisle was 
given in our opening article, Plate VII. ante. 
The allocation of the space in the other aisles is 
best gathered from Fig. 109. The main shop is 
served by four overhead electric travelling cranes 
of 50 tons capacity and one of 10 tons. Light lifts 
are handled by jib cranes, both hand and electri- 
cally operated, carried on the side girders. In 
addition, the shop is traversed by railway lines 
both longitudinally and transversely. Along each 
side of the aisles are placed stores into which semi- 
finished or finished parts from feeder departments 
are delivered, together with further stores for tools 
and tackle, the situation of all the stores having 
been planned with a view to giving the utmost 
possible convenience in ready access from the 
department concerned, and the maximum possible 
economy in time. Similarly, the entry of large 
parts or large quantities of finished parts, ¢.g., 
core punchings, which are brought directly into 
the shop, is carefully planned to take place at 
those crossings most convenient for assembly into 
the machines. 

All heavy castings and forgings enter by rail at 
the south end and progress towards the finishing 
and shipping sections at the north end. The 
arrangement of all machine tools and appliances is 
designed to involve the least possible divergent 
movement of the work, to effect which, grouping, 
both in batteries of similar tools and in clusters of 
differing types, has been adopted. Commencing at 
the south end of the shop, the first noticeable point 
in Fig. 109 is a railway track to the overspeed test- 
house. The test house, with composite walls 
9 ft. 6 in. thick, is used to obtain a final demonstra- 
tion of the mechanical soundness of solid and built-up 
rotating parts, and is built to accommodate rotors 
up to 14 ft. 6 in. in diameter and up to 40 ft. long. 
As, however, a full and illustrated description of 
this chamber was given in ENGINEERING, vol. cxxii, 
page 824, we do not propose to refer to it further 
here. In the south-east corner of the shop are 
found the principal planing machines. There are 
two of 10-ft. capacity, one of 6 ft., and one of 5 ft., 
all of the customary design of a long single table, — 
and across the railway track is a more modern 
machine of 6 ft. capacity with a double table. One 
of the 10-ft. machines is shown in Fig. 110, on Plate 
LXXIV, engaged in cutting the winding slots of a 
solid turbo-alternator rotor such as forms the firm’s 
standard practice for machines of this type. It 
might be stated that the smaller slots are for ven- 
tilation purposes, and that the rotor is for a machine 
of 55,000-kv.-a. capacity at 1,500 r.p.m. and weighs, 
when wound, 58 tons. 

The double-table machine shown in Fig. 112, on 
Plate LX XIV, and installed during the present year 
to replace an older machine, is the second machine 
of this type that has been built to the firm’s own 
specification, the use of a second table proving to be 
a successful attempt to put into practice the prin- 
ciples employed throughout the entire works of 
keeping every machine tool on actual cutting work 
for the greatest possible proportion of its working 
house, and of eliminating all possible idle time 
customarily occupied in setting up work on the 
machine table. In this connection, the standard 
single-table planing machines is, perhaps, one of the 
most unproductive of machine tools, due to the 
heavy proportion of the time occupied in setting. 
This particular machine, it will be realised from the 
plan in Fig. 109, has a bed long enough to accommo- 
date an idle table at either end, whilst the working 
table may make its full normal stroke. Upon this 





idle table work may be set up, as shown in the 
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Fic. 120, 43,750-Kv.-A. TurBo ALTERNATOR ON EvEcTricaL Test BEp. 











Fie. 121, FuywHrret Moror GENERATOR SET FOR COLLIERY WINDING INSTALLATION. 
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Fig. 122. Storrrne ALTERNATOR STATOR ON COMBINATION MACHINE, 


other is being drilled. Passing to the west side of |is obtained. In a shaft, 20 ft. long, trepanned 
the centre section of D aisle, the first large machine by this method, the bores met in the middle with 
at the south end is a Churchill shaft grinder to| an error of only 0-012 in., which may be taken as 
take shafts up to 25 in. in diameter and 15 ft. in| typical practice. The bore, after trepanning, is 
length. This machine is shown in Fig. 113, on Plate | polishedand inspected bythe aid of a tele-microscope, 
LXXIV, and, with other similar machines situated | mirror and lamps. Where large rotors are involved 
near it and in various parts of the shop, is used the trepanning is done at the forge, for obvious 
for the purpose of finishing all shafts for high-speed | reasons, and a preliminary inspection made before 
machines. On the same side of this central section | the rotor is despatched to Trafford Park. These 
of D aisle are a number of heavy lathes for work | inspections, together with sulphur-printing exami- 
on turbo-alternator rotors and shafts. The largest | nations, are in the hands of the Research Department 
of the modern machines has a faceplate 72 in. in| which will be dealt with more fully in a separate 
diameter, and will take work up to 30 ft. in length. | article. At the same time it should be understood 

As regards size, however, pride of place is taken | that the entire shop is staffed with highly-skilled 
by a lathe which formed part of the original layout, | inspectors who are employed to watch all operations 
and is situated in the north section of D aisle. | in progress, as well as to inspect the finished parts, 
This machine has a face plate 125 in. in diameter, | no part being released for transfer from any one to 
and a length between centres of 45 ft. There is a | the next department until it has been passed by the 


.tool saddle on each side of the bed, with independent | responsible inspector. 


leading screws, so that cutting can be done on | It will be convenient at this point to comment 
opposite sides simultaneously. The more modern | briefly on the processes of rotor winding, which is 
roughing lathes have also double saddles, though | done in the northern section of D aisle. As has 
these are both on the same side, a following cut being | already been stated, the standard rotor for turbo- 
taken. One of the rotor lathes is shown in Fig. 117, | alternators is of the solid forged type, and the 
on Plate LXXV, occupied by a rotor for a 43,750| windings are similar in all machines, differing 
kv.-a, machine at 1,500 r.p.m., which has a finished | only in forming two poles or four poles according to 
weight of 544 tons. The operation which is being | size and speed. Fig. 114, on Plate LXXV, shows 
carried out in the figure is that of turning the | a four-pole rotor for a 31,250-kv.-a. machine at 
Journals of the rotor. The small rotor, which forms | 1,500 r.p.m. in process of winding. This rotor when 
an interesting comparison, is that for a 625 kv.-a.| finished weighs 42 tons. The coils for turbo-rotor 
machine, and weighs one ton. | winding are in the first place formed in rectangular 

In addition to external turning, the rotors|shape of copper strap wound on edge, with mica 
unde rgo, in some cases, an internal machining |insulation between turns. The completed coils 
Operation, a core being cut from the centre by a | are laid in the slots in the rotor, in which slots they 
trepanning tool to enable the soundness of the|are protected by a micanite lining. In passing, 


forging to be ascertained. When a shaft is long, it | it may be pointed out that the circumferential slots 
18 trepanned from both ends and remarkable accuracy ! visible in Fig. 114 are for the purpose of ventilation, 





the circulation of air being kept more uniform by a 
closer grouping of the slots towards the centre of the 
rotor. 

When the coils have been assembled, steel bars are 
laid along the top of the slots and special metal for- 
mers are placed over and under the projecting ends 
ofthe windings. Pressure is then put upon the bars 
and formers by means of screw clamping rings as 
shown in Fig. 116, on Plate LX XV, which illustrates 
a rotor of the same size as that shown in Fig. 117. 
The pressure applied is approximately equivalent 
to the centrifugal force at maximum speed, this 
force, in the larger rotors, varying from 50 tons to 
100 tons for each slot. Before the clamps are 
tightened, however, the coils are electrically heated 
until the micanite is soft, and the pressure, being 
applied whilst it is in this condition, ensures that 
practical solidity necessary to prevent movement of 
the windings with consequent disturbance of the 
rotor balance. The rotor is then allowed to cool 
off, and the micanite edges left projecting from the 
slot lining cell are folded over to cover the coil. 
The metal covering wedges, each of which has been 
fitted into its own slot, are then driven in longi- 
tudinally, any space between the top of the coils 
and the under side of the wedge having been packed 
up with micanite covered with a copper strip. The 
windings are next tested for short circuits between 
turns, and a high tension test to ground is applied. 
The projecting ends of the slot wedges are then 
turned off, and the rings of steel or bronze which 
cover the end windings as shaped by the formers, are 
assembled. The final process consists of skimming 
up the outside of the end rings and the slot wedges 
and is shown in Fig. 115, on Plate LXXV. The rotor 
shown in this figure is of the same size as that in 
Figs. 116 and 117, and the lathe in use is the 125-in. 
machine with two leading screws referred to above. 
The blowers for ventilation are clearly seen on the 
end of the rotor in Fig. 115. 

The windings of all large electrical machines, as 
has been already stated in connection with rotors, 
are assembled in the north section of D aisle. The 
different types of windings used may be roughly 
classed into three types. The first of these consists 
of straight bars, as shown in Fig. 80, Plate XX XIX 
ante, the bars being pushed through semi-closed 
slots. This winding is employed for induction 
motor stators, small slow speed low voltage al- 
ternator stators, and turbo-alternator stators. In the 
latter machines the bars are joined together by formed 
connectors to which they are generally silver 
soldered, by means of a special appliance devised by 
the firm in which the heat required for the process 
of soldering is applied electrically. An example of a 
finished winding of this type in a turbo-alternator 
stator 25,000 kv.-a. 6,600 volt at 3,000 r.p.m. is 
given in Fig. 126, on page 732. This shows the con- 
centric end windings and the comprehensive system 
of bracing adopted to withstand the heavy shocks 
given by short circuits. Heavy segments of 
insulating material provided with slots through 
which the’ bars are passed serve to support the 
straight part of the bars which project beyond the 
core. Between adjacent conductors hard wood or 
fibre blocks are lashed, so as to form solid rings 
with the conductors. The end connectors are 
anchored to the stator end plates by further hard 
wood blocks, and secured by metal clamps and 
bolts, and finally the bolts are supported by heavy 
metal rings. 

The second type of winding is made up of coils 
which consist of two straight portions with the 
requisite bend between them at one end of each bar 
only, also shown in Fig. 80, Plate XX XIX ante. 
These bars are pushed through semi-closed slots, 
and the projecting parts of the straight ends are 
bent to shape over formers and butt joints are made 
by electric welding. For this purpose a number of 
small jib cranes are installed where convenient, 
carrying the welding apparatus on a chain block. 
This apparatus consists of a small transformer with 
a heavy secondary winding, to the terminals of 
which are connected screw clamps for making 
contact with the joint. This class of winding is 
employed mostly for induction-motor stators. 
The third class is that of completely formed coils 
of diamond shape which are assembled in fully 
open slots. They are mostly used on direct current 
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Fie. 123. ALTERNATOR StaToR YOKE SHOWING DovetaIL SLOTS 


FOR CoRE LAMINATIONS. 











HyvDRAULIC GEAR FOR ASSEMBLING 
SPIDER. 


Fia@. 125. 


and rotary converter armatures, high voltage 
alternating current generators, and synchronous 
condensers. Examples of the different coils above- 
mentioned will be found in our previous article 
dealing with insulation. Rigorous tests are applied 
to all the windings during assembly. As soon as 
the coils or bars are assembled in the slots and 
wedged up, but before any joints are made, a high 
tension test to ground is applied of from three to 
eight times the running voltage of the machine. 
When all the joints are made, a further high tension 
test is applied. After the machine has been run 
on the test plate, the insulation is tested to ground 
and between phases at pressures laid down in the 
B.E.S.A. regulations. 

Before describing the test and erection beds, 
which occupy most of the north and central sections 
of the main aisle, a brief reference may be made to 
the operations carried out in the east portion of the 
central section, namely, the assembly and seasoning 
of large commutators and the building of cores. 








PoLE-PIECES ON ALTERNATOR 


The small and medium-sized com- 
mutators are made in a feeder 
department devoted entirely to this 
work, and situated in the gallery 
above C aisle. The manufacture of 





Fie. 124. Rotor SPIpER FOR VERTICAL TYPE WATERWHEEL 


ALTERNATOR. 














commutators demands a high degree 
of skill and great care, as all the 
bars and insulating strips must be 
finished to exact dimensions, to 
ensure that the commutator has the 
right diameter, and also so that the correct number 
of segments occupy the precise length of arc corre- 
sponding to each pole pitch. The bars are, of course, 
of taper cross-section, and to ensure their assembly 
to correct pitch not only are the bars and mica 
segments gauged individually, but they are further 
assembled in batches with alternate bars reversed 
and again gauged whilst subjected to pressure. 
The bars and segments are then completely 
assembled in a pressing ring, and placed on a vertical 
index table for verification of parallelism and correct 








Fig. 126. TurBo-ALTERNATOR STATOR, SHOWING BRACING OF 


ConcEentTRIC END-WINDINGS. 


pitch, and tested at 440 volts for insulation between 
adjacent bars. ; 
All commutators are seasoned by being run im 
a gas oven until thoroughly heated through. ‘The 
clamping bolts which hold the mica vee-ring 10 
position are then all screwed up to the same tension 
by using a box spanner to the lever of which a spring 
balance is attached. This operation of seasoning !8 
repeated several times until the nuts are permanently 
hard up. After completion, all commutators are 
subjected to a high voltage test between the bars 
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Fie. 127. 4,500/25,000-H.P. Direct-Current Roiiine-Mitt Motor. 











Fig. 128. 3,000-Kw. Rotary CoNnveRTERS UNDER TEST. 


and end frame, and to a further voltage test between 
adjacent bars. In the case of high-speed com- 
mutators, a further seasoning follows after the 
armature has been wound and the commutator 
assembled on it, the bolts are again tightened as 
before, and a final and excellent finish is obtained 
by turning the commutator with a diamond tool, 
when the armature is running at full speed on its 
own bearings. 

The core building section is equipped with a 
large vertical hydraulic press used for stator and 
rotor cores, and with two horizontal ones used for 
pressing spiders, commutators, couplings, collec- 
tors, and so forth on to their shafts. All these 
presses are provided with indicators showing the 
variation of pressure during each operation, so that 
the specified pressure shall not be exceeded. A 
regulating device ensuring fine control for move- 
ment through minute distances is also fitted. 
The pumps are electrically operated. The spaces 
allocated to erection are indicated in Fig. 109. 
The erection or assembly department covers a wide 
field, as, apart from the actual machining of parts 
and the commutator and core assembly outlined, 





all the work involved in the assembly of com- 
pleted machines is done in it. Examples of minor 
operations that may be instanced are the assembly 
of brushgear, and the fitting of keys, couplings, 
and fans. Other operations include the static and 
running balancing of rotors, the diamond turning 
of high-speed commutators, and the complete 
assembly of all machines of the smaller and medium 
sizes. The department also assembles all rotors 
|and stators of the salient pole type, an example of 
| the former being given in Fig. 124 on page 732, and 
of the latter in' Fig. 118 on. Plate LXXVI. This 
last figure shows one of two 20-ft. diameter (16-ft. 
| bore) stators for a double-unit direct-current wind- 
ing motor, 300 tons in weight, to deliver 12,500 peak 
horse-power at a speed of 32-7 r.p.m. Each stator 
has 24 salient poles. The erection department is 
also responsible for the assembly of the larger 
machines on the test bed. 

The arrangements for testing electrical machines 
are so comprehensive and so thorough that limita- 
tions of space prevent anything but the very 
briefest description being given of them, or of the 








various types of machines which are handled. In 


general, it may be stated that the electrical plant 
provides for testing machines up to a capacity of 
16,000 kv-a. at their full load rating, and also 
includes appliances necessary to test machines of the 
many different kinds that are produced, under their 
very varying rated conditions of voltage, frequency, 
power factor, and speed. The central focus of the 
testing department consists of a machined and 
slotted cast-iron test plate measuring approximately 
60 ft. by 30 ft., which is mounted on a heavy bed 
of concrete, at one end of which is a test pit 12 ft. 
in depth, and 28 ft. 3 in. by 14 ft. in floor opening. 
In addition to the work plate and test pit, the large 
machine test area absorbs part of the shop floor to 
the east and north of the existing test bed. This 
area is occupied practically continuously in the 
testing of rotary converters, motor converters, and 
the smaller sizes of synchronous condensers, and 
also with auxiliary apparatus such as transformers, 
induction regulators, and automatic control switch- 
boards, which are tested in conjunction with their 
accompanying machines. 

Power is supplied from the works sub-station to 
the test bed switchboard through four feeders, of 
which two supply three-phase, 50-period, 66,000-volt 
power, one three-phase, 50-period, 440-volt power, 
and the fourth 500/250-volt, three-wire, direct 
current. From the switchboards, arrangements 
are made so that power may be supplied either 
directly to the machines under test or, alternatively, 
through transforming apparatus, should this be 
necessary in order to obtain the correct voltage, 
&e. From both alternating-current and direct- 
eurrent switchboards, permanent connections are 
taken to various relay terminals placed on conve- 
nient positions about the test plate. The test 
equipment includes three main banks of single- 
phase transformers and eight motor-generator sets, 
together with switching arrangements to enable 
the machines, when driven from the alternating- 
current supply, to deliver direct-current power, 
or when driven from the direct-current supply, to 
give alternating-current power at any desired 
voltage and frequency. ‘Two of the motor-generator 
sets, Nos. 1 and 2, of which special mention may 
be made, are three-machine sets of approximately 
similar design, so that a description of No. 1 set 
may serve for both. This set includes two 500-volt 
direct-current machines coupled to one alternating- 
current machine. When driven as a generator the 
alternating-current machine is able to run low 
power-factor tests up to 6,000 kv-a. The stator 
windings of the alternating-current machine are 
split into three sections per phase, and connections 
to these sections are brought out to a star-delta 
series paralleling cubicle. This enables suitable 
connections to be made giving a range of voltages 
for various testing purposes. 

Of the other motor-generator sets, No. 3 is of 
300-kv-a. alternating capacity designed to work 
over a range from 25 to 60 cycles, and No. 4 consists 
of two 250-h.p. direct-current machines which can 
be run singly, in parallel, or in series, connected 
to a 375-kv-a. alternating-current machine of 
which the stator windings are brought to a link 
board in such a way that either one-phase, two- 
phase, or three-phase output can be obtained. The 
remaining motor-generator sets are mainly used as 
boosters, and to supply a 150 direct-current circuit 
for general testing purposes. For testing rotary 





converters on load, two rotary converters of 1,500 kw. 
and 1,000 kw. respectively are provided, together 
with a 1,875-kv-a. bank of low-tension 1/1 ratio, 
single-phase transformers, operated in conjunction 
with an induction regulator. These transformers 
are air-cooled by a separate fan. The testing 
machines are completed by a number of direct- 
current motors of various sizes and speeds, used 
either to drive or to load machines on test or for 
other kindred purposes. With reference to the 
instruments and instrument transformers that 
constitute by no means the least important part of 
the testing equipment, it must suffice to say that 
these are carefully maintained in a high state of 
accuracy by comparison not only with the standard 
used in the firm’s laboratories, but also with those 
of outside authorities, amongst which may be 
mentioned the National Physical Laboratory. Brief 





reference may be made, however, at this stage to 








one important instrument in the test equipment. 
This is a special six-element oscillograph designed 
and made by the firm, and situated in a special 
oscillograph room in the neighbourhood of the test. 
As the oscillograph work is done by the research 
department staff, the room will be described in the 
article relating to that department. 

As regards the actual testing operations only an 
outline can be given. The largest turbo-alternators, 
i.e., those over 10,000 kw., are erected over the test 
pit, which has accommodated machines up to 40,000 
kw. They are driven by a direct current motor 
either directly or through a gear box, on a 1-2 ratio. 
This machine is operated on the Ward-Leonard 
system from either of the large motor-generator 
sets, and by this means it is possible to measure the 
no-load losses of turbo-alternator up to 50,000 kw. 
capacity. Small turbo-alternators, those between 
2,000 kw. and 10,000 kw., are accommodated on a 
berth alongside the test pit on the test plate at 
floor level. They are driven by a direct-current 
motor, which also operates on the Ward-Leonard 
system, with one of the smaller motor generators or 
from the sub-station mains, using resistance racks 
for starting. Slow speed alternators are erected 
on the test plate or, in the case of large machines, 
over the test pit, and are driven by suitable direct 
current motors. An example of such a test is 
viven in Fig. 119, on Plate LX XVI, the machine in 
question being a 12,000-volt vertical type water- 
wheel alternator of 13,330 kv.-a. capacity at 250 
r.p.m. In the background is seen the main test 
switchboard gallery, some 96 ft. in length, various 
additional switchboards being mounted in the space 
behind the test plate which also is occupied by the 
motor-generator sets. All alternators are motor 
driven for the measurement of losses, heat runs 
being made by loading back at zero power factor 
on to one, or both, of the motor generators, or in 
the case of larger units, by short circuit and open 
circuit heat runs. 

Direct -current machines are erected on the test 
plate and driven by suitable direct-current motors for 
the measurement of losses. If two similar machines 
are available they are connected back to back for a 
load run, or, failing this, the heat run and commu- 
tation tests are made by running on short circuit. 
Fig. 121, on Plate LXXVII, shows a flywheel 
motor-generator set on the test bed. The machine 
on the left-hand is a 1,540-h.p. slip ring induction 
motor driving a pair of 1,065-kw. 500-volt direct- 
current generators, connected in series, and with a 
solid steel flywheel, 12 ft. in diameter and weighing 
23 tons, mounted between them. The set has a 
synchronous speed of 750 r.p.m. and will give a 
momentary peak load of 4,240 kw. It is used to 
supply power to a direct current 3,000/7,500 h.p. 
motor, operating what is probably the largest 
colliery winder in the country. Control of this 
winding motor is effected on the Ward-Leonard 
system. In the foreground may be seen field regu- 
lating rheostats mounted in wooden frames for 
convenient transport, and in the background are 
some of the large banks of resistances that form part 
of the test equipment. Another feature in this 
illustration to which attention may be directed is the 
heavy auxiliary tackle necessary for erection on the 
test plate of machines of the type shown. 

Another notable example of a large direct-current 
machine under erection on the test bed is given in 
Fig. 127, on page 733. This is a reversing rolling mill 
motor to develop 4,500 rolling mill shaft horse-power 
and 25,000 peak horse-power, at 80/135 r.p.m. on 
1,600 volts. The complete motor weighs over 200 
tons and the rotating element alone over 80 tons. 
The construction is of the double unit type, this 
being adopted to bring the heaviest lift required 
within the existing crare capacity on the site. 
For testing induction motors two tables, containing 
potential and current transformers and instrument 
change-over switches, are installed. The low 
tension table operates up to 500 volts, and may be 
connected directly to either No. 3 or No. 4 motor- 
generator, while a high tension table working up to 
3,300 volts, may be connected to the transformers 
used with either of these machines. Losses are 
computed from readings taken with the motor 
running and locked. When a heat run is required 
the motor is loaded on to a direct-current generator, 
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and also, if desirable, can be run back-to-back in 
conjunction with one of the motor generators. 
Rotary converters are first run from the mains 
as direct current motors, for the determination of 
no-load losses. The load runs for commutation 
inspection and for heating are obtained by running 
back to back with a duplicate machine, where 


possible, or, alternatively, with either or both the 
1,500 kw. and the 1,000 kw. test rotary converters 
already referred to. An example of such a ba: k 
to back test is given in Fig. 128, on page 733. This 
shows two rotaries each of 3,000 kw. capacity unde! 
erection on the test bed, together with transformers 
and induction regulators. The transformers are 
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designed for 275,000 volts, 3-phase, 50 periods, 
and outgoing direct current is given at either 
440 volts for 3-wire lighting or at 580 volts for 
traction services. The sets are designed to run 
with a leading current in order to improve the 
power factor of the system. The machines are 
arranged for tap starting, for which purpose the 
brushes are raised by the handle seen projecting 
from the brush holder supporting ring. A small 
motor-driven oil] pump is used to lubricate the 
bearings before starting. Control is effected by 
electrically-operated circuit breakers from small 
control panels. 

An important feature of the work of the test 
department is that constant daily use is made of 
the oscillograph to obtain design data and check 
results, as well as to study electrical applications of 
all kinds. Design investigations include the study 
of many different wave forms of alternators, short 
circuit tests made under varying conditions on both 
alternating current and direct current machines, 
starting conditions on rotary converters, synchro- 
nous induction motors and induction motors with 
phase advancers, and also tests on fuses, and tests 
to determine the breaking capacities and operation 
speeds of direct-current and alternating current 
circuit breakers, &c. Application investigations 
in which the oscillograph is employed are innumer- 
able, examples of works tests including the starting 
performance of squirrel cage motors fitted with 
centrifugal clutches, and the performances of motors 
in driving planing machines, while an example of 
tests made outside the works may be instanced in- 
vestigations to determine the starting performance 
of motors in both tramway and railway traction 
services. 

A typical test which illustrates the use of the 
oscillograph is givenin Fig. 131, on page 740, which 
shows two rotary converters undergoing a dead 
short-circuit test which, on this pair of rotaries 
was made about one hundred times, including 
several tests in very rapid succession, the high speed 
circuit-breaker seen at the right-hand operating 
in less than one-hundredth of a second. The 
photograph indicates that, although arcing, exag- 
gerated in appearance due to illuminated vapour, 
occurred at each of the brushes of the rotary com- 
mutators it was restrained within safe limits and 
there was no fear of a flash over from brush to 
brush. There was no appreciable marking on the 
commutators and the machines were ready for 
commercial service without being touched. The 
installation shown in the figure is one of eight sets 
totalling 16 machines, for railway work. Each 
machine is a 1,250-kw., 1,500-volt, 50-period set. 
The installation comprises automatic control gear 
arranged for supervisory control from a single cen- 
tral point. The transformer used with each pair 
of machines is seen in the background. The supply 
to the transformer is 22,000 volt, 3-phase, 50-periods 
alternating current, and from the direct current 
side the rotary output is at 1,500 volts to the traction 
feeder supply. 

The capacity of the testing arrangements for 
dealing with large turbo-alternators is illustrated by 
the machine which forms the subject of Fig. 120, on 
Plate LX XVII, this being of 43,750 kv.-a., at 11,000 
volts and 15,000 r.p.m. Although the practice of 
testing turbo-alternators as a whole, that is, with the 
turbine providing the motive power is not a matter 
of routine, such tests are made from time to time 
and are carried out on a very well equipped mechani- 
cal test bed in aisle B, with a description of which 
our next article will open. We conclude our account 
of the electrical machine shops with a brief descrip- 
tion of aisle E, which is devoted to the production 
of machines below about 250 h.p., noting that small 
machines below about 5 h.p. are made in a separate 
department situated in H gallery, and that very 
small machines from ,, to $ h.p. are made in the 
fan department. As shown in Fig. 109, aisle E is 
at the west side of the shop, the original width of 
84 ft. having been increased to 100 ft. by the erection 
of a two-storey annexe, and both aisle and annexe 
extending the whole length of the shop, namely, 
898 ft. Beside increasing the shop area by adding 
the annexe, the demand for industrial motors 
caused the transfer of all work formerly done in E 
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pinions, and gear wheels to an entirely separate 
works situated at Attercliffe, Sheffield. 

The aisle is laid out for the concentrated produc- 
tion on a large scale, for which large stocks of 
castings are carried outside the south end of the 
shop, unmachined castings being stacked in piles 
on the ground and machined castings in a large 
store. There are three main sections constitut- 
ing the machine shop, the central section, the 
erection or assembly shop, and the north section, 
including testing, painting, and packing departments 
The entire aisle is served by five overhead cranes 
of 20 tons capacity and one of 10 tons, in addition 
to which a large number of hand-operated jib cranes 
is provided. The machine section is equipped 
with two planers of 6 ft. and 8 ft. capacity, and 
with large numbers of single and double vertical 
boring mills, besides numerous radial drills, lathes, 
and auxiliary planers and milling machines. One 
of the double vertical boring mills is illustrated in 
Fig. 111, on Plate LX XIV, previously referred to, 
and here it may be noted that each of these machines 
is provided with a hand-operated jib crane. East 
of the machine sections proper are the shaft and 
core building sections. The shaft section is provided 
with roughing and finishing lathes, and with three 
Churchill grinders on which all shafts are finished 
throughout their entire length to dimensions within 
very fine limits of tolerance. The core building 
section is equipped with suitable benches on which 
both stator and rotor cores are built up, and with a 
number of hydraulic presses in which the punchings 
are pressed up to dimensions. This section is also 
equipped with electric welding plant for welding the 
bars and end rings of squirrel cage motors. 

As may be seen from Fig. 109, the actual erection 
or assembly department is practically surrounded 
by stores in which all necessary parts that are carried 
in stores are available immediately at hand as they 
are required. The machined parts pass in a direct 
line from the machine to the erection department, 
to which wound stators, armatures, rotors and 
field coils are brought from the winding departments 
or the dip shop at the crossings, whilst commutators 
and brush gear are similarly brought from their 
respective departments situated in H aisle. The 
testing department adjacent to the assembly de- 
partment is in the northern section of the aisle, 
and was entirely remodelled in 1925 to deal expedi- 
tiously with a very large steady output of machines. 
For testing the smaller machines, test tables of 
convenient height are provided, with a slotted 
machined surface on which a motor can be bolted 
quickly in position, and with a screw for tightening 
the belt from the machine to a loading generator. 
The tables are fitted with terminals from which 
connections are taken to the machine, using only 
a few feet of flexible cable, and thus avoiding the 
unsightly loose cables that are commonly seen about 
electrical testing departments. Fig. 129, on page 
734, shows one of the testing tables on which one 
of the firm’s new design of ball and roller bearing 
alternating current motors is undergoing a full load 
heat run test, the machines being actually in 
motion when the photograph was taken. 

For testing larger machines, a machined and 
slotted test plate measuring 75 ft. by 25 ft. is 
provided, having a number of terminal stations 
from which, by means of short cables, any desired 
alternating or direct current supply can be brought 
readily to the machine under test. Incoming 
supply at 500 volts, three-wire direct current and 
440 volts three-phase, 50 periods, alternating 
current is brought by separate cables from the works 
sub-station to a 7-panel main switchboard, further 
switchboards, aggregating 47 panels for alternating 
current, and 24 panels direct current, being provided 
for distribution and control purposes. The switch- 
boards are used in conjunction with numerous 
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improve the power factor of the works supply system 
as to effect an important reduction in the annual 
charge for electrical energy. From the test bed 
the motors are passed to the adjacent painting 
department, at the extreme end of which, when 
packing is required, they are put in cases ready 
for immediate despatch. 
(To be continued.) 








THE VEREIN DEUTSCHER 


INGENIEURE. 


THE sixty-seventh Annual Conference of the 
Verein Deutscher Ingenieure was held at Essen 
from June 9 to 11, under the presidency of 
Dr.-Ing. Karl Wendt, who is one of the directors 
of the firm of Krupp. As this is, we believe, the 
first time that an English engineering journal 
has been represented at this important gathering 
of German engineers, it will be desirable to say 
something about the Association itself and the 
work which it performs, before giving an account 
of the subjects dealt with in the numerous papers 
presented. 

On January 1, 1928, the membership of the 
Association was 29,643. It is thus considerably 
larger than any similar body in this country. 
By far the greater portion of this total is made 
up of ordinary members, but there are some 
1,100 “‘ visiting members,” who are persons whose 
experience is not sufficiently mature to qualify 
them for ordinary membership. This class has 
only been established for some six years, and it is 
now proposed, after some discussion, to open it to 
those who have had five years’ engineering experi- 
ence, irrespective of whether they have followed a 
specified course of training. There is, however, 
some reluctance to take this step. 

The Association is organised into 51 district 
and 26 local groups, which hold sectional meetings 
covering a wide range of engineering and allied 
subjects. Visits are also paid, under local arrange- 
ments, to places of technical interest. The manage- 
ment of a number of these local centres appears 
to be extremely active. 

The Association is responsible for benevolent 
and unemployment funds, as well as for an employ- 
ment bureau, and we learn that, during the past. 
year, the latter has had a great deal to do, owing 
to the depression in the engineering industry. 
A number of scholarships are also administered. 
One of the latest of these has been founded by 
Frau Klingenberg in memory of her husband, and 
will be used to assist necessitous students to 
complete their studies at the Technical High 
Schools. 

Though the Association does not publish its 
proceedings in the same way as do similar bodies 
in this country, it is interested, either solely or 
jointly with other bodies, in the production of 
several journals and other printed matter. The 
best known of its publications is, of course, 
Der Zeitschrift des Vereins deutscher Ingenieure, 
the others being of a more specialist character 
and dealing, inter alia, with machine construction, 
metallurgy, thermal problems, agriculture‘ econo- 
mics and mathematics. Numerous books and 
standard specifications are also published. The 
output under these headings is very large. The 
Association also concerns itself closely with legal 
questions affecting engineers, of which status and 
patents may be mentioned as two examples and 
is responsible for the organisation of research in 
collaboration with a number of specialist bodies. 
Incidentally, we may mention that it will play 
a leading part in the organisation of the second 
plenary World Power Conference, which will be 
held in Berlin in 1930. 

The business of the Conference, to which we 
may now turn, is conducted in a number of sec- 





motor-generator sets and transformers so arranged 
that any desired voltage phase or frequency can 
be readily obtained. A full description of the motor 
testing arrangements cannot be given for lack of 
space, but two interesting features that may be 
mentioned are that when possible it is customary 
to load machines on test with generators the output 
of which is fed into the works main, and that the 
motors of the main test motor-generator sets are 


tional meetings, and, with the exception of social 
occasions, the members only met once as a whole. 
This was on Sunday afternoon, June 10, when, 
after a short meeting to pass the accounts and 
to deal- with other similar matters, there was a 
general assembly to welcome visitors, and to hear 
two lectures, one on “Art and Technology,” by 
Professor R. Riemerschmid, of Cologne, and the 
other on “Natural Science and Technology,” 








aisle on tramway and railway traction motors, 





of the synchronous induction type, so connected to 


by Professor R. Plank, of Karlsruhe. These are 
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referred to more particularly below. For the rest, 
there were a number of sectional meetings taking 
place simultaneously at which the following subjects 


were dealt with: Steam-Raising Plant, Welding, | 


Internal-Combustion Engines, Operating Problems, 
Metallurgy, Selling, and Education. A meeting of 


the Deutsche Gesellschaft fiir Bauingenieurwesen 
vas held at the same time. Monday morning, 


June 11, was devoted to visits to mines, rolling 
mills, factories, harbours and power stations in the 
neighbourhood, while, in the afternoon, an extended 
steamer trip allowed the industrial establishments 
on the Lower Rhine to be inspected in passing. 
The number of members and visitors attending 
amounted to 2,500. 
is an indication of the importance of Essen as an 
engineering centre. 

Before giving some account of the various papers 
read, it will be convenient to say something about 
three exhibitions, which took place in Essen simul- 
taneously with the conference, The first, which was 
under the direct control of the Association, illus- 
trates what is being done to provide teachers and 
students with engineering ‘nformation. This infor- 
mation takes the form ot fully illustrated model 
lecture notes, wall diagrams and lantern slides, and 
we understand that the demand for these is very 
large, as many as 6,000 series being issued per 
month during the winter. The lectures notes are 


concise and well written, while the lantern slides | 


are clear, and full advantage has been taken of 
colours to make the way of the learner easier. We 


also noticed, with interest, the striking pictorial 
hints on the preparation of manuscripts and proof- 
reading which are available for would-be authors, | 
while equally useful is the information regarding | 
the arrangement of matter and illustrations for 
technical advertisements. 





This is larger than usual, and | 
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second exhibition is also under the control ; committee 
Association, its object being to provide data | technical and art interests, at the suggestion of 
will enable manufacturers to organise their | Professor Conrad Matschoss, the director of the 
selling campaigns on the most economical lines and | Verein Deutscher Ingenieure, to show what has been 
|to keep close touch with the various items of |done by pictures, statues, photographs and other 





Fie. 2. 
representing municipal, educational, 


|expense which occur between the workshop and | art forms to illustrate the development of engineer- 


the consumer. 


by models, which allow the various factors involved 
to be set out in three dimensions. For instance, 
one model showed the variation in the horse- 
powers of the motor cars in use between 1922 
and 7. This indicates that the percentage of 


1927. 
motor cars with horse-powers of less than 6 rose 
from 26-4 per cent. in 1922 to 45-8 per cent. 
in 1927. On the other hand, the percentage in 
the 6 h.p. to 10 h.p. class fell from 37 per cent. to 
30-7 per cent., in the 10 h.p. to 14 h.p. class from 
17-3 per cent. to 12-5 per cent., and in the 14 h.p. 
to 18 h.p. class from 9-8 per cent. to 6 per cent. 
|during the same period. Another diagram of con- 
siderable interest at the present time showed the 
| radius of action within which commercial vehicles 
of various horse-powers can successfully compete 





| This is done partly by large wall |ing structures and processes. 
|diagrams of a statistical character, but mainly |into three sections: technology and industry as 
| 





| with the railways for the transport of goods. The | 


|figures given were: for a 1-ton vehicle, 17 km. | 


| (103 miles), and for a 15-ton vehicle train, 150 km. 
| (933 miles). A third diagram showed that 

| commercial work the percentage of lighter vehicles 
is increasing while that of the heavy vehicles is 
falling, and a fourth illustrated the way in which the 
average day of the commercial traveller is divided 
and indicated how large a proportion of his time 
is spent in travelling and other activities which are 
not, strictly speaking, business. 


for | 


The third exhibition is being held in an extension | 


of the Folkwang Museum in Essen, and will remain 
It has been organised by a 





It may be divided 


seen through the eyes of artists; portraits of well- 
known men: and memorial addresses, medals, &c.. 
which have been produced to mark some particular 
milestone that has been reached. Architecture is 
not directly represented. This display has been 
made possible by the assistance both of those in 
charge of public collections and private owners. His- 
torically, the oldest picture belongs to the fifteenth 
century and represents a scene in a silver mine. 
At the other end of the scale are examples of the 
most modern art. Perhaps we may be forgiven for 
saying that, to the engineer, the most successful 
results are those obtained with the camera. In the 
majority of cases these allow the details of the struc- 
ture to be seen without in any way detracting from 
the artistic merit of the photograph as a picture. 


(To be continued.) 








THE Councit OF THE INSTITUTION OF ELECTRICAI 
ENGINEERS.—The following have been nominated for the 
vacancies on the Council of the Institution of Electrical 
Engineers, which will occur on September 30, 1928: 
President : Lieut.-Colonel K. Edgeumbe ;_Vice-Presi- 
dents: Mr. P. V. Hunter and Dr. A. H. Railing: 
Honorary Treasurer: Lieut.-Colonel F. A. Cortez-Leigh : 
Members: Messrs. J. M. Kennedy, R. K. Morcom, C. ©. 


Paterson, F. W. Purse, E. H. Shaugnessy and Lieut.- 
Colonel W. A. Vignoles; Associate Members: Messrs. 
T. G. N. Haldane and S. Harcombe. Associate: 51! 


Philip Nash. It is competent for any 10 members to 
nominate any other duly qualified person to fill one o! 
the vacancies before June 21. 
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THE SALVING OF THE EX-GERMAN 
BATTLE-CRUISER ‘* MOLTKE.”’ 

In an issue of ENGINEERING which appeared almost 
exactly a year ago, namely that dated June ‘17, 1927, 
and on page 741 of it, we gave a fully-illustrated 
account of the operations carried out by Messrs. Cox 
and Danks, Limited, 168, Regent-street, W.1, in raising 
the ex-German battle-cruiser Moltke from the sea- 
bottom in Scapa Flow. We now show, in Figs. | and 2 
on the opposite page, the present condition of this vessel 
as it lies in No. 3 Admiralty graving dock at H.M. 
Dockyard, Rosyth. The figures themselves do not call 
for any detailed description, though they will repay 
careful examination. It may be pointed out, however, 
that the turret-like erections on the bottom of the ship 
in Fig. 2 are the air locks by means of which access 
was gained to the ship as she lay bottom upwards at 
Scapa. A reference to the article above referred to will 
show that the Moltke, after raising, was safely beached 
on the foreshore of Cava Island. This was a temporary 
measure, and towards the end of the summer, after 
some preliminary strengthening operations, the vessel 
was towed across to Messrs. Cox and Danks’ depot at 
Lyness, where, beached in 56 ft. of water, 20 ft. of 
the hull was exposed at low water. 

In this situation, the work of removing the heavy 
machinery could be more readily undertaken, and a 
portion of the hull plating ove: some of the forward 
compartments was removed. As, however, Mr. Cox 
contemplated the possibility of further raising the 
vessel as it was lightened, to get at the main and upper 
decks, he decided to leave the major part of the hull 
practically intact, and remove the machinery through 
holes 6 ft. square, fitted with steel covers which could 
be screwed on. A large portion of the machinery was 
cut up and removed through these holes. The amount 
of material recovered, up to this stage, includes about 
1,700 tons of steel and cast and wrought-iron scrap, 
312 tons of copper, brass, manganese bronze, and gun- 
metal, and 200 tons of armour. The latter, with the 
gun steel, possesses a high nickel and chromium content. 

As dismantling proceeded, it was realised that work 
at Lyness was being handicapped by small tides and 
restricted beaching area, so Messrs. Cox and Danks 
entered into negotiations with Messrs. The Alloa Ship- 
breaking Company, Limited, Rosyth Dockyard, which 
firm purchased the vessel and arranged for the use of 
one of the Admiralty graving docks, in which it might 
be deposited high and dry, and broken up without any 
weather or other hindrances. The Moltke was accord- 
ingly towed round to Rosyth by Messrs. Bugsier 
Reederei and Bergungs A. G., Hamburg, by three 
tugs, Messrs. Cox’s tug, fitted with compressed-air 
plant, being also in attendance. The voyage occupied 
from Friday morning, May 18, to Monday morning, 
May 21, when the Forth Bridge was passed. Here the 
tugs were left, and later the vessel was manceuvred by 
local tugs into the graving dock, where it lies, probably 
the first on record, with decks facing the keel blocks. 








THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 


Tue thirty-third annual convention of the Incor- 
porated Municipal Electrical Association opened at 
Bath on Tuesday, June 12, under the presidency 
of Mr. F. W. Purse, engineer and manager of 
the West Ham Electricity Department. The attend- 
ance was not quite so large as on the past few 
occasions, owing to the restrictions that had been 
placed on the participation of non-members. Never- 
theless, it numbered well over 800. This year, for the 
first time, there was a Women’s Day, during which 
papers on domestic electrification were presented, and 
a visit was paid to an exhibition of electric cooking, 
water-heating and refrigerating apparatus, which was 
held in the Assembly Rooms. 

The formal proceedings, on Tuesday, June 12, opened 
with a civic welcome by the Mayor of Bath (Alderman 
Cedric Chivers, J.P.), after which Mr. F. W. Purse 
delivered his presidential address. In the course of his 
remarks, he expressed regret that it had been thought 
necessary to form a separate association to deal with the 
problem of overhead lines, especially as existing 
hodies were already pursuing every avenue to arrive 
at a satisfactory solution. Further duplication was 
likely to be a source of friction. He also referred, at 
some length, to the work of such kindred bodies as the 
British Electrical and Allied Industries Research 
\ssociation, the British Electrical Development Asso- 
ciation, the British Engineering Standards Associa- 
tion, the National Register of Electrical Installation 
Contractors, and the International Electrotechnical 
Commission, and appealed for support of their aims 
and objects. 

Referring to the Electricity (Supply) Act of 1926, 
Mr. Purse said that experience was proving that at 
least 75 per cent. of the saving the Act would effect 
could have been obtained without it, and it remained to 
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be seen whether the further 25 per cent. would justify 
the necessary expenditure. In the United States, 
during 1927, 75,116 million kw.-hours were generated 
for a coal consumption of 1-84 1b. per kw.-hour, the cor- 
responding figures in this country for 1926 being 6,618 
million kw.-hours and 2-43 Ib. per per kw.-hour. In 
1922, the coal consumption figure in the United States 
was 2-5 lb. per kw.-hour for 43,500 million kw.-hours 
generated, but during the intervening period of great 
expansion and economy, the ratio of operation and 
maintenance expenses to gross revenue had fallen only 
from 44-8 to 48 per cent., a result which did not show 
that a system of super-power supply had any great 
advantages. High thermal efficiency and low coal 
consumption could be obtained by anyone at a price, 
but the only thing that mattered was what the con- 
sumer paid for a reliable and efficient supply. 

The main features of the Act were the inter-connec- 
tion of practically all the undertakings in the country, 
the eventual supersession of most of the existing 
stations, and the concentration of the base load in 
a few of the largest stations. The present favourable 
position of the latter would, therefore, be still further 
improved at the expense of the smaller undertakings. 
The method of ascertaining the average kilowatts of 
maximum demand also favoured the base load 
stations, but re-acted unfavourably in other cases, as 
the higher the load factor the higher would be the 
average maximum demand which would have to be 
paid for. The fear that the insertion of a definite 
amount for rate relief in the fifth schedule would be 
interpreted as being an obligatory and not a permissive 
contribution, had been justified, and a penalty of 14 per 
cent. had, therefore, been imposed on cheap electricity. 

In carrying out the schemes, it was to be hoped that 
the Central Electricity Board would not rely too 
much on the grid for the transference of load, 
as American experience had shown that many operat- 
ing complications arose if this were done. He was 
quite certain, however, that the Board realised, as 
much as supply authorities, that henceforth they 
were partners, and must work together if the multi- 
tudinous problems which confronted them were to be 
solved. 

ADMINISTRATION Po.icy. 

At the conclusion of the presidential address, a 
paper on ‘ Administration of Electricity Supply 
Undertakings’ by Colonel A. Sinclair and Mr. J. W. 
Burr was read. The authors suggested that the 
administration of municipal electrical undertakings 
would be greatly improved if they were treated 
exactly like business concerns. An electricity com- 
mittee should be small, its members should be selected 
solely for their technical or business ability, and it 
should have the same executive powers as a Board 
of Directors. The selection of the staff of the under- 
taking should, as far as possible, be left to the manager, 
as should the financial management, in so far as it 
affected the policy of the undertaking. It should be 
the aim of all local authorities to accumulate a reserve 
fund up to one-tenth of their aggregate capital expendi- 
ture. Legislation should be introduced permitting 
part of the surplus revenue to be used for providing 
working capital. The present method of assessing 
undertakings required unification and amendment. 
Owners of both selected and non-selected stations 
should co-operate with the Central Electricity Board 
in every possible way on the generation side, while a 
progressive distribution policy should also be adopted. 
Non-selected stations should not be shut down, until 
the reliability of the supply from the grid was 
ensured. In the afternoon, a tour was made of 
various places of interest in the city and the neigh- 
bourhood, while, in the evening, a reception was given 
by the Mayor of Bath. 

Ursan DistTrisution. 

On Wednesday, June 13, a paper on “ The Dis- 
tribution of Electricity in Cities and Towns” was 
read by Mr. L. Romero, who said that the twin watch- 
words of designers of distribution systems should be 
simplification and standardisation. Standardisation 
should be applied as far as possible to the general lay- 
out, sizes and types of cable, sizes of transformers and 
sub-stations, and arrangement of switchgear. Safety 
must be the primary consideration, followed by con- 
tinuity of supply. To fulfil the latter condition, it was 
necessary that the distribution system should be so 
arranged that the supply could be maintained while 
repair and other work was being carried out. 

The best cable to use for distribution, from the 
points of view of first and maintenance costs and 
reliability, was the multi-core, paper-insulated, lead- 
covered and armoured pattern, while plain lead-covered 
cables, drawn into ducts, were preferable for feeders. 
Ducts, however, provided a means for the conveyance 
of leaking gas, and they should therefore be effectively 
ventilated. Two sizes of distributor should be stan- 
dardised (0:25 sq. in. and 0-125 sq. in.), the smaller 
only being used for culs-de-sac, &c, This would 





enable low-tension feeders to be dispensed with, 
except in the largest cities, and the increase in demand 
to be dealt with by erecting more sub-stations. In 
residential districts, the difficulty of finding sites for 
sub-stations might make it advisable to introduce an 
intermediate distribution pressure, say, 3,000 volts, 
so that transformers could be placed under the streets. 
This system was rather more complicated, but was 
cheap and permitted better pressure regulation. 

Dealing with the effect on distribution methods of 
standardising pressures and frequencies, the author 
mentioned that, in Salford, there were three low-tension 
pressures, 200 volts, 220 volts, and 240 volts, none of 
which was standard. It had been decided to change 
all these to the standard pressure. In the case of the 
240-volt three-phase system, this was being done by 
making use of the transformer tappings, while the 
rotaries supplying the 220-volt direct-current system 
had sufficient voltage range to enable them to supply 
at the higher pressure. The latter conversion was 
made in two stages of 10 volts at six-monthly intervals, 
the cost of the necessary devices on private premises 
being borne by the consumer. The change from 220 
volts and 240 volts to 230 volts could, it seemed, be 
made at a very small cost, and, in the former case, with 
an increased efficiency. This also applied to the 200 
volt and 210-volt systems. The change from 250 volts 
was not so attractive, and its cost might well be partially 
met out of national funds. Standardisation of fre- 
quency was desirable, but not so important as stan- 
dardisation of voltage. The larger part of the cost of 
the change from non-standard frequencies should be 
met by the undertakings concerned. 

In Salford, direct-current supply was also being 
changed over to alternaring current, to avoid the 
installation of more converting plant and direct-current- 
feeders, and gradually to eliminate direct-current dis- 
tribution. In residential districts, the existing three- 
wire networks were being changed over to the single- 
phase three-wire system, large direct-current power 
consumers were being provided with their own sub- 
stations, and every effort was being made to prevent 
the installation of additional direct-current motors. 
This was being effected by duplicating the existing 
direct-current network in the central and indus- 
trial areas by three-phase, four-wire distribution, and 
gradually changing consumers over from one to the 
other. The whole of the cost had been met out of 
revenue. 

Finally, it was suggested that a unit ten times the 
Board of Trade unit might be used, as this would enable 
small alterations in price to be made without using 
fractions of apenny. 


Rurat DIsTRIBUTION. 

This communication was followed by a paper on 
“The Distribution of Electricity in Rural Districts,” 
by Mr. H. F. G. Woods, who emphasised the fact that 
there existed a potential demand for electricity in 
these areas, that was capable of development into 
business of a directly remunerative character. In this 
connection, unification of control was desirable over 
extensive districts. 

The fundamental problem underlying any scheme 
of rural disribution was finance. There was every- 
thing to be said, however, for offering a supply at 
such rates that it could be used for all purposes, 
especially as it had been found that the existence of 
a supply led directly to an increase in the population. 
Since the revenue would be small at the outset, capital 
costs must be kept down. The use of overhead lines 
was therefore essential, the design of which must 
combine simplicity and soundness of construction. 
Sectionalising stations on the extra-high-tension main 
lines should be located at places where distributing 
centres could be suitably formed, and costs should be 
substantially reduced by the use of double-ratio 
transformers, whereby a supply at low tension could 
be given in the immediate neighbourhood, and, at an 
intermediate pressure, to more distant areas. The 
primary distribution pressure should not exceed 3,300 
volts, as the lines could then be tapped inexpensively 
to supply individual consumers, while the transformers 
protected the primary system from faults on the 
secondary lines. The lower-voltage lines were also 
less affected by birds and falling branches. Details 
were given of a 150 kv-a. sub-station built on these 
lines at a cost of 7631. Little was to be gained .by the 
use of outdoor transformers under such conditions as, 
though building expenses were lowered, there were 
compensating costs in other directions. 

The employment of high-tension feeders was essential, 
since the demand from small houses might easily be 
6 kw. and, owing to the consumers being scattered, 
it was difficult to limit the pressure variation when 
low-tension feeders were used. Often house-to-house 
transformers were the only methods of giving a satis- 
factory service. With regard to low-pressure distri- 
bution, it was wise never to erect conductors of less 
than 0-07 sq. in. copper. This enabled a balanced 
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distributed load of 70 kv.-a. to be supplied over an 
effective radius of 800 yards. It was sometimes an 
advantage, economically, to commence the supply on 
a single phase three-wire, or an open V three-phase 
system, two-phase lines and a neutral only being 
erected to begin with, while later on a third wire 
could be added, thus enabling a full three-phase, four- 
wire system to be used. 

The mains should always be run along the road, 
even if this meant the use of cables, since to do other- 
wise always gave rise to complications. Some day 
the joint use of poles by supply authorities and the 
Post Office would be common practice, but until that 
day arrived much money would be wasted which could 
have been saved by co-operation. In village streets, a 
straight vertical disposition of the conductors was 
neater, but the horizontal cross-arm type of con- 
struction, being cheaper, was to be preferred in the 
open country. High line construction was less con- 
spicuous than low construction, and there should 
therefore be a clearance of at least 20 ft. in village 
streets. This clearance might be reduced in the open 
country with economic advantage. Apart from its 
comparative cheapness, wood as a pole material had 
no advantages over reinforced concrete or steel, and 
since the latter materials could be accurately and neatly 
constructed to harmonise with the surroundings, it 
was unfortunate that economic necessity prevented 


their use. In cases where capital charges were a/| 


determining feature. there was no justification for the 
use of any other material. The cost of armoured cable 
laid direct in the ground was, roughly, three times 
that of an equivalent line erected on wooden poles. 

In the afternoon, a garden party was given by 
Alderman Sir Harry Hatt, J.P., chairman of the 
Rath Electricity Committee, while in the evening 
a concert took place in the Institution Gardens. 

On Thursday, a paper on ‘ Domestic Electrifi- 
cation’ by Messrs. J. L. Carr aud J. D. Peattie 
was read, in which the authors discussed, at great 
length, the design of the wiring systems, cookers, 
heaters and other apparatus now in general use for 
domestic purposes, with a view to indicating weak- 
nesses commonly found therein. It was essential, 
in their opinion, that every effort should be made 
to keep improvements in apparatus and methods 
ahead of developments, and various ways were 
indicated in which it was suggested that this could be 
done. The loads likely to be obtained with ‘‘ all-in” 
consumers were discussed, and it was stated that, 
by encouraging the usc of radiators at low rates, 
undertakings were developing a load which was 
seasonal and had little diversity. On the other 
hand, the cooking load was of considerable assistance 
in improving the load factor of a station supplying 
a mixed industrial load. The authors stronzly 
recommended the adoption of standard specifications 
and regulations for the apparatus, both for technical 
and commercial reasons, as well as the constitution 
of some central body to certify the capability of 
the equipment to pass prescribed tests. A main- 
tenance service was an essential factor in the develop- 
ment of the domestic load. 

A paper on ‘Selling More Electricity for Domestic 
Purposes,’ was subsequently read by Lieut.-Colonel 
W. A. Vignoles, who pointed out that, in future, most 
of the undertakings would cease to be troubled with 
generation, and as the supply they would obtain 
trom the Central Electricity Board would be paid 
for on a two-part tariff, they would have to decide 
how they would sell to the consumer, and, if they 
sold on a flat rate, how they would distribute the 
amount which they had paid per kilowatt over their 
own costs. The price charged to the consumer should 
bear some relation to the cost, and the only way 
to effect this was by the use of a two-part tariff, 
which could now be made compulsory. The kilowatts 
purchased for the peak load should also be used for 
providing hot water at night, and cooking, heating 
or refrigeration in the daytime. The object should, 
in fact, be to encourage the growth of the long-hour 
load and the sale of the maximum number of units 
to the consumer. 

Considerable development had taken place in these 
directions, and in March, 1927, 55,000 cookers and 
237,000 fires were connected to the mains of 248 
undertakings. This was a 57 per cent. increase in 
cookers and a 32 per cent. increase in fires over the 


LETTERS TO THE EDITOR. 


THE CHOICE OF FUELS. 
To THE Epiror oF ENGINEERING. 


Str,—I have read with great interest your excellent 
editorial in the issue of June 1, entitled ‘‘ The Choice 
of Fuels,” dealing with my paper “ Liquid Fuel from 
Coal”’ before the Diesel Engine Users’ Association, 
and as I think that you have done me some slight 
injustice—of course, quite unconsciously—perhaps 
you willallow me to reply at some little length, especially 
since the whole subject of fuel and fuel technology is 
an extremely complicated one. 

In the first place, you refer to the statement made in 
|the discussion by Mr. J. Wulstan Twinberrow, the 
| well-known civil engineer, who was closely associated 
|with the Severn barrage scheme. He comments 

adversely on the attitude of the Government in the 
| matter, in a manner hardly surprising under the circum- 
| stances, and you state that I have ‘selected this 
speaker’s observations for reference without dis- 
|approval.’’ [I would point out that I have not 
‘selected *’ Mr. Twinberrow’s observations. The dis- 
cussion on my paper was taken part in by 21 different 
contributors, and if you will go through my reply you 
will find that I have specifically dealt with every single 
one of these gentlemen. There has been no question of 
** selecting ’’ one speaker at all. 

Secondly, you state that I have ‘‘ misrepresented the 
| facts” when I state that the Fuel Research Board had 
‘selected its own plant for trial at the Richmond Gas 
| Works. I have not made any such statement what- 
}ever, and I cannot very well fail to be aware of the 
| facts that have been published broadcast in the Press 
of the world that Sir David Milne Watson, the governor 
of the Gas Light and Coke Company, was asked by the 
Department of Scientific and Industrial Research to 
state which low-temperature carbonisation process he 
considered to be the best from the point of view of the 
interests of the town’s gas industry. The gist of the 
matter was, of course—at any rate, as represented by 
over one hundred newspaper cuttings on the subject 
that I have in my possession—that the best process was 
reported to be the latest one of the Fuel Research 
Board, that is, the ‘‘ E”’ retort, an ordinary vertical 
town’s gas retort with mechanically continuous opera- 
tion but made of cast-iron and heated at low tempera- 
tures instead of high temperatures. The only state- 
ment that I have made in the whole of my paper in 
connection with the Fuel Research Board is to include 
the ‘* E ” retort in the list of 75 more important processes 
in the world, but for lack of space it was only possible 
for me to describe 30 of these processes, and in this 
connection the Diesel Engine Users’ Association have 
been extremely generous to me with regard to space 
and expense of printing. 

In the discussion, however, the following statement 
was made by Mr. J. H. Narbeth :—‘‘ This board (i.e., 
the Fuel Research Board) has been searching for the 
best plants for carrying out low-temperature carboni- 
sation work, and after many experimental trials selected 
the most promising type. With the help of the South 
London Gas Company an establishment has now been 
set up at Richmond to test the selected process in 
commercial fashion.” 

This statement is, of course, not correct, since 
apparently the process—as you state yourself—was 
selected by Sir David Milne Watson. In my reply to 
Mr. Narbeth I stated :—‘“‘ Possibly, as he states, the 
Fuel Research Board have been searching for the 
best low-temperature carbonisation process, but the 
one they have ‘selected’ after many experimental 
trials is their own.” 

You will notice, therefore, that I have most carefully 
refrained from commenting, adversely or otherwise, on 
Mr. Narbeth’s statement, and I deliberately put the 
word “ selected’ in inverted commas because I am 
aware that the real facts are common knowledge in the 
world of fuel technology. It seems to me, therefore, 
that your rebuke should fall upon the head of Mr. 
Narbeth, and not upon mine. 

You then go on to state in your editorial: ‘‘ Hardly 
less misleading is the observation that the Fuel Research 
Board might be better employed in lending technical 
aid to inventors than in spending money on processes 
of its own.’ Anyone reading your editorial would 











previous year. Only 6 per cent. of the consumers were | imagine that I had made this statement, which is not 
using cookers, however, or perhaps 1-2 per cent. of the | the case. It is contained in the contribution to the 


houses in the area, so that not more than the fringe 
of domestic electrification had been touched. Water 
heating was becoming increasingly popular. 

To secure satisfactory progress along these lines, 
proper sales organisation and propaganda were essential, 


and the author stated that the Electrical Devefopment | 


Association was aiming at an annual revenue of 
100,0001., a sum which would enable really great 
national work to be done. 

The annual dinner was held in the evening. 


discussion of Mr. J. Wulstan Twinberrow, and I have 
not made any comments upon it at all, although 


| sorely tempted to do so. 


When I was invited by the Diesel Engine Users’ 
Association to give a paper on the subject of liquid 
fuel from coal, I decided that the most important 
matter that could be dealt with was to contradict the 
general statements on low-temperature carbonisation, 
by all kinds of people to the effect that there are only a 
few processes of importance in the world, and that 





the subject is relatively new, dating, for example, from 
the time of Thomas Parker. As stated in my paper, 
there are over 400 processes and the subject has engaged 
the active attention of inventors for at any rate the last 
century and a quarter. Also, before the commercial 
discovery of petroleum in 1859, more than 300 works 
were in operation throughout the world under low- 
temperature conditions for the production of liquid 
fuel from solid fuel, especially bituminous coal, cannel, 
and torbanite. 
Yours, 
Davip Brown ik. 
46, Grange-road, Ealing, London, W.5. 
June 2, 1928. 

[The essential point of our remarks in connection with 
the Richmond plant was that the action of the Fuel 
Research Board had been misrepresented. We do 
not doubt that Mr. Brownlie knew the plant to have 
been selected by the Gas Light and Coke Company as 
a result of independent observations. The quotations 
he gives from Mr. Narbeth’s remarks and his own reply 
to that gentleman certainly bear the literal interpre- 
tation he gives them, but if Mr. Brownlie desired to 
correct an incorrect statement and make it clear that 
the Fuel Research Board did not select its own plant, 
it would appear that he might have adopted a more 
direct way of doing so. Our quotations from Mr. 
Wulstan Twinberrow’s remarks, about the Fuel 
Research Board spending money on processes of its 
own, appear in a paragraph which deals in its earlier 
part with others of that speaker’s remarks, and are in- 
tended as a continuation of our criticism of the point 
of view that gentleman adopted. If the words are 
generally read as referring to Mr. Brownlie we certainly 
owe him an apology. Mr. Brownlie certainly selected 
Mr. Twinberrow’s remarks for approval, particularly 
mentioning the Severn barrage and afforestation in a 
way that, by implication, covered the Fuel Research 
Board or a further Government Department. If Mr. 
Brownlie did not approve of this speaker’s remarks in 
this connection, why did he not say so? The effect of 
a reading of the discussion is that Mr. Brownlie sup- 
ported him.—Ep. E.] 








CHARING CROSS BRIDGE. 
To THE EpiTror oF ENGINEERING. 


Sir,—Amongst the features receiving consideration 
in connection with the proposed Charing Cross Bridge, 
I have not noticed any reference to the acoustic pro- 
perties of a double-deck bridge, and wish to suggest 
that they should be given due attention. The noise 
caused by trains moving in the space covered by the 
upper bridge would be considerable, and would affect 
not only persons in the trains, but also the convenience 
and safety of those using the roadway above. Noises 
are an important feature of life in and around our cities, 
and their tendency to increase calls for careful thought. 

While it might be possible to harmonise, to some 
extent, the lines of a double-deck bridge, it is probably 
impossible to provide against objectionable sounds 
caused by running trains on the lower deck of such a 
structure. 

Yours faithfully, 
A. Lrypsay Forster. 

12, Athole-gardens, Glasgow, W. 

June 12, 1928. 








THE BRITISH CORPORATION RULES AND TABLES. 
We have received from the British Corporation Register 
of Shipping and Aircraft, 14, Blythswood-square, 
Glasgow, a copy of the 1928 issue of their Rules and 
Tables. We note, amongst other changes in the 
body of the work, that the Rules have been made 
easier to follow by means of judicious paragraphing. 
subheading, and a greatly improved index. Generally 
speaking there has been no departure from the main 
standards of construction or scantlings, but the accumu 
lated experience resulting from ten years’ use of the 
Rules of 1917, has been embodied in the present work. 
For instance, new diagrams have made the framing 
formule easier to use, and the varied modifications 1 
shell thicknesses have been rendered comparativel) 
simple by their revised expression. The passing ot the 
sailing ship is shown by the omission from the book 
of the old rules and tables for the masts and rigging ot 
sailing vessels. Their place has been taken by a section 
dealing with derricks and posts to be used for handling 
cargo. A new section furnishes details regarding the 
requirements for ice strengthening at the fore end. 
Although the rules for internal-combustion engines 
have been adjusted to keep pace with modern develop- 
ments, the Corporation consider, with good reason, that 
development in this type of propelling machinery has 
not yet been settled on definite lines; they, therefore. 
still deseribe their rules as “ provisional.” The rules 
for electrical installations have also been amended, in 
order to bring them into line with, modern practice. 
The alterations chiefly concern the use of higher voltage~ 
and the safeguards necessitated by them. The book 
of Rules and Tables is bound in the usual red-cloth 
covers, and is priced at 15s. net. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Buyers of Cleveland pig 
iron are still very disinclined to place orders, and business 
is almost confined to small transactions to cover early 
needs. However, with stocks extremely low and likely to 
be further reduced by requirements of ironmasters own 
consuming plant and by delivering demands against 
running contracts, the fixed prices that have ruled for 
some time past are well maintained. Consumers in 
Scotland have still considerable quantities of Tees-side 
iron to accept in fulfilment of fairly heavy business 
put through some time ago. Shipments of this will not 
he completed until September, but customers beyond the 
Tweed are not keen to take up iron as it becomes due, and 
are now purchasing parcels of comparatively cheaper 
Midland iron. Inquiries from overseas are few and small, 
but some expansion of export demand is looked for. 
No. 1 ¢ ‘leveland is 68s. 6d.; No. 3 g.m.b., 66s.; No. 4 
foundry, 65s.; and No. 4 forge, 64s. 6d. 

Hematite.—Business in East Coast hematite iron is 
just a little better, sales both to home and Continental 
customers showing slight improvement, but the volume 
of trade passing falls a good deal short of absorbing the 
restricted make, and steady addition continues to the 
already rather heavy stocks. Prices are not definitely 
fixed, and contracts are understood to have been arranged 
on very unremunerative terms. Nominally, market rates 
are based on 69s. for mixed numbers. 

Foreign Ore.—Little news is ascertainable concerning 
imported ore. Sellers acknowledge that demand is not 
yet expanding, but, with probability of scarcity of supply 
later in the year, they are not disposed to depart from their 
firm attitude. Best rubio remains at 22s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
taken up only moderately for local use, but substantial 
sales for despatch to foreign destinations has rather 
strengthened, though not quotably advanced, prices. 
Good medium qualities are 17s. 6d. to 17s. 9d., delivered 
here. 

Manufactured Iron and Steel.—Orders for finished iron 
and steel are difficult to secure. Big work is stated to be 
pending that may provide a certain amount of employ- 
ment for plant in this area, but some little time is likely 
to elapse before the schemes mature, and meanwhile 
manufacturers are needing contracts. Quotations are 
steady. Common iron bars are 101. 5s. ; best bars, 10/. 10s. ; 
double best bars, 101. 15s. ; treble best bars, 11/.; iron 
rivets, 11. 5s.; packing (parallel), 7/7. 10s.; packing 
(tapered), 101. ; steel billets (soft), 62. 15s. ; steel billets 
(medium), 7/7. 2s. 6d.; steel billets (hard), 71. 12s. 6d. ; 
steel rivets, 11/.; steel ship plates, 81. 7s. 6d.; steel 
angles, 71. 17s. 6d. ; steel joists, 71. 17s. 6d. ; heavy sec- 
tions of steel rails, 82. 10s. ; black sheets (No. 24 gauge), 
10/.; and galvanised corrugated sheets (No. 24 gauge), 
131. 5s. to 131. 108. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel——While the position does not lack 
pri ip features the general state of the iron, 
steel, and related industries locally is far from satis- 
factory. Less foreign material is going into consumption 
in the semi-finished branches, but, on the other hand, 
the gross demand on rolling mills, forges and foundries 
is insufficient to support a normal volume of supply, 
with the result that steel-making furnaces are not 
making the headway that is desired. Prospects are 
stated to be moderately good. The repeated postpone- 
ment of real revival is, however, proving a source of 
severe trial to numerous large establishments, where 
the meeting of burdensome overhead costs out of 
revenue represents an exceedingly difficult task. The 
more hopeful outlook in pig iron would find warmer 
support if there was solid indication of a forward buying 
movement ; but here, as in bar iron, strip, wire, and 
steel-making alloys, there is a widespread disposition 
for users to be content with sufficient quantities to 
cover immediate needs and let the future take care 
of itself. Some of the biggest users of metal scrap are 
practically feeding their furnaces from current deliveries, 
having wiped out the major portion of their stocks. 
An emergency call might find them in difficulties. 
Current quotations are as follow: Siemens acid steel 


billets, 101; hard basie steel billets, 7l. 2s. 6d. to 
7l. 12s. 6d.; soft basie billets, 61. 5s. to 61. 7s. 6d. ; 
Derbyshire foundry iron, 63s.; Derbyshire forge iron, 
59 3 Lincolnshire foundry iron, 62s.; Lincolnshire 
basic, 60s. ; soft wire rods, 7/. 10s.; crown iron bars, 


107. 10s. ; iron hoops, 112. 10s. Prices of the principal 
steel-making alloys are unaltered. After a longer 
-down than usual, rolling mills have found sufficient 


1 


Wwors to operate this week; but orders are mostly for 
1 abe 

small quantities, involving the frequent changing of 

rolis and leaving a very small margin of recompense. 


Electrical engineers are reported to have booked further 


substantial contracts. From automobile and chemical 
engineers there is a steady flow of work in connection 
with the supply of fittings, stampings, forgings, and 
special acid-resisting steel. Business on railway account, 
hoth home and foreign, is disappointing. Patchy 


con 





conditions obtain in tool manufacture, though garden 
— ments and mowing machines are progressive 
In 

South Yorkshire Coal Trade.—Restriction of output 
Supporting inland prices and is strengthening the 
market. House-coal deliveries have diminished, but 
officially, quotations are unaltered. The arrangement 
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of industrial renewals is attracting considerable attention. 

Annual contracts are reported to have been fixed at 
an increase of only a few®pence on the old basis, though 
associated collieries are holding out for rises varying 
from ls. 6d. per ton in the case of six months’ contracts 
to 2s. per ton for twelve months’ deliveries. Gas-coal 
contracts have been settled at a reduction of ls. per ton 
from the former level. Coke is a moderate market 
at unchanged rates. Values of blast-furnace qualities 
may shortly be considered with a view to possible 
revision. Big inroads have been made into reserves 
of slacks at  pit-heads. Quotations: Best branch 
hand-picked, 27s. 6d. to 29s. 6d.; Derbyshire best 
bright house, 20s. 6d. to 21s. 6d.; best house coal, 
19s. to 20s. 6d. ; ig ay house coal, 16s. to 17s. 6d. ; 
screened house nuts, 15s. 6d. to 16s.; Yorkshire hards, 
15s. to 16s.; Derbyshire hards, 15s. to 16s.; rough 
slacks, 8s. 6d. to 9s. 6d.; nutty slacks, 6s. to 7s. ; 
smalls, 3s. to 48. 6d. 








NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel T'rade.—The past week has failed to bring 
forth much fresh business to the Scottish steel maker, 
and conditions remain very much as they were. It can 
be safely said that no class of consumer is sending in speci- 
fications anything like equivalent to what might be, or 
is, expected from his particular trade. In most cases, 
however, the business requiring the steel material is 
non-existent at present. The demand all round is poor, 
and only in one or two establishments does the current 
output approach reasonable dimensions. The shipbuild- 
ing industry is no better, and consequently there is little 
business from that source. In the black-sheet trade, the 
position has not altered. The heavier gauges are moving 
very slowly, while galvanised sorts, although in fair de- 
mand, are not going out in anything like the tonnage 
equivalent to the supply, Foreign buyers are not very 
prominent at the present time. Prices have varied little 
of late, and are as follow :—Boiler plates, 10/. 10s. per 
ton; ship plates, 8/. 7s. 6d. per ton; sections, 7/. 17s. 6d. 
per ton; black sheets, }-in. 8/. 12s. 6d. per ton; and 
galvanised corrugated sheets, 24 b.g., 13/. 5s. per ton, all 
delivered Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable-iron trade no improvement of any kind has 
taken place, and the different works are as quiet as ever. 
Orders continue to be very scarce, and anything on offer 
is keenly sought after. This is not only the case for 
bar iron, but for re-rolled steel bars also. The outlet 
for the latter has not appreciably increased since the price 
arrangement was dropped, but on the other hand, there 
has been little change made in quotations. The following 
are the current market quotations :—‘‘ Crown”? bars, 
10/. 5s. per ton for home delivery, and 91. 15s. per ton 
for export ; re-rolled steel bars, 7/. 15s. per ton for home 
delivery, and 7/. per ton for export. 

Scottish Pig-Iron Trade.—No change has taken place 
in the Scottish pig-iron trade during the week, and producers 
are not busy. The demand, both from home consumers 
and foreign buyers, isof avery limited nature, but, through- 
out it all, prices keep firm. The current market quota- 
tions are as follows :—Hematite, 74s. per ton, delivered 
at the steel works; foundry iron, No. 1, 75s. to 76s. per 
ton, and No. 3, 70s. to 71s. per ton, both on trucks at 
maker’s yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour, for the week ending 
Saturday last, June 9, only amounted to 332 tons. Of 
that total, 256 tons went overseas and 76 tons coastwise. 
For the corresponding week of last year the figures were 
217 tons overseas and 385 tons coastwise, making a total 
shipment of 602 tons. 








New Mareriats IN Ratbway Work: ERRATUM.— 
The remarks made at the recent Engineering Conference 
on the above subject, attributed to Mr. Gresley in the 
middle column of page 700 of our issue of last week, 
were actually uttered by Dr. W. L. Lowe-Brown. We 
much regret the error. 

THE British ELECTRICAL DEVELOPMENT ASSOCIATION, 
—As previously explained in these columns, it has 
been the object of the British Electrical Development 
Association, since its formation nearly eight years ago, 
generally to educate the public in the ever-increasing 
possibilities for the advantageous adaption of electricity 
to domestic purposes. The annual luncheon of the 
Association was held on Thursday, June 7, at the Hotel 
Cecil, when Sir John Gatti, president of the Association, 
was in the chair. In the course of his speech, the 
President drew attention to the fact that it had always 
been the plan of campaign to concentrate all the resources 
and energy of the Association on the development of each 
particular branch of the subject in turn, and that which 
was under consideration at the moment, was refrigeration. 
Under the Pure Food Act, he said, the Government had 
very wisely put a stop to the preservation of perishable 
foods by means of chemicals, and for some years now 
refrigeration had enabled this country to draw on the 
reserves of the world for its food supplies. The immediate 
problem before the Association, however, was not only to 
ensure the purity of food in the hands of the wholesaler 
and the retailer, but = when it had passed beyond them 
to the consumer. The electrical refrigerator, he remarked, 
disposed of the common objections to preserving food in a 
humid atmosphere, it was easy of installation, simple in 
working, and very efficient. In conclusion, he expressed 
the hope that electricity suppliers would see that the 
running costs of an electric refrigerator would not exceed 
that of an ordinary ice-box. 





NOTICES OF MEETINGS. 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS.—Summer meeting. Blackpool. Monday, 
June 18 to Wednesday, June 20. Monday, June 18, 
5.30 p.m., Imperial Hydro Hotel, Blackpool. Council 
Meeting. Tuesday, June 19, 10 a.m. ‘“ Boiler House 
Efficiency and Economy, ” by Mr. T. R. Wollaston. 
At 7.30 p.m., Banquet, Imperial Hydro Hotel. Wed- 
nesday, June 20, Excursions and Visits. 


Royat METEOROLOGICAL SocieTty.— Wednesday, June 
20, 5 p.m., 49, Cromwell-road, South Kensington, 

8.W.7. “ Report on the Phenological Observations in 
the British Isles, December, 1926, and November, 1927,” 
by Mr. J. E. Clark, Mr. I. D. Margary, Mr. R. Marshall, 
and Mr. C. J. P. Cave. ‘‘On the Relation between 
Temperature Changes and Wind Structure in the Upper 
Atmosphere,” by Mr. C. K. M. Douglas. ‘‘ Simple 
Formule for Computing Relative Humidity,” by Mr, 
R. M. Poulter. 








NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Conditions in the Welsh steam-coual 
trade remain unsatisfactory. Demand continues insuftic- 
ient to absorb available supplies, despitecurtailed outputs 
due to intermittent working by the collieries in conse- 
quence of lack of trade. What business is transacted is 
mainly for the best descriptions of both large and small 
coal, with the result that collieries producing these classes 
are well placed and able to command 3d. to 6d. per ton 
above the agreed minima. Best Admiralty large rules 
from 19s. 3d. to 19s. 9d., black veins from 17s. 6d. to 
17s. 9d., and best bunker smalls from 12s. 6d. to 12s. 9d. 
Duffs are also scarce and strong on the basis of Ils. to 
lls. 9d. for unwashed and 11s. 6d. to 12s. 9d. for washed 
sorts. The lower classes of large are neglected, and 
salesmen find it impossible to avoid temporary stoppages 
at the pits. The cheaper descriptions of small are, how- 
ever, difficult and tight, on account of the output being 
curtailed by intermittent working at the collieries. Sized 
coals for the same reason are patchy. Prices generally 
show no alteration as sellers adhere to the minima 
schedule. The South Wales Coal Marketing Association 
has made a further appeal to colliery owners to join the 
scheme and bring it into full operation in July with the 
levy on output, penalties for selling below the minimum 
price, and compensation for loss of output caused by lack 
of trade. Shipments of coal in the past week totalled 
464,318 tons, which represents the highest figures since 
the beginning of May. The improvement was due to a 
better arrival of shipping, especially big boats, to load, for 
South America and Italy. Clearances to the Argentine 
were raised from 29,000 tons to 52,000 tons, to Brazil 
from 17,000 tons to 32,000 tons, to Canada from 3,400 
tons to 15,000 tons, to France from 99,900 tons to 100,200 
tons, to Italy from 48,000 tons to 97,000 tons, and to 
Portugal from 12,000 tons to 18,000 tons. At Cardiff 
exports were raised from 221,000 tons to 282,000 tons, at. 
Newport from 65,000 tons to 85,000 tons, at Swansea from 
46,000 tons to 65,000 tons, and at Port Talbot from 19,000 
tons to 25,000 tons, but at Llanelly reduced from 9,000 
tons to 6,000 tons. 

Iron and Steel.—Exports of iron and steel goods in the 
past week totalled 11,409 tons compared with 13,184 
tons in the previous week. Shipments of tinplates and 
terneplates declined from 8,179 tons to 6,102 tons, and 
other iron and steel goods from 4,726 tons to 1,358 tons, 
but those of blackplates and blacksheets were raised from 
153 tons to 445 tons, and galvanised sheets from 127 tons 
to 3,505 tons. 








TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S8.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
ease.—The South African Railways and Harbours are 
inviting tenders for the supply and delivery, at East 
London, of 10 electrically-driven overhead travelling 
cranes, varying from 2 to 25 tons capacity.: Tenders 
to reach Johannesburg by July 29. Local representation 
is essential. (Ref. No. A.X. 6347.)}—The Victorian 
Railways Commissioners are inviting tenders, to reach 
Melbourne by July 4, for the supply and delivery of one 
universal cutting machine suitable for cutting iron and 
steel plates to template by means of oxygen-acetylene or 
oxygen-coal-gas. (Ref. No. A.X. 6344.)—Three separate 
calls for tenders are reported from the Town Council of 
Johannesburg :—1. For the supply and delivery of 
48 water meters. (Ref. No. A.X. 6345.) 2. For the 
supply of one portable petrol-driven air compressor. 
(Ref. No. 6346.) 3. For the supply and delivery of 
300 2}-in. hydrants with cast-iron bodies, and 280 sluice 
valves with socket ends. (Ref. No. A.X. 6350.) Loeal 
representation is essential in each case, and tenders for 
1 and 3 must reach Johannesburg by June 23, and for 
2 by June 28.—The Deputy Trade Commissioner in 
East Africa reports that a recent caller informed him 
that he had obtained a graphite concession in the 
Machakos district, which he proposes to work, and he is 
desirous of obtaining literature and quotations for a 
small refining plant for this material. (Ref. No. A.X. 
6352.)}—The City Council of Auckland invite tenders for 
the supply and delivery of 1,000 ft. 8-in. and 2,000 ft. 4-in. 
cast-iron spigot and socket pipes. ‘Test pressure, 600-ft. 
head. Alternative prices are invited for 12,000 ft. 8-in. 
and 24,000 ft. 4-in. steel pipes. Tenders to reach Auck- 
land by June 14. (Ref. No. 6348.) 
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SEAPLANE FLIGHT AROUND AFRICA. | 


AFTER an extra flight of approximately 2,000 miles, 
during which he visited the principal ports of the 
British Isles, Sir Alan Cobham finally returned to 


Rochester on Monday, June 11, thus bringing his | 


round-Africa survey flight to a successful conclusion. 
Sir Alan and Lady Cobham, Captain H. V. Warrall, 
the reserve pilot, two mechanics and a cinemato- 
grapher, left England in a Short 
boat on November 17 last year, the flight thus occu- 
pying nearly seven months, but it must be remembered 
that, owing to damage sustained during an exception- 
ally severe storm at Ma!ta, the flight was delayed 
there for many weeks. 

The principal objects of the flight were to define the 
course of a future commercial air route through Africa, 
to gain experience about the most satisfactory type of 
aircraft for that service, and to return along the west 
coast of Africa, a route hitherto unexplored from the 
air. 

The flight may be considered quite successful in 
every way, as, in addition to conferences held with 
the governments of the principal territories, the final 
survey of the air route between Alexandria 
Mwanza, Tanganyika, which will form the first section 
of the through service to Cape Town, was made. The 
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. . . | 
experimental tlights from Khartoum to Mwanza for the | 


Colonial Office, arranged by Messrs. Cobham-Blackburn | 


| Air Lines, Limited, were completed, and an entirely 


Rolls-Royce flying | 
| Africa, divided 





new air route was prospected from Cape Town to | 
Nigeria up the west coast of Africa. A complete report | 
was kept on the behaviour of the machine, engines and | 
equipment under tropical conditions, with reeommenda- 
tions for the future. Moreover, nearly fifty flying- 
boat harbours and anchorages were charted, and a | 
report was made on the potential air traffic through 
into official, commercial and tourist 
passengers, goods, mails and gold. 

The Short Singapore flying-boat used for 
flight is, we believe, the first all-metal flying-boat to | 
be built. The principal dimensions are as follows :— | 
Span overall, 93 ft. ; length overall, 64 ft. ; and height 
overall, 24 ft. The weight, empty, is 12,890 lb., and 
the weight, fully loaded, is 20,430 1b.; the useful load | 
is thus 7,540 lb. The petrol and oil capacities are 616 | 
and 36 gallons, respectively, which give a range of 
1,050 miles at 90 m.p.h. The maximum speed at 
ground level is 121 m.p.h., while the landing speed 
is 57 m.p.h. The engines fitted were two 12-cylinder | 
Rolls-Royce ‘Condor’ Series 111A engines of the 
high-compression type, with the following particulars : 
bore, 5} in. ; stroke, 7} in. ; normal brake horse-power | 
at ground level, 665; normal propeller speed with a | 
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ELECTRICAL COMPANY. 





Rotary CONVERTERS UNDER SHORT-CriRcUITING TEST. 


1: 0-477 reduction gear, 907 r.p.m.; fuel consumption 
at the normal power and speed, 41 gallons per hour ; 
and oil consumption, 1-3 gallons per hour. The weight 
of the complete engine, without radiator, airscrew, 
water, oil or fuel, is 1,364 lb. 





Screntiric SupPLIES FoR CanapA.—The Department 
of Overseas Trade has received a request from Canada 


| for catalogues and price lists of United Kingdom manu- 


facturers of chemical, physical and elementary science 
supplies. Further particulars can be obtained on 
application to the Department at 35, Old Queen-strect, 


| London, 8.W.1, quoting reference number B.X. 448g. 


ConTRACTS.—Messrs. The General Electric Company, 
Limited, have closed a contract with the General Post 
for 60,000, 50-volt Robertson carbon filament 
telephone switchboard lamps.—Messrs Braithwaite and 
Company, Engineers, Limited, Broadway Buildings, 
Westminster, 8.W., have received an order from the 
government of Sarawak for a pressed steel tank of 24 
million gallons capacity.—Messrs. The British Secheron 
Company, Limited, Abbey House, 2, Victoria-street. 
Westminster, S.W.1, have received an order from Russi: 
for a Diesel-electric locomotive of the 2-10-2 type. 
The engine will be equipped with two Diesel engines 
made by Messrs. Sulzer Brothers, having a total output 
of 1,500-h.p. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, be “sm - 


We desire to call the attention of our read 
the fact that the above is our SOLE A ADDRESS, 

and that no ———- exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC } “ ENGINEERING,” WESTRAND, 

ADDRESS LOND ON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


~ SUBSCRIPTIONS, HOME AND FOREIGN. 


““ ENGINEERING” may be ordered from any 

newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 




















For the United Kingdom ...................:0 3 & 0 
For Canada— 
Thin paper copies ..............cc £218 6 
Thick paper copies £3 3 0 
For all other places abroad— 
Thin paper copies .................. << se 2 6 
Thick paper Copies..................:00 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 








The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 


The line averages seven words. When an advertise-| __ 


ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained, 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


Allaccounts are payable to ‘‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W: C. 2. 
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Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
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GLASGOW: William Love, 221, Argyle-street. John Menzies and 
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Bombay: Thacker and Company, Limited. 
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THE FAILURE OF WROUGHT IRON 
CHAINS. 

In 1924 the Engineering Research Board of the 
Department of Scientific and Industrial Research, 
at the instance of the Home Office, put in hand a 
research into the causes of failure of wrought iron 
chains, and the merits of annealing as a restorative 
process. A report on the subject, by Dr. H. J. 
Gough and Mr. A. J. Murphy, has just been pub- 
lished (H.M. Stationery Office. 7s. 6d. net), 
It seems probable that the issue of the Shipbuilding 
Regulations circulated last year in draft by the 
Home Office, which refer to this matter among 
others, may have been postponed pending the 
completion of this work. Other regulations to a 
somewhat similar effect are already in force in regard 
to factories and docks, though it does not seem 
clear that they are being strictly observed. The 
subject has therefore an immediate interest to many 
classes of persons. If the information contained in 
this report enables measures of annealing to be 
adopted with confidence, it is eminently desirable 
that the reasons for them should be understood 
as widely as possible. If, on the other hand, as 
seems a possible opinion, the evidence does not go 
far enough to justify such confidence, it would be 
unfortunate if a revision of present practice were 
made which would place the many industries 
concerned in a worse position than they are at 
present.” 

The report contains the demonstration of at least 
one cause of the premature fracture of chains 
which is important in itself, and both in its 
scheme and its exposition the experimental work 
is acute and lucid. An abbreviated account of 
it was communicated to the Institution of 
Mechanical Engineers in April last, and was re- 
printed in our columns at the time, so that for the 
present purpose only a short reference to its chief 
heads will be necessary. In some preliminary 
observations it was found that notched-bar test- 
pieces cut from links of chains which had been 
subjected to repeated overstraining and annealed, 
at 650 deg. C., showed considerable brittleness 
from which entire similar chains tested by shock 
were free, though in other respects either this 
annealing or normalising were valuable in removing 
strain-hardening effects. The overstraining was 
done on a static tensile machine at three times the 
working load, which, though the authors regard it 





as being at least as great as any accidental overload 
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the unannealed chain being brittle until annealed and 
the other not brittle when annealed, showing that 
the combined effect of overstraining and annealing 
had not produced brittleness. By a series of further 
experiments the authors then investigated the 
surface effect of heavy and of repeated light impacts 
on a chain from service, new chain iron bar, and new 
chain links, and in each case were able to demonstrate 
a hard, thin skin, which embrittled the material 
on the surface which on impact led to fracture. 
In their view this is the chief cause of failure in 
practice. This brittleness so produced, whether in 
service or experimentally, was removed by anneal- 
ing or normalising. 

Among incidental results the progressive deteriora- 
tion of welds through service shocks was established, 
though, of course, no heat treatment can remedy 
this. The conclusions at which the authors arrive 
are that neither low-temperature annealing nor 
normalising produces any deleterious effect when 
applied in succession to static overstraining; each 
of them, and particularly normalising, effecting 
some improvement, and that each of these processes 
can remove the hard-skin brittleness about equally 
well. Having regard to the fact that any heat 
treatment to be suitable must be inexpensive, 
and must not require extra plant, they recommend 
that the present practice of low-temperature anneal- 
ing should be retained and made obligatory where 
it is not used at present. 

Without endeavouring in this place to discuss 
the considerable detail in this report of 167 pages 
and a number of additional tables, attention may 
be drawn to two or three essential respects in which 
the premises of the report seem to fall short of its 
conclusions. The proposition first to be examined 
was the belief that annealing following on heavy 
overstrain is liable to produce brittleness. In 
the first instance, it was attacked by the notched- 
bar impact test. From each chain so tested test- 
pieces were cut, some before the chain was over- 
strained, and some after each of a considerable 
number of different alternations and repetitions of 
overstraining and annealing. Starting with an 
average value of 43 ft.-lb. for the material as received, 
but normalised, a single overstraining reduced the 
figure to 29 ft.-lb. The addition of one annealing 
reduced it further to 144 ft.-lb. ; three overstrainings 
following the normalising reduced it to 19 ft.-lb., 
and the same sequence followed by annealing to 
14 ft.-lb. In another instance the specimens of the 
chain as received took from 41 ft.-lb. to 67 ft.-lb., 
with an average of 50 ; one overstrain reduced these 
figures to from 32 to 49 with an average of 41, the 
same sequence followed by annealing to from 15 to 26 
with an average of 20, so that the average reduction 
ratios of the two series at each stage was almost 
identical. These results conform to the behaviour 
of overstrained mild stee] when annealed at 650 deg. 
C., which is brittle and low in notched-bar impact 
figure. They show no correspondence, however, with 
the results obtained from tensile-shock figures in 
tests on whole chains, and the authors therefore 
invite the inference that low notched-bar figures are 
no necessary indication of brittleness in chains. In 
this they are assuming, by implication, that whereas 
the impact figures on test-pieces require the presence 
of a notch to yield significant and concordant results, 
the shock-impact figures of the entire chains can 
do without it. This assumption seems the more 
questionable because in service conditions chains 
are tumbled and ground against each other and 
other objects, and it is likely that in practice notches 
may be set up from which a crack can be started. 
The demonstration, again, of the hardened brittle 
skin in the specimens examined or produced experi- 
mentally does not seem to establish it as necessarily 
the invariable, or even the principal, agent in the 
failures under investigation. A part of the reasoning 
by which this conclusion is reached lies in the 
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assumption that the skin is necessarily so hard as 
to prevent even a tough and fibrous core from 
arresting a crack which may have gained access 
to it. 

This assumption is founded on experiments 
on individual links in which this appears to have 
occurred, but to found a general conclusion on 
them it is necessary to assume that the impact skin 
is not only hard, but as hard as that produced on the 
link artificially for the purpose of the experiment, 
which was made by water-quenching a case-hardened 
link from 870 deg. C., and thus giving it a file- 
hard surface. It is doubtless true that a sufficiently 
hard case may neutralise the value of a fibrous 
core, as the authors have suggested ; but for a hard 
skin to do so necessarily would make the highly 
developed and successful practice of case-hardening 
futile, for it turns essentially on retaining a tough 
core within the hard case. The admission of 
generalising assumptions calls, moreover, for close 
scrutiny in connection with a material so variable 
as wrought iron, and with so relatively small a 
number of independent specimens as has _ been 
used in this research. First and last, the whole of 
this work seems to have been done on some 13 
chains ; some of them, indeed, long ones and fur- 
nishing a weary succession of specimens or short 
chains for the attention of the investigators, but 
no more than that number of independent samples 
of material. 

This material, moreover, is expressed as being 
all of the highest qualitv, and even the 13 
samples must therefore represent less than the 
normal extent of variations to be expected of the 
same number taken at random in practice. Yet 
the need for a large number of samples, if general 
conclusions are to be drawn in regard to wrought 
iron—is seen even in the material used in these 
experiments by the unintentional varieties found 
in what purport to be parts of the same chain or 
even of the same link. In one chain, for instance, 
described as having the appearance and pedigree of 
best wrought iron, fibrous and ductile, specimens 
of a new chain as received were normalised at 
950 deg. C. and 1,000 deg. C., and annealed at 
650 deg. C., and the impact figures of four test-pieces 
for each temperature (three in one instance) varied 
respectively from 36 ft.-lb. to 51 ft.-lb., 42 to 
78, and 23 to 79. Instances could be multiplied 
of similar and still wider discrepancies from even 
the short list of samples included in this report. It 
must, indeed, be recognised that the manufacture 
of wrought iron has never vet attained the precision 
of that of steel. 

Such as it is, however, it has its peculiarities 
of manufacture as well as of material, and some 
experiments even in the paper under notice, dealing 
with the effect of overheating in manufacture, seem to 
have gone astray by overlooking them. When bars 
are made at high temperatures they are immediately 
and vigorously forged, and are thus furnished at 
once with a satisfactory structure and the ability 
to face a good welding temperature, which cannot 
be expected when they are merely heated in a 
furnace without mechanical treatment. 

In any case, annealing carried out in factories 
not devoted to chain making or otherwise suitably 
equipped for the work is exposed to the risk that the 
exact temperature will not be reached or will be 
exceeded. In recommendations of the Home Office, 
indeed, quoted in this report, a temperature of 
760 deg. C. was recommended, which would certainly 
do what was possible to make the chain brittle. 
Though the temperature used in the work under 
notice is not open to this objection, it may become so 
after a rise of a few degrees, and it does not need any 
exaggerated folly to be unable to raise a mass of 
chain to an exact temperature in a factory or even 
a furnace not adapted for the work. A more modest 
piece of safety werk in relation to chains which by 
the goodwill of the trade might be done with less 
delay than seems desirable before the annealing of 
chains can be prudently extended is the rating of 
the blocks in which they are carried. In modern 
types of block the practice appears to be to test the 
block in,the works to 50 per cent. above the working 
load it is sold to carry. This, of course, means a 
considerably higher factor of safety, for no works 
would willingly test its products up to even their 
elastic limit, but at best it is not an exaggerated 
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margin. In the old types of block, on the other 
hand, the practice appears to be to rate and list 
the block at what in the modern type would be the 
test figure, and thus require the next higher size 
to be ordered if the block is to carry no more than 
it ought. This does harm both to the consumer 
and the prudent maker, and it is singular that a 
progressive industry should not be able to overcome 
for itself the small difficulties that this desirable 
modification may present. 








FUEL ECONOMY PROBLEMS. 

Tue Institution of Electrical Engineers wisely 
follows the practice of inviting papers on subjects, 
which, though strictly speaking they do not come 
within its scope, deal with problems with which 
its members should be more or less closely 
acquainted. Thus, Sir Oliver Lodge’s recent Kelvin 
lecture on ‘“‘ The Revolution in Physics,”’* even if 
its contents were not likely to assist the average 
electrical engineer in his struggle for bread and 
butter, must have stimulated his mental processes in 
a way which is intellectually desirable. On the other 
hand, the papers read by Messrs. A. H. Law and 
J. P. Chittenden on “‘ Higher Steam Pressures and 
their Application to the Steam Turbine”’t last 
November, and by Mr. F. H. Rosencrants on ** Prac- 
tice and Progress in Combustion of Coal as Applied to 
Steam Generation,”’ which concluded the work of the 
present session, both dealt with problems with which 
the electrical engineer, no less than the mechanical 
engineer, is intimately concerned, and upon which 
the mutual interchange of experiences is certainly 
useful. It is, therefore, a pity, as we have re- 
marked before, that joint meetings could not have 
been arranged to consider these papers and that, 
in the latter case especially, marine engineers were 
not invited to listen and give their views. Know- 
ledge may no longer be a fountain sealed; it 
still nevertheless tends to become sub-divided into 
water-tight compartments more often than is either 
necessary or desirable. 

Mr. Rosencrants, in his paper, made a successful 
attempt to break down these barriers, with the 
result that while he provided electrical engineers 
with much useful data about the progress that is 
being made in the design of new, and the modification 
of old, apparatus for dealing with pulverised fuel, 
they gave him some equally useful information 
regarding their experiences of the employment of this 
system in its various forms. As mentioned in a pre- 
vious article,t Mr. Rosencrants began with the state- 
ment that the boiler efficiencies of 87 to 89 per cent. 
now obtainable leave little room for improvement. 
On the other hand, there is ample scope for inventive 
genius in connection with refinements in the design 
of equipment and plant layout, and it is specially 
desirable, as the discussion indicated, that the plant 
now in use should be replaced by something rather 
more reliable and less costly to construct, operate 
and.maintain. It is significant, too, that the 
discussion showed that electrical engineers are no 
longer in doubt as to the réle that pulverised fuel 
can play in the generation of electricity on a large 
scale. When Mr. David Brownlie read a paper on 
‘** Pulverised Fuel and Efficient Steam Generation ” 
before the same body some four and a half years ago§ 
there were not wanting those who advocated the 
continued employment of the mechanical stoker 
all under conditions. In the meantime, of course, both 
power stations and the boilers they house have be- 
come larger. That, however, is not the only reason 
for the present universal opinion that, when large 
boilers are used, they must be fired with pulverised 
fuel. That change has been brought about by recent 
experience, and has taken place in spite of the fact 
that the increasing use of pulverised fuel has 
reciprocally led to improvements in stoker design. 

Mr. Rosencrants wisely, therefore, mainly devoted 
himself to a discussion of the relative advantages 
and disadvantages of the systems of pulverised fuel 
firing now in use, and of the equipment comprised 
in them. As is well known, there are two such 
systems, that termed the central or bin-and-feeder 
system, and that conveniently referred to as the 
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unit or direct-fired system. The principal diffe: 
ence between them, which is better indicated }, 


their new than their old names, is that in the 


first the coal, after pulverisation, is stored in bins, 
whence it is fed into the furnaces, while in the second, 
the storage mainly takes place in the raw state, 
the pulverised product from the mills being supplied 
directly to the furnaces. This division is by no 
means rigid, since bins may also be interposed 
between the mill and furnace in the direct-fired 
system. The distinction is rather that, in the one 
case, the mill works independently of the steam 
demand, and, in the other, in close dependence on it. 

The advantages of the direct-fired system, as 
rather tepidly pointed out by Mr. Rosencrants, and 
much more emphatically stated by Mr. R. A. Chat- 
tock in the discussion, are the absence of driers, pul- 
verised-fuel transport, feeders and bins, as well asa 
great saving in first cost and running cost, and in 
labour charges. It therefore seems strange that there 
is but little accumulated experience regarding the use 
of this system on a large scale, and it would appear 
that the very closeness of the connection between 
the pulveriser and the boiler have introduced 
difficulties in practice, of which Mr. Rosencrants 
made the most, and that these, in the general view, 
more than outweigh its considerable theoretical 
advantages. 

It is possible that each system has its own sphere 
of usefulness, and that the line of demarcation may 
most accurately be drawn, as in the case of the 
mechanical stoker, between the large and the small 
boiler. In the former case, use will be made of the 
bin-and-feeder system, while, in the latter, the 
direct-fired system will be employed. The problem 
is: What is a large and what is a small boiler ’ 
To this question neither Mr. Rosencrants nor the 
speakers in the discussion provided a definite 
answer. Neither is the curve given in the paper of 
much assistance, except that it shows that no boiler 
with an hourly output of more than 300,000 Ib. of 
steam per hour has yet been equipped with the 
direct-fired system, and that the total capacity of 
boilers working on this system in the spring of 1927 
was 24,000,000 Ib. per hour, compared with the 
49,500,000 lb. per hour of the boilers operating on 
the bin-and-feeder system. 

The fact is that it is too early to be pontifical on 
the subject. Both the systems as a whole, and 
the various parts of which they are composed, are 
in a state of flux, and, as Captain J. M. Donaldson 
indicated in the discussion, none is perfect, though 
all have their strong points. What is important 
is that not only can high efficiencies be obtained 
by the employment of pulverised fuel, but that 
heavy and sudden increases of load can be easily 
met time after time without a drop in the pressure 
occurring, and that a boiler occupying the same 
space can be rated at three times its former figure 
after the conversion to that system of firing has 
taken place. Put more generally, after a race 
lasting over some years, the boiler house has at 
last caught up with the turbine room, owing to the 
success that has been attained in the use of pul- 
verised fuel. 

That, however, is not the whole story. Electric 
power economics do not begin at the entrance to 
the boiler-house, any more than they cease at the 
exit from the turbine-room. For our present 
purpose, it will be sufficient to say a few words on 
what may be termed the pre-boiler-house problem, 
which was dealt with fully recently, also before 
the Institution of Electrical Engineers, in a paper 
read by Mr. W. T. Townend. The object of this 
communication, which was entitled ‘‘Some Con- 
siderations of the Economics of Electric Power 
Production,” was to point out the advantages of 
combining the production of electrical energy with 
that of coal by-products, and to call on electrical 
engineers to assist the coal industry in that way. 
Mr. Townend proposed to make more use of the 
waste heat from coke ovens and blast furnaces fo! 
this purpose, and thus at once to generate electricity 
at a figure which the Weir report estimated could 
only be reached in coal-fired stations in 1940. He 
also proposed to employ the surplus coke, made 
available both in these ways and by the greater 
use of electric cooking, in slow-combustion stoves 
for heating water, to burn coal-dust residual. in 
the form of pulverised fuel, in power stations 
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at the pit head, and so, on the balance, to 
reduce costs, since the savings on transport would 
more than outweigh the low efficiency resulting 
from the use of cooling towers. He would, in 
fact, generally move towards co-ordination rather 
than concentration. In support of his arguments, 
he worked out a scheme for the Central England 
area, as defined in the Weir report, on these lines, 
generating the primary and secondary basic loads 
of 10,000 kw. and 12,000 kw., respectively, by gas 
engines with an overall thermal efficiency of 26 per 
cent. These engines were to be supplied with waste 
gas and to work at 100 per cent. load factor. The 
mean daily load of 133,000 kw. would still be 
dealt with in steam-turbine stations, operating on 
residual coal and slack dust from the coke ovens, 
the boilers being ‘‘ banked”’ at times of low load 
by means of coke-oven gas. This would enable 
electricity to be sent out at 0-248d. per kilowat-hour, 
compared with the figure of 0-345d. given in the 
Weir report, and lead to a total annual saving of 
485,900/., in addition to which 875,000/. could be 
secured from the sale of by-products. 

The scheme, though interesting, suffers from 
being propounded with the unbalanced enthusiasm 
of the pioneer. It was received with plentiful 
streams of cold water, not altogether undeserved, 
for in many points of detail it is open to grave 
criticism. Its value lies in the fact that it calls 
attention to what at present stands the risk of 
being overlooked, namely, that raw coal is not the 
only source from which we should attempt to 
obtain our supplies of electricity, and that elec- 
trical generation is only one aspect of the national 
fuel situation. If that is recognised, the paper will 
not altogether have failed of its purpose. 

The two difficult problems with which we have 
dealt in this article, obviously call for close con- 
sideration. If proof of that statement is needed, 
it may be pointed out that, though the average 
coal consumption per kilowatt-hour of electricity 
generated in this country is decreasing and is now, 
according to the latest returns, 2°43 lb., in the 
United States it was as low as 1-83]lb. in 1927. In 
that country, too, some stations consumed less than 
1 lb. per kilowatt-hour, compared with 1-33 Ib. 
at Barton, which is the best figure we have to 
show. Such figures are not, of course, directly 
comparable, but they do indicate that our task 
is, by one means or another, to bring our average 
nearer to the optimum result. To do that, every 
possibility of economy on the long road from the 
pit to the consumer’s terminals must be carefully 
examined, not only singly, but in relation to the 
others with which it is inseparably bound up. 








THE INSTITUTION OF GAS 
ENGINEERS. 

THE Institution of Gas Engineers is holding its 
annual meeting at Cardiff this week, under the 
presidency of Mr. H. D. Madden, M.Inst.C.E., 
M.I.Mech.E., engineer and manager of the Cardiff Gas 
Light and Coke Company. The transactions opened 
on Tuesday, at 9.30 a.m., in the Cory Hall, with a 
welcome by the Lord Mayor of Cardiff and Mr. 
L. G. Williams, chairman of the Cardiff Gas Light 
and Coke Company. Reception of the delegates 
of the kindred associations followed. The H. E. 
Jones London Gold Medal was then presented to 
Mr. 'T. Carmichael for his paper, read last year, on 
Modern Carbonising Economies as Exemplified at 
the Works of the Portsmouth Gas Company. After 
the presentation, the president delivered his address. 
lhe meeting adjourned at 1] a.m., to enable members 
to witness the unveiling ceremony, by H.R.H. the 
Prince of Wales, of the Welsh National War 
Memorial in Cathays Park. 

The discussion of papers and reports, and other 
business, was resumed on Tuesday afternoon and 
continued on Wednesday, morning and afternoon, 
and on Thursday morning. On Thursday after- 
Noon a visit was paid to the Grangetown Gas Works 
and other works, while an excursion has been 
arranged for to-day. 

PRESIDENTIAL ADDRESS. 
\ir. Madden, in his address, reviewed the progress 


of the gas industry on historical lines. It was 120 
years ago, he said, that Pall Mall had first been 


lighted by gas, and 116 years had passed since the 
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present Gas Light and Coke Company, now the 
largest undertaking of its kind, supplying, in gaseous 
form, more energy than all the electricity undertak- 
ings in Great Britain combined, had received its 
Royal Charter. Referring to the pioneers of the 
industry, he pointed out that Walter Grafton, of 
Glasgow, had first recognised the need for applied 
technical education in their industry. The promo- 
tion of the education scheme had necessitated a 
revision of the rules of the Institution, and the 
recent petition for a Royal Charter, decided upon 
by the Council, had been vindicated by a large 
addition to the ranks of the Institution. 

The industry, at the present time, carbonised 
17,000,000 tons of coal for gas making, with a 
thermal efficiency of nearly 80 per cent., and sup- 
plied gas through nearly 9,000,000 meters to some 
thirty millions of people in this country. He had 
himself witnessed the change from a 90 per cent. 
lighting load to a 90 per cent. heat and power load, 
while the output of gas had more than quadrupled. 
The quantities of energy used in the forms of elec- 
tricity, apart from tramways, and of gaseous fuel, 
were in the ratio 10 : 90, and the increases in output 
of last year over the previous year, in therms, were 
7,165,801 for electricity and 54,056,470 for gas. 
Canvass inspection of most districts showed that 
96 per cent. of our town houses were supplied with 
gas cookers. Yet in the use of gas per capita the 
United States, the stronghold of electricity and a 
country of dear gas, was still leading ; Washington 
consumed 12,837 cub. ft. and San Francisco and 
New York little less per capita against London’s 
10,100 cub. ft. There was thus need for efficient 
sales organisation. The trend towards co-partner- 
ship was gratifying. With regard to State assist- 
ance, Mr. Madden remarked that it would be a 
grave injustice to the gas industry and to gas 
consumers to debar the industry from the pro- 
mised rating relief. Wales, in particular, was 
rich in coal, but not in gas coal. Co-operation, 
amalgamation, and joint working of large and 
small gasworks would help to equalise adverse con- 
ditions. Commenting upon the need for research, 
Mr. Madden said that the gas industry, with an 
invested capital of 140,000,000/., should ungrudg- 
ingly support qualified technicians and should ade- 
quately remunerate its workers. The future prospect 
was good, but it had to be borne in mind that 
the gas business largely depended on the charges 
made for gas, and that these charges were governed, 
to a considerable extent, by the markets for 
secondary products, as well as by rates and taxes. 
About 36,000,000°tons of coal were still used for 
domestic purposes. This should be replaced by 
well-prepared coke, and local markets for specialised 
products should be cultivated. 


Tue New Morriston WorRKS OF THE SWANSEA 
Gas Licgut CoMPANY. 


Mr. W. H. Johns, M.I.Mech.E., read a paper 
on the first complete unit of the Morriston works, 
which he had designed and erected as engineer to 
the Swansea Gas Light Company. This company 
was established in 1821 in Dyfatty-street, Swansea, 
acquired a new site at Oystermouth-road in 1840, 
and had, by 1912, to search for additional land. Con- 
tracts, delayed by the war, were completed in 1924 
for the coal-gas section, and, in 1926, for the car- 
buretted water-gas section, the two sections being 
first run separately in the Morriston and the 
Oystermouth-road works, which were connected by 
a high-pressure main. Since 1927, the Oystermouth- 
road works have been retained only for distribution 
and central storing. The present unit at Morriston 
has nominal capacities of 3,000,000 and 2,250,000 
cub. ft. of coal gas, and of carburetted water-gas, 
respectively, in addition to a reserve water-gas 
set for 1,250,000 cub. ft. per diem; the ultimate 
capacities of the Morriston works were 12 and 6 
million cub. ft. of coal and water-gas, respectively. 

The site consisted of 45 acres of marsh land in 
the valley of the Tawe River, formed during the 
glacial period, and filled with deposits of clay, 
quicksand and alluvium to depths ranging from 
50 to 300 ft. Climatically, the site was unfavour- 
able, as it might be flooded continuously during the 
winter, but industrially the situation was very favour- 





able. Reinforced-concrete piled foundations were 
decided upon, although they required piles 30 ft. 
and more in length, and in view of that length pre- 
cast piles were chosen instead of piles cast in situ. 
The piles were 10 in., 12 in., and 15 in. square, and 
30 ft. to 34 ft. long. Owing to the pockets of 
semi-fluid sands, the original sets of piles had been 
unsatisfactory ; they were either re-driven after 
a few days’ rest or lengthened in situ with quick- 
setting ciment fondu. The retort house, a brick- 
panelled steel-frame building, 204 ft. by 65 ft.. 
and 50 ft. high, contained two benches of seven beds, 
each bed consisting of ten Q retorts, 24 in. by 18 in., 
and 25 ft. long, each retort being capable of carbon- 
ising 18 ewt. of coal in 12 hours. The settings were 
heated by tubular regenerator furnaces. Some of 
the retorts were constructed in segmental silica 
blocks, but they soon became misshaped and 
displaced, and the jointing cement disappeared 
completely. The bottom corner segments nearest 
the combustion chamber, moreover, showed signs 
of holing, so that ultimately these silica retorts 
were replaced by moulded fireclay retorts. The 
retorts were operated by a Drakes combined 
charging and discharging machine. 

Of the two sets of the carburetted water-gas plant, 
both by Messrs. Humphreys and Glasgow, one was 
for self-clinkering, and the other (taken over from 
Oystermouth-road) for hand-clinkering. The former 
plant comprised an annular boiler, surrounding 
the clinker-forming portion of the fuel bed and 
coupled to an independent cylindrical steam and 
water drum; a rotating bottom portion, of heavy 
castings, carried on roller tracks, supporting the self- 
clinkering grate and the inner and outer hydraulic 
seals; a hydraulically-operated coke charger on 
the top of the generator; and a_reverse-make 
apparatus comprising fire-brick-lined hot-blast and 
gas connections between the top of the generator 
and the carburettor and valved back-run connec- 
tions. 

The local supplies of house and_ steam coal, 
anthracite and metallurgical coke being abundant, 
the manufacture of water-gas was essential, and it 
seemed best to make a high-quality coal gas and to 
dilute it to 450 B.Th.U. by blue water gas. The 
horizontal retorts were adopted because the Welsh 
coal was more clayey, more uneven and of lower 
calorific value than English coal and required a 
higher carbonising temperature. A percentage of 
English coal was now purchased. 

The coal-gas condensers, having water-cooled hori- 
zontal cast-iron tubes, were made by Messrs. W. C: 
Holmes and Company, Limited. The coal gas, am- 
monia and naphthalene rotary washers were erected 
in one group, the naphthalene extraction, which was 
entirely successful, following purification. From the 
water-gas, naphthalene was extracted by Livesey 
washers. The coke was delivered by a G.N. 
hot-coke transporter to a ferro-concrete quenching 
bench divided into tapering bays, which were 
lined with 2-in. cast-iron plates, as the original lining 
of acid-resisting bricks had cracked. The cooled coke 
contained 7 per cent. of water ; dry quenching might 
be adopted later. The external coke transport from 
the bench to the storage hoppers and to the open 
yard heap, was by a locomotive crane travelling on 
a ferro-concrete gantry. The plant consisted of 
three electric generators (two of 200 kw.); dupli- 
cate coal-gas exhausters with a capacity of 150,000 
cub. ft. per hour; one carburetted water-gas 
exhauster, of 100,000 cub. ft. capacity ; duplicate 
gas compressors, each of a similar capacity; and 
tar and liquor pumps. 

(To be continued.) 








TRIAL Trip oF THE §.S. “‘ Goopwoop.’”’—The single- 
screw cargo steamer Goodwood, which has been built 
by Messrs. John Readhead and Sons, Limited, West 
Docks, South Shields, to the order of Messrs. Joseph 
Constantine Steamships Line, Limited, of Middlesbrough, 
recently carried out successful trials off the Tyne. The 
main dimensions of the vessel are :—-Length, 416 ft., 
breadth, 55 ft., and depth 28 ft. 1 in.; she is designed 
to carry 8,460 tons on a light draught. Messrs. 
John Readhead and Sons, Limited, have also supplied 
the propelling machinery, which consists of a set of triple- 
expansion engines having cylinders 25 in., 40} in., and 
67 in., in diameter, with a piston stroke of 45in. Steam is 
supplied, at a pressure of 200 lb. per square inch, by 
three boilers, supplied with Howden’s forced draught 
and fitted with superheaters, 
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CUPOLA CONTROL BY AUXILIARY 
TUYERES. 

ON a recent inspection of the works of Messrs. Kryn 
and Lahy (1928), Limited, Letchworth, we were struck 
by the improved efficiency of the cupolas resulting 
from the adoption of the Poumay system of auxiliary 
tuyeres for the control of the combustion in them. 
This system, which was added to the existing cupolas 
some ten months ago by Messrs. British Drying and 
Heating Company, Limited, 14, Waterloo Place, 8.W.1, 
is described below and will be readily understood 
with the aid of Figs. 1 to 3 on this page. The basic 
principle underlying the system is, to some extent, 
a reversal of that fairly general modern practice 
which aims at producing CO, under the fusion zone, 
with the result that the incandescent coke is often 
unable to effect completely the reactions necessary 
to ensure satisfactory combustion, and the escaping 
gases thus frequently contain almost equal quantities 
of COy, and CO. The Poumay system on the contrary, 
aims at producing CO under the fusion zone and in com- 
pleting combustion of this gas inside the charge itself 
so that the discharged gases consist almost wholly of 
COz. To effect this combustion it is clear that an 
oxidising atmosphere must be set up in the charge 
itself, and that the main tuyeres must be designed to 
obtain a reducing, or at least a neutral, atmosphere 
in the fusion zone. 

A sectional plant through the wind belt and the 
main tuyeres is given in the upper portion of Fig. 2. In 
the lower portion, a similar section is made through the 
preparation tuyeres. These two rings of tuyeres call 
for no comment beyond the remark that each tuyere 
is provided with a regulating device, and that the pre- 
paration tuyeres are designed to ensure a final heating 
of the metal before its complete fusion. The forked 
passages give a portion of the air a swirling motion, 
so that it ascends the cupola in a helical manner 
conformably with the arrangement of the charac- 
teristic feature of the system which is shown more 
clearly in Figs. 1 and 3. This consists of a number 
of small tuyeres arranged helically round the cupola 
and connected to the wind belt by pipes which are, 
naturally, of different lengths. The supply of air 
to individual tuyeres is controlled by a regulating 
cock near the wind belt, the plugs of which cocks, 
in practice, are set at different angles to give the 
specific opening required. It will thus be seen that 
there are a number of different levels of air admission 
to the charge. The whole of the CO formed under the 
melting zone is proportionately burned at these different 
levels, the gas becoming poorer in CO and richer in 
CO,g as it ascends. As the portions of the charge 
descend the heat liberated by the exothermic reac- 
tion of CO burning to CO, is added, so that as 
these portions approach the melting zone the hotter 
they become, and upon reaching it they fuse very 
rapidly. 

There are two cupolas at Letchworth each originally 
of 5 tons rated capacity. They are used chiefly in 
connection with the manufacture of steel castings which 
form the main product of Messrs. Kryn and Lahy’s 
works. For this purpose the charge usually consists of 
75 per cent. of steel scrap, boiler plate and so forth, and 
25 per cent. of hematite pig iron. The melting coke 
consumption, before the conversion, was 13 per cent. to 
14 per cent. of the metallic charge. With the Poumay 
system, this is now only 9 per cent. to 9} per cent., a 
saving of about 32 per cent. The saving in time is about 
22 percent. ; this means that the capacity of the furnaces 
has been increased by that amount. The temperature 
of the metal, as tapped, is stated to be quite as high 
as formerly, and the sulphur content to be less. We 
were not able to obtain any gas analysis figures from 
these particular cupolas, but append some figures from 


the converted cupolas from another works. 
ANALYSIS OF CUPOLA GAS. PERCENTAGES. SAMPLE 
TAKEN AT CHARGING Door. 


Carbon Dioxide. Oxygen. Carbon Monoxide. 

Before After Before After Before After. 

Altera-  Altera- <Altera- Altera- Altera- Altera- 
tion. tion. tion. tion. tion. tion. 
12:3 18-0 0-4 0-2 10-5 0-15 
13-0 17-6 0-2 0-4 10-1 0-10 
12-7 18-4 O-4 0-7 10-9 0-10 


The coke consumption was, in this case, reduced from 
10 per cent. of the metal melted to 7-17 per cent., while 
the average capacity was increased from 10-52 tons 
per hour to 13-16 tons per hour. The sulphur con- 
tent was reduced from 0-068 per cent. to 0-052 per 
cent. while the metal temperatures were distinctly 
increased. 

It may be of interest at this point to comment on 
the handling of the metal after it leaves the cupolas 
in Messrs. Kryn and Lahy’s works. Although the 
new system reduces the sulphur content, a further 
desulphurisation is carried out, in the ladle, prior to the 
metal being blown in the converter. The ladles are 
lined with a neutral refractory material, and sodium 
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carbonate (soda ash) in powder form is placed in them. 
The following reactions are then stated to occur. The 
molten metal, issuing from the cupola at a temperature 
of about 1,350 deg. C., brings about the decomposition 


of the sodium carbonate, the liberated COg gas evolved | 


causing a violent stirring action of the metal, thus 
ensuring an intimate contact between the sodium base 
and the metal. The sulphur, previously existing as 
iron sulphide, forms a new combination and becomes 
sodium sulphide. This, rising in the slag, forms a 
sulpho-silicate of sodium which is easily skimmed off 
the surface, and in this way, some 40 per cent. to 50 per 
cent. of the original sulphur content of the metal can 
be removed. The treated metal is then poured into 
the Bessemer converters of which there are four of 
30-cwt. capacity each. On pouring, the metal from 
each ladle is subjected to chemical analysis. 

Steel castings up to 5 tons in weight are normally 
made, and occasionally much beyond this limit. The 
foundry is well equipped, the sand-handling plant 
in particular being very efficient. The moulding 
machines include a sand-slinger, and the mould-drying 
stoves are noteworthy in being fitted with the Oehm 
heating element which, we are informed, has effected 
an economy in heating coke in the ratio of 15 to 2. 
This steel foundry is somewhat exceptional in possessing 
a well laid out machine shop, but it will be remembered 
that the works was originally started in 1915 as a shell 
shop. The machinery, mostly naturally designed for 
precision work, has now been adapted to the manufac- 
ture of motor-car gears and work of like nature, while 
the heavier tools are used for rough machining the 
smaller steel castings produced in the foundry, such 
as wheels for railway rolling stock, stoker crank 
shafts, anvils, &c. As the present title of the firm is 
that of Messrs. Kryn and Lahy (1928), Limited, it may 
be as well to state, in view of our remarks above, that 
the introduction of this year’s date indicates not a 


new works, but the conversion of the old firm into a | 


subsidiary company of Messrs. George Cohen and Sons 
Company, Limited 600, Commercial-road, E.14. 








WaTeER PoWER PLANT, BritTIsH COLUMBIA.—We under- 
stand that the use of Nimpkish river and Nimpkish lake, 
Vancouver Island, for the generation of power necessary 
for the operation of a large pulp and paper plant has been 
authorised by the Provincial Water Board of British 
Columbia, following lengthy consideration of this project. 
Messrs. Canadian Forest Products, Limited, are to erect 
a 200-ft. dam about 2} miles up the Nimpkish river, 
which dam will raise the level of Nimpkish lake sub- 
stantially. The pulp and paper mill itself will be erected 
at some point along the coast. 
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| LABOUR NOTES. 


In the annual report of the General Federation of 
Trade Unions, Mr. W. A. Appleton, the Secretary, 
deals at some length with the subject of the Washington 
Hours’ Convention. He says that, in addition to 
discussing the matter at annual meetings of the Council 
and meetings of the Management Committee, the 
Federation has made representations to various British 
Governments—hitherto only to be assured that the 
statutory enactment of a 48-hour week was impossible 
while nations that had ratified the Convention were not 
fully observing its conditions, and that until unanimity 
had been reached in respect of interpretations and 
qualifications, ratification by Great Britain would only 
increase the industrial disadvantages of the British 
worker. In Mr. Appleton’s opinion, it is desirable 
that the International Labour Office should continue 
its efforts to obtain and circulate information, and 
that it should give special attention to explaining 
and removing the real or fancied obstacles to ratifica- 
tion. 


| 
| 


It can help in this direction, he suggests, by com- 
piling and publishing, without hindrance of govern- 
ments or factions, a list of objections to, and evasions 
and interpretations of, the terms of the Convention. 
The assumption is reasonable. Mr. Appleton claims, 
that if everyone, including the diplomats, knew exactly 
what the objections were, and what nations, having 
ratified, were evading conditions, and how, and in 
what way, different countries interpreted, or misin- 
terpreted, the terms of the Convention, ratification 
might be accelerated. If it is true, as is alleged, that 
countries which have ratified have demanded, or 
permitted, so many qualifications as to render ratifica- 
tion ineffective, the facts ought to be stated, he says, 
and no organisation seems to him to be in a better 
| position to perform that task than the International 
Labour Office. Obviously, he goes on to say, ratifica- 
tion should mean the same thing in every country, 
though, admittedly, its effects will differ in propor: 
tion to the extent of any country’s industrialisation. 
There is no evidence, it isclaimed, that any Government 
will, or can, arbitrarily restrict the working hours of 
its peasant proprietors, and, where these are numerous, 
ratification involves much less interference with the 
affairs of a people than it does where populations are 
dense and are engaged in manufacturing for export, 





| under conditions of international competition. In the 
|former type of country, the application of the 2 
| vention would have comparatively little effect, but ! 
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Fig. 1. GENERAL VIEW OF POWER STATION AND PIPE LINE. 


the latter it might act drastically and disadvantageously 
unless equally interpreted and applied. 





Mr. Appleton says it was never intended that the 
Convention should either accentuate the backward- 
ness of backward countries, or, by increasing their 
competitive advantages, enable them further to 
handicap those countries where industrial legislation 
and social progress are most advanced. If the intention 


was, and is, that the Convention should benefit the | 


whole world rather than handicap particular nations, 
the whole truth must be known, he declares, and a 
perfectly fair basis be agreed upon. ‘* Insistence 
upon complete frankness is,” he concludes, ‘ essential. 
To obtain the truth about any problem is to have 
taken the first step towards its solution, and the 
interests and dignity of British Trade Unionists both 
demand that the truth about objections, evasions and 
limitations shall be stated, and the path for ratification 
made clear.”’ 


The total expenditure of the Federation in 
1927-28 was 15,8721. 1s. 8d., as compared with 
10,614]. 11s. 1d. in 1926-27, and 31,167/. Os. 7d. in 
1925-26, Of the 1925-26 total, 23,2187. 2s. l1ld. was 
Federation benefit, of the 1926-27 total, 2,735/. 14s. 2d., 
and of the 1927-28 total, 8,0251. 12s. 7d. The receipts 
were 51,0311. 18s. 10d. in 1927-28, 53,1041. 12s. 6d. 
in 1926-27, and 56,5201. 13s. 5d. in 1925-26. The 
Reserve Fund now stands at 252,9451. 6s. 4d. The 
total membership of the affiliated societies is 596,806, 
and, of that number, 341,006 are on the higher scale, 
— on the lower scale, and 11,298 on both 
scales, 


Writing in The Railway Review, Mr. C. T. Cramp, 
the Industrial General Secretary of the National 
Union of Railwaymen, states that, as a result of the 
trouble in the coal-mining industry and the consequent 
| general strike, the organisation’s expenditure during 
| 1926 reached the enormous figure of 2,237,915. 10s. 1d., 
of which 1,822,080/. 1s. 1d. represented cash payments 
of out-of-work benefits to members. As a result 
of that expenditure the assets of the union on 
January 1, 1927, stood as low as 580,0011. 8s. On 
December 31, 1927, the assets totalled 859,5681. 16s. 7d., 
indicating an improvement on the year’s working 
of 279,567]. 8s. 7d., notwithstanding the fact that 
during the year 423,848]. 5s. 2d. was expended. The 
improvement was attributable, Mr. Cramp says, to 
|the inherent stability of railway trade unionism, 
|freedom from industrial conflict, rigid adherence to 
|economy, and an income of 147,132/. 2s. 1ld. from 
a levy of 3d. per week paid by members. “ This 
improvement demonstrates,’ he says, ‘‘as nothing 
else can, the recuperative power of our organisation. 
It indicates financial vitality, which will be noted 
with approval by everyone who has the interest of 
the working-class movement at heart.” 


The Ministry of Labour states that on June 4, 1928, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,160,000. 
Of these 766,300 were wholly unemployed, 319,500 
were temporarily stopped, and 74,200 were persons 
normally in casual employment ; 929,000 were men, 
29,600 boys, 175,000 women, and 26,400 girls. On 
May 21, 1928, the number of unemployed persons was 
1,101,026, of whom 758,257 were wholly unemployed, 
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268,654 were temporarily stopped, and 74,115 were 
persons normally in casual employment ; 892,822 were 
men, 30,934 boys, 149,835 women, and 27,435 girls. 
On June 6, 1927, the number of unemployed persons 
was 1,089,640, of whom 886,646 were men, 28,586 boys, 
147,319 women, and 27,089 girls. 

In March last a conference on the question of pay- 
ment for holidays took place between executive repre- 
sentatives of the Amalgamated Engineering Union 
and a negotiating committee of the Engineering and 
Allied Employers’ National Federation. At its close, 
the employers’ chairman promised to report to the 
Board of the Federation, and communicate its decision 
later to the Union. In the June issue of the A.E.U. 
Journal, Mr. Brownlie states that a letter has been 
received intimating, “without going into the merits 
involved, that the Board still considers the present is 
not an opportune time to raise the question.” 


Commenting on the National Committee’s rejection 
of the proposal to take a ballot vote of the members on 
the subject of the Provisions for Avoiding Disputes, 
the writer of an editorial note in the A.E.U. Monthly 
Journal for June says: ** It is quite true that we have 
not obtained anything like what we have desired, or 
what we believe we have been entitled to; that, how- 
ever, is not so much the fault of the procedure as it is 
a question of circumstances. Long before the institu- 
tion of the Provisions for Avoiding Disputes, the policy 
of our organisation was to endeavour to obtain improved 
conditions ; also, to argue out our difficulties with the 
employers concerned, always with a view to preventing 
a stoppage of work taking place. One of the great 
advantages of the agreement in its present form is that 
it enables the union to compel dicussions on any ques- 
tion or grievance within a short and limited period, in 
addition to which, through the machinery, agreements 
have been negotiated which undoubtedly are advan- 
tageous to the general membership. We feel convinced 
that the decision arrived at, viz., not to interfere with 
the present arrangements will find overwhelming favour 
in our branches.” aks 

During the first quarter of the current year, there 
was an increase in the Amalgamated Engineering 
Union’s General Fund of 13,857]. 10s. 8d., and an 
increase in its Superannuation Reserve Fund of 
6,7801. 7s. 5d. On March 31, the combined funds 
amounted to 1,823,187/. 10s. 84d. During the three 
months, benefits amounting to 140,752]. 7s. ld. were 
paid out of the organisation’s own funds, and there 
was a net increase in the membership of approximately 
2,000. 

Addressing the International Labour Conference at 
Geneva on Monday, Mr. Humbert Wolfe, the British 
Government representative, said that the British 
Government, while adhering to the principles of the 
Washington Convention and proceeding in the light of 
what was discussed at the London conference, desired, 
as ameans of ensuring progress, to define those principles 
more precisely, thus laying the basis of uniformity and 
providing what was needed to secure that international 
action was practicable. The British Government 
would enter into details at the appropriate moment 
when, with other Governments, under the procedure 
now agreed upon by the Governing Body, it was asked 
for its views. Those details, when supplied, would be 
in strict conformity with his statement, and would be 
an elaboration of it. If the members of the conference 
would listen to the statement without prejudice, and 
would consider it in conjunction with the former 
statements made by the Parliamentary Secretary 
to the Minister of Labour and by the Minister of Labour 
himself, and if they would listen to the sincere explana- 
tion of the motives and intentions of his Government 
that he had given, then he believed their fears would be 
removed. ay 

The trouble in the textile bleaching, dyeing and 
finishing trades has been complicated by a difference 
of opinion amongst the unions regarding the procedure 
which ought to be followed. One of the organisations 
—the National Union of Textile Workers—has 
instructed its members to tender their notices, and the 
operatives have largely done so. If the notices are 
allowed to become effective about 7,000 workers will 
be involved. The five other unions—the Amalgamated 
Society of Dyers, the Bolton Amalgamation of Opera- 
tive Bleachers, Dyers and Finishers, the No. 1 Calender 
Men’s Society, the Society of Female Workers, and the 
National Union of General and Municipal Workers— 
advised their members not to tender notices. On 
Monday their representatives met the employers in 
Manchester and asked that the threat of a general 
lock-out, if a partial strike took place, should not apply 
to their members. On that condition, they said, they 
were willing to negotiate on the basis of the employers’ 
offer. 
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Representatives of the National Union of Textile} selves in honour bound to replace the money which 
Workers met the Allied Association of Employers in| was borrowed to pay members their Trade, Sick, and 
Manchester on Tuesday. A discussion, which lasted | Superannuation benefits. According to Mr. Findlay, 
for over six hours, ended, however, in failure to agree. | the General Secretary, the whole of the money belonging 
Whether the employers will now declare a general} to certain provident funds, including the Contingent 
lock-out, in the event of the members of the National | and the Tool Insurance funds, and also 2,7121. belonging 
Union striking, is not, at the moment, clear. We learn, | to the Superannuation Reserve Fund, has been used, 
however, that, on Wednesday last, the Ministry of | and the Executive Council are of the opinion that it 
Labour intervened, and a meeting of the parties was| would not be acting wisely not to pay that money 
called for the following day in London. The results | back before contributions were reduced or benefits 
of this meeting had not been announced at the time of | increased. 
going to press. 





r | The Executive Committee of the General and 
A statement circulated by the Allied Association | Municipal Workers’ Union has decided to abandon the 
of Bleachers, Dyers, Printers and Finishers explains | principle of national negotiations on wages and to 
the position of the employers. According to it, the | take a ballot on the question of applying for an increase 
trade unions asked for the adoption of piecework | for members employed in the manufacture of motor 
throughout the trade. The employers, in their letter| cars. The motor-car manufacturing industry is 
of May 18, replied that they were not opposed to piece- /assumed to be in a better position to pay increased 
work and were prepared to adopt any practicable | wages than any other section of the engineering 
method, and offered to set up a joint committee to draft | industry. That was probably the case not long ago, 
appropriate arrangements for its introduction. The| but in most of the industry’s principal centres the 
trade unions asked for an immediate advance of 25 per | activity is now authoritatively stated to be rapidly 
cent. in the wages of timeworkers pending the intro- | diminishing, owing to a marked decrease in the demand 
duction of piecework. The employers, in reply, pro- | for motor cars. 
posed the appointment of a joint negotiating committee | ee 
to deal with—(a) the claim of the unions for an| 
immediate advance to time-workers; and (b) the} 
question of the remuneration of juveniles, on the under- | yard of Messrs. Short Brothers, Limited, at Pallion, 
standing that if the committee failed to settle the | Sunderland, ran successful trials on March 27 lest, Sho 
matters in dispute ‘they should be referred to arbitra-| has been designed for a deadweight capacity of about 
tion. It will be seen, the statement points out, that} 8 950 tons on a draught of 25 ft. 5 in. at summer load 
the employers have made an honest attempt to meet line. Her principal dimensions are :—Length between 
the situation. perpendiculars, 409 ft. 6 in., breadth, 54 ft., and depth, 
er 31 ft. 6in. She is fitted for carrying grain in bulk. The 
The members of the United Pattern Makers’ Associa- | Propelling machinery is being supplied by Messrs. John 
; 2 : Dickinson and Sons, Limited, of Sunderland, and consists 
tion ose to vote this month on the question of whether | of triple-expansion engines, having cylinders 22} in., 39in. 
contributions should be, or should not be, reduced. |and 68 in. in diameter, with a piston stroke of 48 in. 
The Executive Council have advised them to vote | Steam, at a pressure of 2201b. per square inch, is supplied 
against any reduction, explaining that they feel them-/| by two multitubular boilers fitted with superheaters. 


TRIAL TRIP OF THE 8.8. “ RiverToN.”’—The single- 
screw cargo vessel Riverton, recently launched from the 
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PERSONAL.—We are informed that Messrs. Aster. 
Limited, have been re-established to take over that 
portion of the business now undertaken by Messrs. Arrol- 
Johnston and Aster Engineering Company, Limited, 
consisting of the manufacture and supply of electric- 
generating sets, country-house lighting sets, pumping 
sets, compressor sets, with paraffin engines, under 
the supervision of Mr. 8. D. Begbie and Mr. C. H. 
Barrett. The offices are at Cecil Chambers, 86, Strand. 
London, W.C.2.—With reference to a notice under 
Contracts in last week’s issue, we are advised that 
the work of Messrs. Fairfield Howden Ruths Steam 
Accumulators, Limited, was taken over at the beginning 
of the year by Messrs. Ruths Steam Accumulators, 
Limited, Africa House, Kingsway, W.C.2.—Owing to 
extended relations with their foreign licensees and 
branch companies, the name of Messrs. Aktiebolaget 
Vaporackumulator has been changed to Messrs. Ruths- 
accumulator A.B., the address being Box 3034, Stock- 
holm 3. 


TIMKEN BearinGs.—-It is now very generally appre- 
ciated that, to obtain the best results from ball or roller 
bearings, careful attention must be given both to the 
selection of the most suitable bearing for the required 
purpose, and to the method of mounting employed. 
The manufacturers of such bearings are always willing 
to advise designers on these points, but this procedure 
is not always convenient, at any rate as regards pre- 
liminary layouts, particularly in the case of engineering 
firms located in foreign countries. To assist designers 
to select the most suitable bearing for themselves, and 
to design the mounting, Messrs. British Timken, Limited. 
Cheston-road, Birmingham, issue the Timken Engineering 
Journal. In this, full details are given on all material 
points, such as load calculations, mounting, fittine 
allowances, and lubrication, and numerous sections! 
drawings are included, showing the application of the 
Timken bearing in a wide variety of work. Tables are 
included giving the series number, dimensions, and caps- 
city of each size of bearing manufactured. A special 
supplement to the Timken Engineering Journal is de- 
voted to the application of the bearings to oil-field 
equipment. The firm also issue an attractive booklet 
on the design of the Timken bearing. 
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BHIRA POWER STATION; THE TATA HYDRO-ELECTRIC POWER COMPANY. 


CONSTRUCTED BY THE ENGLISH ELECTRIC COMPANY, LIMITED, ENGINEERS, LONDON. 
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THE BHIRA STATION OF THE TATA 
HYDRO-ELECTRIC POWER COMPANY. 


Tue name of Mr. Jamshetji N. Tata will always be 
associated with the hydro-electric schemes of the 
Western Ghats of India, for it is due to his business 
acumen, convincing personality, and perseverance 
that the monsoon rains are to-day supplying energy 
to operate the tramways, cotton mills and other 
industries in Bombay. The same spirit that enabled 
him to surmount the initial obstacles and overcome the 
incredulity of the general public was displayed by his | 
two sons, Sir Dorab and the late Sir Ratan Tata, and, 
having secured the sympathy of Lord Sydenham, 
then Governor of Bombay, they succeeded in obtaining 
from India alone all the finance considered essential 
for the flotation of the company. 

The Tata Hydro-Electric Company’s dams were 
constructed near the villages of Lonawla, Walwhan 
and Shirawta, about 40 miles east of Bombay. Here 
an average annual rainfall of 150 in. occurs, and the 
Lonawla Lake (since named Gostling Lake) has a 
capacity of 400,000,000 cub. ft., and an area of approxi- 
mately 1,000 acres. The foundation stone was laid at 
Lonawla on February 8, 1911, and power was first 
supplied on February 8, 1915. 

The power house built near the village of Khopoli 
originally contained five generating units of 13,500 h.p. 
each, but six sets aggregating 81,000 h.p. have now been 
installed. Three-phase current, at a periodicity of 
50 cycles per second, is generated at a pressure of 
2,000 volts, which, by means of single-phase trans- 
formers, is raised to 100,000 volts for transmission. 

Overhead transmission lines connect the power house 
at Khopoli to the receiving station at Parel on the 


Island of Bombay, a distance of 43 miles. The lines 
cross two tidal creeks, one of which is over 2 miles 


Wide and more than 40 ft. deep at high tide. At 
Parel, the electrical energy is transformed te a distri- 


bution pressure of 6,400 volts, and delivered to cotton 
mills, factories and tramways. 

in addition to the Tata Hydro-Electric Company, 
there are associated with it two other companies, 
particulars of whose undertakings are summarised 


in he Table on this page. 
{he Andhra Valley Power Supply Company, Limited, 
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the second hydro-electric en- 
terprise initiated by the Tata 
Company, was formed for the 
purpose of meeting the demand 
for electrical energy in Bombay 
and District, which exceeded 
the capacity of the plant of the 
Tata Hydro-Electric Company. 
The scheme was conceived and 
investigated by Mr. H. P. 
Gibbs, a director of Tata Sons, 
Limited, Bombay, who, with a 
staff he collected round him, 
designed and carried out the 
complete project which has 
been operating since 1922. The 
success of the first two under- 
takings and the consequent 
acquisition of local technical 
and commercial experience 
encouraged the Bombay group, 
under the technical direction of 
Mr. Gibbs, to constitute the 
Tata Power Company, which, in size and potentiality, 
is the most important of the three. This company 
commenced to supply current during the early part 
of last year from the Bhira station. 

The impounding dam for this scheme contains 
21,000,000 cub. ft. of masonry. The plans include 
four hydro-electric undertakings with six artificial 
lakes, impounding up to 40,000,000,000 cub. ft. of 
water, and capable of supplying 680,000,000 B.O.T. 
units of electricity per annum. When fully developed, 
these works will represent a saving of 680,000 tons of 
coal annually, which, if used, would involve 680,000,000 
ton-miles of transportation. That this haulage is a 
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great strain on the transport service, even in normal 
times, may be judged from the fact that coal wagons 
coming to Bombay go back empty, and that coal wagons 
represent 25 per cent. of the wagons coming to Bombay. 

The lake which supplies the Bhira power station is 
situated on the eastern slope of the Ghats, and a tunnel 
three miles long carries the water to the other side, 
where the hills very quickly descend practically to 
sea level. A fall of 1,730 ft. is thus available, which 
is made use of in one single step at Bhira power station, 
where five 30,000 brake horse-power sets have been 
installed by The English Electric Company, whilst space 
has been reserved for a sixth unit. The total of 150,000 
brake horse-power makes this power station the largest 
in the East, and it is also the most modern in design and 
construction. 

A photograph of the power house and pipe lines is 
reproduced in Fig. 1, on page 745. The pipes are 
84 in. in diameter at the top level, and this is reduced 
by stages to 36 in. at the power house. They have 
been constructed of steel plating ranging in thickness 
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from 2 in. to?in. The total length of these conduits, 
from source to power house, is 5,500 ft. 

A part plan of the power house is reproduced in 
Fig. 2, on the opposite page, which shows in place three 
of the five 30,000 h.p. generating units supplied by The 
English Electric Company, Limited, of 28, Kingsway, 
London, W.C.2, As already noted, there is room in 
the station for a further unit of the same capacity. 

The power house measures 380 ft. 4 in. in length 
between end walls, and as best seen in the cross-section, 
Fig. 5, is divided up longitudinally into a transformer 
room, a control room and the turbine room. The latter 
measures 43 ft. between side walls, and the turbines 
and generators will, when the sixth unit is installed, 
be arranged in groups of three symmetrically about the 
transverse axis of the building. As shown in Fig. 5, 
both the pipe line and the tail race are on the same side 
of the machinery room. This arrangement avoids the 
necessity of carrying an inlet or outlet channel across the 
power house and under the control and transformer 
rooms. Several feet of discharge channel were thus 
saved, and detailed estimates showed the arrangement to 
be also less costly than the plan of providing a common 
tail race below the floor of the machinery room. The 
foundations for the machinery are of concrete, in which 
are moulded the discharge channels from the turbines, of 
which there are two to each generator. A section 
through one set of these passages is represented in Fig. 3, 
whilst Fig. 5 shows a section at right angles to this. A 
corresponding section showing the discharge channel 
from one of the auxiliary turbines is shown in Fig. 4. 
Drawings of the main turbines are reproduced in Figs. 6, 
7 and 8, on this page. As there shown, a turbine of 
the Pelton-wheel type is fitted at each end of the 
generator shaft and outside of the bearings, of which 
only two are thus required for the complete unit. 
Comparative estimates, in which other alternatives were 
considered, showed this to be the most economical 
arrangement. Each wheel is supplied from a single 
nozzle, which works under a net head of 1,630 ft. 
The use of two wheels simplified the design of the inlet 
bends and led to easier curves than could conveni- 
jently have been provided for had a two-jet wheel 
| been adopted. The wheels have an overall diameter of 
| 116 in. and their normal designed running speed is 375 
|r.p.m. The tip speed is 190 ft. per second in normal 
running, but the wheels have been designed to with- 
stand, in case of a runaway, the centrifugal stresses due 
to a tip speed of 340 ft. per sec. A photograph of a 
rotor, complete with the alternator poles and both 
turbine wheels, is reproduced in Fig. 9, on page 748, 
whilst one of the runners is shown separately in Fig. 10. 





These turbine runners are designed with separate 
buckets, which are secured to the disc by a single 
bolt fastening, the arrangement being patented by the 
builders. This bolt is tapered and fits tightly into a 
conical split bush, passing through disc and bucket. 
The latter is further supported at front and rear by 
keys. On tightening the nuts, the bush expands and 
ensures an extremely tight fit, free from all risk of the 
fastening working loose, whilst the lugs at the same 
time firmly grip the rim of the disc. The nuts are 
secured by locking washers. The buckets bear on 
faces at front and rear, and they are mounted 
in pairs. Two tapered keys are driven between the 
buckets of each pair so that these are forced to bear 
against machined projections cast with the dise rim, 
as shown in Fig. 10. This simple fastening has proved en- 





tirely satisfactory, both as regards strength and tightness. 
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30,000 B.H.P. PELTON-WHEEL UNIT; BHIRA POWER STATION. 


CONSTRUCTED BY THE ENGLISH ELECTRIC COMPANY, LIMITED, ENGINEERS, LONDON. 











Fia. 9. 


To comply with the requirements of the specification, 
the runners of the main set were designed for shrinking 
on the shafts, and, in order to allow for easy erection, 
the hub and its seating on the shaft are machined to 
two different diameters, so that the runner can be 
pushed half-way on before the interference fit is 


encountered. 


The casings surrounding the runners consist of 
amply dimensioned cast-iron bed frames, and of steel 
covers stiffened with angle irons. The corners of the 
covers have been rounded off, and thus present a | 
neater appearance than the usual flat plate sides and 
angle-iron joints. The front part of the bed frames is 
extended downwards and carries the inlet bend. The | 
inner part, on the generator side, is provided with a 
special facing, by which it is bolted to the generator 
bed frame. This connection between turbine casing 


and the generator frame makes a rigid unit of the set, 
and facilitates the centring of the jets with respect 
to the wheels. 


Between the covers and the bed frames are placed 
horizontal plates, which are shaped so as to just leave 


clearance for the runner, whilst preventing the rotation 
of air or water and thus reducing windage. 


Under the bed frames of the main sets, the concrete 
is protected by pit linings of 3-in. thick steel plates 
(see Fig. 7), and opposite the jets are deflecting pieces 
of cast steel, strongiy anchored, designed to receive 


and divert the impact of the jets in case of a runaway. 


Aecess to the wheels is possible through a trench | 


closed by a steel door, and an inspection grating is pro- 
vided giving access to the nozzle. 


(To be continued.) 


MERCHANDISE Marks’ InqQuiRIEs.—The Standing 


Committee (General Merchandise) appointed by the 


Board of Trade, will hold their inquiry as to whatever 
{uiry 


pumps of all descriptions, and parts thereof, should 
bear an indication of origin, at 11.30 a.m. on Monday, 
July 9, and at 10.30 a.m. on Tuesday, July 10. The 
inquiry will be held at the Board of Trade Offices, Great 
George-street, London, S8.W.1, and communications 
should be addressed to the secretary, Mr. E. W. Reardon, 
at that address. 

LAUNCH OF THE 8.8, ‘‘ Wanpa.’’—Messrs. Palmer's 
Shipbuilding and Iron Company, Limited, successfully 
launched from their Jarrow shipyard, on May 18, the 
second of two twin-screw passenger steamers which 
they are building to the order of the Polish State 
Steamship Company, of Gdynia. The vessel has been 
named Wanda, and, like her sister ship the Jadwiga, 
is intended for service in the Bay of Dantzig. The 
oropelling machinery is being supplied by Messrs. 
MacColl and Pollock, Limited, of Sunderland. 





| 
| 
| 
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Rotor CoMPLETE WITH Fietp Corts AND PELTON WHEELS. 
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Fic. 10. Prtton WHEEL IN BuILDER’s WORKS. 





SewacGE Disposat tN CHILE.—His Majesty’s Consul- 
General at Valparaiso reports that the Development 
Committee of a certain municipality in Chile are making 
inquiries regarding the most up-to-date system of 
sewage treatment. Further particulars of the require- 
ments can be obtained by British firms on applica- 
tion to the Department of Overseas Trade, 35, Old 
Queen-street, London, S.W.1, quoting reference number 
A.X. 6391. 

LAUNCH OF THES.S. ‘‘ Yamanota.’’—A shallow-draught 
oil-tank steamer, named Yamanota, was successfully 
launched from the East Yard of Messrs. Harland and Wolff, 





Limited, Belfast, on May 22. She is being completed to 











the order of Messrs. Andrew Weir and Company for the 
Lago Shipping Company. The Yamanota is the last of 
five similar vessels ordered from Messrs. Harland and 
Wolff, Limited. She is classed 100 Al at Lloyds for the 
carriage of petroleum in bulk, and the main dimensions 
are: Length, 315 ft., and breadth 50 ft., while the gross 
tonnage is about 2,360. The propelling machinery is 
of the twin-screw, triple-expansion type, developing 
1,100 h.p., steam being generated in two cylindrical, 
single-ended boilers fitted to burn oil fuel on W hite 
system under natural draught, the working pressure being 
180 Ib. per square inch. The steam winches with which 
the vessel is fitted have been supplied by Messrs. Clark, 
Chapman and Company, Limited, of Gateshead-on-Tyne. 





= & be bel bel CO ch tt Ot ete A ot ot wt me 


the 


shi 


shc 
raj 
fol! 
the 
up’ 
ing 


19] 
lar; 
ave 
fro. 
dec 


hay 
of | 
con 
try 
shij 
and 
33 | 
Tans 








_ June 15, 1928.] ENGINEERING. 











THE INSIITUTION OF CIVIL 


ENGINEERING 


ENGINEERS 


CONFERENCE. 





FOLLOWING on our issue of last week, we now | France, 32-ft. full-load draught) with an average of | wider, deep-draught vessels are mainly docked during 


give abstracts of some of the papers which were | 24,747 tons. ; 

read on the morning of Thursday, the 7th inst., at | There are a number of deep-draught vessels built 
the Engineering Conference, which formed part of | ao ae gg sy P sing Aa sb 
the Centenary Celebrations of the Institution of | vessels are eliminated, it appears that present ren 
Civil Engineers. As before, we print the papers | are satistied by ships drawing up to 33 ft. of water. 
in the order in which they were taken at the} During 1927, when the limit of draught permitted in 
various meetings, and have retained the original | the Suez Canal was 32 ft., only one ship of 32-ft. 
numbering. At the meeting in the Great Hall of | draught and only nine ships of between 31 and 32-ft. 
the Institution, Papers 5, 6, 7 and 8 were read; at | draught used the canal. When the 1921 programme 
the meeting in the Theatre of the Institution, | . the Suez Canal Company is completed there will 
Papers 26, 22 and 23, and at the meeting in the| >°.® depth of 42 ft. 8 in., permitting the passage of a 


‘ Page . ship of 36-ft. draught. It would appear, therefore, 
Library of the Institution, Papers 20 and 21. We} thet for the next pe years a dreuaht af 33 ft. will be 
hope to complete the reprinting of the papers read | sufficient for all except specialised trans-Atlantic 
at the other two sectional meetings in our issue of | routes, and it is probable that this dimension will 

| gradually be increased to a maximum of 36 ft. 
sa | On the trans-Atlantic routes there is already a vessel, 
the S.S. Leviathan, which, when fully loaded, including 


No. 5. THE DIMENSIONS OF HARBOUR | bunkers, has a draught of 41 ft. It is generally con- 
AND DOCK APPROACHES. sidered that both the dimensions of vessels of the 


2 | largest class and the number of such vessels engaged 

By Sm Cyr R. 8. Krrkrarrick, M.Inst.C.E. lon thee routes will increase, and the author cna 
ParTICULAR attention is directed to the work of | reason to modify the view expressed in his report to 
the late Dr. E. L. Corthell, and to his Report to the | the 13th International Navigation Congress (1923) that 
12th Congress of Navigation held at Philadelphia in | locks designed to take such vessels should be constructed 
1912. Included in that report is a graph showing | 1,150 ft. long, 130 ft. wide, and 45 ft. deep on the 





next week. 
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the increase in the dimensions of the twenty largest 
ships afloat from 1848 to 1910, and this, extended | — == 
by the author to 1927, is given above. The graph | aise call Weenie 
shows that between 1900 and 1910, there was a very | ne er eee 
rapid growth in all the dimensions, but that in the | 


Total 


yg decade progress was seriously arrested by | | 10.000 | 20,000 | 30,000 | 0000} enue | Gee 
e war. It is only in the last few years that the | | to | to o to | sn000| over 
upward tendency has again shown itself. An interest- | | 20,000 | 30,000 | 40,000 | 50,000 | “ton. 10,000 
ing and important feature is the check to the increase | | accel Wimeidl Home Luni) | tons. 
In the average full-load draughts. Whereas between | > | = | PE 
1910 and 1927 the average gross tonnage of the twenty | j29; 1399 _.| 2 | | ie 
largest ships increased from 28,018 to 35,063 tons, the | 1394-1895 | i aw i, it Sealed = 
average length from 725 to 743 ft., the average breadth | 1899-1900 ..|_ 33 | =e —} —| —]| 383 
from 80 to 85-6 ft., yet the average full-load draught | cee *'| see : ‘at cokece ee 
decreased from 35 ft. 2 in. to 33 ft. 10 in. | 1914-1915 ..| 212 | 11 a) -s 2 | 232 
This decrease in draught is all the more remarkable, | 1919-1920 ..| 209 14 | 3 2 | 3 231 
having regard to the increase since 1910 in the number | saehiees zs po | * | ; : | : | po 
| | 


of liners of large gross tonnage, as shown in the Table I., 

compiled from information supplied by Lloyd’s Regis- | 
try and previously published in part.* The eighteen 
ships of over 20,000 gross tons launched between 1925 





sill. The depths of locks and approach-channels 
[ depend on the physical conditions of the particular 
and 1927 range in full-load draught from 26 ft. to | port and require very careful study. For example, 
33 ft., with an average of 30 ft. 3 in. The tonnages | where the tidal range is small, as at New York, it is 
Tange from 20,000 tons to 43,500 tons (S.S. Ile de | practicable to give sufficient depth of water for vessels 
= | of deep draught to enter at all states of the tide. On 
| the Mersey, however, where the tidal range is much 





* Inst. C.E., Vernon-Harcourt Lecture, 1926, p. 18. 











the upper half of the tide. At the South Wales ports, 
owing to the wide range of tide, the period for docking 
is still more limited than at Liverpool. 

A clearance over the dock-sill of 2 ft. under the keel 
is usually sufficient, but a wider margin must be pro- 
vided in approach-channels. In open waters there 
is the range of the waves producing vertical move- 
ment of the ship, known as “ scend.” The maximum 
will vary at each port according to the degree of ex- 
posure to wave-action. The sinking of the vessel, 
known as “‘ squat,” must also be taken into considera- 
tion in reference to the depth of approach-channels. 
This dimension varies with the speed, depth of water, 
and lines of the ship. The author knows of no formula 
which will give accurately the allowance that should 
be made for squat, but he believes that experiments 
are being carried out in this respect. 








No. 6. HARBOUR BREAKWATERS. 
By H. H. G. Mrrcnett, 0.B.E., M.Inst.C.E. 


It is very seldom nowadays that an engineer is free 
to select an entirely suitable site on a coast-line to 
build a harbour. The coastal trade centres are, as 
a rule, already established, either in open roadsteads, 
estuaries, or partially-sheltered bays, and further 
protection by breakwaters has to be added irrespective 
of the natural facilities for such work. Frequently, 
therefore, only a limited choice of alignment is left, 
but where possible the direction of the breakwaters 
should be such that the heaviest seas strike them 
obliquely, and, in particular, re-entering angles on the 
seaward face should, wherever possible, be avoided. 
Though attempts have been made from time to time 
to measure the force of the waves, and though very 
heavy masses of concrete have been slued bodily or 
overturned by heavy seas, insufficient data are avail- 
able of the character, size, and force of the waves that 
did the damage to enable reliable formulas to be 
deduced which might be a guide in calculation. All 
that is known in most cases is that a certain section and 
type of breakwater has failed, or partially failed, in a 
storm, and that an increased section or different type 
of breakwater has withstood subsequent storms. 
The width of a breakwater has therefore to be deter- 
mined by experience, due allowance being made for 
difference of conditions. 

Broadly speaking, there are only two classes of break- 
waters, those whose stability depends partly on their 
mass and partly on breaking up the force of the waves 
by the configuration of their exposed faces, and those 
that depend entirely on their mass to resist the waves. 
For the purposes of this discussion, breakwaters may 
be divided into three types, namely, mound break- 
waters, mounds with solid superstructure, and solid 
breakwaters. 

Mound breakwaters are perhaps the simplest in 
form, and vary from those with a hearting of sand 
protected by rubble laid on mattresses—as at the 
entrance to the waterway leading to Rotterdam from 
the North Sea—to mounds composed entirely of 
large concrete blocks, with or without capping, a 
common form of breakwater in the Mediterranean. 
Intermediate with these are mounds composed of stones 
of all sizes, just as they are quarried, which are allowed 
to be washed down by the sea to their natural slope, 
and mounds composed of a hearting of comparatively 
small stones faced with very large stones or concrete 
blocks. The great drawback to mound breakwaters, 
especially when they are constructed with a large 
quantity of small stone, is that they require constant 
replenishing. At Plymouth, Table Bay, and Fishguard 
there are examples of such breakwaters ; the last was 
seriously damaged by heavy seas, and protection of 
the sea slope by means of heavy pell-mell concrete 
blocks was rendered necessary. 

The north-east breakwater at Colombo, and the 
rubble breakwaters at Lagos, West Africa, and Timaru, 
New Zealand, are examples of mounds constructed 
of large stones faced with stones up to 8 or 10 tons 
in the case of the first two, and 15 or 20 tons in 
the casé of the last. Such large stones stand at a 
steep slope, economise material, and require very little 
replenishing. Comparison of these various types of 
mounds appears to indicate that, though compara- 
tively small stones may be used near the base of 
a mound when the water is deep enough to avoid 
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disturbance, larger stones should be used as the mound 
is raised, and the top shonld be covered with the 
heaviest stone available. The mound type would 
appear to be particularly suitable where the bottom 
consists of a considerable depth of soft material, as 
the weight of the breakwater is distributed over a 
wide base. 

Rubble mounds with solid superstructure constitute 
a common type of breakwater. On the Peterhead 
south breakwater the foundation of the solid super- 
structure is 43 ft. below low water, protected by an 
apron of 50-ton concrete blocks 54 ft. wide, but in 
heavy storms some of the 50-ton blocks have been 
lifted off their beds. The south-west breakwater at 
Colombo and the breakwaters at Madras consist of 
a solid superstructure on a rubble mound, but in 
these cases the seaward face of the breakwater is 
protected by a wave-breaker formed of 30-ton to 
33-ton concrete blocks dropped pell mell. This form 
of protection is effective and requires very little 
upkeep. There are various forms of superstructure. 
A usual form is the sloping-bond type, where each 
slice of blockwork is free to settle independently of 
the adjacent slices, being held laterally to the adjacent 
slices by keys or joggles running from the top to the 
bottom of the work. Blocks weighing up to 30 tons 
or 40 tons are used for such work, usually set over-end 
by a Titan crane, whose weight on top of the structure 
causes it to settle and helps to consolidate the under- 
lying rubble mound. The blockwork is capped with 
mass concrete after settlement has ceased. Sometimes 
coursed blockwork is used, but the author suggests 
that slice blockwork is better. Another method is to 
use blocks weighing as much as 300 tons or 400 tons 
each, set in place by floating cranes, or caissons 
floated out and sunk on a prepared bed on the mound 
and subsequently filled. 

Formerly, when building solid breakwaters, it was 
a frequent practice to build two facing walls connected 
by cross walls with rubble filling in the cavities, the 
whole capped with masswork. Later, in breakwaters 
of this type, the rubble filling was omitted, and the 
work was built solidly of blocks bonded and keyed 
together throughout the whole cross section; for 
example, the breakwaters at Dover and the north 
breakwater at Peterhead. There is a limiting depth 
of water in which blocks can be set economically 
by divers. About 70 ft. might be considered as a 
practical limit. The solid breakwater is the most 
suitable type where a rock or other hard foundation 
is available, and where the working depth of water 
is not more than, say, 12 fathoms. Solid breakwaters 
have the advantage of requiring a minimum of material 
and upkeep, and the harbour face can be used as a 
quay. 








No. 7. MODERN ROAD AND BRIDGE 
CONSTRUCTION. 
By F. C. Cook, D.S.O., M.C., M.Inst.C.E. 


In this country it is impossible to discuss highway 
engineering in its widest aspect without regard to 
the system of road administration. The controlling 
body—whether rural or urban district, borough or 
county—was sufficient when an average day’s journey 
was limited by the capacity of the horse; but under 
conditions which obtain to-day the factor for con- 
sideration should be the route as a whole, and not 
any one part of it. It is only possible to deal effectively 
with the road problem in the manner indicated if 
government grants are augmented by a revenue raised 
from the constituent authorities on some accepted 
principle, so that necessary work may be carried out 
on a particular route independently of the financial 
position of any one aighway authority. 

In determining the layout of the road it should be 
borne in mind that the intensity of traffic on a given 
route rapidly diminishes with the distance from large 
centres of population. For instance, the traffic census 
of 1925 gave an average figure at the boundary of 
the City of Leicester of 5,078 tons per diem on the 
eight Class I roads radiating from the city centre. 
At a distance of 3 miles this figure was 3,390, whilst 
at 6 miles it had fallen to 2,255, which may be taken 
as fairly representative of the volume of through 
traffic. It is doubtful if the width of the carriageway 
can usefully exceed 50 ft. Roads must be pictured 
under the traffic conditions for which they are designed, 
and it is likely that, where accommodation is demanded 
in excess of this dimension, the hindrance to traffic 
on the main thoroughfare caused by that from side 
roads will be so serious as to defeat the primary 
object. It is suggested that where further provision 
is necessary it should be given by the construction 
of a relief road, serving the same terminal points, 
but sited as far as is reasonably practicable from that 
already in existence, rather than by causing traffic 
to converge into one or immediately adjacent 
channels. 

Nothing is more significant in highway engineering 


than the growing tendency to substitute, for tramways, | in the hands of the manufacturers. It is probably true 
trolly or motor omnibuses, and the gain to mixed | that the chief cause of skidding is bad driving—the 
traffic is obvious. Where circumstances permit (for | application of the brakes in changing direction is one 
example, a wide verge) the provision of ‘ turnouts’ | of the principal causes—but public opinion blames the 
to serve as bus-stops will promote safety, and avoid | road, and it is worth while seeking a remedy, even at 
hindrance to passing traffic by the standing vehicle. | the expense of some life of the material. It may be 
The tramway has its undoubted place in road transport ; | worth while considering whether the term of mainten- 
but where practicable all new tramways should be | ance placed upon asphalt-manufacturers is not some- 
laid on tracks independent of the carriageway. Where | times so excessive as to lead to the exclusion of all 
there is a double carriageway there can be no better | factors other than the life of the pavement. A similar 
place for the tramway than on the central reservation. | tendency can be observed in the case of solid rubber 
In shopping centres provision must be made for| tyres, with the result that density and not resilience 
vehicles to halt at the curb-side, and 8 ft. on each} is the chief quality aimed at—to the detriment of 
side may be considered as necessarily set aside for| the road. Surface-dressing now represents a very large 
this purpose. This consideration raises two other | part of main road expenditure. It has the merit of 
points: (a) the necessity for terminal bus-stops, | rendering the road non-slippery where suitable chippings 
which will become akin to railway passenger stations, | are used; but it is troublesome in application, both 
and for public parking places as essential parts of | to Highway Authorities and to road-users. Where an 
a town plan; and (b) the prime importance of by-pass | annual surface dressing is necessary, the present cost, 
roads to built-up areas. In most cases it is both! on a 10-year basis, is approximately 2s. 4d. per square 
wasteful and futile to widen streets in busy towns | yard, and it thus becomes a question whether a corres- 
for the purpose of accelerating the passage of through | ponding initial expenditure should not be incurred in 
traffic. | order to secure a more lasting surfacing material. 
Pedestrians are entitled to the protection afforded} An important factor in road planning is the relation 
by a footpath, with a surface at least as smooth | of the width of a bridge to that of the road. It is best 
as the carriageway alongside which it runs. The| that there should be no diminution ; but, where this 
main function of a curb is to serve as an abutment | is unavoidable, care should be taken, especially in railway 
to the carriageway, but its utility as a means of| bridges, that the bridge-openings should span the 
guidance in fog should not be overlooked. Super-| probable ultimate width of the carriageway and that 
elevation (necessarily kept below theoretical require-| there should be facilities for a footpath on each side. 
ments) is now becoming general; but the necessity | Often the most economical method of obtaining the 
for an extra width of carriageway at curves in order | full road-width consists in the use of piers or columns 
to allow for the freer movement of vehicles at such| near the curb lines. Overbridge parapets should be 
points is not always realised. Whilst road junctions! strong enough to withstand the impact of a vehicle 
should be formed so as to give the maximum range that may have mounted the footpath. On this account, 
of vision, it is desirable they should be so arranged | the parapet should not be made an integral part of the 
as to induce a reduction of speed of traffic on the | structure ; but if this is unavoidable, damage to the 
subsidiary road and, where necessary, to facilitate | parapet should be guarded against by the provision 
gyratory control. | of a deep curb. In the widening of river bridges it is 
The foundation is that part of the road with which | necessary to guard against the effect of the extra scour 
it is least justifiable to take risks, and it should be| induced by the lengthening of the arches. The 
designed with due regard to the bearing capacity | provision of a smooth and durable carriageway Is of 
of the subsoil upon which it is to be placed.) special importance on bridges as a means of providing 
Theoretically the character of the foundation should | against the setting-up of stresses due to impact. 
be determined by the intensity of the point load, | 


but other factors must be taken into account; for | 

example, both the axle load and speed of vehicles No. 8. THE PROBLEM OF ROAD 

tend to increase, while the allowance to be made for TRAFFIC FROM THE ENGINEERING 
POINT OF VIEW. 


impact is still a matter of investigation. 
There are advantages in a pitched foundation. It 














possesses a certain resilience, facilitates drainage, and 
can be readily relaid. It is unwise to generalise ; but 
it can perhaps be accepted that a pitched foundation 
is adequate where traffic considerations do not demand 
a more lasting surface than tarmacadam. In such cases 
cost should be the deciding factor. Steel reinforcement 
serves a useful purpose where cement concrete is used, 
in the direction both elasticity and stresses, and it should 
be regarded as a necessity where the substratum is 
unsuitable. Doube reinforcement is desirable where 





By H. R. Herworts, Assoc. M.Inst.C.E. 

THE necessity of viewing the highway engineering 
problem from the traffic standpoint was realised 
120 years ago, as is shown by the Report, dated 180s, 
of a committee appointed by Parliament to consider 
and report upon the highways of the Kingdom. The 
nature of the problem has been changed in recent 
years by the introduction of mechanical transport, 
and it has become acute. Traffic censuses were taken 
on the principal roads throughout the country in 


TABLE I. 
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Ministry Average per day. | Average per day. 
s | I ? | | 
Date | Trans- Nume of Census Point. | . | Boat 
ot port Road. , | Total — wi | | Total _ grea 
Ceusus Route Seven | 7. = | Horse-drawn. | Seven ar | ae Horse-drawn. 
Number. | | | Days. | PCF | SS | | Days. | er | £& ey 
‘ = Day. | 3 
| 6, | 
| N Per | | =o | Ton-| Per 
| | “O- | Cent. | = & | nage. | Cent. 
| | [a fly 
a a | | | | 
| Tons. | Tons. | Tons. | Tons. | 
1913..) A. 650 | Bradford and | Stock Bridge .-| 9,023 | 1,289 | 599 690 53 | 12,409 | 1,774 924 850 | 48 
| Keighley | | 
1922. .} | , ” ..| 12,942 | 1,849 | 1,659 190 10 | 31,399 | 4,485 | 4,528 | 157 | 4 
1925..| | 29 ..| 23,260 | 3,323 | 3,167 | 156 5 | 50,798 | 7,257 | 7,052 | 205| 3 
1915..| A. 61..| Wakefield and | Sheffield Boundary | 2,448 349 | 270 79 20 | 3,850 550 486 | G64) 12 
| | Sheffield a aa 
1922. .| | ES a N. of Ecclesfield ..| 5,160 736 | 704 32 4 | 10,451 11,493 1,476; 17] 1 
92 | os ys ..| 9,092 | 1,299 | 1,236 63 5 | 17,894 | 2,556 | 2,462 | 94 | 4 
| | | ‘ 
1914...) A. 6023 | Wombwell | Rotherham Bridge | 5,407 | 772 | 627 | 145 is | 5,058| 772] 613| 109] 15 
| Lane | 
1022... | ss | Gore Hill Bridge ..| 6.128 | 875 | 737) 138 16 | 9,738 | 1,390 | 1,273 117 3 
1925.. ’ | | 3235 | 1,110 | 125 | 10 | 18,523 | 2,647 pre 167 | 0 


| ” “7 8,642 | 1 





the subsoil is known to be unstable—as where the road | 


is much trenched. In the choice of surfacing material 
attention should be directed to the heaviest unit weight | 


1922 and in 1925, and the policy of the Ministry of 
Transport is to take such a census at intervals of 3 years. 
Unfortunately, the results are not published in a form 


of the vehicles regularly using the road. The surface | which makes them of use and real interest to the public, 
may wear well under traffic which is heavy in the | but the result of the third series should furnish valu- 


aggregate, but which comprises mainly light vehicles, | 


whilst it will quickly disintegrate as the result of damage 
done by vehicles few in number but heavy in weight ; 
for example, under a motor-bus service, or in the 
neighbourhood of milk or sugar-beet factories. 
Non-slipperiness is an essential quality in a surfacing 
material. Complaints as to slipperiness chiefly arise 
n connection with asphalt, and the remedy is largely 


able data to guide future policy. Traffic figures taken 
at 206 points in the West Riding of Yorkshire in 1922 


| and in 1925 show :—(1) An increase of 59-40 per cent. 


‘in the average number of vehicles per day. (2) AD 
| increase of 68-06 per cent. in the, average tonnage per 
| day. (3) A maximum increase of 392-16 per cent. 10 
_ tonnage per day at one point (on the main road between 
| Harrogate and Ripon). (4) A reduction from 9:17 pet 
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cent. to 4-14 per cent. in the average number of horse- 
drawn vehicles per day. (5) A reduction from 4-05 per 
cent. to 3 per cent. in the average tonnage of horse- 
drawn traffic. 

In certain cases a previous census was taken at the 
same points, and Table I, on page 750, gives details 
for three such points. The decrease in horse-drawn 
traffic has led—among other things—to a higher speed 
of traffic, with, paradoxically, more congestion at 
* bottle necks,’’ and in urban areas. The traffic cen- 
suses also show clearly that throughout the length of a 
given road there is a marked rise in the volume of 
traffic near the urban areas, with a falling-off in the 
more rural portions, indicating that rigid standardisation 
of road width and construction is unnecessary. 

it is very satisfactory that the tendency in the design 
of vehicles is sound and in the direction of economy. 
Recent designs embody a lowering of the centre of 
gravity and the use of pneumatic tyres, not only in 
passenger vehicles but also in the lighter types of goods 
vehicles. Other features include the use of six wheels— 
a means of distributing the load; improvement in the 
springing of vehicles generally ; the adoption of four- 
wheel braking systems; and increased efficiency of 
the engine and transmission. The increasing average 
speeds of all classes of motor vehicles emphasise the 
retarding action of “‘ bottle necks,’ make imperative 
the provision, on all the more important routes, of at 
least three-way carriageways, and accentuate the need 
for improved visibility. Speed is an essential factor 
also in determining the form of construction of the 
carriageway. Road warnings or instructions have 
considerable influence upon the rapidity with which 
traffic can be dealt with at danger points and congested 
places, and not only should the erection of signs be 
done with due regard to the lay-out of the road, but 
the signs should be such as to command immediate 
attention and response on the part of the driver. 

Uniformity in signs is essential, and in the cases of 
large towns there is a need of a system of bold directions 
for through routes and for the alternative or by-pass 
routes. This matter has been considered by the Per- 
manent International Association of Road Congresses, 
by the Ministry of Transport, and recently by the Per- 
manent Committee on Road Traffic of the League of 
Nations ; but it is submitted that the definite needs of 
all classes of driver have not yet been met. Multi- 
plicity of signs, colours, shapes and types is to be depres 
cated; it leads only to confusion and ultimately to 
contempt. The development of road traffic, particu- 
larly passenger traffic has been so rapid that all factors 
in the problem have not yet received due consideration. 
An obvious need in the case of established services 
is the provision of central or terminal assembly points 
in positions where interference with the ordinary flow 
of traffic is avoided, and in a manner providing for 
the comfort of waiting passengers. A large station on 
these lines has recently been established in London, 
and there is no doubt that an extension of such facilities 
will become compulsory. 

More systematic treatment of the problem of ‘* park- 
ing places ” for private motorists is long overdue, not 
only in towns but also wherever pleasure motorists 
congregate. Motor traffic has become an integral 
part of the economic life of the country, providing 
substantial funds for the construction and upkeep 
of the roads. To the road engineer all the factors 
enumerated in this brief note are of steadily increasing 
importance, and he recognises that more scientific 
treatment of the whole question in imperative. A 
rational solution is not possible without full and con- 
tinuous collaboration between the designer of vehicles, 
the transport specialist, and the road engineer. 








No. 26. LATEST TYPES OF STEAM AND 
INTERNAL - COMBUSTION  LOCO- 
MOTIVES. 

By Sin Henry Fow.er, K.B.E., and H. N. Gresiey, 

C.B.E., MM.Inst.C.E. 

Tue most recent British practice as regards express 
passenger locomotives and powerful goods locomotives 
is given in Table I. The passenger engines are 
characterised by high boiler pressure and valve gear 
desivned to allow a high ratio of expansion. The 
four express passenger engines enumerated differ in 
many essential features. The Great Western Railway 
engine has four cylinders with cranks at 180 deg., 
giving four exhaust beats per revolution, and it is 
fitted with a high-pressure boiler with a narrow 
firebox. The Southern Railway engine is fitted with 
four cylinders with cranks at 135 deg., giving eight 
exhaust beats per revolution, and it is fitted with 
a narrow firebox. The other two passenger engines 
have each three cylinders with cranks at 120 deg., 
giving six exhaust beats per revolution. The London, 
Midland and Scottish Railway engine has a narrow 
frebox; the London and North Eastern Railway 
engine is fitted with a larger boiler having a wide 
firebox. All the engines are fitted with superheaters, 














those on the L.M.S., Southern and L.N.E. engines 
giving a high superheat. The Garratt engines 
mentioned are the only examples in service on British 
railways, but much more extensive use is being made 
of this type of engine in the Colonies. The booster, 
which is fitted to the Mikado engine, has only been 
tried on the L.N.E. Railway, but it is in extensive 
use in America. In America, the two-cylinder type 


still predominates, but increasing numbers of three- | 
cylinder simple engines are now being built, an| 


interesting example being the 4-8-2 locomotives of 
the Denver and Rio Grande Western Railway. As 
an example of the two-cylinder type, the Canadian 
National 4-8-4 locomotive represents latest practice. 
Of compound engines working with a high steam 
pressure, those mentioned in Table II are of interest. 
These engines all give economical results, owing 
mainly to the high steam pressure and the high ratio 
of expansion that can be obtained. 


Apart from these engines of orthodox construction | 


the following engines are worthy of mention :— 

(1) Experimental engine No. 60,000, built by the 
Baldwin Locomotive Company, has a modified Brotan 
boiler, the firebox sides being formed of water tubes, 
while the barrel is of orthodox construction. The 
working pressure is 350 lb. per square inch. The 
engine is a three-cylinder compound having one 
high-pressure cylinder between the frames and two 
low-pressure cylinders outside the frames. 

(2) The Schmidt-Henschel high-pressure locomotive.* 


| boiler, engine, condenser, water tank, and driving 
| axles on one vehicle. 
| Diesel Locomotives.—A considerable amount of experi- 
| mental work has now been carried out on Diesel 
locomotives. This type of engine is a constant-torque 
| prime mover incapable of starting under load. The 
| problem of its application to locomotive traction lies 
| chiefly in an efficient method of transmitting the power 
from the engine to the wheels under the variable 
conditions demanded in railway practice. The types, 
of transmission gears which have been applied include 
mechanical, electrical, steam, hydraulic and compressed 
air. A striking application of mechanical change-speed 
gears is the use of the Lomonossoff system in a 
| 1,200-h.p. locomotive built in Germany for Russia. 
It is a 4-10-2 type fitted with a three-speed gear 
controlled by magnetic clutches. It is reported to 
have hauled 1,330 tons up 1 in 100 at 8 m.p.h. 
| A locomotive of similar capacity fitted with electrical 
transmission has also been built to Professor Lomonos- 
| soff’s designs, and comparative tests are in progress. 
The mechanical geared engine is said, in the first 
reports, to have given the more favourable results. 
Electrical transmission has also been applied to 
| locomotives of lighter power in Germany, Italy, and 
Sweden. In the United States a 1,000-h.p. engine 
|has been built, and others of 300 h.p. to 600 h.p. 
| have been installed for industrial purposes. In 
Canada, 160-h.p. and 320-h.p. British engines have 
| been installed on rail-cars, and larger engines are 























TABLE I. 
| | | Total Heat- | | Total | 
Railway. Class. | Type. | No. of | Boiler | ing Surface,| Grate | Tractive Weight of 1 
| | Cylinders. Pressure. | including | Area. | Etfort. Engine and } 
| | | | Superheater. | | Tender. 
ai ie 7 a a l aa ao Se ap 
| Lbs. per H | 
Passenger— sq. in. | : | Sq. ft. | Lbs. Tons ewt. qr. 
G.W. ..| King George V (No. 6.000) 4-6-0 4 250 | 34. | 40.300 135 14 
L.N.E. ..| Enterprise (No. 4.480) 4-6-2 3 | 220 5 |} 41-25 | 36,465 152 11 O 
L.M.S. ..| Royal Scot (No. 6.100) .. 4-6-0 3 250 | 31-2 | 33,150 127 12 0 
s. ..| Lord Nelson (No. 850) 4-6-0 4 220 33-0 | 2,500 140 4 0 
Freight— | | 
L.N.E. ..| Mikado .. es es 2-8-2 3 | 180 3,455 | 41-25 | 38.500 151 & 0 
| | | (Booster 
| 8.500) 
L.N.E. ..| Garratt ..| 2-8-0-—0-8-2 6 180 | 3.518 56-5 | 72,940 178 0 3 
L.M.S. ..| Garratt ..| 2-6-0—0-6-2 | 190 | 2,637 44-5 45,620 14815 0 
Ae Sb RAS, YY - 2 ke ee 
Taste IT. | under construction. The London, Midland and 
— ea saree ; | Scottish Railway Company are experimenting with 
| Total | | |a Diesel oil-electric train, the engine being rated at 
| |_| Heat-| ae Sere 500 h.p. 
| No. |Boiler) ing | | 'Trac-| Total 


of | pres-| Sur- | Grate} tive | Weight of 
tailway. |Type.|Cylin-| sure. | face, | Area./ Effort.) Engine 


| ders. includ- and 
| ing | | | Tender. 
Super-) | | 
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| 
| | 
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|Heater| 
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| 
| | tts. | | 











| per | | 
French— | | |sq.in.| Sq. ft.|Sq. ft.| Lbs. |tons ewt.qr. 
Est ..| 4-8-2) 4 | 227 |3340 |47-6| — |10910 O* 
Nord 2} 4 | |3288 -7| 37-66) 35,190/158 8 O 
P.L.M j-2| 4 | 227 |313C 45-6 ee 91 10 O* 
German | } | | | | | 
State | 4-6-2) 4 | 227 |3637 | 48-5 ‘pagans a 10 0 
| | i 





* Engine only. 

(3) The Winterthur high-pressure locomotive, which 
is under trial on the Swiss State Railways, has a boiler 
of a special water-tube type. The high-speed uniflow 
engine has cam-operated poppet valves, a reduction 
gear of 1 to 2-5 being provided, with a jack-shaft 
and connecting rods transmitting power to the coupled 
wheels. The boiler pressure is 850 ib. per square 
inch. 

Steam Turbine Locomotives.—The first turbine loco- 
motive with electrical transmission was built in 
Glasgow in 1904. Recently four geared-turbine 
locomotives have been built, each of which embodies 
distinctive features in design. (1) The North British 
Locomotive Company’s turbine locomotive, exhibited 
at the Wembley Exhibition.+ 

(2) The Swedish Ljungstrém locomotive.{ A loco- 
motive of this Swedish type has also been built in 
Manchester by Messrs. Beyer, Peacock and Company,§ 
and has recently been tested on the London, Midland 
and Scottish Railway. 

(3) The other two locomotives are of Swiss and 
German construction. In both of these the turbine 
is placed transversely and drives, through gearing, 
a lay- or jack-shaft which communicates the drive 
through a crank to coupling rods between the driving 
axles. The German locomotive is of the 4-6-2 type, 
and the Swiss locomotive of the 4-6-0 type with 





* See ENGINEERING, vol. cxxiv, page 816. 
+ See ENGINEERING, vol. cxviii, page 479. 
+ See ENGINEERING, vol. cxiv, page 64. 


§ See ENGINEERING, vol. exxiv, page 771. 


In Germany and Austria, hydraulic transmission 
has been in considerable use for shunting locomotives 
up to about 400 h.p, The pump and hydraulic motor 
are usually of the rotary type, driving a jack-shaft 
from which connections are made to a motor axle. 
Many types of variable-stroke multiple pumps have 
been applied to light engines. In Germany, compressed- 
|air transmission gear has been installed on engines 
| up to 220 h.p. Compressed air and steam have been 
| tried, as in the Dunlop and Zarlatti aero-steam 
| transmissions. 

The high first cost of the Diesel locomotive as 
compared with the low cost of the steam locomotive 
has, so far, been a serious deterrent to its application 
to railway service, the cost of the engine alone 
amounting to more than that of a steam locomotive 
of equal power. 

Kitson-Still Locomotive.*—This locomotive represents 
the most recent innovation in locomotive practice, 
and is the application to locomotive purposes of the 
“Still” engine primarily developed for marine 
practice. The engine uses steam when starting or 
in emergency, and normally runs as a Diesel locomotive. 
In this way the starting difficulty inherent in the 
Diesel engine is overcome. 








No. 22. LIGHT HIGH-SPEED INTERNAL- 
COMBUSTION ENGINES. 
By H. R. Ricarpo, B.A., Assoc. M.Inst. C.E. 


Tue thermal efficiency of the high-speed internal- 
combustion engine, unlike that of the steam-engine, 
increases within limits as the diameter of the cylinder is 
reduced ; for, as regards heat-loss, the higher ratio of 
surface to volume is compensated for by the increase of 
speed, while the smaller cylinder permits the use of a 
higher compression-ratio. In the light of present 
knowledge the highest thermal efficiency is obtained in 
gas- or petrol-engines when the cylinder is between 
3 in, and 6 in. in diameter. The highest thermal 
| efficiency ever yet recorded by any heat-engine, 

namely 39-5 per cent. on the net shaft horse-power, 
was obtained on the Napier racing aero-engine which 
| won the Schneider Cup trophy in 1927. The highest 








* See ENGINEERING, vol. exxiii, page 451. 
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thermal efficiency ever recorded on a gas-engine using 
town gas was obtained by Mr. A. F. Burstall at 
Cambridge University, on a high-speed variable- 
compression engine of only 44 in. bore; while almost, if 
not quite, the highest thermal efficiency ever yet 
recorded on a Diesel engine, namely, 38-8 per cent. on 
the net shaft horse-power, was obtained by the Royal 
Aircraft Establishment on a high-speed Diesel engine of 
8{in. bore running at 1,000 r.p.m. 

By far the greater number of high-speed internal- 
combustion engines built to-day use petrol because it is 
cheap, widely distributed, and, above, all, clean. 
Quite recently a considerable number of high-speed 
Diesel engines have been constructed to run at speeds 
up to 2,000 r.p.m., and it is surprising how few technical 
difficulties have been encountered. How far the 
saving in cost of fuel will compensate for the dirt and 
smell inseparable from the use of heavy oil yet remains 
to be seen. Recent developments in cracking-plants 
indicate that nearly 60 per cent. of the crude oil at the 
oil-well may be converted into petrol, and it is only 
because there is as yet but a relatively small demand for 
the residue, that the Diesel or oil-fired steam-engine 
can show any substantial advantage in fuel-cost. It is 
evident that, if the Diesel engine were developed to an 
extent comparable with that of the petrol-engine, its 
advantage in the way of lower fuel-cost would soon 
disappear. To-day there is practically nothing to 
choose between the production-cost of petrol and fuel 
oil, and the relative price is governed by demand, not 
supply. There remains, of course, the difference in 
fire risk, but this is greatly exaggerated and is really 
serious only at sea. 

The average high-speed engine of to-day, as installed 
in ’bus or lorry, weighs approximately 10 lb. per horse- 
power, that is, just half the weight of similar engines 
constructed 10 years ago. The lightest engine yet 
made, namely, the 900-h.p. Bristol ‘‘ Mercury ”’ aero- 
engine, weighs exactly 11 ounces per horse-power, 
complete with all its auxiliary gear, while the average 
weight of radial-cylinder aero-engines to-day is 1-4 Ib. 
per horse-power, or just half what it was 10 years ago. 
The lightest Diesel engine yet constructed weighs 
approximately 7 lb. per horse-power, while the average 
weight of such commercial high-speed Diesel engines 
as have yet been built is between 15 and 35 lb. per 
horse-power for powers from 30 to 300 h.p. The 
normal maximum output of a commercial engine 20 
years ago was approximately 6 h.p. per litre of cylinder- 
capacity ; 10 years ago it had risen to 12 h.p.; and 
to-day it is well over 20 h.p.; yet to all outward 
appearances the engine of to-day differs but little from 
that of 20 years ago. In this short period it has been 
learnt how, by purely detail design, to increase the 
efficiency by more than 50 per cent. and the speed by 
more than 120 per cent. 

Turning next to durability, the rate of wear is 
dependent upon the distance moved by the rubbing 
surfaces, given equal surface-hardness, loadings, and 
lubrication. The distance moved by the rubbing 
surfaces in the same time do not differ very greatly in 
high- and low-speed engines of equal power ; but the 
small engine has much harder working surfaces, and is 
usually far better lubricated. Moreover it is much 
stiffer as a structure, so that the alignment of bearings, 
&c., is better maintained. The rate of wear in terms 
of metal lost per hour is, on the whole, rather less in the 
light high-speed engine, but, on the other hand, this 
engine cannot afford to lose so much metal without loss 
of efficiency ; hence, parts need more frequent renewal. 
The cost of replacement per unit weight of metal lost, 
however, is much about the same in either case, while 
much more time is taken to effect replacement in the 
larger engine. Thus, while the small high-speed engine 
requires more frequent overhauls, the aggregate cost 
and the aggregate loss of working-hours due to these 
overhauls will be substantially less over any given period 
of time than it will be for the low-speed engine. In 
addition the small high-speed engine is almost immune 
from failures due to heat stresses in the material, it is 
much cheaper in first cost, it occupies less space, and it 
is more easily installed. 

The speed of engines to-day is limited by: (a) 
breathing capacity, (6) the dissipation of heat from the 
connecting-rod big-end be.vrings, and (c) the mechanical 
operation of valves. 

The breathing capacity can be almost doubled if 
necessary, by employing a double row of valves along 
the engine and by using two camshafts, but so doing 
brings the effect of (6) and (c) into play. By using 
roller bearings or floating bushes, the friction and heat- 
flow from the big-end bearing can be minimised ; 
and by mounting the camshafts directly against the 
valves the mass to be accelerated can be reduced. By 


such means the maximum power can, if necessary, 
be attained at piston-speeds exceeding 4,000 ft. per 
minute ; but the piston-speed of the simplest form of 
high-speed engine—with plain bearings and a single 
camshaft as near the crankshaft as possible—-is limited 
to about 2,500 ft. per minute, for maximum power. 








No. 23. HEAVY INTERNAL- 
COMBUSTION ENGINES. 
By G. Porter, Assoc.M.Inst.C.E. 


BroaDLy speaking, oil-engine practice has followed | 
two distinct, but converging, avenues of development. | 
These have led to the evolution of the surface-ignition 
engine and the high-compression or Diesel engine. 
Between these two types there are numerous variations. 
Limitations imposed by ordinary materials, the pro- 
cesses adopted for the preparation and combustion of 
the working fluid, and the restraining influence upon 
design exercised by the essential objectives of the type, 
namely, extreme simplicity and low first cost, restrict 
the construction of the true surface-ignition engine, in 
the ‘‘ hot-bulb ” form, to units of moderate power. 
When low first cost is more important than high 
efficiency, and when the class of labour employed and 
the conditions of service are rough, this type of engine 
is very serviceable. 

To improve the running conditions and to attain 
higher powers, a hybrid type has been designed. 
The hot bulb, with its temperature variation between 
750 deg. and 1,400 deg. F., has been eliminated as 
such, since it now consists of no more than an exten- 
sion of the clearance space, returning no heat to the 
charge at ignition, and is entirely water cooled. The 
compression pressure has been increased from about 
150 to about 230 lb. per square inch, and the mean 
brake pressure from about 30 to about 45 Ib. per 
square inch. The low mean brake pressure and the 
retention of crank-case compression for scavenging 
purposes prevent the construction of units of this 
type exceeding about 500 brake horse-power at com- 
petitive prices. Developments are proceeding towards 
providing a separate scavenging pump, by which 
means an improved mixture and higher brake mean 
pressures will result. If persisted in. a considerable 
increase in the range of power will be obtained, but the 
type will tend to merge into what may be termed the 
lower series of the high-compression engine. With few 
exceptions all manufacturers design the  surface- | 
combustion engine and the derivative just described | 
to operate on a two-stroke cycle, and employ hydraulic | 
fuel injection, known as the “ solid” or ‘‘ mechanical ”’ | 
injection system. | 

The limitations referred to above do not apply to the | 
high-compression engine where the possibilities are | 
only limited by the resisting properties of the metals | 
available to thermal and mechanical stress. The | 
maximum cylinder temperatures met with are of the | 
order of 2,840 deg. F., and the mean temperatures | 
about 900 deg. F., in four-stroke cycle engines, and | 
about 30 per cent. higher in two-stroke cycle engines. | 
Cylinder walls are consequently designed as thin as | 
possible, the practice being carried to an extreme in | 
the well-known engine designed by Mr. W. J. Still. | 
In this case the walls are reinforced by suitably placed | 
bands. A cooled plate is sometimes introduced be- | 
tween the cylinder head proper and the combustion 








[JUNE 15, 1928. 








airless-injection system will be the more generally 
employed in the future, though the range in the choice 
of fuel permitted by the air-injection system is a very 
important point in its favour. In the same engines 
the author has successfully used with smokeless com. 
bustion and without pre-heating such varied classes 
of fuel as (1) tar oils of 1-04 specific gravity and 
extreme fluidity ; (2) paraffins of about 0-80 specific 
gravity and extreme fluidity ; (3) commercial “‘ Diesel,” 
“shale,” and “gas” oiis; (4) light-grade furnace oils 
of 0-94 specific gravity and with a viscosity of 200 to 
300 seconds at a temperature of 100 deg. F.; and, by 
accident, (5) a quantity of 0-98 specific gravity furnace 
oil with a viscosity of 1,200 seconds at a temperature 
of 100 deg. F. It is doubtful whether airless injection 
would permit so wide a variation without much altera- 
tion to the form of the spray nozzle and the clearances 
of the fuel pump. Moreover, the easy regulation of 
blast air pressure in accordance with the variations 


‘of loading has a good effect upon combustion and 


fuel consumption. On the subject of operating cost, 
it may be said that no prime mover can compete with 
the high-compression engine in terms of commercial 
efficiency, unless the price of coal is very low and local 
conditions favour some other type. 

The remarkable characteristics of the heavy-oil 
engine adapt it admirably to the service of a centralised 
system for the supply of electrical energy and merit its 
careful consideration as a vital factor therein. Inter- 
national experience shows that 50 per cent. of the 
generating plant provided produces no more than 5 
per cent. of the total electrical output. By means of 
a suitable combination of turbo-generators and heavy- 
oil engines on an extensive scale the annual cost of 
generation by steam alone can be reduced by a sub- 
stantial amount, a recent calculation suggesting an 
economy of the order of 9 per cent. In the United 
States of America, in spite of the vast and wealthy 
systems of the electrical corporations whose trans- 
mission lines cover all developed areas, the heavy-oil 
engine supplies approximately one-half of the total 
power requirements of that country. 








No. 20. THE GENERAL TREND OF 
MODERN DEVELOPMENT IN STEAM- 
TURBINE PRACTICE. 

By H. L. Guy, Assoc.M.Inst.C.E. 


Or the tendencies affecting the thermal efficiency of 
steam plant perhaps the most evident is the pronounced 
movement towards higher steam pressures. The motive 
lies in the thermal advantages offered, which are set 
out in Table I for the conditions there stated. The 
table also holds for a total temperature of 900 deg. F. 
if the gains per 100 lb. per square inch above 700 Ib. per 
sq. in. are increased by 0:17 per cent. With a 28-in. 
vacuum the gain is increased by 0-25 per cent. per 
100 Ib. per square inch increase in pressure. The 


space. When the speed of rotation and the mean | “law of diminishing returns ” holds in a very marked 


indicated pressure are higher than usual, for example, 
in one successful design where the speed is 309 r.p.m. 
and the mean indicated pressure 117 lb. per square 
inch, such a construction is imperative. At present 
the largest cylinder contemplated is 43 in. in diameter. 
The mean pressure rating is closely associated with the 
question of heat flow, while the speed of rotation, the 
stroke-bore ratio, and the connecting-rod crank 
ratio play an important part. 
mum heat flow is about 25,000 B.Th.U. per square 
foot of surface per hour, and this permits of con- 
tinuous operation without risk at the rated output. 
The constant-pressure cycle has been abandoned in 
favour of the more economical dual cycle, which 
permits increase of pressure during the admission and 
firing of the charge. Fuel is not actually injected into 
a compressed charge of clean air. 


would obtain if perfect scavenging were effected. 


Difficulties in connection with scavenging retarded the | 


development of the two-stroke engine, but now that 
this obstacle has been removed the four-stroke engine 
is no longer of almost universal adoption. 


The weight of the design of a two-stroke engine, even | 


of the single-acting type, per effective horse-power, 
and the simplicity of its parts, give it a distinct advant- 
age over the four-stroke engine. In examples of air- 
injection engines the power absorbed by the air 
compressor is about the same for both types, namely, 
8 to 10 per cent. at full power. The losses inevitable 
in the two-stroke engine due to the incomplete utilisa- 
tion of the cylinder volume and the power absorbed 
in the scavenging pump are about equal to the losses 
in the four-stroke engine caused by back pressure on 
the piston during the exhaust and induction strokes 
and the frictional losses due to inertia. As may be 
expected, it follows that the thermodynamic efficiencies 
are almost identical. 








In four-stroke and | 
two-stroke engines respectively the oxygen content of | 
the mixture is about 96 and 93 per cent. of that which | 


manner. On theoretical grounds reheating to the 
initial temperature might be expected to increase the 
gain by 0-125 per cent. per 100 Ib. per square inch 
increase in pressure. Experience raises doubts, how- 
ever, whether this increased gain will materialise. 


TABLE I.—Increase in Steam Pressure Corresponding to 
3 per cent. Steps in Thermal Efficiency. 


z | Basis :—700 deg. F. temperature ; 29-in. vacuum ; four- 
A usual rate of maxi- | 


stage feed heating. Including boiler and condenser 
auxiliaries. Capacity, at maximum continuous rating, 
not less than 40,000 kw. at 1,500 r.p.m., 20,000 kw. 
at 3,000 r.p.m., 10,000 kw. at 6,000 r.p.m. 





| 
Increase in Thermal | 3 | ra ae 
Etficiency, per cent. | | 











Initial =— Ib. pet | yinal Pressure : Ib. per sq. in. 
. in. | 
| | | (ae 
From 200 to if ..| 265 | 865 | 505 | 764 | 1,360 
» 250 to 342 | 472 | 703 | 1,200 | 
» 350 to 495 | 755 | 1,390 | 
» 900 to 785 | 1,530 | 
750 to 1,470 
1,400 to a | 7 
Reduction in Coal Con- | 


| | 
sumption, per cent. | 2-92 | 5°66 | 8-26 10-71 13-04 


! 





There should be little well-founded objection to the 
standardisation of some such series of initial pressures 
as those given in Table I. Surely, there can be no real 
justification for calling for such a variety of pressures 
as 300, 325, 350, 375 and 400 Ib. per square inch when 
the maximum difference of possible thermal efficiency 
of the extremes from 350 Ib. per square inch is but 
1} per cent. 

The great importance of size is not generally appre- 
ciated. It is doubtful whether at present 350 Ib. per 
square inch should be adopted for 50-period condensing 
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plant having a lower maximum continuous rating than 
10,000 kw., or 550 lb. per square inch for less than 
20,000 kw. These are the probable minimum desir- 
able ratings for the pressures stated, and not neces- 
sarily the desirable pressures for these ratings. 

The expedient of installing high-pressure - boilers 
where a considerably lower pressure is already estab- 
lished is attracting attention. This high-pressure 
steam is preferably expanded in a separate back- 
pressure unit and returned to the new boilers for re- 
heating to something like the initial temperature, 
before admission to the older steam mains. With 
initial and reheated steam temperatures of 750 deg. F. 
and a higher steam pressure of 1,200 lb. per square 
inch, the back-pressure unit will generate 3,450 kw. 
for each 10,000 kw. generated by the low-pressure 
plant working at 200 lb. per square inch, or 2,350 kw. 
if the lower pressure is 350 lb. per square inch. This 
increased generating capacity is obtained without nd 
increased total coal consumption. If the lower-pressure | 
plant is not reasonably efficient, the more economic | 
course would be either to reserve it for peak loads or 
to scrap it and to instal new plant at an intermediate | 
pressure. The increase of cost with pressure has in | 
this country decreased about 15 per cent. on the aver- 
age in two years, thus leaving the desirable pressure 
dominated by economic issues. 

Reheating by transfer of heat from steam to steam 
is attracting attention. If, for example, steam ia | 
supplied to a turbine at 525 Ib. per square inch and 
750 deg. F., and if 10-25 per cent. is condensed in a | 
steam reheater, the final wetness will be reduced to| 
about 6 per cent. with a maximum thermal gain of 
about 1-9 per cent. If steam is generated at 850 | 
deg. F. and this additional 100 deg. F. is transferred | 
in a reheater following that just postulated, the maxi- 
mum thermal gain would be raised to 3-3 per cent. 
and the wetness at exhaust reduced to 3-5 per cent. 
The thermal gain would be slightly greater with no 
reheating but with steam supplied at 850 deg. F. 
Such a reheating system would only be employed 
therefore on the doubtful assumption that steam can 
be generated at a higher temperature than can be used 
in steam turbines of present design and construction. 
In the past, reheating has been adopted as a drying 
agent. ‘The bulk of extended experience is based on 
conditions which limited the final wetness to 10 per | 
cent. 

In spite of the 5 per cent. to 6 per cent. thermal 
improvement obtainable, there is now a decided tend- | 
ency against reheating by flue gases, at least for pres- 
sures below 800 Ib. per square inch. The additional 
apparatus is large and costly, as is also that necessary | 
to safeguard the turbine when load is suddenly dropped. 
Between 1,000 and 1,500 lb. per square inch the dis- 
advantages of flue-gas reheating are minimised and the 
desirability is increased. The present tendency is to 
retain flue-gas reheating in such cases. | 

Both the advantage and the need of reheating | 
practically disappear if it becomes possible to work | 
at considerably higher temperatures. Thus, if 810 
deg. F. and 950 deg. F. can be used with initial pres- 
sures of 600 lb. and 1,000 lb. per square inch respec- 
tively, the wetness fraction at exhaust will be the 
same as with 350 lb. per square inch and 700 deg. F. 
Unhappily, this recourse is scarcely consonant with 
recently acquired knowledge of the creep of materials. 

Table IV gives the temperature increases which 
increase the thermal efficiency by steps of 3 per cent. 
Comparison with Table I shows that an increase of 
408 lb. per square inch from 350 to 758 Ib. per square 
inch gives the same thermal gain as an increase of total 
temperature of 145 deg. F. from 700 deg. F. to 845 deg. F. 
Designers have begun to think of strengths of materials 
Taste 1V.—Increase in Total Temperature Corresponding 

to 3 per cent. Steps in Thermal Efficiency. 
Basis: 700 deg. F. total temperature ; 29-in. vacuum ; 
iour-stage feed heating. Including boiler and condenser 
auxiliaries. Capacity, at maximum continuous rating, 
not less than 40,000 kw. at 1,500 r.p.m., 20,000 kw. at 
3,000 r.p.m., 10,000 kw. at 6,000 r.p.m. 














Increase in Thermal 
Lfticiency, per cent. 








Initial Pressure, | Increase in Temperature, 
deg. F. 





Jb. per sq. in. 
~U0 72 143 215 290 
=o0 << os es 73 146 219 292 
350 Pe ai a 74 148 222 _ 
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in terms of temperature, time, and the chemical action 
of the medium with which they are in contact. It is 
now known that resistance to fatigue is greatly reduced 
under corrosive conditions. While some research in 

















these matters has been carried out and more initiated, it 
is costly in apparatus and even more so in time. Unless 
the whole resources of the country for such work are 
rapidly co-ordinated in a single comprehensive plan of 
research, designers will be compelled to undertake the 
responsibility of opening up the high-temperature 
field, assuming the inevitable risks which are entailed | 
by the absence of the guidance of such research. 

Regenerative feed heating has become firmly estab- 
lished. In this country, where it was _ initiated, 
temperatures at the outlets of feed heaters are being 
generally raised, and consequently the number of 
stages is increasing. This is resulting in the addition 
of air heaters and the retention of the economiser. In 
some other countries, where elaborations were practised 
never entertained here, the tendency is towards 
simplification. Feed-heaters tend to become fewer, 
oil and air coolers are being removed from feed- 
heating circuits, and economisers are showing signs of 
being reintroduced in conjunction with air heaters. 
There is a decided tendency to eliminate chemical water 
treatment and to substitute evaporators, coupled either 
in parallel with one stage of feed heating or taking the 
place of one. 

The introduction of feed heaters, evaporators, and 
ejectors introduced a dilemma in the contract definition 
of performance and tests, but this is being overcome as 
experience is gained. It is, however, desirable to give 
guarantees and to take contract tests with the evapora- 
tor cut out or by-passed. For like causes, there is a 
tendency to seek new methods of stating performance. 
The possible systems are, for given steam conditions, 
vacuum, and stated feed temperature, by (a) steam 





consumption, (6) heat consumption, and (c) thermal 
efficiency. The first is perhaps the simplest, because 
it is the first quantity deduced from the test, and gives a 
constant figure of merit, whereas that deduced for 
(b) or (c) will depend on the Steam Tables used, while 
(c) also depends on the value adopted for Joule’s 
equivalent. On the other hand, (6) and (c) are more 
readily translated into coal-consumption, and have the 
added advantage that with given variation in steam- 
pressure and temperature and feed-temperature any 
necessary test corrections are considerably reduced. 
It is very desirable to reach agreement on the exclusive | 
use of one of these systems. 

Great advantages would accrue if it could be agreed | 


for two years for extensions. (1) For intermediate 
stations, 20,000, or 25,000, or 30,000 kw. (M.C.R.) at 
3,000 r.p.m., and (2) for the largest stations, 50,000 or 
60,000 kw., or larger, at 1,500 r.pm. The same 
would apply if standardisation could also be effected 
for a like period in the matter of initial steam 
temperature and pressure. 
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No. 21. PROSPECTIVE DEVELOPMENT | 
IN THE GENERATION OF ELEC-| 
TRICITY AND ITS INFLUENCE ON | 


THE DESIGN OF STATION-PLANT. 
By S. L. Pearce, C.B.E., D.Sc., M.Inst.C.E. 

Tue policy underlying the Electricity Supply Act of 
1926 will have the ultimate effect of reducing very 
substantially the number of generating-stations required 
in this country, and will increase the total capacity of 
those selected to carry the base loads. The following 
important factors will influence design of stations and 
plants :-— 

(1) The employment of larger individual units for 
both steam-generating and steam-raising purposes. 

(2) The employment of higher steam pressures and 
temperatures (especially the latter) with or without 
reheating and with regenerative feed heating. 

(3) The adoption where possible of higher voltages 
of generation and of switching and for auxiliary 
services. 

To-day the rating of the largest single generator 
under construction in this country for operating at 
1,500 r.p.m. is about 40,000 kw., and of that pro- 
jected 62,500 kw. These figures may appear small in 
comparison with machines of 75,000 and 160,000 kw., 
respectively, which have been constructed or are under 
construction in the United States. By an appropriate 
grouping of units of the foregoing ratings, on two or 
three line shafts, there is no inherent difficulty in the 
way of producing a total rating of 208,000 kw. as in 
the case of the new State line generating station. 
From the point of view of “‘ system operation ”’ in the 
future, it is considered desirable, in the case of large 
units, that a maximum overload rating (short period) 
should take the place of the present standard maximum 
continuous rating. 

Boilers generating 250,000 lb. of steam per hour 
and upwards have been constructed for working 
pressures up to 1,500 lb. per square inch, and there 
appears to be no inherent difficulty in obtaining boilers 
capable of operating a 50,000 kw. set. The need for 
such units may be questioned in this country, and will 














be mainly determined by considerations bearing on 
the capital cost in relation to prospective demand. 
The selection of very high pressures and temperatures 
and large outputs may render it desirable to subdivide 
the main units on two or more line shafts operating at 


| different speeds. A closer correspondence between the 


outputs of a steam-generating unit and a steam- 


|raising unit than has already been obtained appears 


desirable from the points of view of saving space, 
capital costs, and economy of operation. Ratios of 
1 to 2 or 1 to 3, depending on the size of the former, 
could be adopted with advantage. Apart from other 
reasons, a design of station, including two boiler units 
per turbo-set, would facilitate the parallel grouping of 
boiler- and turbine-houses, thus minimising the length 
of the steam pipes and the resulting losses. Pressures 
within the limits of, say, 350-750 Ib. per square inch 
do not appear to call for any very radical alteration 
in the design beyond added strength to resist such 
increased pressures. 

It is necessary to emphasise the greater influence 
exerted on thermal efficiency by increasing tempera- 
tures rather than pressures and the need for concen- 
tration on the problems arising therefrom. It is 
hoped that the nickel-chrome-molybdenum steels and 
other special alloys suitable for withstanding corrosion 
and erosion will maintain their tensile strengths when 
operating within the limits of, say, 850 deg. to 900 
deg. F. The cost of such materials is important, but 
parts subjected to the higher temperature form an 
inconsiderable section of the plant as a whole. Boiler 
pressures of 500 to 600 lb. per square inch may now 
be regarded as standard. 

Reheating boilers introduce a serious complication, 
and whilst the thermal advantages arising out of the 
employment of live steam as an alternative appear to 
be small, the arrangement is simple and is to be pre- 
ferred if reheating is considered necessary. With 
the higher temperatures referred to, reheating would 
not appear to be necessary, as the wetness-factor is not 
excessive—more especially if the bleeding stages of the 
turbine are correctly arranged. There is no evidence 
to show that with the adoption of high pressures and 
temperatures the reliability of turbine- or boiler+plant 
is sacrificed for the admitted thermal gains, or that 
the operation of such plants presents serious difficulties. 

“Compounding ”’ of existing stations has been re- 


| that one of the following ratings should be standardised | sorted to in a few special cases, pressures of 1,400 Ib. 


per square inch having been used. There is a limit 
to this development, dependent on such factors as the 
existing steam pressures, the fuel costs, and the 
probable station load-factor in future; but where 
these are favourable for ‘‘ compounding,” the thermal 
gains will probably be found to outweigh the capital 
outlays involved. 

With increase in pressures and temperatures, there 
will be an increase in cost of certain items of the plant 
(Table I) with a corresponding decrease in that of the 














TaBLE I.—-Comparative Costs on a Percentage Basis. 
nee susia “aan 
Working pressure, lb. per sq. in. --| 400 600 800 
Temperatures, deg. F. .. aA --| 775 900 900 
— — | — —_ —— 
Boilers. . ee th a | 123 
Turbines a eid -| 100 | 107 | 117 
Piping and heaters pone ..| 100 112 118 
Feed pumps es es . ‘| 100 113 118 











condensing plant, the circulating-water culverts and 
buildings. 

It may be assumed that in course of time these 
differences will diminish to some extent. 

For all new base-load stations operating on load- 
factors of 50 per cent. and upwards, there appears 
to be a distinct commercial gain in adopting a working- 
pressure of about 600 lb. per square inch—and possibly 
somewhat higher where the load-factor well exceeds 
50 per cent.—and at the same time in utilising the 
maximum temperatures permissible with the materials 
available. Above this limit the thermal gains appear 
to be outweighed by the increased capital costs (Figs. 
1 and 2). 

With regard to condensing plants, the cooling sur- 
face provided per kilowatt generated shows a steady 
decrease, the figure of 1} sq. ft. common a few years 
ago having recently been reduced to 1, and in some 
cases even to 0-8 sq. ft. This is explained by the 
reduced quantity of steam flowing to the condenser 
for a given output due to increased steam pressures 
and temperatures, and to the extraction of steam from 
the turbine for feed-heating purposes. Single con- 
densers have been built with a cooling-surface of 60,000 
sq. ft., and main units have been arranged with as 
many as eight independent condensers, but these are 
abnormal, and with main units of 50,000-60,000 kw. 
maximum continuous rating twin condensers are be- 
coming standard. 

Experience has shown the desirability of reducing 
the oxygen in feed water to below 0-1 cub. cm. per 
litre to prevent corrosion, the deleterious effects 
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of which are becoming more important as steam is| satisfactory insulation is extremely difficult. In | Switchgear is probably the principal limiting factor 
generated at higher pressures and temperatures. The) the absence of step-up transformers or external | in electrical power development, this being one of the 


; main reasons for the employment of current-limiting 
with the boiler-plant, to ensure the maximum overall | short-circuit currents to values within the rupturing- | reactances. It is seemingly safe to say that high 


feed-heating plant should be designed in conjunction | reactance-coils, the reactance required for limiting 


thermal efficiency which is obtained in such cases of | capacity of the switchgear has necessarily to be in-| pressures are more easily handled than heavy currents, 
increased steam pressures and temperatures by higher | corporated in the stator windings, with the natural| which give trouble, owing to the heating of contacts, 
final feed temperatures. A maximum temperature | consequence that under short-circuit conditions the | eddying current effects, skin effects and the relatively 
rise of about 60 deg. F. per stage represents the best | mechanical forces on inherently weaker windings are | enormous magneto-mechanical forces. Heavy contacts 
compromise between the theoretical desirability of | appreciably increased. The elimination of delta-| necessitated by heavy currents involve heavy switch 
an infinite number of stages of heating and the practical | star connected transformers between the generators | movements, which again react unfavourably on other 
considerations of arrangement and cost. Owing to | and the high-tension ’bus-bars may result in trouble | features of design. On the other hand, however, 
the more extended use of multi-stage bleeding, the due to harmonics in the generating wave-form, if the | higher pressures demand larger clearances, and con- 
case for independent steam-driven house-service sets | transmission-system consists mainly of cables having | sequently lack of space and economic considerations 
is not strong, more particularly in large interconnected | relatively high capacity; and, furthermore, unless | frequently lead to the employment of gear of the 
generating stations; and house-service generators | the insulation on the end turns of the stator windings | metal-clad type—a more extended use of which may 
can be incorporated in the construction of the main | is heavily reinforced, trouble due to voltage transients | result from the development of large power-stations. 
sets with advantage. As an alternative or duplicate, | is very likely to occur. Some interesting developments | Great advances have been made in the design and 
and subject to effective control and protective arrange- are foreshadowed with the employment of hydrogen gas | construction of completely enclosed switching equip- 
ments, there is much to be said in favour of step-down asa cooling medium. Whether the diminution of losses | ments, which have been mainly the work of British 
transformer supply for auxiliaries. In this case an will outweigh the extra cost appears problematical. | firms. The adoption of metal-clad gear in some of the 
emergency steam-driven auxiliary set in each station With the growth of generating and transmission | latest large power-stations in the United States 
would suffice. Large auxiliary low-voltage generators | systems, transformers are becoming of extreme import- | is therefore, not without interest. 

are difficult to construct, and it is difficult to convey | ance, because of the unique and simple facilities which For voltages in excess of 33 kv. the tendency is to 
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the current from them. Hence the case for higher | they provide for an illimitable range of pressure-ratios | adopt the out-door station type of switching equip- 
pressures of, say, 2,200 to 3,300 volts, and the use of | and their relatively high efficiency. Recent develop- | ment, or, alternatively, the Hall type of gear. For 
transformers, where necessary, for individual motors or | ments in design and construction have raised both the | voltages below 33 kv. the cellular type of gear is st ill 
groups of small motors. | output and the voltage, and it is difficult to set any | widely adopted, with or without phase-isolation. It is 
There has recently been a marked advance in this | limit thereto. Satisfactory yoke joints become diffi- | doubtful whether the addition space and cost incidental 
country in the building of machines up to 30,000-| cult to make in large transformers, and it is mainly | to phase-isolation can be justified. Increasing attention 
35,000 kw. capacity, running at 3,000 r.p.m. Owing | for this reason that three and five-limbed cores are |is being given to ’bus-bar insulation and means for 
tojtransport difficulties, there is a tendency to adopt | now employed in the construction of single-phase and | dealing with the spread of smoke or gas vapour arising 
a fabricated structure of steel framing for large stators. | three-phase transformers respectively. The conse-| from local troubles. Oil circuit-breakers have been 
The limit in the size of solid steel rotor forgings, in the | quent reduction in the height facilitates keeping within | developed for a designed breaking-capacity of 2,000,000 
case of sets running at 1,500 r.p.m., is about 40,000 kw. | the dimensional limitations imposed by the railway | kv.-a. Switch kilovolt-ampere ratings are, however, 
The size of generators is limited by difficulties arising loading-gauges. The selection of single-phase banks | still very arbitrary, despite much standardisation work, 
from the relatively heavy stator currents, and the or three-phase units depends on the space available | but important research work is still being carried on in 
difficulty of ensuring equality of the electromagnetic and the amount of standby capacity required in relation | this fruitful field of investigation. 
conditions in the separate components of heavy lami- to the total transformer-capacity installed. 
nated conductors, without unduly reducing their cross-| It is usual to arrange that the high-voltage windings 3 : ‘ : eine 
section in places. There is also a limit to the current | of step-up transformers shall be star connected, which | | FRENcH Foretcn Trape IN Motor VEHICLES. a 
reni 7 C . snala ; # : : | short report regarding French foreign trade in motor 
that can be conveniently conducted from the terminals | thus allows the neutral point to be earthed, and, | vehicles has been prepared by the Department of Over- 
ofa large generator. These difficulties have, in some | with the low-voltage windings connected in delta, | acan endet 35. OH sles London, S.W.1, from 
cases, been minimised by the employment of two/| troubles due to harmonics in the wave-form of the| information furnished by the commercial counsellor at 
distinct windings on a siigle generator; if necessary | generators are largely, if not entirely, eliminated. | Paris, and issued to firms whose names are entered on its 
or desirable, the two windings may be connected to | The converse is preferable for step-down transformers, | special register. United Kingdom firms desirous of 
separate sections of the ’bus-bars, in which case ’bus-bar | but if it is not feasible, the alternatives are : (a) star- | receiving a copy of this report, together with — 
sectionalising reactances are unnecessary, since the | delta connected windings, with the provision of other | Of the special register service of rican karate 
link between the "bus sections may be established suitable means for earthing the neutral point of the | Co™municate with the Department at the above =e 
2 : 2 i : ‘ z quoting reference number A-X. 6268. 
inductively through the mutual interaction of the | system connected to the lower voltage (delta) ter- | 
twin stator windings. minals, or (b) star-star connected windings, with the; Trip Trier or THE S.S. “(CaRont.”—Launched 
Generator stators are being wound for the full-line | addition of a delta-connected tertiary winding. For recently from the Hebburn shipyard of Messrs. Palmers 
pressure, which thus eliminates the use of step-up large units of plant the forced oil-cooled type employ-| Shipbuilding and Iron Company, Limited, the nein 
transformers ; and such a method of winding obviously | ing the external air or water-coolers is likely to be | screw oil-tank steamer Caroni, which is the — “Gulf 
possesses advantages from a saving in space occupied favoured, coupled with a more extended use of the | recently ordered from that eget ged 7 18 = ine 
and in capital outlay. The advantages of such high- out-door type of unit. Voltage-control is likely to | . youd oe Ms alg te: Ree ae on 
pressure windings appear to be counterbalanced by | become more important in the future in connection | 4). sherwood system of longitudinal framing, and is fitted 
the following disadvantages. High-voltage generators | with supplies to the “ grid,” and this will be effected | with triple-expansion engines. The auxiliaries include 
are less efficient than those for lower pressures. The | by induction-regulators, booster transformers, or tap- | steam winches and windlass supplied by Messrs. Clark 
stator windings are mechanically weaker, and their | changing equipments. | Chapman and Company, Limited, Gateshead-on-Tyne. 
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A CENTURY OF INVENTIONS.* 


By Sir JAMES ALFRED Ewine, K.C.B., M.A., LL.D., 
; D.Sc., F.R.S., M.Inst.C.E. 


(Concluded from page 711.) 


From time to time in the history of engineering we 
find a new idea born, resembling what biologists call 
a sport, which gives an unexpected turn to the process 
off inventive evolution. No one can confidently 
extrapolate the curve of engineering progress; its | 
equation is liable to capricious change. And besides | 
those occasional fresh departures we find, especially | 
inJmodern times, that the scientific method is con- | 
tinuously at work, acting always as an auxiliary to | 
experience in improving what is already familiar. | 
Thus the influence of science is felt in two ways; in 
occasional spectacular events which open up channels 
where the stream did not flow before, and also in con- 
stant guidance of established currents, giving them 
greater volume and a more favourable course. 
~ Take an illustration or two from the history of 
metallurgy. In 1828, the only forms of iron available 
for construction on a large scale were pig-iron, the 
product of the blast-furnace, and puddled iron, the 
same product decarbonised in the reverberatory 
furnace. When railways began there was doubt 
whether rails should be cast or wrought. Wrought 
iron had Stephenson’s support and won the day. 
But it was not easy for the output of puddled metal 
to keep pace with the rapidly-increasing demand which 
arose for rails, for boiler plates, and presently also for 
ship plates when iron came into use as the material 
for building hulls. It became urgent to find some | 
other way of obtaining iron in the malleable state. 
In 1856, Bessemer attacked the problem as an outsider 
who broke away from the traditions of the trade. 
His method was a sport, but no accident ; it was an 
outcome of scientific thought. His first success was 
quickly followed by failures which only stimulated him 
to investigate their cause and cure. The difficulties 
were overcome, and mild steel began slowly to take 
its place as the most valuable of all constructive 
materials known to the engineer. 

A few years later, the alternative process of the open 

hearth was developed by Siemens, not less novel, and 
not less an offspring of scientifically-trained intelligence. 
Regenerative heating—an idea which had already 
found engineering expression in the Stirling air-engine 
—secured the high temperature necessary for the 
molten bath. Less simple and less rapid than the 
process of Bessemer, it had the advantage of easier 
control; it could be made static. Each method has 
its own field of usefulness ; together they ‘supply the 
world with nearly a hundred million tons of steel a 
year. 
" In more recent times, electricity, which is the hand- 
maid of every branch of engineering, has given the 
steelmaker additional types of furnace with large 
application in the blending and refining of special 
steels. Steel has become a word of many meanings. 
We have learnt, and are still learning, the amazing 
variety of characteristics which can be produced in a 
metal, mainly iron, by adding regulated quantities of 
other substances. The study of alloys, both ferrous 
and non-ferrous, is an immense field of research in 
which the resources of chemistry and physics are placed 
at the service of the engineer. By their aid he learns 
how to obtain a product that will fit a special purpose. 
It is, in each case, a question not simply of composition 
but of heat-treatment, for the atoms are like a com- 
munity of alien races, subject to collective excitement, 
and liable, in their stormy moments, to assume new 
groupings which largely and permanently affect the 
properties of the piece. 

By means of such study, the engineer is now pro- 
vided with cutting steels which have revolutionised 
workshop practice ; stainless steels whose use goes far 
beyond the requirements of the cutler; mechanically 
strong and wear-resisting steels in a profuse variety ; 
and magnetically hard steels which are retentive of 
magnetism to a degree not approached before. It would 
seem that you have only to specify a new require- 
ment and the metallurgist finds an alloy that will 
meet it. You want a metal which will not change its 
dimensions with temperature, and he discovers Invar. 
You want a steel which will refuse to take up any 
magnetism at all, and he provides it. You want a 
metal immensely susceptible to weak magnetic fields, 
with which to “load ” a telegraph cable, and he dis- 
covers Permalloy. You want a metal which will 
combine the lightness of aluminium with something 
of the strength and ductility of mild steel, and he 
discovers Duralumin and the Y alloy. 

It is a scientific process of high-temperature electro- 
lysis that has made aluminium a commercial product. 
The designers of aircraft and of motor-cars appreciate 
its value, in the alloyed state, and one may conjecture 
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that in many fields of engineering construction we are 
on the threshold of an aluminium age. A material, 
not too costly, which has nearly the strength of mild 
steel, with little more than one-third its weight, ought 
to have an unlimited future. It has even been 
suggested that for the new age we should look to the 
alloys of another and stiil lighter metal, magnesium. 
Research in these directions proceeds apace. 

A century ago the development of the steam engine 
had not emerged from the empirical stage. A change 
came soon after 1850, when men began to think of 
energy as protean and imperishable. The mechanical 
theory of heat was established, and, in 1859, Rankine 
published his ‘‘ Manual of the Steam Engine.” Kelvin 
rediscovered Carnot, and the Carnot cycle came to 
be recognised as an ideal criterion of performance which 
no engine could conceivably surpass. Engineers strove 
to bring their engines nearer to that standard by com- 
pound expansion, by superheating, and by other means 
of reducing avoidable waste. They also strove to 
widen the interval between the temperatures at which 
the working substance took in and rejected heat, for 
the * heat drop” between these limits determines how 
much of the supply of heat is ideally capable of con- 
version into work. Boiler pressures went up and up: 
they are rising still. A committee of this Institution 
helped to spread a sound gospel by recommending the 
Rankine cycle as a basis of comparison with the results 
of tests, a cycle which differs from that of Carnot only 
by assuming that no reversible process is followed in 
the return of the condensed water to the boiler. But it 
is interesting to notice that modern steam plants of 
the most efficient type have introduced a reversible 
process through the device of “ bleeding,’ which 


enables the condensate to be heated step by step on its | 


way back to the boiler, in a manner so nearly reversible 
as to make the whole cycle approximate to the ideal 
of Carnot. 

All this exemplifies the continuous steady pressure of 
scientific ideas in improving the procedure of the 
practical engineer. In a different category I would 
place the invention, by Parsons, of the steam turbine. 
That, too, was an application of scientific ideas, but it 
is an example of what I have called a sport. It broke 
away from established lines, and we may say that in 
the world of engineering the genius of Parsons opened 
up a new kingdom. He gave us a power producer, 
wholly novel in action and design, of greatly augmented 
efficiency, with a concentration and magnitude of 
effect never even imagined before. 

Another sport was the internal-combustion engine. 
Time would fail me to trace its development from 
primitive forms; to tell of the steps, big and little, 
but all essentially scientific, which brought into opera- 
tion the cycles of Otto and Clerk and Diesel; of the 
multitude of engines which have turned the man in the 
street into an engineer, crowding the highways, dotting 
the seas, and achieving, in some sense, a conquest of the 
air. 

Reverse a heat-engine and you have a heat-pump, 
which means that by expending power from outside 
you can make a body colder than its surroundings and 
keep it colder. From this simple piece of thermo- 
dynamics has sprung a branch of engineering with 
immense and growing economic importance. Refrigera- 
tion makes the whole world our orchard, our sheep- 
farm and our cattle-ranch. Perhaps in no other field 
do so many scientific problems arise for solution as 
in the transport and storage of foodstuffs under such 
conditions of cold as will, without substantial damage, 
preserve them from bacterial attack. 

The science of refrigeration, too, offers a conspicuous 
example of how an industrial process, strikingly novel, 
may take its origin from an apparently insignificant 
physical fact, and then repay the debt to pure science 
by promoting the progress of research. Long ago 
Kelvin and Joule, in experiments on the properties of 
gases, discovered that when air escapes under pressure 
through a throttling orifice it undergoes a small drop 
in temperature—about one-fourth of a degree for each 
atmosphere. Years afterwards Linde and others, by 
applying a regenerative interchanger to transfer the 
cold from the escaping air to the stream that was 
approaching the orifice so as to obtain a cumulative 
effect, used this as a practical means of liquefying air 
and of separating its oxygen and nitrogen, with the 
result that each of the two may be commercially utilised. 
This is now the foundation of more than one consider- 
able industry ; moreover, it has given to physicists 
a new tool of research, enabling them to bring tem- 
peratures down to an extreme never before reached in 
any terrestrial laboratory. 

In the region of applied electricity, perhaps more 
than in any other part of engineering, instances multiply 
themselves of the exchange of benefits between practice 
and science. One may, of course, say, with perfect 
truth, that all the applications of electricity are in 
their origin fruits of scientific research. If you trace, 
for example, the history of the dynamo you go back 
through Hopkinson’s formulation of the principle of 








the magnetic circuit to an experiment of Faraday, 
which, in 1831, first showed that the movement of a 
conductor across a magnetic field generates electro- 
motive force. The very language in which one de- 
scribes this fundamental discovery is language we 
owe to Faraday himself. From that experiment what 
a progeny has sprung. And may it not be fairly 
claimed that all the practical devices of electrical 
engineers, the dynamo, the motor, the transformer, 
the storage battery, the arc lamp, the vacuum bulb, 
the electrolysis bath, the electric furnace, the telephone, 
and many more, have advanced the purely philosophic 
study of electricity ? With their help the physicists 
have now discovered that in positive and negative 
electrification—in the protons and electrons, which 
together compose the atom—we have the primitive 
brick-bats of which the whole material universe is 
built. Perhaps some day the philosophers who have 
analysed matter into these brick-bats, teaching us how 
many of each kind are in the atom of any element, 
and the engineers, who are always searching for sources 
of power, may put their heads together and discover 
a means of tapping, in some sufficiently controllable 
manner, the huge stores of internal energy which the 
atoms are known to conceal. That would, indeed, be 
a new departure, but I dare not predict that it will 
ever happen. Prophecy, as George Eliot said, is of 
all forms of human error the most gratuitous. 

When Kelvin, in 1853, discovered, as a piece of 
mathematical reasoning, that, under certain conditions, 
as to resistance, self-induction, and capacity, a dis- 
charge of electricity would be oscillatory, he little knew 
what he was letting the world in for. From that seed 
has grown a great tree. The branches, one may say, 
are visible over many housetops. Through Clerk 
Maxwell, Hertz, Lodge, Marconi, Fleming, de Forest, 
and many others, discovery and invention have pro- 
ceeded, hand in hand, to accomplish what seems to 
me the most wonderful of all the wonders of applied 
science. The telephone of Graham Bell, the micro- 
phone of Hughes, the phonograph of Edison were 
arresting marvels whose first coming I vividly recall. 
But wireless broadcasting still more impresses the 
imagination. It gives other marvels an added value, 
and works an even greater social change. 

Towards the end of last century, when physical 
science seemed to some of its votaries to have settled 
into a groove, suddenly there was an astounding out- 
burst of discovery. The X rays, radioactivity, the 
electron—these followed one another in bewildering 
succession ; discoveries wholly unexpected and preg- 
nant with uses to mankind. Each in turn was a 
revelation to the philosopher ; it gave a fresh direction 
to his concepts of Nature, and it enriched him with 
novel methods of research. Each of these discoveries 
also offered an untrodden avenue of practical applica- 
tion. Let me, in the short time that remains, speak 
briefly of what engineers have done to harness the free 
electron. 

About 1895, Sir J. J. Thomson, examining the 
discharge which proceeds from the cathode or 
negative pole of a Crookes’ vacuum tube, established 
the fact that it consists of a stream of separate 
particles—corpuscles he called them—of negative 
electricity, independent and all absolutely alike. 
These corpuscles are now called electrons ; normally, 
in the absence of electrical disturbance, they make up, 
as it were, the crinoline or fender of a material atom ; 
but when streaming from the cathode they have 
escaped from domestic ties. Each eiectron is a 
definite quantity of disembodied  electricity—an 
irreducible unit—delightfully free to respond to 
any electric force, for its inertia is barely the eighteen- 
hundredth part of that of the lightest atom of ordinary 
matter. Free electrons are known to be given out 
by highly heated substances, such as the glowing 
filament in the vacuum bulb of an electric lamp. 
This fact was turned to account by Fleming in an 
invention which one may, with no exaggeration, call 
epoch-making. He was in search of a sensitive 
detector of wireless signals, a detector more sensitive 
than the types Marconi originally employed. When a 
telegraphic signal sent by wireless strikes the receiving 
aerial, it sets up a group of electrical oscillations, where 
crests and hollows alternate in very rapid succession— 
many thousands of times per second. To get them to 
make a signal which will be heard on a telephone or 
shown by a galvanometer, you must rectify the group, 
cutting out the hollows, one may say, and leaving 
only the crests. Fleming, in 1905, had the happy 
inspiration to employ the electrons which are given 
off by the hot filament in a vacuum bulb as agents 
in the work of rectification. For this purpose he 
fitted the bulb with a second conductor, now called 
the plate or anode, to which the stream of electrons 
from the hot filament may pass. He connected the 
bulb with the receiving aerial in such a manner that 
oscillations due to the wireless signal endeavoured 
to bridge the gap between filament and plate. When 
this is done, the crests—as we may call those parts 








of the oscillating current which flow with the stream 
of electrons—pass easily ; but the hollows, which are 
the parts that try to flow the opposite way, are 
stopped. Thus the device acts as a rectifier of the 
received oscillations, keeping the crests but cutting 
out the hollows, and for that reason the inventor 
very appropriately called it a valve—a thing that 
allows passage only one way. The Fleming thermionic 
valve soon came into use as a sensitive detector of 
wireless signals. Two years or so later, its capabilities 
were much extended by the American electrician, 
Lee de Forest, who introduced a third conductor, 
in the form of a grid through which the stream of 
electrons passed on their way from the filament to 
the plate. With this addition, the device, now called 
a triode valve, could be applied as a powerful relay 
or amplifier, receiving any electrical oscillations and 
passing them on greatly magnified. It is arranged 
that the incoming oscillations shall cause small 
variations in the potential of the grid; these produce 
large and sensibly proportional changes in the 
electron stream which passes to the plate. The 
triode valve is the essential instrument of modern 
wireless ; it is applied not only to rectify and magnify 
the received signals, but also, at the sending end, 
to create the oscillations which are radiated into 
space. Thus, from the great station at Rugby, a 
group of mammoth triode valves converts hundreds 
of horse-power into high-frequency electrical oscil- 
lations which carry signals and speech to America. 
And even this is not the end of the wonderful story, 
for the triode valve also acts as what is called a 
modulator, impressing upon the high-frequency waves, 
which constitute wireless radiation, the fluctuations 
of amplitude which enable them to serve as carriers 
of speech or of music, so that they may thereby 
convey the relatively slow vibrations of quite another 
sort which make up sound. Further, in telephoning 
over wires, the triode valve forms an admirably 
effective relay, acting, at a succession of points along 
the line, to restore the energy of the transmitted 
sound without injury to its quality. Moreover, by 
using suitable ‘filtered’ bands of carrier currents, 
a number of entirely independent conversations can 
take place simultaneously over the same wire, while 
it serves also as a channel for a multiple group of 
telegraphic messages. All these wonders are made 
possible by the triode valve. Its technical applications 
appear to have no bounds. It is also an instrument 
of research ; in the hands of physiologists and others 
it measures the slightest and most fugitive of electrical 
effects. 

I have cited enough examples to illustrate the 
broad truth of Tregold’s dictum that the scope and 
utility of civil engineering are increased by every 
discovery in natural philosophy. But so sweeping 
a statement can scarcely fail to have some exceptions, 
and exceptions are, in fact, suggested by the present 
curious state ef physical science. At the moment, the 
very basis of physics is in a state of flux. Its exponents 
are struggling to assimilate two momentous new 
ideas—the principle of relativity and the quantum 
theory. The relation of these ideas to the familiar 
body of older physics is obscure. They present 
dilemmas which are not yet solved. Their exact 
form and place in the logical scheme of scientific 
thought has still to be determined. One may say 
that, while the superstructure remains intact, the philo- 
sophical foundation on which it stands is strangely 
disturbed. Physicists are, as it were, confronted with 
a difficult but not impossible task; they have to 
transfer bodily their elaborate and beautifully coherent 
building, as a going concern, from one foundation 
to another, and the new foundation is not quite 
ready. They are hard at work laying it, laying 
it indeed so deep that the passer-by cannot make 
out what is going cn. When the operation is com- 
pleted it will be a great achievement. But I do not 
think it will make much difference to the engineer, 
for his concern is with the superstructure itself. 
That will doubtless settle down quite comfortably 
when the necessary adjustments are made. It will 
function as well as before, and continue to admit of 
extensions which the engineers will in due time turn 
to practical account. 

The century we now review is but a petty unit in 
the multitude of centuries that make up the recorded 
and unrecorded history of man. By comparison, it is 
a mere fragment of time, yet how big when judged by 
the changes it has wrought. If you test progress by 
the conquest of inanimate nature, then the century now 
closing finds no parallel in the past. It may be likened 
to the efflorescence of a plant which for long has been 
quietly growing to maturity and suddenly bursts into 
flower. We have witnessed, as it were, the change from 
bud to blossom. What is to follow? What is left 
for the future engineer to do? When you celebrate 
the second centenary of this Institution, of what will 
your lecturer have to tell ? Can the recent astounding 
pace of discovery and invention be maintained? Or 
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does a time approach when engineers will sit down like 
so many Alexanders to lament a too-completely con- 
quered world of mechanical things, just as a time comes 
to geographers when there are no more regions to 
explore ? Transport, especially by air, may be made less 
perilous and more convenient. Communication may 
be extended to include vision; that is half done already, 
and I confess to no enthusiasm for the other half. 
Power will certainly be more generally distributed. 
But can we expect the engineers of the coming century 
to bring about developments in the application of 
natural resources comparable to those of the past 
hundred years? I am, as I said, no prophet, but I 
doubt it. To me it seems more likely that there will 
be something of a lull in the revolutionary fervour of 
the engineer. Social changes—drastic social changes— 
may be looked for, but not, I think, so directly con- 
sequent on his activities as in the century now ending. 
Mechanical devices will, of course, be increasingly 
used, but probably they will become standardised and 
taken for granted, like the watches we carry. We 
cannot be surprised if we find interest in them slacken. 
Improvements will be made, but they will attract little 
notice, for the things they affect will already be 
commonplaces of life. It may very well happen that 
the mental energy of mankind, now flowing so strongly 
in this channel of ours, will seek and find outlets in 
other directions. While as engineers we may regret 
such an issue, we cannot but admit that it may prove 
beneficial to the human race, since, beyond question, 
there is grave need for progress of quite a different 
kind. 

For the fact remains that all our efforts to apply 
the sources of power in Nature to the use and conve- 
nience of man, successful as they are in creating for 
him new capacities, new comforts, new habits, leave 
him at bottom much what he was before. I used, as 
a young teacher, to think that the splendid march 
of discovery and invention, with its penetration of 
the secrets of Nature, its consciousness of power, its 
absorbing mental interest, its unlimited possibilities of 
benefit, was in fact accomplishing some betterment of 
the character of man. I thought that the assiduous 
study of engineering could not fail to soften his primitive 
instincts ; that it must develop a sense of law and order 
and righteousness. But the war came, and I realised 
the moral failure of applied mechanics. It was a 
shock to find that a nation’s eminence in this depart- 
ment of intellectual effort did nothing to prevent a 
reversion to savagery, conscienceless, unbridled, made 
only the more brutal by its vastly enhanced ability to 
hurt. I saw that the wealth of products and ideas with 
which the engineer had enriched mankind might be 
prostituted to ignoble use. It served to equip the 
nations with engines of destruction incomparably 
more potent and ruthless than any known before. We 
had put into the hand of civilisation a weapon far 
deadlier than the weapons of barbarism, and there 
was nothing to stay her hand. Civilisation, in fact, 
turned the weapon upon herself. The arts of the 
engineer had indeed been effectively learnt, but they 
had not changed man’s soul. In our diligent cultiva- 
tion of these arts we engineers have perhaps forgotten 
that progress in them has far outstripped the ethical 
progress of the race. We have given the child a 
sharp-edged tool before he has the sense to handle it 
wisely. We have given him the power to do irreparable 
mischief when he hardly knows the difference between 
right and wrong. Does it not follow that the duty of 
leadership is to educate his judgment and his con- 
science ? Collective moral sense, collective political 
responsibility, the divine maxim to do to others as 
we would that they should do to us—these are lessons 
in respect of which all the nations, even the most 
progressive, have still much to learn. 

There are people who talk glibly of the next great 
war. I wonder if they know how near, in the last 
war, the world came to destruction through misapplying 
the endowment which it owes to the engineer. Do they 
realise that, with added experience and further malig- 
nant ingenuity, the weapons of a future war will be more 
than ever deadly, more than ever indiscriminate, and 
the peril to civilisation will be indefinitely increased ? 

Surely it is for the engineer as much as any man to 
pray for a spiritual awakening, to strive after such a 
growth of sanity as will prevent the gross misuse 
of his good gifts. For it is the engineer who, in the 
course of his labours to promote the comfort and con- 
venience of man, has put into man’s unchecked and 
careless hand a monstrous potentiality of ruin. 








THe CENTRAL ENGLAND ELEctRIcITY SCHEME.—The 
Central Electricity Board announce that they have 
adopted the Central England Electricity Scheme, and, 
in accordance with the provisions of Section 4 of the 
Electricity (Supply) Act, 1926, have published the 
scheme as adopted. Copies can be obtained from 
H.M. Stationery Office, price ls. 6d. net. Full parti- 
culars of this scheme were given on page 454 of our issue 
of April 13. 
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CATALOGUES. 


Mechanical Shovel.—Messrs. R. H. Neal and Company, 
Ealing, London, N.W.5, have sent us a fully descriptive 
catalogue of the ‘“‘ Menck”’ patent electric shovel, with 
grab and dragline action and crane equipment. 

Electric Fuses.—A catalogue of Hope’s patent aeroflex 
light-duty re-wireable cartridge fuses, suitable for condi. 
tions in which high rupturing capacity is not essential, 
is to hand from Messrs. British Insulated Cables, Limited, 
Prescot, Lancs. 

Rotary-Converter Substation Equipment.—Complete 
equipments for rotary-converter substations, with either 
semi-automatic or full-automatic control, as required, 
are described in a catalogue issued by Messrs. Crompton 
Parkinson, Limited, Chelmsford. 

Switches.—Messrs. Cantie Switches, Limited, Carlton- 
road, Nottingham, have sent us a circular illustrating 
their push-button switch for starting electric motors, 
and mentioning prices for alternating-current and direct- 
current types. 

Steel-Plate Work.—A catalogue of steel-plate con- 
structions, including large air ducts for power stations, 
stacks, chutes, hoppers, tanks, wheel guards, &c., is 
to hand from Messrs. W. G. Allen and Sons (Tipton), 
Limited, Tipton, Stafis. 

Pressure Regulators.—Messrs. David Wilson and Com- 
pany, of 40, Brazennose-street, Manchester, have issued 
a circular describing the Fisher pressure regulator for 
reducing and regulating the pressure of steam, air or gas, 
and especially suitable for vulcanising, process kettles, 
sterilising, air lines, &c. 

Railway Signals.—The Westinghouse Brake and Saxby 
Signal Company, Limited 82, York-road, King’s Cross, 
London, N.1, have issued a pamphlet entitled ‘“ Thirty 
Years of Power Signalling,” illustrating and_ briefly 
describing some of the installations they have supplied, 
and giving a complete list of such installations. 

Petrol and Oil Measures.—The Hawke visible petrol 
measure, a number of measuring pumps, and petrol 
and oil cabinets, tanks, barrel elevators, &c., are described 
in two new catalogues received from the makers, the 
Dowson and Mason Gas Plant Company, Limited, 
Levenshulme, Manchester. 

Wireless Telegraphic Apparatus.—A pamphlet describ- 
ing the Marconi main telegraph office in London and the 
wireless stations at Ongar, Brentwood, Carnarvon, 
Dorchester and Somerton, has been published by Messrs. 
Marconi’s Wireless Telegraph Company, Limited, Strand, 
London, W.C.2. 

Welding Apparatus.—Catalogues dealing with the 
“ Bull” electric arc-welding equipment, Oxalene weld- 
ing and cutting equipment, and Metalanc flux-coated 
electrodes, are to hand from Messrs. Haggerty, Lawrence 
and Company, 237, Mansion House Chambers, Queen 
Victoria-street, London, E.C.4, 

Motor Starting and Control Gear.—Messrs. Allen West 
and Company, Limited, Brighton, have sent us a copy 
of an interesting pamphlet illustrating and describing 
their works and oftices, The firm commenced business 
in 1910 and have confined their attention solely to the 
manufacture of starting and control gear for electric 
motors. 

Electric Furnaces.—A circular calling attention to 
the advantages of electric resistance furnaces is to hand 
from Messrs. Birmingham Electric Furnaces, Limited, 
55, George-street, Parade, Birmingham. A brief general 
description of the furnaces made by the firm, with auto- 
matic control of temperature and facilities for rapid 
change of load, is also given. 

Reduction Gears.—The Moss Gear Company, Limited, 
Birmingham, have issued a catalogue of worm-gear units, 
with reducing ratios ranging from 10 to 1 to 40 to 1. 
The catalogue also contains a description of the machines 
on which the worms and wheels are cut, a technical 
description of the gears, and reference tables of useful 
information. 

Laboratory Chemicals.—A priced list of ‘“ Judex’ 
analytical reagents, received from the General Chemical 
and Pharmaceutical Company, Limited, Willesden, 
London, N.W.10, contains sections dealing with analytical 
reagents, organic and inorganic chemicals, standardised 
solutions for volumetric water and gas analyses, reagents 
for the analysis of iron and steel, &c. 

Mechanical Shovels.—Messrs. Ruston and Hornsby, 
Limited, Lincoln, have issued a special circular to illus- 
trate the adaptability of their No. 4 Universal excavator. 
The machine has a full circle sweep, scoops $ cubic yard 
of material at a time, and is self-propelling on caterpillar 
tracks. It can be readily fitted as a shovel, skimmer 
scoop, back-trencher, dragline excavator, grab-crane or 
locomotive crane, the firm supplying the extra parts 
required, 











BritIsH STANDARD SPECIFICATIONS FOR PAINTS, 
VARNISHES AND Paint INGREDIENTS.—In continuance 
of their programme of work in connection with paints, 
varnishes and paint ingredients, the British Engineering 
Standards Association published recently the following 
seven specifications :—No. 197—1927, Black Oil Pastes; 
No. 303—1927, Brunswick or Chrome Greens ; No. 311— 
1928, Gold Size; No. 312—1928, Natural Siennas ; 
No. 313—1928, Natural Umber; No. 314—1928, 
Ultramarine Blue; and No. 315—1928, Red Lead, Non- 
setting. These new publications contain clauses govert- 
ing the chemical composition and the physical properties 
of the materials, Copies of these seven new specifications 
can be obtained from the B.E.S.A., Publications Depart- 
ment, 28, Victoria-street, London, S.W.1, price 2s. 2d. 
each, post free. 
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MARINE-BORING ORGANISMS ON 
THE PACIFIC COAST. 


THat the sea contains animals which attack 
wood in the same way as worms and other organisms 
do on land has been known at least since the time 
of the classical Greek writers. Ships met with such 
animals in those days, and during the Middle Ages, 
and at the beginning of the eighteenth century, 
their attack on the piles that supported the dykes 
by which the Netherlands were protected from 
inundation was so considerable that the science of 
the day made the best investigations it could into 
the organisms that were at work. From time to 
time throughout the last and the present century, 
additions were made to the knowledge of their 
natural history. It is, however, only within the 
last few years that determined attempts have been 
made to trace out the life history of these organisms 
in its relation to possible means for preventing their 
action. In 1916, the Institution of Civil Engineers 
began its comprehensive research, which is still in 
progress, into the causes of deterioration of struc- 
tures by sea water, and, in 1920, the San Francisco 
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|of rock-boring organisms found in concrete struc- 
tures in Los Angeles and other waters. 

The institution of the Committee was the out- 
come of an attack by boring organisms, which pro- 
duced catastrophic results in, and immediately after, 
1919, but actually they had been known painfully 
in San Francisco waters since the middle of last 
century. At that time the gold rush attracted ships 
from all parts of the world to San Francisco, which 
then was only a settlement of some 800 inhabitants. 
Many hundreds of these ships were abandoned to 
rot in the harbour, and served to provide material 
for multiplying rapidly the infection of the waters 
by wood-boring organisms already present, and 
possibly also to introduce new varieties. The effect 
was seen quickly on the many wharves hastily con- 
structed to meet the demand of the rapidly-growing 
commerce, and, from 1850 onwards, there was a 
constant history of wharves attacked and having 
to be more or less completely renewed. At that 
| time, however, it was recognised that for other 
| reasons, such as the necessity of a great sea wall, 
| all structures could only be regarded as temporary, 


| and their injury or premature destruction by borers 





Fig.1. CROSS SECTION OF SEAWALL. 
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Bay Marine Piling Committee was instituted to 
make an intensive survey of the question from 
all points of view, with the special object of meeting 
the need for protection, which had then become 
extremely urgent in those waters. It was already 
recognised that both the organisms and the extent 
of their ravages varied at different times and in 
different waters, and the San Francisco Committee 
was made the first unit of a nation-wide programme, 
in which Federal and other bodies took part, for 
investigating the matter in all American waters. 
This Committee has now made its final report, the 
editors being Mr. C. L. Hill and Professor C. A. 
Kofoid, acting under the direction of the Committee 
in co-operation with the National Research Council 
and the American Wood Preservers’ Association.* 

Though the organisms found in San Francisco Bay 
and the conditions present in those waters do not 
exhaust the list of what are found elsewhere, most 
waters have much in common, and, in the absence 
of any previous complete and intensive study of the 
circumstances of an individual district, the present 
report, containing data and conclusions which may 
be of general application, is of interest and importance 
to all who are concerned with marine structures in 
any part of the world. The organisms, indeed, found 
in San Francisco Bay are very numerous. They 
include many indigenous molluscs and crustacea, as 
Well as exotic varieties, and the biological section of 
the report refers also to a number of other organisms 
found in Pacific waters. An ‘account is also given 





* University of California Press, Berkeley, California. 
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seemed therefore of no great consequence. It was 
not then until the sea wall had been put in hand 
that serious attempts began to be made, in 1869, 
to deal with the attack of the boring organisms. 
As the report points out, this state of things is 
common among harbours in process of development, 
when, in view of fundamental alterations which are 
seen to be necessary, there is no object in building 
for a long economic life. By 1869, however, at- 
tempts began to be made to protect timber piles 
by means of creosote and otherwise, and a good 
deal of evidence accumulated in the next twenty 
years to show that many failures of piles treated 
by creosote were due to an insufficient amount hav- 
ing been used. From 1888 onwards, piles were sub- 
jected to a variety of other preservative processes, 
though, as a rule, with little success. Once, for 
example, a storm carried a ship into the Bay, 
towing behind her part of the structure to which 
she had been moored. During this period, concrete 
and mechanical armour were also tried for the 
protection of piles, the concrete probably being 
applied imperfectly, and in any case no great 
improvements were made for another twenty years. 
During the next period, concrete and reinforced- 
concrete piles were introduced, with results that, up 
till now, appear to be satisfactory, though enough 
time has not elapsed to judge their ultimate life. 
By 1914, the three-pile concrete cylinders had proved 
themselves to be costly failures, their life extending 
only from seven to fifteen years, and creosoted piles, 
impregnated with about 14 lb. per cubic foot, were 
giving promising results, which seem to be confirmed, 





so far, some of these piles being still in serviceable 
condition after 34 years’ exposure. The practice 
of this period in the construction of sea-walls 
is shown in Fig. 1, which illustrates the design 
adopted in 1909. The massive concrete core-wall 
supported on piles was substituted for the loose- 
rock construction previously used, in order both to 
avoid settlement and add stability to the wall. 

There seems no doubt that during all this time 
the harbour was sufficiently infected to be capable 
of furnishing a serious attack, and indeed many 
attacks did occur. These, however, were either not 
sufficiently serious or sufficiently persistent to cause 
active measures to be taken until 1919, in which 
year an epidemic destruction began, entailing 
damage estimated at 15,000,000 dols., which, by 
the end of 1921, when the bulk of the structures 
with untreated piling had been destroyed, amounted 
to at least 25,000,000 dols. With the exception of 
certain districts, where unprotected timber was 
destroyed within a few months, the attack seems 
to have been more severe in the northern than in 
the southern areas. Both on this ground and 
because the northern part is much more densely 
furnished with water-front structures, the enquiry 
was much fuller in this area, where, indeed, the 
destruction in 1917 was so swift and so unusually 
severe that every water-front structure, as far up- 
stream as Antioch, was attacked. 

An important feature of the report is that it 
appears to throw light on the cause of the erratic 
character of these attacks. Fig. 2,on page 758, is a 
map of San Francisco Bay and its tributaries, indi- 
cating the situation of wharves attacked by the chief 
organisms which appear to have been present. 
The initial letters on the map refer to the organ- 
isms found, and where they are at work, according 
to the key given in the margin. The bay-water 
area, excluding a considerable extent of marsh land, 
but including not only San Francisco Bay proper, 
but also San Pablo and Suisun Bays, has an area 
of about 460 square miles, and the watershed of 
the Sacramento and the San Joaquin rivers, to- 
gether with those of some small tributaries deliver- 
ing direct into the bays, is about 62,000 square 
miles, and includes the drainage of the Great 
Central Valley of California. The water in the two 
upper bays is pushed backwards and forwards by 
the tide, and the salinity of the water varies in- 
versely with the discharge of the rivers into the bays. 
The report confirms the belief that the activity, and 
even the vitality, of boring organisms is affected 
by the salinity of the water, and records limits 
within which the activity of the organisms is 
impeded in the San Francisco waters, and below 
which they cannot survive. It is to this circum- 
stance that the attacks of 1919 and the following 
years are attributed, and by which their post- 
ponement to that date is explained. 

After the attack of 1914, when among others, 
the organism subsequently identified as the well- 
known teredo navalis was found to be at work, 
three years of increased rainfall followed. The 
consequent addition to the fresh water discharge 
reduced the salinity of the waters in the two northern 
bays, and, for the time being, either killed off the 
borers or prevented further attacks. In 1917, on 
the other hand, the rainfall was low, and considerable 
quantities of river water were withdrawn for muni- 
‘cipal supplied and various irrigation purposes. The 
full extent of the attack, which was caused by the 
consequent increase of salinity in the water of the 
upper bays, was, to some extent, masked by the fact 
that the teredo, which is less sensitive to low salinity 
than some other organisms, works from inside the 
timber, and leaves no visible mark of its entrance 
on the external surface. The rainfall was higher in 
1918, but exceptionally low in 1919, and the stimulus 
thus given to the boring organisms precipitated the 
catastrophe. The destruction went on so long as 
any untreated wooden-pile structures remained, 
and, by the end of 1921, the bulk of the structures 
with untreated piling had been destroyed. A 
still lower rainfall in 1924 carried the saline water 
still higher up the bay, and wharves which had been 
practically unmolested before were attacked so 
severely and so rapidly that, even when the arrival 
of the borers had been recognised in advance, some 





structures failed before materials for reconstruction 
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could be placed in position. In the work that 
was put in hand during this period, the timbers 
used were all carefully creosoted, concrete and 
other protective casings were employed, and 
concrete and other materials in substitution for 
timber were introduced. At the present time, there- 
fore, the adoption of protective sub-structure 
materials has enabled the port to establish wharf 
facilities throughout the bay in accordance with 
the best modern practice. 

Indeed, so far as concerns the southern part 
of these waters or the bay proper, the prospect 
of economical working depends essentially on 
finding and using materials offering permanent 
resistance to borers. In regard, however, to the 
waters of San Pablo and Suisun Bays, and the 
fresh-water courses and marshland adjacent there- 
to, a more elegant measure has been suggested, 
which the report recommends for the most careful 
examination. This consists essentially in providing 
a barrier high enough to prevent the rise of salt 
water into the waters above the barrier, and low 
enough to permit the discharge of all excess of 
fresh water from the rivers. In this way, the 
two upper bays will become converted into fresh- 
water reservoirs, in which no species of water 
boring organisms—at least, such as exist at present 
in the waters or could be introduced by sea—can 
continue to operate or even to live. By choosing 
a suitable situation for the barrier, preferably at 
the Narrows below San Pablo Bay, so large a 
reservoir of fresh water would be created above 
the barrier that, with the provision of suitable 
flood gates closing automatically against the 
rising tide, the discharge from the rivers would not 
be large enough to bring the water in the bays 
up to high tide before the}tide in San Francisco 
Bay began to ebb, and the district would thereby 
gain the advantage that the flood plane in the 
upper bays and in the entire delta region would be 
lowered. At the same time, the district would have 
the benefit of a great fresh-water reservoir, which 
it needs badly for a variety of purposes. Though 
the greatest head of water the barrier would have 
to resist when acting as a dam would not exceed 
10 ft., the works are estimated to cost say from 
thirty million to fifty million dollars, but they 
should bring benefit which, according to the report, 
would be cheap at the price. 

Apart, however, from the suggestion of great 
schemes for individual localities, the report contains 
a mass of information from the engineering, 
chemical and biological points of view, which 
add substantially to the data at the disposal of 
engineers whose work may be threatened with 
the attack of boring organisms. Its information, 
moreover, has the unusual merit that its several 
aspects are duly co-ordinated. The biological 
investigation, for example, has determined for the 
organisms found in San Francisco Bay the breeding 
season of each, and it has been shown how this 
knowledge can be turned to account for temporary 
works by indicating the periods when attacks 
would be least serious or possibly altogether 
absent. The extent of attack to be expected, 
moreover, can be predicted with some closeness 
from a knowledge of the salinity least favourable 
to the operation of the organisms present and of 
the extent of salinity to be expected in the waters 
in question. How important such knowledge may 
be can be seen from the fact that teredo, settling 
in the breeding season of July and August, has, 
on occasion, caused the destruction of unprotected 
piling by the end of October. 
that, although the last word may not have 
been said in respect to protective measures and 
resistant materials, enough is now known to make 
the use of unprotected pilings undesirable wherever 
any risk exists of the presence of boring organisms. 
The examination disclosed in this report shows 
how considerable a measure of protection can be 
obtained by means already known, and makes it 
probable that many apparent failures have been 
due to faulty methods of application, notably in 
creosoting and in the use of concrete protective 





confirmed the belief in the possible efficiency of 
creosote, especially if the constituents boiling 
below 235 deg. C., which are volatilised or leached 
out more readily than the others, are kept 
down to the minimum necessary to facilitate 
penetration. It is established that attack is 
usually greater in strong currents and on the side 
most exposed to them, as well as at great depth. 
Many instances of failure are referred to local 
fissures, caused in handling or fixing creosoted 
piles, which furnished points of attack for the 
organisms. A general result on which stress is 
laid is that it is of the first consequence to remove 
any timber which has been attacked, and not 
merely to abandon it, as such timbers form prolific 
breeding grounds. Where, however, replacement 


is the use of concrete casing, either pre-cast or 
poured in place. Among the scientific results 
from which important general conclusions may 
be drawn are those arising from the investigations 
into the life history of boring organisms and the 
mechanism of their attack on wood. The remark- 
able speed with which some of them begin an 
effective attack, which with the crustacean limnoria 
is as little as one month or less from first exposure, 
their prolific development in timber in which they 
have obtained effective lodgment, and the shortness 
of their life, which rarely exceeds a year and 
is usually much less, are facts which must be 
fundamental in determining the sanitation of 
waters similar to those of San Francisco against 





wood-boring organisms. It is hardly to be doubted, 
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those of massive concrete. 


been found in waters half a mile off. 
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is difficult, fire risks serious, or long economic life | however, that other conditions may be expected 
desirable, it seems, on the San | in other waters, and more organisms may be found 
Francisco Bay experience, that high-class reinforced | | than are included even in the ] long list of organisms, 
concrete cylinders and _ reinforced-concrete pile | many of them found in most parts of the world, 
constructions may be preferable to other types of | which have been studied for the purposes of this 
substructure, as being likely to outlast all except | report. 
“For some reason the | greenheart timber appears, in other experience, 
concrete in the Bay has not suffered from attack |to have been most resistant in saline waters, and 
by rock-boring molluscs, to the description of | least in brackish or fresh water, points to other 
It appears, however, | which a chapter is devoted, though they have | varieties of organisms, calling for similar investi- 


The circumstance, for example, that 


gation. Another direction in which more specific 


So far as the conditions in San Francisco Bay | information seems to be required is the relation 
represent those of other waters, the report gives|of the resistance offered by various types of 
valuable guidance in regard to the choice of | untreated timber to the age of the tree, the time 
For temporary work, some | of year at which it was felled, and the circumstances 
forms of surface protection may be sufficient in| of its subsequent treatment and storage. 








THE AMERICAN AUTOMOBILE INDUSTRY.—A ©COn- 


fidential report on production, earnings, ete., in th: 
American automobile industry has been prepared by th: 
cost. For greater permanence, experience seems | Department of Overseas Trade, 35, Old Queen-street. 
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facings. The chemical examination of preservatives, 

so far as it went, failed to disclose any hopeful|the preservation of wooden piles already in| ‘counsellor at W nas pi Lang Gaited ‘Kingdom fr 
method or material using inorganic substances by | position and infected, though not injured sufficiently | focirous of . vicina 2 sae ial apply. $5 dhe Bapert 
themselves or working with chlorine, but it|to be condemned, the only means found efficient) ment, quoting reference number A.X. 6278. 
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CENTENARY CELEBRATIONS 
OF THE INSTITUTION OF 
CIVIL ENGINEERS. 
(Concluded from page 729.) 


CONTINUING our account of the Centenary Cele- 
brations of the Institution of Civil Engineers, we 
summarise below the discussions which took place 
on the papers read, on the 7th inst., at meetings 
held in the Institution of Mechanical Engineers and 
the Surveyors’ Institution. The first dealt with 
‘Tidal Power and Turbines Suitable for its Utilisa- 
tion,” and “* Progress in Hydro-Electric Installations, 
including Intakes, Leats, Tunnels, Dams, Headraces, 
Pipe Lines and Tailraces,” contributed by Professor 
A. H. Gibson and Mr. J. McLellan respectively. 
These papers will be found in a slightly abbreviated 
form on pp. 785 and 786 of this issue. Sir Alexander 
Gibb presided. 


TrpaAL AND Hypro-ELectric ScHEMES. 


The joint discussion on these two papers was 
opened by Commander H. P. Warburg, who dealt 
with the Severn barrage scheme from the point of 
view of its effect on the existing waterway. At the 
present time the tide had its greatest range, but not 
its maximum height, at about the site of the pro- 
posed barrage, which would hold up the ebb on its 
inner side. 

At flood the obstruction caused by the barrage 
would be considerable; and it would also reduce 
the amount of the rise. The bore would no longer 
occur, while the low water level inside the barrage 
would increase by an amount equal to the working 
head. These effects were of little importance in 
themselves, but might have grave consequences, 
owing to silt being deposited inside the barrage and 
filling up the channel. Tides were very sensitive to 
changes in the channel, and the channels were also 
sensitive to changes in the tide. These factors 
would probably cancel out in time, but there 
might be a period of unstable conditions, which 
would gradually spread down the estuary from the 
barrage. 

The next speaker was Mr. H. D. Cook, who re- 
marked that the Kaplan turbine was very useful 
on tidal schemes, owing to its adaptability to 
varying flows and varying heads. For such duty 
it could be designed to run at a higher speed than 
other types of turbine, and its size and cost were 
therefore less. 

Mr. P. Shushkoff said that thermal storage was 
a necessary part of hydro-electric development. 
It was particularly attractive because electricity 
could not be produced so cheaply in any other 
way. He suggested fitting mechanical brakes to 
the turbine shafts, so that the output at any 
pre-determined speed could be maintained irrespect- 
ive of the load or head. The heat generated by 
these brakes could then be used to heat water and 
to enable steam to be obtained much more cheaply 
and efficiently than when the thermal storage system 
was used in the more usual way. Surge tanks would 
not be required, and the saving on the governing 
system would outweigh the cost of the brakes. The 
idea had great possibilities in connection with the 
Severn scheme. 

Mr. P. Seewer argued that to employ the Kaplan 
principle would mean the use of very large and 
heavy machines. Economy might possibly be 
obtained by the employment of high-efficiency 
hydraulic couplings between the turbines and the 
xenerators, so that the latter could be run at speeds 
of about 500 r.p.m. Machinery was already avail- 
able for use on tidal power schemes, but to assist 
in its employment the civil engineering work must 
be simplified. 

_Mr. E. Crewdon pointed out that the complica- 
tions attendant on the moveable runner vanes, as 
used in the Kaplan turbine, were bound to lead to 
Increased cost. There’ was little advantage in 
using this type of machine, where large numbers of 
units had to be installed, and to obtain the best 
results there must be simultaneous operation of 
the guide and runner vanes. Thermal storage 
had much to commend it, except that its efficiency 
was low. This might be overcome by employing 
some form of electric brake. A suitable pattern 





was that used on large winding engines, which 
had the advantage (especially where brackish water 
was present) that the water was heated in the 
stationary part of the brake. A great deal of 
progress had recently been made with unattended 
hydro-electric stations. In general, simplicity and 
reliability were the principal things for which to 
strive. 

Mr. F. R. Fowler said that though most of the 
pipes in use on hydro-electric schemes in this 
country were of foreign manufacture, British firms 
were now capable of turning out a satisfactory 
product. 

Captain E. von Heidenstam said that though he 
had no first-hand knowledge of the Severn site, he 
had had experience with similar schemes in Sweden. 
Considering the alternative methods of storage, it 
seemed to him that elevated hydraulic reservoirs had 
many advantages over any system of thermal storage, 
not because of any inherent weaknesses in the latter, 
but because they were not suitable for the actual 
conditions present. It might be that a combina- 
tion of several systems would give the best results. 
The steam accumulator could be used to take the 
short-hour peaks, the hydraulic accumulator the 
long daily peaks, and steam plants could be employed 
at times of low tide, or when the demand was heavy. 
The actual amount: of storage used depended on 
the other stations connected to the scheme. 

Mr. J. Williamson discussed the various designs 
of dams at some length. Failures of earth dams 
were often due to the wearing away of the outward 
slopes, owing to inadequate spillway capacity, or 
to inadequate free board, so that waves passed over 
the top. There was now-a-days little excuse for 
the spillway being inadequate, as the necessary 
hydraulic data were easily obtainable. Settlement, 
especially at the outlet works, was another source 
of failure. The outlet should be formed in a tunnel 
altogether clear of the embankment. Most failures 
to masonry dams arose at the foundations, which 
should be sealed by using cut-off walls, or drilling 
holes and filling them with cement grouting. There 
were no records of the arches of horizontal arch 
dams failing, though the foundations had failed. 

General C. H. Mitchell said that the Severn 
barrage scheme was of particular interest to 
Canadians, in view of the proposals to utilise tidal 
power in the Bay of Fundy. There were consider- 
able possibilities in the use of unattended stations, 
especially where several falls occurred “in series.” 
He referred at some length to the proposals for 
developing the water power of the St. Lawrence 
River.* The distance from Lake Ontario to 
Montreal was 180 miles, about half of which was 
level water. The remainder comprised a series of 
rapids with a total drop of 213 ft., the mean flow 
being from 200,000 cub. ft. per second in winter to 
250,000 cub. ft. per second in the summer. The 
power development was based on a flow of 260,000 
ft. per second, which would enable 5,000,000 h.p. 
to be developed, about four-fifths of which would 
be in Canadian territory. There would be. several 
generating stations, two of which were to be at the 
bottom of a high fall in the so called international 
section. One of these would be Canadian and the 
other American. A dam ? mile long was to be 
built across the river, and the head would be 85 ft. 

One of the great problems to be solved on the 
St. Lawrence was that of frazil ice, a slushy mass, 
which stuck to everything and was formed by the 
exposure of freezing water to air, especially where 
there was turbulence. This was a real danger in 
the autumn and spring, and not only caused the 
intakes to be blocked, but raised the tail race level. 
The formation of frazil ice could be prevented on 
the St. Lawrence by reducing the velocity of water 
flow to under 2-25 ft. per second, so that solid ice 
formed on the surface, and the water was protected 
from the air. If the velocity was higher than this, 
the frazil ice formed a “‘ hanging dam” below the 
surface. 

The authors were not called upon to reply to the 
discussion. 

MINING PROBLEMS. 


A paper, on “ Problems involved in Mining at 
Great Depths” was then read by Mr. James 





* See ENGINEERING, pp. 62, 114, 125, ante: 





Whitehouse, the chair being taken by Sir Richard 
Redmayne. An abstract of this communication will 
be found on page 787. 

The Chairman, in opening the discussion, said 
that he noticed the author had dealt with the 
question of rock temperatures. In the deepest 
Michigan mines these seemed to be about the same 
as those at Morro Velho, but as the former were 
quite dry phthisis was unknown. In these mines 
concrete supports had to be used, and the Borden 
pillar method had been resorted to. 

Professor H. Louis remarked that 50 years ago 
a deep mine was one which went down to 1,000 ft. 
Now it meant one 5,000 ft. deep, and even that 
figure might be altered as time went on. In con- 
nection with deep mines the economic factor was 
most important. Sinking was very expensive and 
its cost did not increase directly as the depth. In 
addition to sink to great depths took time, with the 
result that there was a delay before the capital 
began to earn interest. This high cost meant 
that the preliminary survey had to be undertaken 
more carefully, and therefore also cost more. Deep 
sinkings were only worth while when they opened up 
large quantities of material. Winding was another 
problem which required attention. There was a 
depth below which a rope could not carry its own 
weight. The tapered rope had been tried and 
thoroughly condemned. The only other alternative 
was stage winding, and this had apparently been 
quite successful. He could not understand why 
the Koepe overhead system had not been more 
adopted, as it possessed many advantages. 

Mr. C. B. Brodigan pointed out that the author 
had stressed the question of the circular versus the 
rectangular shaft. On the Rand they were con- 
vinced of the utility of the latter. Its cost did not 
increase with the depth, and, though the circular 
shaft was cheaper and safer under ordinary con- 
ditions, where water was likely to be met with 
there was no comparison between the cost and 
speed of sinking the two systems. At Brakpan 
the circular shafts cost twice as much as the 
rectangular shafts, owing to water being met with. 

Professor K. N. Moss discussed the physiological 
effects of hot and deep mines. The falling off in 
efficiency, which had been noted, was due to the 
alteration in the hydrogen content of the blood 
caused by the loss of chlorides by perspiration. 
One man had lost as much as 18} lb. weight in 
54 hours, the average being 113 lb. Men also 
suffered from severe muscular cramp and fatigue. 
These conditions could be overcome by drinking 
salt water. People unaccustomed to the high 
temperatures present suffered from heat stroke, 
but soon became immune. In fact, in one stall at 
Pendleton colliery where the temperature was the 
highest the output was also the highest and the 
absenteeism lowest. It was extraordinary what 
temperatures could be endured, so long as the heat 
was dry and so long as the salts lost were replaced. 

Dr. C. Baring Horwood remarked that it was 
most important to know what was the quickest 
and cheapest shaft to sink, and he thought that 
the author had summed up the question very 
well. Temperature difficulties were largely a 
matter of the difference between the wet and dry 
bulb temperatures. 

Mr. J. Whitehouse, in reply, said that’ at the 
Village Deep mine half the effect of the cooling 
air was lost before it reached the workings. A 
circular shaft with a concrete lining led to less 
loss of cooling effect than a rectangular shaft. 
They had found that all the cases of heat apoplexy 
occurred among the newcomers. There was a 
good deal to be said for the Koepe system, while 
the Whiting hoist was particularly advantageous 
from the point of view of first cost. 


CoMPLEX ORES. 


The last paper was by Mr. S. Field, on “ The 
Metallurgy of Complex Lead-Zinc-Copper Ores.” An 
abstract of this will be found on page 787.. The 
chairman was Sir Robert Hadfield. 

The discussion was opened by Professor H. Louis, 
who expressed himself as being unfavourably 
disposed to electrolytic methods of extraction. 
They did not compare with selective flotation, 
and had been a failure even with clean concentrates. 
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On the other hand, selective flotation had proved 
a success in Mexico, where the working of otherwise 
uneconomic ore had been made a commercial 
success. It was a new process, and should not 
be condemned because it did not give clean 
concentrates. 

Dr. C. B. Horwood took the rather unorthodox 
view that a process could always be found for 
working a large body of ore however low its grade. 

Mr. W. Dewar said that the particular failure of 
the electrolytic process, mentioned by Professor 
Louis, was due to bad materials and the absence of 
cheap power. The electrolytic method could be used 
even when the ore was not free from impurities. 

Mr. H. C. Jenkins regarded selective flotation 
as the right way to deal with complex ores. 
Reports showed that it was possible to obtain 
increasingly clear products of zinc, copper and 
lead. 
Dr. W. Rosenhain considered that there was 
no doubt that electrolytic processes produced 
material of higher purity than smelting processes. 
Flotation had advantages in dealing with complex 
ores, but its product was not so pure as those 
given by electrolytic methods. 

The author, in reply, said he did not want to 
distinguish too sharply between the advantages 
of the two processes. Ores of molecular complexity 
were not easily treated by flotation, and where 
water power was available electrolytic methods 
were likely to be used. 


THE FILTRATION AND TREATMENT OF WATER FOR 
DomESTIC PURPOSES. 


A paper bearing the above title, by Sir Alexander 
Houston and Mr. H. E. Stilgoe, was the first con- 
tribution considered at a meeting, presided over 
by Mr. E. Sandeman, and held at the Surveyors’ 
Institution. It will be found on page 787 of the 
present issue. Mr. A. Hazen, who opened the dis- 
cussion, stated that, in America, water engineers 
had been obliged to develop methods applicable to 
the prevailing climatic conditions. For example, 
the cold winters experienced would soon bring 
about the complete freezing up of the type of 
filter illustrated in the paper. Furthermore, the 
hot American summers favoured the growth of 
alge. Again, they often had to deal with such 
difficult problems as yellow waters and very fine 
suspended clays. An encouraging feature was 
that serious cases of water-borne disease were now 
very rare indeed. A problem which they were 
now trying to solve was the production of “‘ quiet ” 
water, 7.e., a water which would not attack the 
iron pipes of the distribution systems. Soft waters 
were the most active in this respect, and they could 
be made quiet by the application of lime. Addi- 
tions of caustic soda were, however, being tried 
at the present time, and good results had already 
been obtained. The next speaker, Mr. W. T. 
Burgess, stated that alge developed in calcareous 
waters more easily than in soft waters. He would 
like to emphasise, however, that the advantages 
of the storage of water outweighed the disadvant- 
ages. Mr. F. W. Macaulay said that much of the 
Birmingham water supply was obtained from the 
Welsh hills. This water was slightly acid and ex- 
tremely active. For many years the water had 
been treated with chalk, and while this process was 
satisfactory in preventing lead poisoning the general 
results were not all that could be desired. Addi- 
tions of sodium silicate had been tried, but the 
process was undesirable from the point of view of 
cost and also on account of the amount of the salt 
which had to be added. They had also experi- 
mented with soda ash; this seemed to correct 
the water in so far as chemical action was concerned, 
but the effect on the bacteriological action of the 
water was not so satisfactory. They had come back 
to lime treatment, and considered that this reagent 
performed all that could be expected at a reason- 
able price. 

Mr. Thistleton Dyer said that the authors had 
stated that chlorination might be practised either 
before or after filtration. He himself had come 


to the conclusion that, in small undertakings, the 
proper course was to clean the water by means of 
filters and then chlorinate. The water should 
afterwards be stored for four hours in a covered 








reservoir and no trouble in connection with objec- 
tionable taste would arise. He thought that slow 
sand filters would have to be discarded ; they were 
too expensive. The trend, in smaller undertakings, 
was to rely more and more on rapid pressure filters. 
The next speaker, Mr. F. C. Temple, referred to the 
difficulties encountered by water engineers in India. 
He stated that on the Central Indian plateau, after 
the rains, a silt was left in the water which would 
not settle, no matter how long the water was stored. 
Lime and other chemicals had to be added to bring 
down the silt. With an uneducated population, 
the slightest taste remaining in the water after 
chlorination was viewed with great suspicion ; the 
people would not drink it ; they would rather make 
use of any muddy water hole. It was sometimes 
difficult to get rid of the taste of chlorine when it 
had been placed in water containing organic matter. 
Mr. A. J. Jenkins, the last speaker in the discussion, 
was firmly convinced that chlorination should be 
carried out after filtration. 

Sir Alexander Houston, in reply to the discussion, 
stated that the term “‘ quiet ’’ water was an appro- 
priate one, but was new to him. The Metropolitan 
Water Board was fortunate in not having to deal 
with highly-coloured waters, but these did exist in 
Lancashire and Yorkshire. Several speakers were 
in favour of chlorination after filtration. - This 
could not always be carried out; in London, the 
water sometimes went direct to the consumer 
after filtration, and they had found it necessary to 
chlorinate before passing through the filters. The 
results had been quite satisfactory, and no general 
and definite rule could be laid down regarding the 
stage at which chlorination should take place. Mr. 
Stilgoe, who also made a brief reply, said that the 
practical result of their work lay in the fact that, at 
Walton, the average quantity of water filtered per 
acre cleaned was 445,000,000 gallons during 1927; 
chlorination was practised as a final safeguard, 
and the cost per 1,000,000 gallons was only 5-774. 


FLoops, with SpeciaL REFERENCE TO WASTE- 
WEIR CAPACITY. 


The second paper considered under the presidency 
of Mr. E. Sandeman was devoted to the above 
subject ; it was by Mr. W. J. E. Binnie and Dr. 
H. Lapworth. The contribution, in abridged form, 
will be found on page 788 of the present issue. The 
discussion was opened by Mr. A. B. Buckley, who 
stated that not much importance was attached to 
spillways at Aswan and other dams on the Nile, 
because, when the floods arose, the reservoirs were 
empty. In his opinion considerably more attention 
should be paid to syphon spillways as they possessed 
certain distinct advantages. The next speaker, Mr. 
J. Biichi, said that, in Switzerland, the maximum 
intensity of flood discharge had been the subject of 
extensive measurement by the Federal Water 
Survey and by private undertakings. This maxi- 
mum discharge was brought about by floods 
occurring once at intervals of from 30 to 50 years. 
They were now, however, turning their attention 
more and more to what might be described as the 
catastrophic flood discharge, i.e., a discharge which 
only took place every 100 or 200 years, but which 
might occur during the first year of service of a dam. 
It was evident, therefore, that flood measurements 
should be spread over a considerable number of 
years and, in his opinion, the State alone could 
carry on work of that kind. An undertaking of 
this nature would prove costly. Nevertheless, the 
money expended by the State in carrying out the 
requisite measurements and collecting data was 
money well spent. 

Mr. A. Hazen stated that the general opinion 
held was that the severity of the New England floods 
were increasing in proportion as the hill sides were 
being denuded of forests. He himself maintained 
that the floods were no worse to-day than they were a 
century or two ago or in primeval times. All the 
older houses which had stood for 150 years and 
more had been built well above the flood channel. 
Only the newer buildings, erected more or less in 
haste, had been affected. Floods in the northern 
areas of the United States were caused by the 
melting of snows, while those in the southern areas 
were due to rain. These floods followed scientific 
laws, and patient gaugings would ultimately lead 


to the discovery of these laws. In the course“of/a 
brief reply, Mr. Binnie stated that Mr. Biichi had 
emphasised the necessity of providing for a cata- 
strophic flood. This occurred seldom and could not 
easily be accounted for in a formula of the type given 
in the paper. A certain factor of safety should be 
allowed for in connection with any formula of this 
kind. Dr. Lapworth, who also replied, said that the 
formule quoted in the paper were for floods in 
general; furthermore, they only covered drainage 
areas ranging from | square mile to 40 square miles 
in extent. 


THE ADVANTAGES OF DIFFERENT TYPES OF SEWAGE 
TANKS. 


The chair was now taken by Sir George\W. 
Humphreys and the first paper taken bore the above 
title; it was by Mr. W. Clifford. The paper is 
reproduced on page 789 of the present issue. The 
first speaker in the discussion, Mr. A. J. Martin, 
said that he had been surprised to find no reference 
to the Imhoff tank, as used on the Continent and in 
the United States. He was in agreement with the 
author in his preference of shallow tanks for detritus. 
He could not, however, understand the author’s 
remark to the effect that a shallow settlement tank 
produced denser sludge than a deeper tank. In his 
experience the reverse took place, and he thought it 
better to have a deep tank which would deliver its 
sludge by the pressure of the supernatant liquid. 
The paper contained little information regarding 
sludge digestion. The next speaker, Mr. T. 
Chalkley Hatton, confessed that he was surprised 
that English sanitary engineers declined to use the 
Imhoff tank, The system was very efficient ; he 
had just returned from a tour in the Ruhr district 
and had found that excellent results were being 
secured with Imhoff tanks in that area—better 
results even than could be obtained in the United 
States. The paper stated that sediment tanks 
could not be combined with septic tanks. Against 
this it might be said that the Imhoff tank was 
practically a combination of a sediment and a septic 
tank. Generally speaking, engineers adhered too 
closely to old ideas in connection with sediment 
tank formule. These had been determined before 
the introduction of the impermeable street surfaces 
now in use. Some fifteen or twenty years ago 
storm water contained large quantities of grit from 
the roads ; now this water contained paper, grease, 
and other substances much more difficult to settle 
than the grit. 

Mr. W. C. Easton, the last speaker, stated that, 
in Glasgow, it had been found that, since the 
smooth road surfaces had been put down, the storm 
water contained more grit than was previously the 
case. This was due to the fact that the Highways 
Department had been obliged to spread sand over 
the road surfaces at intervals, in order to render 
them less slippery. The chairman, in closing the 
discussion asked the author to give the meeting 
some idea of the size of his model tanks. In the 
course of his reply, Mr. Clifford stated that owing to 
considerations of space his reference to the Imhoff 
tank had been cut out. Again, he had not dealt 
with the question of sludge digestion, the paper was 
too short for matters of that kind. A word which 
he had carefully avoided was “efficiency.’’ He had 
not been able to satisfy himself that any standard 
of efficiency was definable ; to say that a tank had 
an efficiency of, for example, 75 per cent. had, in 
his opinion, little meaning. His original experimen- 
tal tank had a capacity of 3 litres; later on he 
experimented with a 12-litre, and also a 30-litre to 
40-litre tank. He had found that the 12-litre 
tank gave as much information as could be reason- 
ably expected from a model tank. He had at first 
used sewage but had found it difficult to follow the 
movements of the liquid ; he had therefore adopted 
tap water and coloured liquids. 

SEWERAGE, WITH SPECIAL RELATION TO RuN-OFF. 
—The second paper considered under the chair- 
manship of Sir George W. Humphreys was by Mr. 
J. B. L. Meek and bore the title given above. The 
contribution will be found on page 789 of this 
issue. The discussion was opened by Mr. L. Rose- 
veare, who stated that the crude methods used, in 
the past, for the determination of rainfall in rela- 








tion to the duration of storms were gradually coming 
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down to a scientific basis. Professor F. C. Lea 
thought that it was difficult to account for the fact 
that the total quantity of run-off depended on the 
intensity of the rain. The author’s curve, Fig. 3, 
showed that when the rate of rainfall was 0-2 in. 
per hour, the run-off was 55 per cent., when it was 
0:8 in, the run-off was 78 per cent.; the run-off 
went on increasing until the curve met the line, 
drawn at 84 per cent., and denoting the calculated 
percentage of impermeability. A subsequent 
speaker, Mr. Graham, stated that, as one of the 
assistant engineers to the London County Council 
he had had a good deal to do with rain gauges, and he 
asked the author for further information regarding 
the position of these instruments in the Manchester 
area. The paper, he thought, was more useful 
for smaller areas than for larger ones. He would 
like to know, for instance, what was the method 
adopted for measuring the flow in sewers. This could 
be accomplished comparatively easily in the case 
of the smaller sewers, but difficulties arose when 
measurements were attempted in sewers having 
diameters of more than 5 ft. or 6 ft. In London, 
storms sometimes travelled from west to east, more 
or less following the line of sewers. He would like 
to know how this conformed with the method of 
calculation adopted. 

Mr. Meek, in his reply stated that his object had 
been to attempt to devise a standard method of 
calculating the percentage of rainfall reaching the 
sewers. There were some matters in connection with 
rua-off which, frankly, he did not understand. 
For example, if one gallon of water were poured on 
impervious ground and half a gallon ran off, one 
might conclude that, if two gallons were poured 
on the ground, one gallon would run off. Such, 
however, was not the case, and he had been unable 
to find an adequate explanation. He was of opinion 
that automatic rain gauges should be set up and 
maintained by every municipality. In each of the 
districts mentioned in the paper, three or four rain 
gauges had been placed. He quite agreed that 
large areas presented a difficult problem when 
dealing with questions of rainfall and run-off. 
The measurements of flow in the sewers at Manches- 
ter had been gauged by means of weirs, and all 
measurements of sewage flow had been correlated 
with the absolute rain-fall figures determined by 
rain gauges. Travelling storms had not been taken 
into account. 


BANQUET TO THE DELEGATES. 


The conference concluded by a banquet to the 
delegates held in the Connaught Rooms on Thursday, 
June 7. The attendance included a large number 
of distinguished gentlemen representing foreign 
engineering institutions, as well as the heads of 
recognised institutions in this country for the 
advancement of art, science, and medicine. His 
Majesty’s Government and the Church were also 
fittingly represented. The banquet was presided 
over by the President of the Institution, Mr. 
E. F. C. Trench, who, before the loyal toasts were 
proposed, read a message from Lord Stamfordham 
on behalf of His Majesty the King, which was as 
follows :— 

“T am commanded to express the sincere thanks 
of the King for the kind congratulations which 
you have conveyed to his Majesty on behalf of all 
those assembled in celebration of the centenary of 
incorporation by Royal Charter of the Institution of 
Civil Engineers, which his Majesty has received with 
much gratification. The King especially appreciates 
the kind allusions in your message to the interest 
taken by the Royal Family in engineering enterprise, 
and assures you, as president, of his good wishes that 
the institution may continue the all-important work 
which it has accomplished so successfully during the 
past century.” 

_ Sir Brodie H. Henderson, Vice-President, proposed 
“The Delegates and other Guests.” This toast 
was replied to by Sir Richard T. Glazebrook, 
Tepresenting the Royal Society, Mr. A. Dow, 
President of the American Society of Mechanical 
Engineers, and Dr. C. Lely, President of De Konin- 
klijk Instituut van Ingenieurs. The next toast, 
‘Kindred Institutions,” was proposed by Sir William 
H. Ellis, Past President, and was replied to by 
Mr. A. Hazen, Past Vice-President of the American 





Society of Civil Engineers; Monsieur le Marquis 
de Chasseloup Laubat, Treasurer of Société de 
Ingénieurs Civils de France, and Sir Henry Fowler, 
Past-President of the Institution of Mechanical 
Engineers. In proposing the final toast of ‘‘ The 
Institution of Civil Engineers,” Lt.-Col. the Right 
Hon. Wilfrid Ashley, Minister of Transport, expressed 
the opinion that there was as much genius and 
beauty in modern structures of steel and ferro- 
concrete as in any of the monumental work of the 
earlier engineers, and instanced the Sydney Harbour 
and Berwick Bridges in support of his contention. 
In the course of his reply to this toast the President 
made an appeal for additional support to the 
Benevolent Fund of the Institution. Whilst regret- 
ting our inability to report the several speeches at 
length on account of space limitations, we must 
compliment the representatives of the United States, 
France and Holland on their contributions. 








THE TRAFFORD PARK WORKS OF 
MESSRS. METROPOLITAN-VICKERS 
ELECTRICAL COMPANY, LIMITED. 


(Continued from page 735.) 


THE general progress of the parts comprising 
turbo-generating sets, or other turbine driven 
plant, down the machine shop is towards the 
turbine test bed which occupies the last 160 ft. 
of the east side of aisle “ B.” It is to be understood 
that the final assembly of the large machines takes 
place upon the bed, which provides accommodation 
for nine sets, ranging in capacity from 500 kw. 
to 50,000 kw. They are then tested under steaming 
conditions. The steam producing plant is situated 
in what was formerly the main boiler house. This 
originally contained six Babcock and Wilcox 
boilers, supplying steam at 160 lb. working pressure 
to two 750 kw. and two 250 kw. generating sets 
driven direct by vertical compound Westinghouse 
engines. This plant had, however, undergone 
modification, and latterly consisted of one 2,000-kw. 
geared turbo-alternator set, one 1,500-kw. direct- 
coupled turbo-alternator set, and one 500-kw. 
turbo-alternator set, the latter running on exhaust 
steam from a number of steam-driven hydraulic 
pumps and air compressors situated in a room 
to the south end of the main shop, and immediately 
behind the boiler house. These sets, together with 
four gas-engine-driven alternators, totalling 1,500 
kw., two 500-kw. rotary converters, and one 
100-kw. motor generator exciter set, occupied the 
site of the test bed, which was only finally completed 
in April, 1926, the duty of power supply in the 
meantime having been transferred to a new sub- 
station operating on current purchased from the 
local authority. The load tanks for the test bed are 
situated outside the machine shop in the open air. 

A view of the test bed has already been given in 
Fig. 4, Plate VII ante, and a photograph taken in 
the opposite direction is now reproduced in Fig. 132, 
on page 762. This shows several turbo-generating 
sets in position as did Fig. 4, but is selected to 
indicate the situation of the electrical control room, 
which appears in the gallery in the background. The 
general lay-out is, however, best gathered from 
Figs. 134 and 135, on page 763. It was planned with 
four main objects in view. First, not only to 
afford facilities to clients’ inspecting engineers 
to carry out as many tests as they might desire at 
short notice and with comfort and convenience, but 
to provide for their ready access to all parts of 
the plant, a condition contributing to convincing 
and satisfactory tests. Safety in operation has 
been ensured by keeping the test bed covered and 
at the general shop floor level, and in another direc- 
tion, by a very complete and reliable interlocking 
of all electrical apparatus so that perfect freedom 
of movement on the bed is possible. 

Thirdly, as there are nine positions or berths, 
there is thus little likelihood of lost time from a 
machine having to wait fora place. Time is further 
saved by the speed with which connections can be 
made to the condensers, electrical load tanks, 
boilers, &c., in any particular case, owing to the 
comprehensive nature of these connections. This 
also permits of quick change-over from one machine 
to another, and it is possible also to carry out two 





independent tests simultaneously. Finally, accuracy 
and reliability in testing are secured by making 
the whole of the equipment easily accessible, and 
by such conveniences as grouping the load control 
alongside the electrical instruments within immediate 
reach of the observer. 

Figs. 4 and 132 hardly do justice to the ingenious 
construction of the surface of the test bed as the 
detail cannot be seen, but the section in Fig. 134, 
on page 763, and the sectional plan in Fig. 136 may 
help to make the general design clearer. Massive 
brick walls, set in cement and bedded on a concrete 
footing, form the foundations and contain in their 
interspaces the tunnels, chambers, and cubicles 
for the reception of the condensing plant and elec- 
trical connections. Upon these walls is a series 
of H-section steel beams 10 in. deep by 6 in. wide, 
which support a network of beams of similar section 
12 in. deep by 6 in. wide. All these beams are of 
heavy section and are accurately machined. The 
network is composed of pairs of beams set at 8 in. 
pitch so that a space 2 in. in width is left to accom- 
modate holding-down bolts. Each pair is uniformly 
pitched at 32 in. to fit in with the 8 ft. standard 
pitch of the works bedplate units. 

At the same time it should be understood that 
the pairs do not run in long parallel lines. They 
are, as a matter of fact, broken up into groups, 
arranged in a definite order relative to the nine 
berths composing the bed, some of the pairs of a 
group being at right angles to the others. This 
facilitates accuracy in setting and removes danger of 
distortion from expansion. The several groups are 
rigidly bolted together and secured to the main 
foundation walls. There are over 150 pairs of 
beams in all. They are set in cement filling with 
their upper surfaces dead level over the whole bed 
to prevent distortion of the machine under test. 
The filling does not extend to the surface between 
the pairs of beams but leaves a space under the top 
flanges, the resulting slot being similar to the usual 
T-slot of a solid machine table or bed. A machine 
of any size and arrangement can thus be clamped 
securely to the bed. Portable cast-iron bed-plates, 
having a uniform depth of 15 in. are used for making 
up differences of level. 

Each berth is provided with its individual, and 
effectively lagged, steam supply taken from the top 
of a 9-in. main which runs along the side of the aisle 
and is accessible from a permanent gangway. This 
arrangement is clearly seen in Fig. 132, on page 762, 
and in Fig. 135, on page 763. Two new Babcock 
and Wilcox boilers of a total evaporative capacity of 
40,000 lb. of steam per hour at a working pressure 
of 220 lb. per square inch are installed in an extension 
of the old boiler house. Of the original boilers four 
remain and can be coupled up with the new ones 
when necessary, though the pressure will then not 
exceed 160 1b. per square inch. The other two have 
been removed, and an independently fired super- 
heater made by Messrs. Boltons Superheater and 
Pipe Works, Limited, Stockport, occupies the site. 
This is shown in Fig. 137, on page 764. It will handle 
the amount of steam stated above from the new 
boilers and deliver it with a superheat of 800 deg. F. 
From the four handwheels in front, seen in the 
figure, it will be realised that the superheater is 
divided into four sections which can be individually 
isolated at will. The steam can also be bye-passed 
directly to the main or the gases directly to the flue, 
thus giving a wide range of temperature control. 

The superheater can be fired by gas or oil at will, 
the former fuel being supplied from the producer 
gas main and being used for the lighter loads or 
when starting up. The gas burners, supplied by 
Messrs. Scottish Power Gas Company, Glasgow, are 
seen on the top of the furnace at the right hand of the 
figure. The oil burners are fitted at the side of the 
furnace, and the pumping equipment for them, on 
the Wallsend Howden low-pressure system, is shown 
in the foreground. The arrangement of the steam 
pipes will be clear from Figs. 134 and 135, and it will 
be observed that, in addition to the large pipe already 
mentioned, a separate line is provided for a series of 
small test plates which occupy a part of aislé A 
adjacent to the new test bed in aisle B. The inlet 
and outlet chambers of the superheater are fitted 
with pyrometers, the indicating dials of which are 
situated close to the firing position. Electroflo 
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meters are used for checking the steam consumption, 
the meters being placed on a panel in the boiler 
house near the superheater, while the temperature 
at each steam connection at the test plate is also 
recorded in the boiler house by means of an electrical 
thermometer. 

The condensing plant is situated underneath the 
test bed, the lay-out being shown in Fig. 136. There 
are two condensers of 7,100 sq. ft. and 3,180 sq. ft. 
cooling surface respectively. They are connected 
to one another by a steel exhaust main of 3 ft. 6 in. 
diameter. This is provided with a branch pipe, | 
having a control valve at its junction with the main, 
for six of the berths of the test bed, the remaining 
three having duplex branches to accommodate the 
exhaust passages of the larger machines. The 
connection with the machines under test is made 
with expansion pieces of the corrugated type. A) 
sluice valve half way along the exhaust main makes 
it possible to isolate each condenser and therefore 
carry out two tes*s simultaneously. There are 
two circulating pumps of the centrifugal type. They | 
draw from a common well on the canal water system | 
and have a total normal capacity of 5,500 gallons 
per minute at 720 r.p.m. 

Two extraction pumps of the firm’s own manu- 
facture deliver the condensate to the measuring Fig. 133. Interior oF ExectricaL Conrrot Room ror Torsine Test Bep. 
tanks, of which there are two, each of a capacity | 
of 2 tons, and an accompanying weighbridge for | 
each condenser. These tanks are seen in the bottom | the water supply to the turbine glands, one to the oil| The generating sets are tested normally on an 
right-hand corner of Fig. 4, Plate VII ante. In| coolers and to the dynamometer brakes,and a further | electrical load obtained by means of load tanks, 
Fig. 132 above, near the gallery floor level, are seen | tank supplies lubricating oil to the turbines, either | but in cases where the turbine alone is to be tested 
other tanks connected with the test bed. One of | in combination with their own self-contained system | the load is provided by two Heenan and Froude 8p 
these, on a weighing machine, is used for measuring | or with the oil-pump system of the test bed. | dynamometers, one of which will absorb a maximum at 
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a of 500 h.p. at 3,000 r.p.m. to 7,500 maximum | plant on test when the photograph for Fig. 132 was 
en rating, and one a maximum load of 3,000 h.p. | taken consisted of a 30,000-kw., 1,500-r.p.m. turbine, 
at 600 r.p.m. to 750 maximum speed rating. The! behind which was a turbine rotor for a machine of 





the same capacity undergoing a balancing test. In 
the background were two 3,000-r.p.m. direct-con- 
nected turbo-alternator sets, of 5,000 kw. and 
4,000 kw. capacity respectively, the last named 
being driven by a reducing-pressure turbine. 

The position of the load tanks is clearly shown in 
Fig. 135. There are three high-tension and three 
low-tension tanks, all situated within a high fenced 
enclosure to which access cannot be had during a 
test. The high-tension tanks are shown in Figs. 139 
and 140, on page 765. The maximum load capacity 
of the set is 4,000 kw. at 2,000 volts to 6,600 volts. 
It can be employed up to a maximum voltage of 
11,000. The tanks are made of creosoted and painted 
pitch pine 4 in. thick. The method of construction 
is best seen from Fig. 140, the clamping timbers 
being secured by oak cotters and wedges. The whole 
is carried on insulators with lead protective caps at 
top and bottom. The electrodes are in two groups 
of six each at one end of the tank, and consist of 
vertical rods 1 in. in diameter carried on an insu- 
lated frame. They can be adjusted should it be 
necessary to modify the electrode area. The 
neutral electrodes are carried on a trolley running 
on brass rails and are operated by a continuous rope 
from the control room. 

The resistance is varied by altering the depth of 
the water. This is effected by making the outlet 
pipe telescopic, as shown at the left hand of Fig. 139, 
the regulating screw operated by a motor-driven 
worm-shaft being clearly indicated. The tank is 
divided longitudinally by a diaphragm which is cut 
away between the electrodes. The water enters 
by a pipe at the same end as the outlet pipe, but 
on the opposite side of the diaphragm, and thus 
traverses the length of the tank twice, its direction 
being reversed at the electrodes. The specific 
resistance, on the other hand, is varied by inter- 
mixing the water from the three available sources 
of supply—namely, town water, canal water, and 
well water. A diagram showing the relative resis- 
tances is exhibited in the control room and is 
reproduced in Fig. 141. This is self-explanatory, 
but attention may be drawn to the fact that the 
town water differs so widely from the canal and 
well waters that a different scale is necessitated. 

The low-tension tanks, of which there are three, 
with a total capacity of 4,000 amperes, are shown in 
Fig. 138, on page 764. They are of in. steel, 7 ft. 6 in. 
in diameter, by 7 ft. 6 in. high, and are coated in- 
ternally with bitumen. They stand on insulators 
sunk into the permanent foundations. The elec- 
trodes consist of four positive plates covered by 
five negative plates in each tank and are supported 
by slate bases carried upon heavy wood framing 
resting on the top of thetanks. The water resistance 
is regulated in a similar manner to that of the high 
tension tanks except that a separate motor is 
employed for moving each outlet orifice. The 
switches and links are placed in a covered-in part of 
the enclosure. They are arranged so that the tanks 
may be easily converted to low-tension alternating- 
current star or delta connection, or, alternatively, 
to low-tension direct-current series or parallel 
connection. Any tank or plate, may further, be 
isolated when required. 

The position of the electrical control room is 
shown in Figs. 134 and 135, an external view 
being given in Fig. 132, and an internal one in 
Fig. 133, on page 762. From these it will be seen 
that the test bed inside the shops is in full view, 
an external gallery being provided in addition to the 
ample window area. At the back of the room there 
is an observation bay window, from which a view 
of the enclosure containing the load tanks is 
obtained, and near which is a covered gantry 
carrying the ’bus-bars. The electrical control room 
is intended to accommodate the inspecting engineers 
and operators. Reference to Fig. 133 will show 
that there are independent control tables with 
desks for high- and low-tension current control, 
the former being at the right hand of the figure, 
the latter in the centre. The cubicles, which are of 
sheet steel, floor mounted, are seen at the left hand. 
There are two test cubicles and one oil switch cubicle 
for the high-tension switchgear. The ‘doors are 
interlocked with the main isolating switch and 
cannot be opened unless this latter is in the off 
position. For the low-tension switchgear there are 
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two cubicles in the control room, with an incoming 
cubicle having circuit-breakers operated from the 
front observation gallery. 

The rheostats are also situated in this gallery, as 
may be seen from Fig. 132. The coarse rheostats 
have 200 stops with 250 ohms, 5 amperes capacity 
and are in series with fine rheostats of 170 stops with 
5 ohms 5 amperes capacity. Provision is made for 
the insertion of customers’ rheostats if it is desired to 
use these. Referring again to Fig. 133 attention may 
be drawn to certain parts of the equipment visible 
in it. To the left of each desk are the indicators 
for the water levels in the load tanks, with 
instrument switchboards on the table near them. 
The handwheels under the desks are for the exciter 
rheostats, below those of the left-hand desk are seen 
the low-tension main field switch and safety key, 
and near the largest of them, three smaller hand- 
wheels are provided for the low-tension water 
level control. The control valves for the water 
supply to the load tanks, with indexes and the 
resistance diagram reproduced in Fig. 141, are 
placed in the observation bay window in the rear. 
The motors actuating the water levelling device in 
the tanks are controlled by switches on the instru- 
ment tables. Communication between the control 
room and the test bay is maintained by loud-speaking 
telephones of Naval pattern, Graham type, one of 
which will be observed on the high-tension desk in 
Fig. 133. 

The connections between the load tanks and 
control room cubicles are made, in the case of 
the high tension electrodes, by bare copper cables 
attached to ’bus-bars carried in the gantry outside 
the building shown in Figs. 134 and 135. The 
four main ’bus-bars from the low tension switches 
and links are carried in the same gantry. The 
connections between the control room and the 
electrical tunnel below the floor of the test bed are 
made by cable for the high tension and copper strap 
for low tension current and are carried in a steel 
duct. The tunnel is shown in plan in Fig. 136. It 
contains four cubicles for high tension switchgear 
linking up to the nine berths of the test bed, and 
two cubicles of low tension switchgear linking up 
to four berths. There are three high tension ’bus- 
bars each of bare copper rod 1 in. in diameter, on 
11,000 volt insulators, and four low tension bars 
each of bare copper 3 in. by } in. on 650 volt insu- 
lated racks. There are also field leads and exciter 
leads of insulated cable on suitable racks. Flexible 
cable leads for connecting up the machine under 
test are kept coiled up ready for use in the berths 
adjacent to the high tension cubicles. All the 
cubicles have expanded metal screens and doors, and 
the tunnel itself is similarly protected. 

The whole of the doors are fitted with Wheeler 
locks operated by the one key, which by an interlock 
safety device may only be used in one situation at 
a time. Further, the key has to be operated in 
the main field switch panel in the control room 
before the main field circuit can be put into use 
when the test is in operation. The high tension 
cubicles each contain three 600 ampere 11,000 volt 
double throw isolating switches, together with 
double throw switches for the field and exciter 
circuits. The two low tension cubicles are each 
fitted with four 3,000 ampere 650 volt double-pole 
knife switches, and have bare flat copper strap 
connections from the panel to the berths concerned. 
The two middle switches are used in the split phase 
neutral connections employed in the low tension 
system. Special attention has been paid to the 
lighting, ventilation, cleansing, and general access- 
ibility of the electrical tunnel, condenser pits, 
cubicles and approaches. 

Small electrical machines are tested on a bed in 
aisle “‘ A”’ adjacent to the large test bed as shown 
in Fig. 135. The bed is formed of cast-iron slotted 
plates and will accommodate six ship-lighting sets. 
This bed has its own condenser plant, but steam 
and exhaust, water, oil, telephone, and other 
services are in common with the large test plant. 
Artificial load is mechanically obtained by means of a 
brake dynamometer, or electrically by portable 
load tanks of the usual type. In addition to the 
turbine test beds just described, the mechanical 
department includes three other testing sections. 
Of these, the experimental steam testing laboratory 
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deals almost exclusively with special tests and 
research work, some of which will be described 
later. The other two sections are occupied with 
air ejector and condenser tests respectively. The 
air ejector test room is situated between the 
experimental steam test and the turbine test, 
and is laid out with standard coolers arranged 
so that ejectors may be erected for test with 
maximum convenience. The equipment includes 
steam supply, standard air nozzles, air saturation 
apparatus, vacuum recording gear, circulating 





water pumps and measuring tanks, and generally 





all appliances for the rapid testing of air ejectors 
in conformity with the conditions laid down by 
the trade associations. There is also apparatus 
for testing condenser and cooler tubes up to a 
pressure of 1,000 lb. per square inch. 

The condenser test plant is housed in a separate 
building, shown in Fig. 1, page 64 ante, to the south- 
east of the main machine shop. This building, mea- 
suring 41 ft. by 27 ft., with a height of 30 ft. to the 
eaves, is erected over a tank which is supplied with 
water by a compressed-air lift from a well 600 ft. 
in depth. The well is covered by a framework of 
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cast-iron baseplates and joists arranged for easy 
erection of the apparatus to be tested, and the 
building is equipped with a 10-ton overhead crane 
having electric hoisting, but hand traversing, 
motion. The work done here is the testing of 
extraction pumps, rotary air pumps, and for 
water and air capacity on jet condensers. For 
water measurements calibrated nozzles of capacities 
up to 5,000 gallons per minute are provided, as 
also are measuring weirs and tanks, and a tank 
weighbridge. The complete gauge calibration 
apparatus provided includes a standard Fortin 
barometer. 

At this point it would perhaps be more logical 
to complete the account of the main machine shop 
by a description of the work carried on in those of 
the galleries in it not yet dealt with. On the other 
hand, it seems appropriate to take the large products 
and their tests all together, and in this order, the 
transformer department comes next. Reference to 
Fig. 1, page 64, ante, will show that this department 
shares a large building with the forge. This build- 
ing is of the same cross section as the main part of 
the iron foundry. The portion occupied by the 
transformer department is 384 ft. long by 170 ft. 
wide, plus an extension of 143 ft. by 62 ft., abutting 
on to the pattern stores and allocated to the manu- 
facture of instrument transformers. A view of the 
main aisle is given in Fig. 144, on page 774, and from 
this the general appearance and lay-out of the shop 
may be gathered. The natural and artificial light- 
ing arrangements are both particularly effective, 
and, as the illustration shows, a high degree of 
cleanliness and good order is maintained. These 
conditions are necessary requirements in the manu- 
facture of apparatus in which insulation plays such 
a large part, and the deposition of moisture on the 











TOWN WELL 





50000 


34000 


“ENGINEERING” 


4000 18000 72000 26000 
Ohms per Gn? 


work in progress is guarded against by the main- 
tenance of an even temperature throughout the 
building overnight and during week ends. 

Referring again to Fig. 144, the space in the 
foreground is occupied by shell- and core-type core 
building and shell-type coil assembly. On the 
left hand is seen the winding plant, which includes 
six large horizontal-spindle winding lathes driven 
by separate motors and capable of taking coils up 
to 5 ft. in diameter and 7 ft. long of the circular type 
for core-type transformers, and 7 ft. 6 in. in length 
and 4 ft. wide of the rectangular type shell-type 
transformers. Beyond the cross gangway, on the 
left, core-type mounting and assembly is carried 
out, and on the right, shell-type mounting and tank 
fitting. With reference to the latter it will be 
recollected that all tanks and arc-welded parts are 
made in the tank shop, as described earlier, 
details of arc-welding in transformer tank manu- 
facture being shownin Fig. 63, page281,ante. Beyond 
these groups again, are seen, on the left, the large 
power transformer test enclosure dominated by its 
control gallery, and on the right the impregnation 
and drying equipment. This aisle is served by two 
50-ton travelling cranes, and a series of 1 ton jib 
cranes, the accommodation of the shop and crane 
capacity being sufficient for the manufacture of 
transformers up to 60,000 kv.-a. in single units. 
The eastern bay, seen through the pillars on the 
left hand, is set apart for small transformer manu- 
facture, assembly, and mounting, and, towards the 
south end, is occupied by a small power transformer 
test enclosure. There is a 10-ton travelling crane 
here with a number of 1-ton jib cranes. 

The western bay of this shop is shown in Fig. 145, 
on page 774. Itis used as a punching shop for trans- 
former core laminations, and as a copper shop in 
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which bare copper coils, such as are fitted in heavy 
current transformers, are wound. These are insu- 
lated as required. The strap copper armature and 
field coils for the large electrical machine depart- 
ment are also made here. As will be seen in the 
figure, the equipment includes batteries of guillo- 
tines and slitting and punching machines. The 
largest guillotine takes sheets up to 10 ft. long by 
$ in. thick, and the heaviest punching press, of 
90 tons, takes sheets up to 6 ft. long. There is also 
a large press for punching bolt holes in transformer 
laminations, making holes from ¥ in. to l4in. in 
diameter, pitched at multiples of 34 in., in sheets 
8 ft. long. 

It is scarcely possible to enumerate in this article 
all the types of transformer manufactured by 
the firm. The range is wide, and includes both 
indoor and outdoor patterns for power and distri- 
bution services, industrial transformers for power 
and lighting, specially designed transformers for use 
with rotary converters and with electric furnaces, 
for making high voltage tests, and for use under- 
ground in collieries, as well as voltage and current 
transformers for use with all forms of electrical 
instruments and protective relays. Single-phase 
units arecommonly made of the shell-type, and three- 
phase units of the core-type. An example of a 
product of this department was given in Fig. 62, 
page 281, ante, whichshows a 4,500 kv.-a. three-phase 
132,000/21,000-volt transformer. This was made 
from 154,000 volt designs, but designs have been 
completed and the necessary experimental work 
carried out for transformers for service up to 220,000 
volts. The recently-erected high-tension research 
laboratory in which tests can be made at pressures 
up to over one million volts, will contain two trans- 
formers made by the company, each to give 500,000 
volts. 

As regards size, the largest three-phase trans- 
formers yet built in this country are seen in Fig. 144, 
almost in the centre of the aisle. These are two 
25,000 kv.-a. three-phase transformers for the 
extension to the Barton power station of the Man- 
chester Corporation. A little way behind them are 
the two 500,000-volt testing transformers under 
construction. The largest single-phase units con- 
structed in the country have also been built in this 
shop. These consist of thirteen 18,133 kv.-a. units, 
that is, four 55,000-kv.-a. banks, for service abroad. 
Other transformers, now building, are two 75,000 
kv.-a. and five 45,000-kv.-a. three-phase trans- 
former groups in single-phase units for service at 
132,000 volts for the “ grid” of Central Scotland. 
An interesting example of the products of this 
shop is seen in Fig. 142, on page 766. This is a 
120,000/42,000-21,000-volt single-phase shell-type 
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transformer. The actual rating is 7,333  kv.-a. 
but, as the transformer has double secondary 
windings in order that the full output may be 
delivered at either 42,000 volts or 21,000 volts, the 
transformer is equivalent in size to one of 
11,000-kv.-a. capacity. Three of these units are 
connected in service together, the official rating of 
the bank being 22,000 kv.-a., and the equivalent 
rating, according to actual size, 33,000 kv.-a. 

Small distribution transformers and medium-sized 
transformers for low voltages are dried in steam- 
heated air-drying chambers. All large and all 
high-voltage transformers are dried under vacuum 
in one of the four large pans visible at the right hand 
in Fig. 144, each of which has a capacity of 7,500 
gallons, and dries at temperatures up to 95 deg. C. 
and up to a vacuum of 28 in. Windings of large 
transformers are impregnated under vacuum in 
these pans. After drying out and impregnation, 
the transformers are immediately placed in their | 
own tanks, containing hot oil previously dried out. | 
They are then tested, and whenever possible the | 
covers are screwed down so that the transformers 
may be shipped direct in their own oil. Provided 
that an unduly long period does not elapse after 
shipment they may then be put into service without 
further drying out on site. 

Across the aisle from the vacuum pans is the 





transformer test section which at present consists | 
of plant permitting full-load temperature runs on 
three-phase units up to 20,000 kv.-a. and single- 
phase units up to 15,000 kv.-a., that is, three-phase 
banks of 45,000 kv.-a. Plant is being installed for | 
increasing these limits to three-phase units of | 
50,000 kv.-a. and single-phase units of 33,000 kv.-a., | 
that is, 100,000 kv.-a. three-phase banks. The | 
existing plant includes a 300,000-volt transformer 
used for routine test purposes. The small trans- | 
former test section is situated on the other side of | 
the control gallery, in the east aisle. This section 
deals with all distribution transformers with 
ratings below 300 kv.-a. and working pressures less 
than 33,000 volts. The end of the shop south of 
it receives the tanks as they come from the tank 
shop, which is only separated from the transformer 
shop by a roadway, and here is situated the oil- 
filling station, with its equipment of Vickcen 
oil separators, &c. Finished transformers are 
transferred to the shipping section at the end of the 
shop beyond the vacuum pans in the main aisle, 
where railway trucks are run right into the building. 
Our remaining illustration of the transformer 
department, Fig. 143 annexed, shows the instrument 
transformer shop formed by the extension already 
alluded to. In this photograph also the orderliness 
and cleanliness of the shop are manifest. The 
instruments in the foreground are grouped ready for 
testing, the test room being a separate enclosure 
in this quarter of the shop. 

In line with the transformer tank shop is a build- 
ing, known as the moulded stone shop, which should 
not be passed over. It is equipped with concrete- 
mixing machines and suitable machine tools, 
together with a steam curing plant, and is used for 
the manufacture of “ moulded stone” slabs em- 
ployed in cellular switchgear structures, and for air- 
core reactances consisting of coiled cable moulded 
into substantial conerete frames. The steam curing 
plant is used principally for treating cement fixings 
of pin type insulators and the weatherproof casings 
of high voltage condenser bushing terminals. 


(To be continued.) 








Roap CoNsTRUCTION IN AusTRIA.—The commercial 
secretary at Vienna reports that the budget of the 
Federal Government for 1928 has provided, under the 
head of capital expenditure, 350,000/. for modernisation 
of roads and 220,000/. for bridges, new roads, widening 
of roads, and other road ‘mprovements during the 
current year. There is also a vote of 380,000/. for 
ordinary road maintenance, which comes under current 
expenditure. In this connection, the commercial 
secretary has been approached by an old-established 
Austrian firm, who are anxious to find a British firm of 
road contractors, not manufacturers of machinery, who 
would join with them in taking up road contracts for the 
federal government, and probably also for provincial 
governments. United Kingdom firms, interested in this 
matter, can obtain further particulars on application to 
the Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1, when references number A.X. 6362 
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Fic. 143. INSTRUMENT TRANSFORMER SHOP. 


TriaL Trip oF THE §.S. “ ScorrisH CHIEF.’—The | Company, Limited, ran her final official sea trials ™ 
single-screw oil-tanker steamer Scottish Chief, which has | May 4 with satisfactory results, the speed being in — 
been completed to the order of Messrs. Tankers, Limited, | of that guaranteed. A description of her sister ship, the 
London, by Messrs. Sir W. G. Armstrong, Whitworth and | Scottish Heather, will be found on page 455 ante. 
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HYDRO-ELECTRIC DEVELOPMENTS IN 
LANARKSHIRE. 

THE latest returns of the Electricity Commis- 
sioners, relating to the generation of electricity in 
Great Britain, emphasize the fact, which has long 
been known in engineering circles, that our primary 
Source of power resides in our extensive coal fields. 
As far as can be seen at present, this will for long 
continue to be true. To begin with, our industries 
are based on those same fields, and some enormous 
influence would therefore be necessary to alter their 
orientation. Moreover, alternative sources of power 
have either to be imported and are not so cheap as 
coal, or, if native, are not available in sufficient 
quantity for our needs. Indeed, without subscrib- 
ing to the fallacy that electricity can never be 
cheap in this country because our water power 
resources are meagre, it may be pointed out that 
those resources only amount to 210,000 kw. on a 
24-hour basis, and that such falls as are capable of 
development are generally remote from centres of 
population, and can therefore only be utilised 
after a considerable expenditure on transmission 


or a migration of industry to their neighbourhood, 
There are, however, some exceptions to this rule, 
one of the most interesting of which is to be found 
at the Falls of Clyde in Lanarkshire, some 25 miles 
from Glasgow. Though the amount of power here 
available, viz. 15,000 kw., is comparatively small, 
its utilisation for generating electricity will form a 
useful and economic method of carrying a part of 
the basic load of the district. The development of 
these falls by the Lanarkshire Hydro-Electric Power 
Company, Limited, is therefore a step towards a 
realisation of the policy of bringing all sources of 
power into a common pool, which was envisaged in 
the Electricity (Supply) Act of 1926. 

The falls which have been developed are those 
at Bonnington, Corra Linn and Stonebyres, on the 
Clyde, near Lanark ; see Fig. 1.. Two stations about 
3 miles apart have been built. The upper one is 
named Bonnington and utilises the drop of the first 
two falls, while the lower, known as Stonebyres, 
utilises the fall of that name. The visit of the 
members of the Institution of Electrical Engineers 
ito these plants, during the Summer Meeting in 





Scotland next week, forms an opportunity for call- 
ing attention to some of their engineering features. 
These stations supply into the network of the 
Clyde Valley Electrical Power Company. 

The water which flows over the Bonnington 
fall runs off a gross catchment area of 360 square 
miles, from which must be deducted an area 
of 29-4 square miles representing the gathering 
grounds for the domestic water supply of the Lanark- 
shire County Council and other local authorities. 
This leaves a net effective catchment area of 
330: 6 square miles, the average rainfall over which 
is 43 in. per annum. Stonebyres obtains water 
from an additional catchment area of 54 square 
miles, giving a net catchment area of 384°6 square 
miles with an average annual rainfall of 43 in. 
At Bonnington, the fall between 566 O.D. and 377 
O.D. is utilised, giving a gross head of 189 ft., 
while at Stonebyres the development is between 
299 O.D. and 201-5 O.D., or a gross head of 
97-5 ft. The plant capacity at the two stations is 
9,840 kw. and 5,860 kw., respectively. The intake 
tunnels are 10 ft. and 11 ft. in diameter at the two 
places, and, in order to utilise as much as possible 
of the yearly energy without unduly increasing 
the size of these works, Bonnington was designed 


_| for a maximum discharge of 825 cub. ft. per second, 


and Stonebyres for 911 cub. ft. per second. The 
scheme is one of those dealt with in the report issued 
by the Water Power Resources Committee in 1921, 
which contained a more detailed report by Mr. Walter 


‘| G. Coles, F.S.I., and Mr. A. G. Ingham, A.M. Inst.C.E. 


The latter engineer has been closely identified 
with the constructional work and has been asso- 
ciated with Messrs. Buchan and Partners, Edin- 
burgh, who prepared the plans and specifications. 
Messrs. Sir William Arrol and Company, Limited, 
of Glasgow, carried out the civil-engineering con- 
tract, and Messrs. The English Electric Company, 


‘| Limited, were the contractors for the hydro-electric 


equipment, switchgear and boosting transformers. 
The scheme was developed under the Lanarkshire 
Hydro-Electric Power Act. This measure provides, 
inter alia, for the setting up of an Amenity Com- 
mittee, which was charged with seeing that all 
reasonable regard was paid “‘to the preservation, as 
well as for the public as for the private owners, of 
the beauty of the scenery in the district.” 

As the two projects are so nearly similar in design 
and lay-out, it will be convenient to confine our 
description mainly to that at Stonebyres, merely 
noting any differences in detail which occur at 
Bonnington. It may be mentioned that work was 
started early in 1925, and that the programme 
required that all the civil-engineering work should 
be completed in two years. Owing to the position 
of the sites, a large amount of pioneer work was 
necessary before the operations proper could be 
begun. At Stonebyres, new roads and temporary 
bridges over the river were built, both at the power 
house and the weir, and a temporary power station 
was erected on each site for the supply of electricity 
and compressed air. In each case, the plant installed 
consisted of two 50-kw. Marshall, semi-Diesel oil 
engines, driving 500-volt direct-current generators, 
which supplied power for driving the air compressors 
and for other purposes, as wellas for lighting. The 
cost of generation and distribution from these 
stations, excluding capital charges, was about 0-75d. 
per kw.-h. 

Fig. 6, Plate LX XVIII, is a diagrammatic section 
of the lay-out at Stonebyres. A similar section for 
Bonnington is given in Fig. 3, on this page, while 
Fig. 2 is a map indicating the course of the river and 
the pipe line. In each case, the water from the river 
is trapped by means of automatic tilting weirs, 
which were made by Messrs. Ransomes and Rapier, 
Limited, of Ipswich. A view of one of these weirs 
and of the intake screens at Stonebyres is given in 
Fig. 4, page 768. The arrangement of the intake 
works and weirs at Stonebyres, as originally de- 
signed, is shown in Figs. 7 to 13, Plate LX XVIIL., 
although a different method of supporting the 
counterweights was actually used. The weirs are 
made entirely of steel, the skin plate at the toe being 
curved to a radius of about 4} in., and fitted with a 
tool-steel knife-edge to reduce friction. They are 
borne on cast-steel bearings, which are carried by a 





cast-iron sill. The plate girder at the top of the gate 
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is braced to the skin plate by a series of frames 
taking the load directly to the pivots, and is arranged 
to avoid obstructing the flow of the water over the 
gate when it is in its highest position. Horizontal 
angle members stiffen the skin locally between the 
vertical frames, while at the extreme side edges there 
are vertical plate members into which the main 
girder is built, and these plate members also carry 
the pins for the suspension lines shown in Fig. 4. 
Staunching at the sill is effected by a chrome-leather 
strip, which presses on the rounded toe of the skin 
plate, while at the sides of the plate extruded-bronze 
bars make the seal with the sides of the piers. 

The piers at Stonebyres, which are 4 ft. wide at 
water level, are extended upwards to carry the 
supporting brackets for the rope wheels, which are 
provided with roller bearings. The counterweights 
are steel boxes filled with ballast, and are fitted with 
concrete covers. When the gate is in the normal 
retention position, the counterbalance rests on 
supports on the piers, thus preventing a further 
upward movement of the gate. The gates and 
counterbalance are supported by steel-wire ropes 
at each end, the latter being carried in grooves on 
wheels at a constant radius. The counterbalance 
ropesare taken round a series of separate fusee blocks, 
Fig. 4, to enable the arm on which the counter- 
balance acts to be adjusted at the outset to suit the 
varying water load on the gate in its different 
positions. To keep the gate ropes clear of the water, 
suspension bars are fitted between the gate and 
the ropes. These bars work in recesses in the sides 
of the piers, and are overhung from the ends of the 
gate, so as to avoid obstructing the free passage of 
water and debris. At Bonnington, the counter- 
weights are attached to rocking arms, as shown in 
Figs. 12 and 13, on Plate LX XVIII, and the concrete 
pillars from which the gates are hung support a 10-ft. 
reinforced-concrete roadway, which is capable of 
carrying 10 tons. 

The water level maintained in the intake at 
Stonebyres is 299 ft. O.D., and, during flood water, 
the weir is automatically depressed by the extra 
weight of water down to sill level, i.e., 291 ft. O.D., 
thus avoiding flooding. The counterweights are 
arranged to ensure that the weirs will not rise 
during floodwater, but directly the river drops again 
they return to their normal inclined position. At 
both stations, the water passes into the forebay 
through two strainer racks, one coarse, with 48 in. 
centres, and the other fine, with 33-in. centres, the 
intake being formed by a smooth concrete slab 3} ft. 
wide at the upstream end, and opening out to 14 ft. 
at the end adjacent to the flush gate. Behind the 
roughscreen, theintakeisinclined toforma trap which 
can bescoured by opening hand-operated sluice gates. 

The water then passes to the surge tank through 
a concrete-lined tunnel. At Stonebyres, this tunnel 
is 1,550 ft. long and 11 ft. in diameter, while at 
Bonnington it is 2,300 ft. long and 10 ft. in diameter. 
At Stonebyres, the tunnel passes through hard 
rock for its entire length, and was driven from both 
ends by the ordinary methods of drilling and blast- 
ing, progress being at the rate of 6 to 10 lineal yards 
per week from each end. At Bonnington, much 
more difficulty was experienced, since the tunnel 
had to be driven through soft rock for about one- 
third of its length and for the remainder through 
silty sand with occasional layers of gravel. With 
the exception of about 80 yards from the surge 
tank, the route followed by the tunnel, both where 
it passed through the hard and soft material, was 
water-logged. The construction employed through 
the soft ground is clearly illustrated in Figs. 18 to 
21, Plate LX XVIII, while in the hard ground the 
tunnel was formed in brickwork. It may be added 
that great difficulty wis experienced in timbering 
and excavating in the water-bearing sand, and pro- 
gress was, therefore, very slow. To expedite matters, 
three intermediate shafts were sunk, and driving 
proceeded in each direction from the bottom of 
these. Owing to the difficulty of tunnelling in the 
wet sand, a length of 50 yards was excavated from 
the surface in an open trench. 

The surge tanks, both at Bonnington and Stone- 
byres, are of reinforced concrete. They are of 
circular section, 60 ft. in diameter and 40 ft. deep, 
and are sunk in the ground. They are designed 
to store surges of 12 ft. amplitude, which is more 
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than the maximum calculated figure when the 
full load on the turbines is suddenly thrown off. 
Details of the surge tank at Stonebyres are given 
in Figs. 14 to 17, Plate LXXVIII. Inside the 
surge tank is a fine screen, with 2 in. between 
the bars. This is placed at an angle of about 
70 deg., and rests on a sill which is raised some 4 ft. 
above the bottom of the tank. It thus acts as 
a sand and debris trap, and can be scoured by 








water admitted through hand-operated flush gates, 
the silt being discharged into the river through a 
specially-constructed channel. The connection of 
each pipe line with the surge tank is bell-mouthed 
and leads into two 6 ft. 6 in. diameter pipes, which 
are made of riveted-steel plates. These are 3-in. 
in thickness at the upper, and -in. at the lowe | 
endof therun. The pipes are rigidly fixed, immedi- 
ately upstream of the power house, by large concrete 
anchorage blocks and can be closed by steel gates | 





located inside the surge tanks. Anchor blocks are 


STONEBYRES STATION. 


also provided where changes in direction or gradient 
occur. At Bonnington, each pipe line is controlled 
by asluice gate and emergency trip gear with electric 
control, so that in the event of an accident to the 
pipe, the water is immediately cut off and the pipe 
drained. On account of the fairly high head and 
the length of the pipeline, main valves of the 
cylindrical balanced type are provided on the tur- 
bines at this station to protect the turbines in case 
of emergency. At Stonebyres, on the other hand, 
the turbines have no main sluice valves, these 
being considered unnecessary owing to the low 
head and short pipe line. The turbines are, how- 
ever, completely protected in cases of emergency, 
the surge-tank sluices being designed so as to be 
capable of shutting off the water supply under 
all conditions of flow. These sluices are remote 
controlled from Stonebyres power station, each 
gate being operated by a vertical servo-motor, 


which is fed with oil under pressure from the same 
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system as that which supplies the governors in the 
power station. These servo-motors are bolted to 
stools set in the wall of the surge tank. Their piston 
rods are of forged bronze, and pass through a stuf- 
fing box on the top cover of the cylinder. At their 
upper ends are crossheads, which are connected by 
two vertical rods to the gate, these rods being 
guided by special brackets fixed to the cylinder. 
By admitting oil pressure to the top or bottom side 
of the piston, the gate can be closed or opened, 
respectively. Since, when closing, a large downward 
force is exerted by the cylinder, in addition to the 
weight of the gate, the latter will close completely, 
even if there is a considerable rush of water through 
it. To ensure tightness when it is closed, the gate 
and cast-iron gate frame are provided with machined 
faces of Navy bronze. 

An exterior view of the station at Stonebyres 
showing the pipe line from the surge tank is given 
in Fig. 5, page 768. 

In order to show the amount the surge-tank 
sluice gates are open, an electric indicating device 
has been installed. This consists of a step-by-step 
transmitter which illuminates an appropriate lamp 
on an indicator in the power house. During the 
operation of the gate, these lamps light up in succes- 
sion and indicate the position of the gates at any 


moment. (To be continued.) 


THE INSTITUTION OF GAS 
ENGINEERS. 
(Continued from page 743.) 
Propucts OF COMBUSTION FROM TyPICAL Gas 
APPLIANCES. 

THE nineteenth report of the Gas Investigation 
Committee on Examination of Products of Combus- 
tion, introduced by Professor J..W. Cobb and 
presented by Mr. James W. Wood, M.Sc., dealt with 
Appliances Using Free-Burning Flames, i.e., flames 
not coming into contact with solids, but gas ovens and 
gas fires were also tested. The routine examination, 
it was stated, now included condensation, by the aid 
of liquid air, of the nitrogen oxides in the combus- 
tion gases previous to the CO determination, with 
which these oxides would interfere. The flames 
examined covered those of Argand burners with silica 
chimneys, flat-flame burners, union jets and geyser 
burners, and also Bunsen and Méker burners. The 
CO production was, on the whole, small, amounting 
to less than 1 part per 10,000 parts of gas burned. 
The CO percentage was lowest in Argand burners, 
but might amount to 2-5 parts and more in flat- 
flame geyser burners when turned low and when the 
proper limits of capacity were exceeded. In a 
modern gas fire, properly adjusted and working up 
to its full-rated capacity of 2,000 B.Th.U. per radiant 
per hour, the CO should not exceed 50 parts per 
10,000. 








STUDIES IN CARBONISATION. 

The next report, on Studies in Carbonisation, 
dealing with temperature, size of coal and blending 
with coke and inorganic compounds, was presented 
by Dr. A. Parker. The experiments, he stated, 
had partly been made as before (see ENGINEERING, 
June 17, 1927, page 740) in a cronite retort. 

‘The sizes of the coal ranged from 1} in. to } in., 
and from 8 down to 30 mesh, and the carbonisation 
temperatures from 980 deg. down to 630 deg. C., 
special tests being conducted at 525 deg., 435 deg. 
and 344 deg. C. With carbonisation below 820 
deg., the total yields of coke, tar, liquor and gas 
were not greatly influenced by the size grading. At 
higher temperatures the volume and thermal value 
of the gas were lower with the largest grades, and the 
yields of tar and ammonia better than with smaller 
grades, The rates of carbonisation were important 
for the determination of the length of the period of 
economical gas making. They found that 90 per 
cent. by volume of the total gas made at 915 deg. 
from $ in. to } in. coal had been obtained in 102 
min., whilst the production of the same amount of 
£a8 required 121 min. when four grades of coal had 
‘een mixed. Coal screening, therefore, promised 
considerable economies. The temperature required 
ior the satisfactory carbonisation of charges of 30 Ib. 
of coal was 2} hours at 915 deg., 10 hours at 630 deg., 
and 20 hours at 525 deg., but the weight of dry 
coke made increased as the temperature was 





lowered. The amount of volatile matter increased 
from 2 per cent. at 979 deg. to 6 per cent. at 630 
deg., and to 26 per cent. at 344 deg., the corre- 
sponding hydrogen contents of the cokes being 0-5, 
2-land 4-4, The maximum tar yield was obtained 
by retorting at 630 deg., and the maximum of liquor 
and ammonia at 725 deg. Addition of coke breeze 
to the coal had no marked effect on the composition 
and calorific value of the gas, or on the yields of 
gas and tar per ton of coal; more ammonia was 
obtained, but the disadvantages of blending the coal 
they had used, which was of moderate coking 
properties, with breeze more than counterbalanced 
the advantages. The mixtures of coal and coke used 
in these experiments were not briquetted. As 
regards the advantages gained by mixing the coal 
with inorganic compounds, mainly sodium and 
calcium carbonate and iron oxide, we would refer 
our readers to previous reports and to Professor 
Cobb’s Royal Institution Lectures (see ENGINEERING, 
May 20, 1927, page 621). The effects are complex 
and their bearing upon actual retort processes is 
difficult to estimate. This also holds for the 
influences of these compounds on the physical 
structure and the reactivity of coke. The cokes, Dr. 
Parker said, became more friable when impregnated 
or mixed with the mineral constituents. Calcium 
carbonate, iron oxide and sodium carbonate in- 
creased the reactivity of the coke towards steam, 
in ascending order as named ; with respect to ease 
of ignition and lower temperatures and reactivity 
towards carbon dioxide, iron oxide proved less 
powerful than calcium carbonate. 


Economic Aspects oF HiGH-PRESSURE 
DISTRIBUTION. 


In presenting his paper on Economic Aspects 
of High-Pressure Distribution, Mr. Stephen Lacey 
explained that by high pressure he meant any 
pressure greater than the maximum allowable in 
mains from which consumers were ordinarily sup- 
plied without the use of service governors. He 
fixed the limit at about 8 in. of water gauge, 
equivalent to 15 lb. per square inch absolute. 
Given the length of the main, the terminal pres- 
sure, the maximum rate of gas delivery, and the 
extent and duration of variations from that rate, 
the problem of the most economical combination 
of diameter of main and initial pressure could be 
solved by a process of trial and error. The sum of 
the costs of mains and pumping should be a mini- 
mum. The latter costs would vary with the number 
of hours of pumping, which would depend upon the 
rate variations. The calculations for his tables and 
curves concerning initial pressure, mains costs, horse- 
power required at compressor shaft, and capital and 
running costs of pumping had been made with the 
assistance of Mr. H. J. Escreet, and were based on 
assumptions as to gas flow and coefficient of friction 
recently made also by R. Biel, of the Deutsche 
Verein von Gas- und Wasserfachmannern, and by 
Colonel Auld (see ENGINEERING, March 23, 1928, 
page 341). As an example, for a length of main of 
10 miles, delivering 50,000 cub. ft. of gas per hour, 
the most economical combination, with continuous 
pumping at maximum delivery rate, would be a 
main diameter of 10 in. and an initial pressure of 
3-7 lb. per square inch. As the duration of pump- 
ing per annum decreased, the economical pressure 
would be increased, and the diameter decreased. 
With 10 times that gas delivery, the figures would 
be a diameter of 36 in. and pressure of 2-2 lb. 
per square inch, and that suggested the conclu- 
sion, by no means obvious, that for a particular 
length of main the economic pressure decreased 
as the rate of gas delivery increased. For mains 
40 miles in length, the economic pressure would, with 
a delivery increase from 25,000 to 1,000,000 cub. ft. 
per hour, decrease from 120 to 10 lb. per square 
inch, whilst the corresponding diameter increased 
from 4 in. to 30in. The general conclusions would 
justify low initial pressure (under 10 lb. per square 
inch) for the feeder mains supplying large towns and 
their growing suburbs, and relatively high pressures 
for mains supplying small towns and villages at 
considerable distances. The cost estimates assumed 
cast-iron pipes laid under tar-sprayed macadam. 
When a high-pressure main was needed to reinforce 
the supply to a partially-developed district, ade- 





quately supplied except at peak load, that peak 
load and the necessary number of pumping hours 
should be estimated, and the basis of this duration 
should not be less than 1,000 hours per annum. 
The annual charges on the cost of erecting a gas 
holder might be more than compensated for by the 
saving in mains and pumping costs. 


EXTENSION AND MODIFICATION IN THE TOTTENHAM 
DISTRIBUTING SYSTEM. 


The next paper, bearing the above title, by Mr. 
H. C. Smith, M.Inst.C.E., exemplified some of the 
problems which Mr. Lacey had discussed. In 1866, 
Mr. Smith said, the output of their gas works had 
been 53,188,000 cub. ft.; in 1927 it was 17,298,985 
therms, or 3,459,799,000 cub. ft., the output having 
doubled every eight or ten years between 1899 
and 1917. For many years, the weight of the gas 
holder had provided ample pressure over the whole 
district, but the advent of the gas cooker and 
development of peak loads, particularly the Sunday 
cooking loads, had demanded increased capacity 
of the distributing mains or increased gas pressure. 
They had then installed two Buffalo fans driven by 
de Laval steam turbines as boosters, and had inter- 
connected the four trunk mains. By 1924, how- 
ever, the long-delayed extensive alterations became 
indispensable. The boosters were then working 
from 6.30 a.m. till midnight, with two breaks of 14 
hours, and larger boosters would not have eliminated 
local low-pressures and large pressure variations. 

Systematic measurements taken in connection 
with the required modifications, showed pecu- 
liar increases in gas pressure during the morning 
and evening hours, when Broadberry pressure 
waves were sent out to extinguish and to light the 
street lamps. A sudden pressure increase of 4-in. 
was sufficient for this purpose as long as the mains 
had ample capacity ; later, that pressure had to be 
raised to 4 or 5in. A new booster station and a 
48-in. trunk main, about 10,000 ft. long, were 
finally decided upon. Two new Bryan-Donkin 
boosters, each capable of passing 1,750,000 cub. ft. 
of gas against a pressure increase of 18 in. of water, 
were installed, and were connected to a 36-in. main 
from the valve house. The 48-in. main was laid in 
cast-iron spigot and socket piping, uncoated, sup- 
plied by the Staveley Coal and Iron Company, each 
pipe weighing about 644 cwt. The pipes were laid by 
means of a gantry in timbered trenches. The com- 
pany had been fortunate as to way leaves, but much 
pumping was required. The minimum cover of 4 ft. 
demanded for all places where roads crossed, or 
might in future cross, the main, was exceeded in 
many spots; it was 9} ft. under the High Road. 
Under the North Eastern Railway, 84 ft. of the main 
were constructed in }-in. riveted-steel tubing with 
riveted flanges, machined on the face and bolted 
together. The railway company desired a thickness 
of 6 in. of concrete under the main, 1} ft. over it, 
and 1 ft. at each side. 

Although the main was of ample capacity, it was 
yet not possible to maintain a satisfactory pressure 
in outlying districts without giving too much 
pressure to places near the works. District gover- 
nors were therefore installed at points where the 
low-pressure system commenced; the mercurial 
district governors and central pillars of Messrs. 
Peebles and Company, Limited, had worked admir- 
ably. Each governor was combined with a Widlake 
indicator, and a Widlake recorder panel was mounted 
in the booster-house, the connections between the 
works and the district being by wires rented from 
the General Post Office. The booster attendant 
could thus adjust the pressure at the works end of 
each trunk main so as to give the minimum required 
on the most remote district governor supplied by 
that main; the governors had all been set to give 
6 in. pressure on the outlet. The total outlay 
for the extension and modification, amounting to 
173,3071., would, at 64 per cent., come out at 1s. 64d. 
yearly for each of the 96,889 consumers. That sum 
provided adequate and reasonably equal pressure at 
any hour of the day or night, and it also allowed 
for future extensions. 


DisPosaL OF Liguip EFFLUENTS FROM GAS WORKS. 


The report of the committee on the Disposal 
of Liquid Effluents from Gas Works, of which 
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Mr. C. F. Botley is chairman, was presented by Pro- 
fessor J. W. Cobb and Dr. A. Parker. It dealt largely 
with the study of the deposition of tar and liquor at 
different points of gas works, and with the experi- 
ments made by Mr. F. Lee and Dr. A. C. Monkhouse, 
at Coventry and Hinckley, with continuous vertical 
retorts. The reports of the Chief Alkali Inspector 
had shown that the proportion of higher tar acids 
in the liquor could be reduced by the removal of the 
heavier tar at a temperature above the dew-point of 
the gas before condensation of the liquor commenced, 
and that tar and liquor should be stored separately. 
A tar extractor was installed before the condensers 
at Hinckley, and it was found that sprays could be 
made effective in hastening the precipitation and 
separation of tar and higher acids, and, further, 
that the percentage of thiocyanate and thiosulphate 
compounds in the effluent could be materially 
decreased at a later stage of the cooling by ad- 
mitting air at the inlet to the purifiers. Messrs. 
Lodge—Cottrell had offered to install an electrostatic 
tar-fog separator at Hinckley. Experiments had 
also been made on the purification of the effluent | 
by biological filtration. At the Foleshill Gas Works, | 
Coventry, 40 per cent. of the total volume of spent 





liquor was mixed with the town sewage, in the 
proportion of 1 per cent. or 0:5 per cent. of the | 
dry-weather sewage, and large-scale filter beds | 
were being matured by using town sewage with | 








chairman,}Dr. E. W. Smith, who 
remarked that some years ago, 
Sir Henry Gauvain had pointed 
out that the beneficial effects 
ascribed to sunlight and ultra- 
violet light were probably not 
limited to these radiations. 
They had, therefore, been in- 
vestigating the therapeutical 
effects of gas mantles and gas 
fires. This had been done par- 
ticularly by Mr. E. V. Evans, 
of the South Metropolitan Gas 
Company, who had _ provided 
Sir H. Gauvain with an elaborate 
equipment for this purpose at 
Moreland Hall, Alton. The 
three main sources of radiations 
studied were the daylight mantle, 
this mantle combined with 
filters, and gas-fire radiants. It 
had been shown by Sonne that 
visible light from carbon arcs 
would penetrate the skin and 
be absorbed by the capillaries, 





increasing proportions of liquor. Another way of | destroying toxins, whilst ultra- 
reducing the obnoxious effluent which was under | violet light was stopped by 
trial was to inject a fine spray of devil liquor into| the skin, and Sir H. Gauvain 
the base of a boiler or retort-house chimney, in the | regarded exposure to visible 
place of water or steam. |radiant energy, such as that 

| obtainable from coal-gas appli- 

|ances, as a factor of some im- 
for| portance in methods of light 
by its | treatment. 
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BHIRA POWER STATION. 
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Gas SuppLty East oF SvEz. 

In the paper bearing the above title, Mr. S. 
Barker Johnson, M.I.Mech.E., F.C.S., engineer and 
manager of the Colombo Gas and Water Company, 
Limited, pointed out that, though there were only 








ENGINER KING 


diversion of the water from the wheel is brought about 
by protruding through the spear head helical vanes, 
which give the water passing to the jet a strong whirl- 
ing motion. The centrifugal forces thus developed 
break up the jet into a very diffuse spray, which has 
almost a neglible drive on the wheel. These diffusing 


six British gas undertakings east of Suez on the Far | vanes are protruded practically instantaneously when 


Kast route, viz., at Bombay, 
Singapore, Hong-Kong and Shanghai, a high stan- 
dard of practice was maintained by them, better 
indeed than was sometimes found at home. 
Colombo, a town of 260,000 inhabitants, with 
2,000 Europeans, had been lighted by gas since 
1872. The average mean temperature ranged from 
79 deg. F. to 82 deg. F., while it rose to 94 deg. 
before the monsoons, with a humidity as high as 
95 per cent. ; the rainfall was 90 in. Although in 
competition with a Government electric supply at 
7d. per unit for lighting and 2d. for power, the gas 
company prospered. The retort house at Colombo 
contained ten beds of through retorts of Q shape, 
fitted with Guest-Gibbons stoking machines. The 
Indian coal carbonised gave 19,800 cub. ft. of gas 
of 450 B.Th.U. per ton with native labour, and the 
total gas made in 1927 was 271,265,000 cub. ft., 
as compared with 85,000,000 cub. ft. in 1919. The 
gas contained only 0-1 per cent. of sulphur. 

The fuel used in the works amounted to 9-58 per 
cent. of the coke made, and to 5-76 per cent of the 
coal used. These figures were only about half of 
those for 1919. In 1927, they carbonised 13,700 
tons of coal, made 8,240 tons of coke, sold 7,477 
tons of coke, and used 790 tons in the furnaces. 
Wet meters were employed throughout, the leathers 
of dry meters hardening too quickly. Public-road 
lighting, since 1872, had been by Bombay lanterns, 
originally made by Julius Pintsch, Berlin ; later 
Kern upright Welsbach burners were used and also 
the are (gas) lamps of Messrs. Sugg and Company. 


(To be continued.) 








THE BHIRA STATION OF THE TATA 
HYDRO-ELECTRIC POWER COMPANY. 


(Continued from page 748.) 


THE inlet bends, of cast steel, have an inside diameter 
of 30 in. in the case of the main sets, those of the 
auxiliary sets being 10 in. in diameter. The governing 
is effected on the Seewer system, which was described 
in detail in our issue of March 18, 1927, on page 317. 
In addition to giving close regulation, this system has 
the further advantage that, owing to the relatively 
small forces involved, one governor and one servo- 
motor are found sufficient to control the twin turbine. 
\ view of the gear, in part diagrammatic, is given 
in Fig. 11, on the opposite page, whilst a photograph of 
the servo-motor is reproduced in Fig. 12. 

In order to avoid dangerous water-hammer in the 
long pipe lines, it is essential that the spear shall close 
very slowly when the governor comes into operation, 
whilst, at the same time, it is equally necessary 
that the drive on the wheel should follow each 
change of load as rapidly as possible. The quick 








Colombo, Calcutta, | the load falls off, and the spear is then adjusted 


slowly by a relay so as to throttle the supply. An 
overtaking gear is provided by which the diffusing 
vanes are withdrawn within the spear head, as the 
throttling proceeds. With this arrangement there is no 
measurable rise of pressure in the pipe line due to the 
action of the governor. The time lag between the prac- 
tically instantaneous action of the diffusing vanes and 
the subsequent adjustment of the water supply can be 
varied by means of a timing screw provided to this end. 
As indicated in Fig. 11, the spear is advanced or with- 
drawn by pressure admitted to one side or the other 
of the servo-motor piston, shown in the upper central 
portion of the drawing. The stems of the spears are 
hollow, and through each passes a rod, at the nozzle 
end of which is mounted a crosshead carrying the sleeve, 
on which the dispersing guide blades are cut. 

To minimise friction, the pressure of this crosshead 
on the sides of the slots which guide it is taken up 
by rollers. As shown in Fig. 11, in addition to the 
dispersing guide blades there is a second set of fixed 
guide blades arranged parallel to the axis of the nozzle. 
It has been found that when, as is generally the case, 
the nozzles are fed from a bent pipe, the flow is very 
apt to acquire a spin, and unless this is removed 
before the nozzle is reached, the jet will be partially 
sprayed instead of solid. The function of the fixed 
guide plates is to eliminate any accidental spin arising 
from this cause. 

As already stated, one speed governor controls the 
governing gear of one complete twin turbine. The 
balls are mounted on a horizontal spindle driven by a 
double belt from the main shaft. This governor controls 
a pilot valve which admits pressure oil to one side 
or the other of the servo-motor piston. The speed can 
be adjusted by hand gear through a short range on 
each side of the designed nominal running speed. 

The link work between the servo-motor and the jet 
regulating gear has been made exceptionally stiff, but 
breaking links are provided, which will give way in 
an emergency if any undue force should be exerted on 
them. 

The pressure oil by which the relays are operated 
is supplied by a separate pumping set, comprising a gear 
pump, an air vessel and an oil sump with the neces- 
sary valves and accessories, as shown in Fig. 11. This 
pumping set is designed for automatic operation, being 
fitted with a relief and by-pass valve which, as soon 
as a pre-determined pressure is reached in the air 
vessel, automatically disconnects the pump and by- 
passes the oil directly back to the sump. Conversely, 
when the pressure drops below a fixed minimum it 
re-connects the pump and the receiver. 

As either half of the turbine can be operated by 
hand control of the spear, two handgear columns are 
provided as shown in Fig. 11. These columns are 
fitted with special cut off valves which automatically 
by-pass the two sides of the servo-motor when the 
spear is under hand control, or which disconnect them 
in case of automatic operation. Incase of hand control, 








these valves also cut off the pressure supply to avoid 
any possible leakage of oil. 








Fig. 14. 
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As the jet diffusion following a drop in load is prac- 
tically instantaneous, the variations of speed are kept 
within very small limits. The remarkable performance 
of the Bhira sets is illustrated by the chart reproduced 
in Fig 13, which shows the speed variation and the 
movement of the diffuser when loads of 5,000 kw., 
10,000 kw., 15,000 kw., and 19,000 kw. were thrown off. 

To protect the sets against any possible failure of 
the governing system, the following safety devices 
are provided :— 

1. An emergency governor which will shut down the 
set in case of either a 30 per cent. overspeed or a 
30 per cent. underspeed, such as might arise from a 
failure of the belt drive. 2. An emergency servo-motor 
actuated with water pressure which comes into opera- 
tion should the oil pressure fail. 

The sets are also protected by stop valves which, for 
the main sets, are of the cylindrical balanced type. 
These valves, of cast steel, have an inlet 36 in. in 
diameter, which is that of the pipe line, and deliver to 
the 30 in. inlet bends. Owing to the fact that these 
valves are balanced, they can be relied upon in case 
of emergency whatever may be the conditions of flow 
in the pipe line or through the valve. These valves, 
being of the cylindrical balanced type, have a very 
small area under the influence of the varying pipe- 
line pressures. The rate of travel of the piston is 
independent of these variations, and is under posi- 
tive control through the whole of its stroke by a travel- 
ling control screw, which makes it impossible for water- 
hammer to occur either in closing or opening the valve. 
The results of operating tests of these valves are 
represented in Fig. 14. 


(To be continued.) 








LETTER TO THE EDITOR. 


ARMAMENTS AND THE 
NON-COMBATANT. 
To THE Epitor oF ENGINEERING. 

Sir,—I was very interested in the review of my book 
which appeared in your issue of June 8. In the preface 
I wrote :— 

(1) I believe that surface warships will prove entirely 
unable to withstand attack from intelligently ha dled 
aircraft. 

(2) I believe that our merchant fleets will be at the 
mercy of enemy aircraft if the operations. of these 
latter are directed by men having sea sense and know- 
ledge—this from the very outbreak of war and no 
matter how strong our floating Navy may then be. 

(3) I believe that by aircraft attack on our port 
facilities our sea-borne commerce can be brought to a 
virtual standstill without attacks being delivered 
against either the vessels of the Royal Navy or against 
vessels of the Mercantile Marine. 

(4) I believe that command of the sea, with all that 
it means in the sense covered by (1), (2) and (3), will 
inevitably pass to the country which has command 
of the air. 

(5) I believe that the future safety of this country 
and Empire depends on a proper appreciation of the 
above points, and an entire revision of existing policy 
in matters of national and Imperial defence. 

(6) I believe that the surest, safest, and quickest 
method of arriving at a true understanding of the 
requirements of the future is to place full responsibility 
for the safety of Great Britain, and of her lines of 
communication, with the Admiralty—giving the 
Admiralty entire control of both air and Naval forces. 
I think it would be helpful if your reviewer would 
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please indicate with which of the tenets of the above 
creed he disagrees. His remarks generally are so 
helpful that I do not like to pull them to pieces, but 
I would call his attention to the fact that, in taking 
the results of the air attacks of Zeebrugge and Ostend 
as a basis for criticising my remarks regarding the 
vulnerability of our ports and harbours, he has com- 
mitted the very error which he warns his readers 
against, t.e., ‘‘ Sancho Panza’s error of looking for this 
year’s birds in last year’s nests.” 

I wonder if he has studied, as I have, the facts 
regarding those raids, and is aware of the lack of 
casualties amongst aircraft entrusted with the task of 
bombing Zeebrugge and Ostend. There is an old 
maxim to the effect that ‘‘one cnanot make ome- 
lettes without breaking eggs.” The articles of my 
creed are numbered, so that your reviewer can quite 
briefly indicate the tenets with which he disagrees. 

Believe me, 
Yours faithfully, 
E. F. SPANNER. 

9, Billiter-square, Billiter-street, London, E.C.3., 

June 12, 1928. 

[The whole of the points given in Mr. Spanner’s list 
were dealt with, either directly or by implication, in 
our review, and we cannot again go over the whole 
field. If he considers that any of the points made by 
us are unfair and will indicate which it is, and in what 
way, we will endeavour to reply to him. We should 
say that in reprinting his letter we have omitted two 
items from his long quotation from the preface to the 
book, as they concern matters which we either did not 
mention or did not criticise.—Eb. E.] 











THE VICTAULIC JOINT FOR MARINE 
PURPOSES. 


A DEMONSTRATION was given recently by Messrs. The 
Victaulic Company, Limited, King’s Building, Dean 
Stanley-street, Millbank, London, 8S.W.1, to emphasize 
the suitability of the Victaulic method of pipe jointing 
for use on board ships. The Victaulic joint has 
already been described in some detail in these columns, 
but a reference to one or two of its essential features 
may be given here. It consists of a rubber ring, 
having a C-shaped section, which is slipped over the 
ends of the piping to be joined in such a manner that 
the opening of the C-section is directly over the joint 
between the pipes; it is then secured in position by a 
split metal clamp, the edges of which run in grooves 
cut in the two ends of the piping. Thus, in addition 
to the fact that the rubber ring is clamped firmly to the 
piping, the pressure of the liquid or gas in the pipe 
is transmitted to the inner side of the rubber and 
increases the tightness of the joint as the pressure rises. 

An important point in this system of jointing is the 
high degree of flexibility obtainable, and the allowance 
for expansion in a longitudinal direction, which are 
both made possible by the fact that an }-in. clearance 
is allowed between the ends of the pipes and also 
in the grooves accommodating the metal clamps. To 
bring out this point, a length of, piping containing 
several Victaulic joints had been arranged on universal 
joints with one end attached to an eccentric of 1-in. 
throw, driven by an electric motor, the total lateral 
movement given to each joint being 2 in. After 
many thousands of revolutions no leakage of any kind 
was visible. The Victaulic bulkhead adapter is a 
development which should meet with general approval 
for marine purposes. It consists of a flange, which may 
be bolted to the bulkhead, with two integral stub pipes, 
each prepared to take the standard Victaulic joint ; 
thus the hole cut through the bulkhead need only be 
of sufficient diameter to take one of the stub pipes, and 
there is no need for great accuracy in the pipe lengths 
or the positions of the bulkhead adapters. Another 
useful fitting is an adjustable bend, which, by means 
of two special swan-necked setting pieces, may be 
arranged to turn the pipeline through any angle up to 
45 deg. 

It is claimed that much space may be saved by 
this system of jointing, as it does away with the 
common method of allowing for expansion by means 
of bends, and also as the overall diameter of the 
Victaulic joint is very much smaller than that of 
the flanged joint, thus allowing more head-room in 
passages and other confined spaces. Another point 
which is of great importance to the shipbuilder 
is that the Victaulic joint is very simply and easily 
fitted, the only preparation necessary being the cutting 
of the grooves in the ends of the pipes, which is done 
with a special tool supplied by the Victaulic Company. 
Any length of piping may be removed without disturb- 
ing the rest, and all parts are standardised and inter- 
changeable. 








REGISTRATION OF MotTor-CycLes IN BomBay.—His 
Majesty’s Trade Commissioner at Bombay reports that 
71 motor-cycles were registered in Bombay during the 
period January 1 to March 31, 1928, 


BOOKS RECEIVED. 


United States Department of Commerce. Simplified Prac- 
tice Recommendation No. 17. Forged Tools. [Price 
5 cents.] No. 27. Cotton Duck. [Price 5 cents.]. No. 48. 
Shovels, Spades and Scoops. [Price 5 cents.] No. 61. 
White Glazed Tile and Unglazed Ceramic Mosaic. 
[Price 10 cents.] No. 66. Automobile Brake Lining. 
[Price 5 cents.] No. 68. Metal and Fibre Flash-Light 
Cases. [Price 5 cents.] No. 69. Packaging of Razor 
Blades. [Price 5 cents.] No. 72. Solid Section Steel 
Windows. [Price 20 cents.] Washington : Government 
Printing Office. 

Aeronautical Research Committee. Reports and Memo- 
randa, No. 1103. The One-Foot Wind Tunnel at the 
National Physical Laboratory ; Including Particulars 
of Calibration made with a Pitot Tube and Vane Anemo- 
meter at Low Speeds. By L. F. G. Stumons and L. J. 
Jones. [Price 9d. net.] No. 1107. Further Experi- 
ments on a Model of the *“‘ Bantam”’ Aeroplane with 
Special Reference to the ** Flat”’ Spin. By H. B. Irvine 
and A. S. Batson. [Price ls. 3d. net.] London: His 
Majesty’s Stationery Office. 

Die kompressorlose Dieselmaschine. By Lupwic 
HAvuSFELDER. Berlin: M. Krayn. [Price 20 marks.] 

Verzeichnis berechuster Funktionentafeln. Part I: 
Besselsche, kugel-und elliptische Funktionen. Berlin: 
V. D. I. Verlag, G.m.b.H. [Price 3.40 marks.] 

Kraftstoffe, Verbrennung und Schwerél-Vergasermotoren, 
By A. E. TuremMann. Berlin: Richard Carl Schmidt 
& Co. [Price 15.50 marks. ] 

The Engineering Index, 1927. New York: The American 
Society of Mechanical Engineers. [Price 7.50 dollars. 
Non-members, 8.50 dollars. } 

University of Illinois. Engineering Experiment Station, 
Bulletin No. 175. An Investigation of Webb Stresses 
in Reinforced Concrete Beams. Part II. Restrained 
Beams. By F. E. Ricuarr and L. J. Larson. [Price 
45 cents.) No. 176. A Metallographic Study of the 
Path of Fatigue Failure in Copper. By H. F. Moore 
and F. C. Howarp. [Price 20 cents.] Urbana: Univer- 
sity of Illinois. 

A Text-book of Telegraphy, Theoretical and Practical. By 
A. E. Stone. London: Macmillan & Company, 
Limited. [Price 20s. net. ] 

Air Ministry, Meteorological Office, International Meteoro- 
logical Organisation, Commission for the Exploration 
of the Upper Air. Report of the Meeting in Leipzig. 
August 29—September 3, 1927. London: His Majesty’s 
Stationery Office. [Price 3s. 6d. net.] 

Lehrbuch des Maschinenbaues. Edited by EssELBORN 
Vol. II. Elektrische Maschinen, Wasserkraftmaschinen 
Hebemaschinen, Baumaschinen, Bearbeitungsmaschinen 
Written by R. BacumMann and Others. Leipzig: 
Wilhelm Engelmann. [Price 24.50 marks. ] 

Comité Scientifique Technique du Commissariat du Peuple 
des Voies de Communication de l’U.R.S.S. Bulletin 
No. 59. Les Essais de Poussier d’ Anthracite. No. 61. 
Résultats des Expériences des Locomotives du type 
1-3-1 et du 2-3-1. By Ing. R. P. Grivenxko. No. 62. 
Résultats des Expériences de la Locomotive du type 
1-4-0 de la serie III. By Ing. R. P. Grinenxo. No. 65. 
Les Alliages de Plomb avec les Métaux Alcalins et les 
Meétaux Calcium “‘ Babbites Calcium.” By Ing. J. A. 
ZEéLIKOFF and Ing. W. N. WasincEeR. Moscow: 
U.R.S.S. “ Transpetchate ’’ Com. du P. des Voies de 
Communication. 

Dizionario di Sinonimi e Composti Chimici con Relative 
Formole e Pest Molecolari e le Terminologie, Chimica- 
Farmaceutica-Alchimistica. By Prof. Calisto Craveri, 
Milan: Ulrico Hoepli. [Price Lire 35.] 

L’ Industria Chimico-Metallurgica del Solfato di Rame e 
le Miscele Cupriche Funghicide ed Anticrittogamiche. 
By E. Crivetur. Milan: Ulrico Hoepli. [Price Lire 35.] 

Le Grandi Industrie Chimiche, Gli Acidi Inorganici, 
Solforico, Nitrico, Cloridrico, Fabricazione, Macchinari 
e Impianti. By Dott. Anronio Arta and Ing. HENRY 
MournarI. Milan: Ulrico Hoepli. [Price Lire 48.} 

Department of Scientific and Industrial Research. Engi- 
neering Research. Special Report No. 6. Properties of 
Materials at High Temperatures. 3.—Note on the 
Creep of Armco Iron. By H. J. Tapsett. London: 
His Majesty’s Stationery Office. [Price 6d. net. ] 

The ‘*‘ Rapid” Per Ton Reckoner. London: Gall and 
Inglis. [Price ls. 6d. net. ] 

The‘ Rapid”’ Pocket Pricer. 
[Price ls. 3d. net.] 

The ‘“‘ Swift” Cubic Reckoner (Rectangular Measure). 
By J. Gatti Ineuis. London: Gall and Inglis. 
[Price 4s. net. ] 

Experimental Researches and Reports. Vol. X, 1927. 
Sheffield: The University, Department of Glass 
Technology. 

Canadian Engineering Standards Association Year Book, 
1927. Ottawa: Offices of the Association. 

Bulletin of the Earthquake Research Institute. 
March, 1928. Tokio: Imperial University. 

Examples of Modern French Architecture. By Howarp 
and F. R. Yersury. London: Ernest Benn, Limited. 
[Price 32s. 6d. net.] 

Power for Cultivation and Haulage on the Farm. Report 
of a Conference held at Rothamsted. February 9, 1928. 
London: Ernest Benn, Limited. [Price 2s. net.] 

Aeronautical Research Institute. Tokyo Imperial Uni- 
versity. Report Nos. 32-36. Researches on Cellulose 
Acetate and its Solution. By K. Arsuxr and R. 
Survopa. Tokyo: Aeronautical Institute. 

Die Bibliotheken der Deutscher Technischen Hochschulen. 
By Dr. Paut TrommsporFr. Berlin: V. D. I. 
Verlag, G.m.b.H. 

Department of Overseas Trade. Report on Commercial 
and Economic Conditions in Lithuania. March, 1928. 
By L. A. PartsH. London; His Majesty’s Stationery 


London: Gall and Inglis. 


Vol. IV. 





Office. [Price 9d. net.] 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The situation as regards 
Cleveland pig-iron is little altered. Sales are difficult to 
put through, but makers are fairly well placed, and their 
strong statistical position enables them to maintain the 
fixed prices that have ruled for sometime past. Stocks 
are extremely low, and the restricted output is reported 
fully disposed of for the next week or two. Midland iron 
is underselling Cleveland pig in Scotland, with the result 
that deliveries from Teeside to customers beyond the 
Tweed are falling off. Shipments to foreign ports show 
no material improvement, but there is still hope of some 
early expansion of overseas demand. Local needs con- 
tinue heavy, and the bulk of the Cleveland pig output is 
still going into direct consumption at producers’ own 
steelworks and foundries. No. 1 quality is 68s. 6d. ; 
No. 3 g.m.b., 66s. ; No. 4 foundry, 65s. ; and No. 4 forge, 
64s. 6d. 


Hematite.—Inquiries for East Coast hematite are few 
and small. The limited make is excessive, and producers 
are hampered by rather heavy stocks. With prices not 
definitely fixed, and manufacturers keen to do business, 
figures at which orders are accepted vary a good deal, 
and are well below cost. Nominally, market rates are 
based on 69s. for mixed numbers. 


Foreign Ore.—Consumers of imported ore arestill holding 
off the market, but though business is almost at a stand- 
still, sellers, in view of threatened shortage, are not at 
all disposed to depart from the firm attitude they have 
taken for weeks past. Best rubio remains at 22s. 6d. 
c.i.f. Tees. 


Blast-Furnace Coke.—Further moderate export sales 
of coke are reported, and forward inquiry on home 
account is just a little better, but local users are still 
buying sparingly. Durham good medium furnace 
qualities are 17s. 6d. to 17s. 9d., delivered to works in 
this area. 


Manufactured Iron and Steel—The various branches 
of finished iron and steel present no new features of 
moment, and continued absence of revival is causing 
considerable uneasiness. Manufacturers of certain com- 
modities are much in need of orders, and unless demand 
speedily expands, present activity at works cannot be 
maintained. Distribution of specifications for ship- 
building requisites are vastly below what could be 
desired, while orders for railway material and construc- 
tional steel fall much short of expectation. Among the 
principal markets quotations are: Common iron bars, 
101. 58. ; best bars, 107. 10s. ; double best bars, 10/. 15s. ; 
treble best bars, 11/.; iron rivets, 111. 5s.; packing 
(parallel), 77. 10s. ; packing (tapered), 101. ; steel billets 
(soft), 62. 15s. ; steel billets (medium), 7/. 2s. 6d.; steel 
billets (hard), 77. 12s. 6d.; steel rivets, 111.; steel ship 
plates, 8/. 7s. 6d. ; steel angles, 71. 17s. 6d. ; steel joists, 
7l. 17s. 6d. ; heavy sections of steel rails, 8/. 10s. ; black 
sheets (No. 24 gauge), 101.; and galvanised corrugated 
sheets (No. 24 gauge), 131. 5s. to 131. 10s. 








PrersonaL.—Mr. H. Howard Humphreys has _ been 
elected chairman of the committee of the Association of 
Consulting Engineers, Incorporated, for the ensuing year. 
—Mr. A. E. Loe has joined Messrs. the Rothermel 
Corporation, Limited, 24 and 26, Maddox-street, London, 
W.1, as general sales manager of their garage equipment, 
tools, and motor accessory section.—In order to cope 
with increasing shipbuilding business, Messrs. Sir W. G. 
Armstrong, Whitworth and Company, Limited, have 
purchased the shipyard of Messrs. William Dobson and 
Company, which adjoins their Walker shipyard, New- 
castle-on-Tyne.—Mr. F. C. Allen, Junr., the founder and 
former president of Allen and Billmyre Company, 
has recently left that organisation. He is now presi- 
dent of Allan Air Appliance Company, New York.—Mr. 
C. Warren-Boulton, of Calcutta, has been appointed 
by Messrs. Niles-Bement-Pond Company, and a number 
of associated American machine tool manufacturers, as 
their exclusive representative in India.—Messrs. Brook- 
hirst Switchgear, Limited, Northgate Works, Chester, 
have recently opened a showroom at Australia House, 
Strand, London, W.C.2.—As from June 25, the address 
of Messrs. F. C. Hibberd and Company, Limited, which 
has hitherto been 98, Great Gower-street, London, E.C.3, 
will be 16, Northumberland-avenue, London, W.C.2. 

Conrracts.—Messrs. Worthington-Simpson, Limited, 
Queen’s House, Kingsway, W.C.2, recently received an 
order for three 68-in. twin-impeller impounding pumps, 
driven by 360-b.h.p. motors, together with high and 
low-tension switchgear, transformer, air exhauster 
pumps and accessories, &c., for the S.W. India Docks, 
Port of London Authority.—Amongst recent orders 
placed with Messrs. Harland and Wolff, Limited, is a 
motor cargo and passenger vessel for Messrs. Huddart, 
Parker, Limited, for their Australian trade ; and a cargo 
steamer, similar to the two previous vessels, for the 
Hain Steamship Company, Limited. It is expected that 
both vessels will be built at Govan.—Messrs. Sir W. (- 
Armstrong, Whitworth and Company, Limited, have 
secured a contract for ten 4-6-2-type locomotives from the 
Leopoldina Railway of Brazil.—Messrs. Joseph Kaye 
and Sons, Limited, Lock Works, Leeds, have received an 
order for 800 of their patent valve oilfeeders from Messrs. 
Leyland Motors, Limited, Leyland, Lancs.—The Gas 
Light and Coke Company, London, have placed 4 
contract with Messrs. The Woodall-Duckham Vertical 
Retort and Oven Construction Company (1920), Limited, 
for an installation of intermittent vertical chambers ot 
their Southall station, capable of producing about 








4,750,000 cub. ft. of gas a day. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Conditions in iron and steel are a 
shade easier than was the case last week. Sheffield’s 
total of unemployed and short-time workers is now 
well in excess of 25,000. There are no pointers to 
immediate improvement, though the near future should 
witness the betterment of order books and enlarged 
production. Among some of the biggest users, the time 
is rapidly drawing near when stocks will need renewal. 
If prices of British and foreign materials then occupy a 
relative position similar to that shown to-day, sub- 
stantial purchases of a character that formerly were 
placed with Continental producers may be expected at 
South Yorkshire furnaces. Local prices are kept within 
an attractive range. Foundry iron is ls. to ls. 6d. 
per ton cheaper, while basic qualities have in some 
instances eased ls. perton. Little variation is registered 
in steel prices. Current quotations are as follow :— 
Siemens acid-steel billets 10/. per ton, hard basic billets, 
71. 2s. 6d. and 71. 12s. 6d.; soft basic billets, 61. 5s. ; 
Derbyshire foundry pig iron, 62s.; Derbyshire forge, 
59s.; Lincolnshire foundry, 61ls.; Lincolnshire basic, 
59s.; Crown iron bars, 101. 10s. ; iron hoops, 117. 10s. ; 
steel hoops, 9/. 10s. to 101.; soft wire rods, 7/. 10s. 
Scrap purchases are mostly external, local needs being 
mainly satisfied by current deliveries. Some of the 
big combination plants, possessing special facilities for the 
supply of steel-making materials, are reported to be 
operating well below 50 per cent. capacity. The latest 
notifications from shipbuilding engineers confirm earlier 
accounts of reduced profit on increased output. Internal 
economies are being pressed severely to minimise working 
costs. War Office contracts are, this week, announced 
for the supply of steel billets and tool steel. The Air 
Ministry is buying wire cable in Sheffield, and the Crown 
Agents for the Colonies have placed orders locally for 
carriage and wagon tyres. Business in electrical 
machinery and gear is well in excess of imports, Mixed 
conditions continue in tool manufacture, with a fairly 
active demand for high-speed cutting implements. 


Workmanship Exhibition.—Great care is being taken 
to ensure, as far as possible, that success will attend the 
exhibition of workmanship which is to be held in Sheffield 
next month. In several important directions the exhibi- 
tion will be unique—primarily because in no sense is 
it to be a competitive trade exhibition within the 
ordinary meaning of the term. Essentially it will be 
a co-operative effort to draw increased attention to the 
outstanding value of current products in iron, steel, 
cutlery, electro plate, &c. Individual operatives and 
firms have accepted invitations to stage samples of their 
best workmanship in token of Sheffield’s pride in record 
quality. ‘The goods will bear neither makers’ names nor 
trade marks. Special attempts are to be made to 
interest the technical and non-technical press, in addition 
to the wider public. 


South Yorkshire Coal Trade.—The rumoured probability 
of a substantial increase in house-coal prices finds no 
reflection in official quotations. Despite a reduced 
demand, these are mainly unaltered. Unofficial offers, 
which represent a considerable saving, are being made 
to retailers. A moderate demand prevails for industrial 
fuel on inland account, but the further arrangement of 
contracts appears to have sustained a check pending a 
clearer understanding regarding values. Stimulation of 
exports moves slowly despite the low level of prices. 
Smalls are more abundant, and rates a shade easier. 
Coke of all descriptions comprises a fairly steady market. 
Quotations :—Best branch handpicked, 27s, 6d. to 
29s. 6d.; Derbyshire best bright house, 20s. 6d. to 
21s. 6d.; best house coal, 19s. to 20s. 6d.; screened 
house coal, 16s, to 17s. 6d.; screened house nuts, 
15s. 6d. to 16s.; Yorkshire hards, 15s. to 16s. ; Derby- 
shire hards, 15s. to 16s. ; Rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 6s. to 7s.; smalls, 3s. to 4s. 6d. 








THE East Hecta Works, SHEFFIELD, OF MESSRS. 
HADFIELDS.—One of the most interesting visits made in 
connection with the Charter Centenary Celebrations of the 
Institution of Civil Engineers, was that paid, on June 6 
last, by some 40 or 50 members, to the East Hecla Works, 
Sheffield, of Messrs. Hadfields, Limited. These works, it 
is interesting to recall, cover 225 acres, of which the steel 
foundries alone occupy 12 acres, and two machine shops 
a total of 200,000 sq. ft. The plant is capable of pro- 
ducing 200,000 tons of steel per annum. In passing 
through the works attention was given particularly to 
those products of the firm of chief interest to civil 
engineers, namely, crushing, dredging, and excavating 
machinery, steels used in the mining industry, manganese- 
steel railway switches and crossings, and the special 
heat and corrosion-resisting alloys made by the firm. 





‘TRANS-SAHARAN Ratuway.—We understand from a 
recent issue of La Technique Moderne that the French 
Government is shortly to discuss the formation of a 
Board to investigate the construction of the Trans- 
Senaran Railway. The French, Algerian, Tunisian and 
Mo roccan Governments, and that of French West Africa 
will be represented on the Board, and the three railways 
interested in the venture, namely, the Paris-Lyon- 
Méditerranée, the Paris—Orléans, and the Midi, will 
also have representatives. It is anticipated that a Bill 
providing for the construction of the railway will be 
Drought before the Parliament towards the end of 1929, 
and that the work will be complete at some date in the 
vicinity of 1936. The length of the railway will be 
~,800 km. (1,736 miles), and it is estimated that the cost 
will be approximately 300,000 fr. per kilometre (about 
4,000/. per mile). 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Though shipments of coal from 
South Wales in the past week reached 505,760 tons, 
the highest level touched this year, new business was 
exceedingly quiet. The high level of exports was, 
however, on account of previously arranged orders, 
and due to substantially greater clearances to Italy 
and Spain. Compared with the preceding week, 
shipments at Cardiff were raised from 282,130 tons 
to 291,840 tons; at Newport, from 84,918 tons to 
110,820 tons; at Port Talbot, from 25,140 tons to 
48,670 tons; and at Llanelly, from 6,600 tons to 
8,480 tons; but at Swansea, reduced from 65,530 tons 
to 45,950 tons. Shipments to the Argentine were 
raised from 52,000 tons to 56,200 tons; to Egypt, 
from 28,700 tons to 39,350 tons; to Spain, from 
17,720 tons to 37,610 tons; and to Italy from 96,640 
tons to 113,340 tons. Except that the Buenos Ayres 
Great Southern Railway were in the market for 90,000 
tons of Welsh large, delivery July-November, the 
demand has fallen away and was chiefly confined to 
the best classes, with the result that while superior 
Admiralty and Black Vein large coals were in a com- 
fortable position, other descriptions were in need of 
orders, and collieries were compelled to effect frequent 
temporary stoppages. Best Admiralty large com- 
manded 19s. 3d. to 20s. per ton f.o.b., the latter figure 
being 9d. above the minima, while Black Vein large 
realised 17s, 6d. to 17s. 9d, the latter price being a 
premium of 3d. on the schedule. Other descriptions 
of large were easily obtainable at the minimum prices. 
Smalls, in consequence of the intermittent working of 
pits, were in lessened supply and somewhat difficult. 
Some collieries refused to sell small except with large, 
and, when required without large, demanded a premium 
of 3d. to 6d. per ton. Best bunker smalls ruled from 
12s. 6d. to 138., with cargo sorts from lls. up. Sized 
products were patchy, with bituminous and dry nuts 
available without difficulty and duffs scarce. Cokes 
were in better demand, with best foundry from 32s. 6d. 
to 37s. for export, and other grades from 25s. to 30s, 


Iron and Steel.—Shipments of iron and steel goods 
from South Wales rose from 11,409 tons. to 20,128 tons 
in the past week. Exports of tinplates and terneplates 
were increased from 6,102 tons to 8,424 tons, black. 
plates and blacksheets from 445 tons to 844 tons, 
galvanised sheets from 350 tons to 4,164 tons, and other 
iron and steel goods from 1,358 tons to 6,697 tons. 
The general outlook was regarded as encouraging. 
Demand for tinplates continued good, and prices were 
stronger at 18s. 6d. to 18s. 9d. per standard box, while 
galvanised sheets were also firmer at 131. 58. to. 131. 7s. 6d. 
per ton, Welsh tinplate bars were steady at 6/. per ton. 








Tue “Swirr’’? Cusic REcKONER.—For such diverse 
calculations as ascertaining the cubic feet of boxes going 
into a ship’s hold, the number of cubic yards in a trench, 
&c., any book which gives the answer straight away, to a 
three dimensions figure, should be of great assistance in 
all branches of engineering. With this object in view, 
Messrs. Gall and Inglis, 31, Henrietta street, London, 
W.C.2, and 12, Newington-road, Edinburgh, have recently 
published a book called the ‘‘ Swift’? Cubic Reckoner 
(Rectangular Measure), which gives a range of figures 
from 72 in. by 48 in. by 36 in. down to 12 in. by 12 in. by 
6 in.; supplementary tables give figures to 144 in. by 
36 in. by 24 in., &c., and to 120 ft. by 12 in. by 12 in., 
while a fourth section gives the answer in cubic yards up 
to 100 ft. by 10 ft. by 74 ft. Throughout the tables, 
fractions have been calculated to the nearest }-in. The 
book is strongly and neatly bound in a handy pocket 
size, and the figures are inclear type. The price is 4s. net. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, S8.W.1, 
particulars of tenders invited by various bodies in the 
British Possessions and in foreign countries. Further 
details and information relating to these may be ob- 
tained on application to the Department at the above 
address, the reference number given below being quoted 
in each case :—The South African Railways and Har- 
bours are inviting tenders, to reach Johannesburg by 
July 19, for the supply and delivery of structural 
steelwork for extension to the boiler shop and erecting 
shop, Salt River. Local representation is essential. 
(Ref. No. A.X. 6373.)—The Municipality of Bulawayo 
is inviting tenders for the supply and delivery of 
13,380 ft. of wrapped steel piping, 41 sluice valves, 2 
scour valves, 7 hydrants, ete. Alternative tenders are 
invited for unwrapped, single-coated steel pipes, and the 
supply and delivery of reticulation pipes and fittings 
from stock for special quick delivery. Tenders to reach 
Bulawayo, Southern Rhodesia, by July 24. Local 
representation is essential. (Ref. No. A.X. 6377.}—The 
Town Council of Johannesburg is inviting tenders for the 
supply delivery and erection of three or more cooling 
towers (Ref. No. A.X. 6410). Local representation is 
essential, and tenders must reach Johannesburg by 
June 28.—The Antwerp Municipal Council is inviting 
tenders for the construction of metal hangars on the 
quays of the Bassin-Canal. Tenders to reach the Burgo- 
master by July 5. The Cahier des Charges, which is in 
the possession of the Department of Overseas Trade, 
will be sent out on loan to British firms in order of 
application, (Ref. No., A.X. 6401).—The Indian Stores 
Department at Simla is asking for tenders, to be pre- 
sented by July 2, for generating sets, transformers, and 
auxiliary plant, &c., in connection with the Sumera 
hydro-electric pumping and power supply scheme of 
the Public Works Department, in the United Provinces. 
(Ref. No. B,X. 4488). 


NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—Summer 
Meeting, Southampton, Monday, June 25, to Friday, 
| June 29. Tuesday, June 26, 10 a.m., Chantry Hall, 
| Southampton. Welcome by the Mayor of Southampton, 
| Alderman Mrs. L. M. Foster Welch. At 10.30 a.m., 
“The Port of Southampton,” by Mr. F. E. Wentworth- 
Shields. Wednesday, June 27, 9.30 a.m. Visits and 
Excursions. At 7.30 p.m., Institution Dinner, South- 
Western Hotel. Thursday, June 28, and Friday, 
June 29. Various visits and excursions. 


Society oF Guass TEcHNOLOGY.—Thursday, June 28, 
9.45 a.m., The University, St. George’s-square, Sheffield. 
Council Meeting. At 11.15 a.m., Discussion on “‘ Lessons 
from the Tour in Germany.’”’ ‘“ The Control and Dis- 
tribution of Temperature in Lehrs,”” by Mr. A. Cousen, 
Mr. H. W. Howes, and Mr. F. Winks. At 7.15 p.m., 
Complimentary Dinner to Members of the American 
Ceramic Society, Royal Victoria Hotel, Sheffield. 








NOTES FROM THE NORTH. 


Guaseow, Wednesday. 


Scottish Steel Trade.—The position in the Scottish 
steel trade shows no change this week, and the demand 
continues poor. Although the competition from the 
Continent is perhaps not quite as keen as it was, the 
result to the local producers has been negligible, as 
few report any increase in business. Consumers of 
heavy steel material continue to order sparingly, and 
plant in some works is still being kept going only with 
difficulty. Inquiries do not point to any improvement 
being forthcoming in the near future, and the outlook 
is rather depressing. In the black-sheet trade there 
is a decided scarcity of specifications all round. Prices 
at present are as follows: Boiler plates, 101. 10s. per 
ton; ship ty 81. 7s. 6d. per ton; sections, 7/. 17s. 6d. 
per ton; black sheets, }-in., 87. 12s. 6d. per ton; and 
galvanised corrugated sheets, 24 b.g., 13/. 5s. per ton, 
all delivered Glasgow stations. 

Malleable-Iron Trade.—In the malleable-iron trade 
of the West of Scotland the conditions have undergone 
no change. Orders both for bar iron and for re-rolled 
steel bars are few in number at the moment, and are 
keenly competed for in order to keep plant running. 
Prices of steel bars are a shade easier for local delivery. 
The following are the current market quotations : 
“Crown” bars, 10/. 5s. per ton for home delivery, 
and 91. 15s. per ton for export; re-rolled steel bars, 
71. 10s. per ton for home delivery, and 7/. per ton for 
export. 

Scottish Pig-Iron Trade.—The only item of change 
in connection with the Scottish pig-iron trade this 
week is the reduction which is taking place in 
production. The demand has recently been so poor 
that stocking has been all too general, and, as the 
prospects of any improvement in demand are so 
uncertain, the number of furnaces now in blast is 
being reduced. Home consumers are quiet, and 
overseas buyers are not ordering any tonnage of note. 
Prices continue firm in sympathy with the higher 
quotations named on the Continent, and are as follows : 
Hematite, 74s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 75s. to 76s. per ton, and No. 3, 
108. to 71s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending Saturday last, June 16, was again small, and 
only amounted to 458 tons. Of that total, 434 tons 
went overseas and 24 tons coastwise. During the 
corresponding period of last year the figures were 
125 tons overseas and 93 tons coastwise, making a 
total shipment of 218 tons. 

Clyde Shipbuilding.—Messrs. Fleming and Ferguson, 
Limited, Paisley, have received an order for five 
dredgers of a special river type for the Federated 
Malay States. This order will ensure steady work 
for a large number of men for fully a year. The same 
firm have secured an order from the Crown Agents 
for the Colonies for a steam tug 106 ft. in length, 
22 ft. in beam, 11 ft. 6 in. in depth, and 9 ft. 6 in. in 
draught. This vessel is to have twin sets of triple- 
expansion engines aggregating 800 i.h.p., and is 
intended for service at Lagos. 








Lanp RECLAMATION IN BritisH CoLuMBIA.—Pro- 
posals for the reclamation of land for agricultural purposes 
along the Kootenay River, in British Columbia, have 
received the sanction of the International Joint Com- 
mission, and the Creston Reclamation Company, Limited, 
is authorised to proceed with construction. Although the 
project is entirely within Canada, it has been subject to 
approval of the International Joint Commission under 
treaty provisions entered into between Canada and the 
United States of America, under date of January 11, 
1909, affecting rivers, such as the Kootenay, flowing 
across the international boundary. The proposals of 
the company include the construction of a levee or 
dyke in the Kootenay River Flats, and a diversion of 
Goat River into the Kootenay River. The Commission 
orders that the company must make suitable and adequate 
provision for the protection and indemnity against 
injury, by reason of such works, of all interests on either 
side of the international boundary. It is expected that 
10,000 acres of fertile Kootenay Flats will be dyked and 
made available for cultivation. One result is that the 
district is anticipating the erection of a canning factory 
at Creston by an organisation which is arranging for 
1,000 acres for the production of green peas. 
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ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers 
the fact that the above is our SOLE ADDIS, 


and that no connection exists tween 


Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIO | “ ENGINEERING,” WESTRAND, 
ADDRESS } LONDON. 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 


~ SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

















For the United Kingdom ...................000 £3 5 0 
For Canada— 
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THE RATING PROPOSALS. 


Tue thoroughly sound theory which underlies the 
Government rating legislation and its new proposals 
is that the tools and plant used in production ought 
not to be subject to taxation. Under the Rating 
and Valuation Act, 1925, defined elements of plant 
were exempted altogether, though this relief is 
only just about to come in force. It is said, more- 
over, that manufacturers are entitled to have the 
rateable value of their premises reassessed if they 
can show that it has been reduced by depression 
in trade. Under the scheme proposed the relief of 
productive industry from rates is to be carried 
further. The rateable value of all industrial 
premises is now to be apportioned between the part 
that under certain definitions is to be regarded as pro- 
ductive, and the portion that is not. The producer 
is to be relieved of 75 per cent. of his liability to 
rates in respect of premises defined in the Bill as 
productive, and the local authority will be indem- 
nified for what it will lose in the rates so remitted 
by Government block grants estimated to be 
of equivalent amount. The arrangement is to be 
permanent, and the funds allocated by the Govern- 
ment as their annual contribution to it are of the 
order of £29,000,000. That only 75 per cent. of 
the rates in question are to be remitted, in spite 
of the Government’s objection to taxing instruments 
of production at all, is explained by the wish to 
preserve some common interest between local 
authorities and local manufacturers. In order, 
however, that the Government may be able to 
entrust local authorities with large block grants 
without itself becoming the milch cow for local 
needs which hitherto industry has been, considerable 
reforms are required in the rating system of the 
country, much of which is archaic. These will be 
embodied in a Local Government Bill, the accept- 
ance of which will be a condition precedent to the 
operation of any part of the scheme. 

It is evident that, however the proposals may 
ultimately work, they will involve intricate preli- 
minary measures, in the course of which many 
conflicting questions will have to be adjusted. 
Among the safeguards, for example, which will 
be necessary for the State, a voice must be reserved 
for it, as an interested party, in all valuations what- 
ever throughout the country, for the Exchequer 
will have to watch jealously any proposed reductions 
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of rateable values, the effect of which must be to 
increase automatically the block grants which local 
authorities would be entitled to claim. In the 
opposite direction, again, each ratepayer will have 
an obvious interest in obtaining the largest reduction 
he can in his rateable value. It is easier to see that, 
if practical effect is to be given to the scheme, all 
these proceedings will involve a great amount of 
valuing and much expense in the way of time, than 
to estimate what this valuing will cost, and how far 
its results will be satisfactory. 

In his Budget statement, the Chancellor of 
the Exchequer observed that, in his long and 
varied experience of administration, he had never 
known a policy more searchingly examined and 
prepared than the rating proposals, and that he 
would welcome suggestive and constructive criticism 
at all stages and from every quarter, in addition 
to the thought which had already been given to 
them. With the purposes of relieving industry 


>|of burdens it ought not to be bearing, and of 


assisting it at an epoch at which it can do with all 
the help it can get, everyone will be in sympathy. 
Universal gratification will be felt, if, as the result 
of the criticisms to which this series of measures is 
being and will be subjected, they are found likely to 
promise enough advantage to industry to justify their 
adoption. They appear to be a great advance on 
anything that has been proposed before, and for 
the time being the chief difficulty with which they 


5 will have to deal seems to be a doubt whether 


they offer enough certainty of operation to justify 
the complex and costly mechanism to be set up. 

The general objections to outside subventions 
has been recognised since the days of Hercules, 
and there is no need to recite them. Put shortly, 
subventions must be regarded as a last resort, 
sometimes indeed of inestimable value, but usually 
or always fraught with great dangers if they are 
conceived on an unsound foundation. The sub- 
vention now offered to industry is not represented 
as going to the length of furnishing a complete 
solution of present industrial problems, but as 
being a sufficiently large contribution to be worth 
providing and securing. Whether it is so will 
depend, presumably, not only on the cost of the 
great valuing mechanism that will have to be 
employed, but also on the effect of the revised 
valuation. In an instructive discussion, introduced 
last week at the British Engineers’ Association, 
by Mr. Michael Faraday, he drew attention to the 
reaction which remission of rates is apt to have on 
revised assessments of rateable values, and more 
information is likely to be wanted on this aspect 
of the subject before public opinion will be satisfied 
as to the soundness of the scheme in this respect. 
The cost of the scheme, again, does not seem clear. 
With the present Rating Bill, an estimate is given 
that the Inland Revenue Valuation Office will have 
to spend in connection with it a sum not exceeding 
£150,000 on temporary staff to be associated with 
the rating authorities in classifying properties and 
apportioning values. This, doubtless, is no great sum 
compared with the interest at stake, but obviously 
it can only be a small fraction of the aggregate 
expenditure by all parties in respect of valuation, 
and it seems certainly essential to know whether 
the amount actually involved is of this order. of 
magnitude, or whether, as Mr. Faraday suggests, 
it will absorb a substantial part of the whole 
29,000,0001. The statement, moreover, that in- 
dustries, which are not prospering, are entitled to 
low assessments as of right, and will, therefore, 
derive the least benefit from the percentage remission 
of rates, raises in an acute form the question 
whether the industries which would derive most 
benefit are not those which could best afford to 
do without it; though presumably, it should be 
possible to obtain more conclusive information 
on the subject than is conveyed by even the most 
expert opinion. A question which may be more diffi- 
cult to dispose of, is whether the method proposed 
for the assistance of industry is the most fruitful 
way in which resources to the large amount in 
question could be applied. 

It has been stated that, while considerable modi- 
fication in details are open to be accepted, and the 
widest discussion is invited, the scheme must be 
taken as a whole. Each of the illustrations given 





in support of this statement related to the necessity 
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of protecting the Exchequer, and in regard to this 


object no difference of opinion will be felt. There 
can also be no doubt that the revision of the present 
clumsy and often unfair rating system would be a 
valuable social reform, which should be welcomed 
on all hands. It ought, however, to be recognised 
clearly that, for the urgent needs of the present 
industrial situation, the value of any substantial 
help to industry is incomparably greater than that 
of any rating reform, and the best means, whatever 
it may prove to be, of helping industry ought not 
to be refused or even modified for the mere purpose 
of introducing such a reform. It may well be that 
in the immediate future no other or equally good 
occasion may present itself for revising the rating 
system of the country as a whole, and any measures 
in aid of industry would be the more valuable 
if they provided such an occasion. If, on the other 
hand, as the result of current discussion, it were 
found that the best way of helping industry made the 
proposed revision of rating methods impossible for 
the time being, the rating reform would have to be 
postponed. 

As yet no alternative scheme which appears to 
have been considered in detail has been proposed, 
and it is quite certain that without such detailed 
consideration no alternative should, or is likely to be, 
taken into account. It does not follow, however, 
that such an alternative is impossible or may not 
arise. At the meeting, for example, of the British 
Engineers’ Association to which reference is made 
above, suggestions were made by Mr. Faraday 
and Mr. Reavell, each of them somewhat analogous 
to the other, under which the whole of the 
29,000,0001. a year should be handed over to the 
railway companies to pass on to consumers, in the 
same way as Mr. Churchill proposed to devote some 
4,000,000. to the railway and other transport 
organisations of the country. Mr. Faraday’s pro- 
posal was that this operation should be contingent 
on the railway companies adopting pre-war rates ; 
Mr. Reavell would have the entire sum applied to 
reducing rates on the raw materials used by basic 
industries, 

It is to be presumed that neither of the 
speakers referred to would expect their suggestion 
to be taken seriously without a detailed investiga- 
tion of the figures it would involve. Before, for 
instance, there could be any question of the railway 
companies reverting to pre-war rates, it would 
be necessary to ascertain the relation between 
29,000,0001. and the probable drop in the companies’ 
net revenue. The attraction, however, of a pro- 
posal to spend the entire sum which could be made 
available, on reducing transport rates, does not lie 
merely in its simplicity and the large saving of 
expense, as well as complication. A reduction of 
freights on a sufficient scale ought to show, even more 
markedly than a reduction of local rates, the virtuous 
circle to which Mr. Churchill referred, in submitting 
his own proposals for reducing freights. These 
reductions were to be confined to the basic indus- 
tries, with the exception of steel, which was omitted 
so as to avoid a subvention to foreign steel, and it 
was pointed out that a reduction of freight on coal 
would affect the cost of pig iron, and both of them 
the cost of steel, and of all three the costs of ship- 
building and other industries, and so forth. The 
further advantage of applying the entire subvention 
to the reduction of freights would be that it would 
not end with the original turnover on which the 
reduction was estimated, as the proposed remission 
of rates would be limited by their more or less 
fixed amount. The increased traffic would lead to 
economies in working, which, it might be hoped, 
would allow the reduced rates to be maintained 
when traftics increased. The measure would, in 
fact, apply not only to a limited traffic, corres- 
ponding to the limited amount represented by reduc- 
tion or abolition of local rates, but to whatever 
indefinitely larger traffics industry might be able 
to provide. 

How far such a proposal may be practicable, 
and what reduction of rates it could secure, is a 
matter of railway and other transport economics, 
in the light of which the entire subject would have 
to be studied before even a provisional opinion could 
be formed. Essentially, it is a question in the first 
instance for the railway and transport authorities, 
whose competence in their own business seefas some- 








times to be undervalued by the ladies and gentlemen 
of Parliament. All that can be said on present 
information is that such suggestions seem to deserve 
the consideration, in terms of figures, by which in 
the first instance their practicability and value 
should be tested. 








THE RAILWAYS OF ‘IRAQ. 


Wiruovt fear of contradiction it may be said that 
no railway system in the world has had so curious 
a career as that of ’Iraq or Mesopotamia, and it is 
to be regretted that no adequate account of its 
history is on record. It is true that a volume was 
compiled, subsequent to the war, and published 
officially in a limited issue in India, but its accuracy 
left much to be desired, while the phases and the 
unique conditions of development were altogether 
inadequately treated. Since the war there have 
been official reports dealing with special aspects 
of the change-over from war to .commerce, and 
the recent report by Brigadier-General F. D. 
Hammond, C.B.E., D.S.0., published by the 
Crown Agents for the Colonies, only adds to one’s 
wish to see the subject handled suitably as a whole. 
As the transition period, however, is not yet closed, 
it may be that there is still time for such an effort, 
but, on the other hand, with the lapse of years, 
much of the picturesque detail which might go 
to enliven such a work must inevitably become 
lost, and longer delay will tend to result merely 
in a further addition to the present collection of 
somewhat dry bones. 

As General Hammond states, the first railway in 
Mesopotamia was the German-built line running 
from Baghdad to Samarrah, this having been con- 
structed, to quote the present report, ‘‘ to a standard 
quite out of proportion to the traffic prospects of 
the railway,” the stations being formed as strong 
defensible posts. The conclusion, in fact, was 
inevitable on the part of all who had the opportunity 
of seeing this bit of railway construction, and its 
equipment, when it fell into our hands, that it was 
never planned, as indeed political events before the 
war had actually suggested, merely for the develop- 
ment of commerce. 

At the other extreme came the lines laid down 
and equipped during the years of the war. These 
suffered from every possible disadvantage. To 
begin with, the scale of the possible operations 
was seriously underestimated, and a few miles of 
narrow-gauge line was thought sufficient. When 
it became apparent that this was inadequate, 
the metre gauge was adopted, mainly from force 
of circumstances, second-hand material of this 
type being procurable from India more readily 
than anything else from anywhere else. And, 
unfortunately for those who had to build and work 
the system, the bulk of the material was very second- 
hand indeed. Some, in fact, had to be returned to 
India as unusable, occupying on both journeys 
valuable transport accommodation which could 
have been far more profitably utilised. While it 
is very difficult to believe that these conditions 
could not have been vastly improved if the right 
spirit had been abroad, there is ample excuse for the 
contrast between the German-built and British 
sections of the system as regards the character of 
permanent way, &c. As pointed out, the German 
section was constructed to a European standard 
for heavy lines. On the other hand, the British 
lines were very hurriedly pushed up country by 
way of the easiest alignment for the material 
available. Proper ballast was unprocurable; all 
material had to be husbanded; even yards and 
sidings laid down had to be torn up later to com- 
plete main lines ; and, above all, the lines had to be 
run up-country as fast as possible after advances 
had been made, while they were never treated 
generously like the I.W.T. or motor transport 
Services. It is well known that the campaign itself 
passed through phases which completely altered 
the conditions under which it was conducted. The 
railways probably felt these changes more than any 
other branch of the Service, owing to the relatively 
permanent character of the work necessitated. 
Added to purely strategic questions were others 
such as broad policies of organisation, or the deple- 





tion of stocks in limited markets by other and 
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more favoured Directorates. Commissions followed 
one after another, and these visitors mostly left 
the country to add further complications to tiie 
situation by reporting in favour of fundamenial 
proposals, in the face of which normal development 
and progressive improvement proved exceedingly 
difficult, if they did not bring everything to a 
standstill. 

These matters are hardly referred to in General 
Hammond’s report, but if anyone has knowledge 
of them, the present publication will be clothed 
with much more interest than where they are 
lacking. The report does refer to the variety of 
the permanent-way material, to the age of the 
locomotives and to the one-time disconnected 
sections with their various repair shops, &c., to 
changes of organisation and of policy, which at one 
time and another have overtaken the railways, but 
cannot, naturally, enlarge upon them. On the 
question of the main stores, it is mentioned, for 
instance, that these were originally at Makinah, 
close to Basrah, and are now concentrated at 
Schalchiyah, outside Baghdad. But that tells little 
of the early days, when railway stores were first 
accumulated at Makinah to be under water part 
of the year, or of the subsequent move to Shaiba, 
and the ultimate return to Makinah in spite of 
disadvantages of the locality and the trouble of 
sand storms. Nor is mention made of the fact 
that the Makinah development was intended at one 
time to include much more ambitious works, as 
derelict masses of concrete in the desert still, we 
believe, plainly indicate. Possibly, these and many 
other facts are well known to General Hammond, 
who, indeed, formed part of a Commission, which 
visited Mesopotamia in 1917—18—when, however, 
many of the early difficulties of railway operation 
had been successfully surmounted. This early 
knowledge of the system must have aided General 
Hammond considerably in his recent investigation, 
and the report bears evidence that whether men- 
tion is made of such things or no, due regard has 
been paid to the unique conditions involved. 

On the whole, the report is a decidedly favourable 
one, and although there are suggestions here and 
there, in many instances it is freely admitted 
that the methods adopted are the best possible 
under the circumstances. One of the chief diffi- 
culties under which the system labours apart from 
the legacies in the form of equipment, etc., arises 
from the present status of the country, which, of 
course, is not yet on a permanent footing. The 
railways are still the property of the British Govern- 
ment, but are worked by the Government of Iraq. 
The actual capital sum at which they are valued 
has not been definitely fixed, though valuations have 
been made. The great difficulty of arriving at a 
figure fair to all parties concerned, must be apparent 
to anyone knowing anything at all of the conditions. 
These peculiar circumstances have very natural 
results on development and operation. One of the 
most vital from the point of view of operation is 
that the Director of Railways is dependent upon 
the prosperity of the system for carrying out 
essential parts of a programme intended to improve 
efficiency. This has resulted in certain works 
being started, and then suspended, thus not only 
uselessly locking up money in unproductive assets, 
but causing much difficulty in the matter of staff, 
some of which appears only to have enjoyed con- 
tinued employment by transfer to other Govern- 
ment Departments. Clearly, as soon as possible, 
the whole financial position should be determined. 
A good part of General Hammond’s report is natur- 
ally devoted to this as a matter of prime importance. 
The report commends the manner in which the 
railways are being run as much as possible on com- 
mercial lines—-under, it seems to us, considerable 
difficulties. One of the peculiar lesser develop- 
ments from which they suffer is that, though owned 
by one Government and operated by the other in 
the hope of developing the country, they are under 
the disability of having to pay customs duties on 
stores which oil companies are allowed to import 
free. Other anomalies could be instanced. 

As regards traffic, the railways are undoubtedly 
showing considerable enterprise, and the report 
points out the great improvement in, and the 





stabilising effect on, transport beyond railhead, 
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which have followed the policy adopted. It will 
however, come as a surprise to many that the attempt 
is being made to cater for third-class passenger 
traffic with fares at about ld. per mile. Although 
during the war, and since, the population generally 
has handled far more money than it was wont to 
do, such a scale of fares must strike most of the 
natives as extraordinarily high, since the actual 
saving in time does not make the appeal to them 
that it does to us. We also gather that the people 
show little interest in this system of transport, and 
it is suggested that more might be done to en- 
courage them to use it. This, too, may possibly 
be a relic of the war, when the railways were run 
as purely military machines and ordinary passenger 
traffic did not exist. The people not unnaturally 
came to look upon this new form of transport as 
something not intended for them, and continued 
to follow their own traffic up and down the country 
by other means. Motor transport has not suffered 
in the same way. It came into more intimate 
contact with the people, and at the end of the war 
the disposal of numberless vehicles in the country, 
and the presence of Army trained drivers, 
developed a system of cheap transport from which 
the railways must obviously have suffered seriously. 
This has special weight in a country where pilgrim 
traffic is considerable, and the report refers to the 
flexibility of the rival motor services, both in oper- 
tion and fares, as being difficult for the railways to 
combat. 

On the matter of organisation, General Hammond 
recommends the adoption of the full divisional 
system. For the early part of the war period, the 
railways were worked on the departmental system. 
Later, organisation was recast on the divisional 
system, which, since the lines were in disjointed 
lengths, separated by stretches of river, presented 
obvious attractions. It cannot be contended, how- 
ever, that the change was an unmixed blessing, but 
doubtless it would have worked out better with 
time. One of its main outcomes was to concentrate 
an excess of specialist officials at headquarters 
and divisional headquarters to act as advisers. 
From remarks in the report, something of this kind 
still appears to exist, though as regards official 
strength, we gather the system, as a whole, is hardly 
overstaffed. In fact, counting leave allowance, the 
opposite would rather seem to be the case, though 
by reorganisation some saving could be made. 

It is interesting, in passing, to note that leave 
allowance, in this country, in which the present 
Chancellor of the Exchequer once stated the British 
Forces were enjoying a picnic, and of which the 
late Sir J. D. Rees affirmed that the winter climate 
was so bracing that no leave was necessary—in 
this land, the present allowance of one day in five, 
or about two months per annum, General Hammond 
does not deem at all too much. As a matter of 
fact, in former days, until quite the close of the 
campaign, the railways were so understaffed as 
regards officers, that the leave these obtained 
compared very unfavourably with those of other 
branches of the Service. With the proposed final 
organisation, we gather that officers would be 
required to look after work falling outside their 
own technical subjects, but this is hardly avoidable 
on a system of no great size worked under some 
difficulties. 

Labour questions figure to a considerable extent 
in General Hammond’s report. From the early 
days of the Occupation, the authorities did all that 
reasonably could be done under the circumstances 
to encourage the employment of native labour. 
With certain exceptions this was no easy matter, 
and as the demand far exceeded the supply, labour 
was imported from India and elsewhere. The 
native, generally speaking, failed to “ make good,” 
although the pay was commonly far in excess of 
anything given before. The great difficulty was 
unreliability as regards attendance, and frequently, 
to be frank, in other matters as well. A tradesman 
might take employment for some time, during 
which he would, by dint of careful supervision, 
acquire considerable additional skill and knowledge, 
which he would then proceed to market, perhaps in 
Baghdad, leaving the railways to start on the 
training of some one else. Much the same trouble 
appears to have attended an attempt in post-war 





days to train apprentices in mechanical trades, and 
the figures given only prove the difficulty of this 
problem. A proportion of the native population is 
undoubtedly capable of acquiring skill of a fair 
standard in these trades, but the necessary condi- 
tions are irksome to a people accustomed to live lives 
of quite a different type. As local wages are high, 
there is no likelihood of saving by replacing Indian 
by ’Iraqui labour, and the trouble spent on the 
latter, often to no purpose, must be still a constant 
source of discouragement to the officials. In the 
ranks of drivers and firemen we gather the desire 
to become independent of Indian labour has tended 
to a lowering of standards, which is far from 
desirable. 

Not much is said in the report on one of the 
matters which gave such great concern on the 
Lines of Communication—namely, theft of goods 
in transit. The curtain is, however, just lifted 
sufficiently by General Hammond to show that this 
trouble continues, though possibly in a reduced 
degree, since conditions are now favourable to the 
exercise of greater care than was possible then. 
The example cited in the present report will recall 
to many other incidents, some of them of much 
greater ingenuity and daring, now only recorded, 
unfortunately, for the most part in the memory of 
military officials, though some few have been lately 
brought to the notice of people in this country in 
the most entertaining and human book entitled Haji 
Rikkan, published by Messrs. Chatto and Windus, 
which, though confining itself to a minute fraction 
of a vast subject, can be strongly recommended to 
anyone with the smallest knowledge of the “ Land 
of the two Rivers.” 


THE VEREIN DEUTSCHER 
INGENIEURE. 
(Concluded from page 736.) 

As explained last week the business at the Confer- 
ence of the Verein Deutscher Ingenieure, which was 
held at Essen from June 9 to 11, was conducted in a 
number of sectional meetings. On the opening day 
there were two such meetings, which dealt with 
steam raising and welding respectively. At the 
first of these, three papers on ‘“‘ Feed Water and 
Materials used in Boiler Construction,” by Professor 
D. Berl, on the “‘ Dependence of the Heat Conduc- 
tivity of Boiler Scale on its Composition,” by 
Professor C. Eberle and on “‘ The Thermal Stresses 
at the Different Points on Boiler Heating Surfaces 
exposed to direct Radiation,” by Dipl.-Ing. D. 
Seibert were presented. 

Prof. Berl gave an account of the researches 
carried out by him at Darmstadt, under the aegis 
of the Feed Water Committee of the Association, 
into the effect of alkalis and salts on iron, especially 
at high temperatures and pressures. These re- 
searches showed that while excess of alkalinity in 
the water was dangerous at high pressure, the iron 
was also attacked by absolutely pure water. 
Professor Berl said that his latest experiments 
indicated that sodium sulphate, the protective pro- 
perties of which had already been called attention 
to by Parr, was of great value as a safeguard. He 
therefore recommended that instead of striving 
for a low alkaline content, such as was hard to 
maintain under working conditions, sodium sulphate 
should be added to the feed water used in high- 
pressure boilers. 

Professor Eberle pointed out that the principal 
components of all types of scale could be divided 
into three groups ; calcium sulphate, carbonates and 
silicates. To determine the connection between the 
composition of the scale and its thermal conduc- 
tivity, it seemed advisable to measure the con- 
ductivities of scales containing excess of sulphates, 
carbonates and silicates, and thus to deduce results 
for scales of definite compositions. The experiments 
showed that the conductivity depended mainly on 
the thickness of the scale, that when the thickness 
was the same the difference between the three 
materials mentioned was not great, and that the 
conductivity varied considerably with the thickness. 
A large number of investigations on scale formed in 
boilers showed that the thickness was closely depen- 
dent on the composition of the scale, siliceous scales 





being very thin, while, on the other hand, the scale 
containing sulphate was thickest. Scale containing 
chalk was generally thick, but this was not invariably 
the case. Generally it was found that the thermal 
conductivity of siliceous scale was less than that of 
chalky and calcium sulphate scales. The experi- 
ments therefore showed that siliceous scale had 
generally a much lower thermal conductivity than 
had been supposed. 

Dipl.-Ing. O. Seibert’s paper was devoted to 
a theoretical investigation of the thermal stresses at 
different points on the heating surface of a boiler. 
The fuel bed and walls radiated definite amounts 
of heat to each point on the heating surface, 
these amounts depending both on the temperature 
and the position of the surface considered. The 
radiated heat received on each element of heating 
surface from a radiating surface was a definite 
fraction of the heat radiated from that surface. 
The walls absorbed heat from all the other surfaces 
by radiation and from the hot gases directly, while 
they gave up heat by re-radiation and conduction. 
The unknown temperature of the fuel bed could be 
found from the equation that the amount of heat 
energy supplied in the form of air and fuel was 
equal to the thermal value of the hot gases and the 
heat radiated from the fuel bed. 

Five papers on welding were presented. The 
first of these was by Professor A. Henning, and dealt 
with ‘‘The Temperature of the Oxy-Acetylene 
Flame.” This temperature was measured by 
Kurlbaum’s methods, the flame being coloured for 
that purpose with lithium carbonate, and passed 
through the light emitted from the positive crater 
of an electric arc. The emission was weakened by 
a rotating glass plate of known transparency, so that 
in the spectrometer, the red lithium line, produced 
by the colouration, disappeared against the back- 
ground of the continuous spectrum of the are. In 
this case, the true temperature of the flame was equal 
to the black body temperature of the continuous 
radiation impinging on the flame. The flame was 
measured at a number of places at different heights 
above the edge of the burner and at different dis- 
tances from the vertical axis. The proportions of 
acetylene and oxygen used were also altered. The 
maximum temperature, 3,100 deg. C., was, however, 
obtained with the ordinary proportion of 1:1. 
The acetylene pressure was 0°5 atmospheres, and 
the oxygen pressure 3 atmospheres. 

In discussing’ progress in “‘ Acetylene Welding 
Methods,” Professor C. F. Keel remarked that for the 
economical welding of thin sheets, the addition of 
coal gas or hydrogen to the acetylene was advisable, 
as the work was thereby facilitated, and with very 
thin sheets accelerated. This applied equally to iron, 
copper and aluminium. Figures and test results were 
given showing the applicability of the latest methods 
to welding round and rectangular sections and thick 
plates. A welding flux was found to be advisable for 
welding stainless steel. The magnetic testing of 
welding seams by Roux’s method was explained. 

In a paper on the “ Physical Properties of the 
Welding Arc,” Dr.-Ing. W. Strelow called attention 
to the difficulties of investigating what occurred in 
arc welding. The most accurate method was a 
photographic one, using an oscillograph to measure 
the current and voltage variations. This method 
indicated that as the length of the arc changed, 
considerable alterations in the shape and in the 
amount of material transferred occurred, and that 
the appearance of the arc altered with a change of 
polarity. It also indicated the effect of covering 
the iron electrode with other materials. Such 
investigations into the transfer of material were of 
interest, apart from their importance in welding, as 
they might throw further light on the nature of 
electricity. The phenomena occurring in the elec- 
tric arc and gas flames were illustrated in two films, 
exhibited by Mr. Bung. 

The last paper in this section was by Dipl.-Ing. F. 
Herr, and dealt with the ‘‘ Investigation of Welds, 
by means of Réntgen Rays.” The author described 
the apparatus used for this purpose and showed how 
the results obtained could be evaluated. 

Two interesting papers were read in the Internal- 
Combustion Engine Section on Saturday, June 9. 
The first of these was by Dr.-Ing.A. Reinsch, and dealt 
with “ Recent Developments in High-Speed Diesel 
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Engines.” In a historical introduction, the author 
pointed out that the possibilities of the small Diesel 
engine had been recognised by the inventor himself 
as long ago as 1893. During the following 20 years, 
however, attempts to convert theory into practice 
had all failed, owing to the inherent difficulty of 
the problems relating to speed, regulation, complete 
combustion, weight and space. The result had 
been that while considerable progress had been made 
with the Diesel engine for stationary and marine 
work, no great development had occurred in its 
use for vehicles. This was partly owing to the 
conditions ruling with regard to the price of fuel. 
After the war, when the use of heavy oil for this 
purpose became more attractive, unsuccessful 
attempts were made to invent a heavy oil carbur- 
ettor. Next, experiments were made to adapt the 
engine to the fuel by the use of a hot bulb system, 
while, in Germany especially, many firms had 
worked along the lines of bringing out a high-speed 
Diesel engine. Some tried to employ the classical 
Diesel principle with compressed-air fuel injection, 
though the majority preferred the use of airless 
injection, owing to its greater simplicity. 

The author next dealt with the various types of 
engine of this pattern, which were now on the market, 
and pointed out that the main difference between 
them lay in the method whereby the fuel was intro- 
duced into the cylinder. Several firms injected the 
fuel through open nozzles by a high-pressure pump, 
one firm using the pump valve itself as the injection 
valve. Other firms had developed the pre-combus- 
tion chamber principle, the fuel being injected into 
a special chamber at relatively low pressure, so that 
partial combustion took place before the compression 
space in the engine cylinder was reached. Special 
attention was called to the method of direct injec- 
tion used on the Bosch engine, in which either an 
external or internal air vessel was employed, 
depending on the purpose for which the engine was 
intended. The result of these developments was 
that Diesel engines were now being used on commer- 
cial road vehicles, as well as on rail-motor cars and 
locomotives. 

The second paper in this section was by Dr.-Ing. 
F, Gosslau, and was entitled “‘ Experimental Re- 
searches on Heat Control and Increased Output in 
Air-Cooled Aero Engine Cylinders.” This gave an 
account of the mathematical work which had been 
undertaken to solve the problem of heat control 
in air-cooled cylinders. The heat stresses were 
calculated from the cylinder data, and the heat 
dispersal conditions were determined by special 
tests. These data allowed the thermal condition of 
the cylinder to be ascertained, and the results to be 
checked by comparison with measurements made 
during operation. It was found that at the same 
speed the cooling losses decreased with increasing 
cylinder diameter, while the heat stresses per unit 
area increased. In general, the heat radiated per 
unit area of the combustion chamber decreased 
considerably, as the cylinder diameter increased, and 
increased, though at a less rate, with increasing 
air speed. Increasing thermal stresses and decreas- 
ing radiation led with increasing cylinder diameter 
to higher, and, finally, to unutilisable wall tempera- 
tures. This allowed the maximum practical size 
of cylinder from the thermal point of view to be 
determined. The latest developments were tending 
towards the use of large slow-speed engines, or in 
the opposite direction to the line of progress, which 
had hitherto been usual. 

Operating problems, especially in the coal and 
mining industries, were dealt with in three papers 
presented before another section of the Conference, 
on Saturday. In the first of these by Dr.-Ing. T. 
Rummel, the importance of time studies in obtain- 
ing improved operation in iron works was pointed 
out. It was often difficult, however, to find the 
correct starting point for such studies, and stan- 
dardisation of the method of attack was quite 
impossible. Each particular case must be considered 
by itself. 

Dealing with workshop organisation in these 
industries, Dr. H. Voigt said that great savings were 
obtainable by the centralisation of the workshops 
in an area, making one the main shop with the 
others acting as subsidiaries to it. The latter 


and between them and the actual machines connec- 
tion could advisably be established by “ flying 
squads.” The organisation of such an arrangement 
was not altogether easy. The “ basic ” load of each 
shop must be determined and moved to the new 
central shop, while all “‘ peak” or emergency loads 
must be handled in the ‘running shops.”’ The 
central shop would be operated on the lines of a fac- 
tory. One result of this arrangement was to increase 
the skilled supervisory staff, so that the efficiency 
could be increased to a maximum. In a particular 
case it had been possible by re-organising on these 
lines to reduce the number of men employed on 
repair and maintenance work from 850 or 900 to 
500 or 600, and to save some 750,000 marks per 
annum in wages. 

The third paper by Professor Dr.-Ing. E. Aumund, 
dealt with the problems of storing such materials 
as coal, coke and briquettes, with a view to ascer- 
taining the loss in value which thereby occurred. 
The advantages of loading by conveyors was pointed 
out, special attention being also drawn to the 
relative advantages of the different types used 
from this point of view, and to the importance 
of protecting the material while it was being loaded 
on to ships and barges. Figures were given to 
show that within certain limits it was better to 
store coal, which had been washed, but was soon 
to be reloaded, in containers rather than on an 
open storage ground. 

On Saturday afternoon three sectional meetings 
were held, at the first of which two communications 
on metallurgical subjects were considered. The 
first of these was by Dipl.-Ing. H. Obermiiller, and 
dealt with ‘The Production and Economics of 
Chilled Castings.” This process showed the highest 
economy when mass-production methods were used, 
but the main obstacle to its employment in Germany 
was that certain shapes could not be dealt with. 
Cast-iron was generally used for the chills and steel 
for the cores. The most important factor was the 
correct design of the chill from the points of view of 
pouring, heat disposal, ventilation, relation of the side 
walls tothecores, &c. Great stress must be laid on the 
ease in handling. Satisfactory casting also depended 
on a number of factors such as homogeneity of the 
alloy, casting temperature, surface treatment and 
chill temperature. Correct working speed and 
accurate maintenance of the time between the end 
of the pouring and the opening of the chill were 
also of great importance. The economy of the 
process was dependent on a number of factors, and 
everything should be done to increase this economy 
even when quantities produced were small. 

The second paper in this section was by Dr.-Ing. 
A. Frommer and dealt with ‘ Extruded Parts in 
Constructional Work.” After describing the process 
of extrusion and the properties of the product 
thus obtained, the author remarked that the exten- 
sion of the process to zine alloys had greatly enlarged 
its field of application, while the same was true 
of its employment in connection with aluminium 
and brass. Extruded parts were now being largely 
used in a greater variety of ways on machines and 
apparatus of all kinds. The properties of an 
extruded part depended both on the alloy 
composing it and the care with which it was 
prepared. Good extruded parts were as a rule 
stronger than sand or chilled castings of the same 
alloys, but their production demanded great skill 
and experience, and should only be attempted in 
specialshops. The cost and difficulties of the extru- 
sion process could be greatly reduced by designing 
the finished parts with regard to the limitations of 
the process. 

At the second meeting four papers on “ Selling ”’ 
were presented. The first of these, which was by 
Ing. W. von Appen, dealt with the importance of 
the sales engineer, engaged in the export trade, 
possessing a full acquaintance with the markets in 
which he proposed to operate. A second, by 
Ing. I. A. Baden, made suggestions for the organisa- 
tion of a selling department, while the third, by 
Oberingenieur G. Schliiter, discussed the best ways 
of placing a product on the market. A fourth, by 
Mr. E. Kuhlemann, dealt with the importance of the 
time factor in selling. 

The third meeting met to consider educational 
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matters and dealt with three papers. The first of 





these was by Professor C. Matschoss, the director of 
the Association, and described the work that body 
was doing to assist the education of engineers. The 
author outlined the organisation of the Association 
and the educational facilities provided, and ex. 
pressed his preference for a course combining works 
practice with theoretical studies. Any temporary 
disturbance which was caused by compressing a 
theoretical course into two or three weeks during the 
practical training was more than compensated for by 
the greater success resulting from the intensive appli- 
cation necessary. A committee had been appointed 
to consider the problem of education within the 
V.D.I., and one of the more important matters it 
would have to consider was the close relationship 
of that body with other organisations. 

In a paper on the “ Education of the Engineer ” 
Professor H. Kluge said that the extraordinary 
developments, which had taken place in technical 
matters, had led to a demand for a change in 
educational systems. On the one hand, great stress 
was being laid on a theoretical education in a Uni- 
versity, the industry itself being allowed to do the 
more practical portion of the work, while on the 
other it was suggested that the young engineer 
should be capable of occupying a fully responsible 
position directly he left the technical college. While 
appreciating the desire for more profound mathe- 
matical and scientific studies, the author thought 
these subjects should be imparted in the technical 
high schools rather than in the universities, as the 
former alone were able to indicate how such 
theoretical knowledge could be used in a practical 
way. It was also desirable to divide the students’ 
practical training into two parts, the first taking 
place before he began his theoretical course and the 
second before the fourth and fifth terms. Practical 
work undertaken in the holidays should not be 
allowed to count, while the prolongation of the 
course for more than eight terms should be avoided. 

In a third paper on the ‘“‘ Post-Graduate Education 
of the Engineer,” Professor Dr.-Ing. E. A. Kraft 
called attention to the need for reading text- 
books and technical literature and to the desirability 
of studying foreign languages and of the participa- 
tion in courses, lectures and visits to works. 

On Sunday morning there were two sectional 
meetings. The first of these was concerned with 
agricultural engineering, a paper on “‘ Tendencies in 
Agricultural Machine Construction ”’ being presented 
by Professor H. K. Vormfelde. He described the 
conditions in Germany and other western European 
countries, including Great Britain, and pointed 
out that while in the former country machinery 
was now being used for various agricultural opera- 
tions to a satisfactory extent, there were still a 
very large number of problems, such as that of the 
small tractor and of an economical potato and root 
harvester, which still awaited solution. Another 
important matter was to discover how to protect 
crops against frost and damage. The impossibility 
of being able to do so resulted in heavy financial 
loss every year. In a second paper Herr E. vom 
Scheidt said that what agriculture required from 
engineering was machines and appliances which 
would act as substitutes for the skilled labourer. 
The last paper by Mr. C. Feustel, described the part 
played by the Rhenish-Westphalian industrial area 
in the production of agricultural machinery especially 
since the Treaty of Versailles had caused armament 
firms to turn “ their swords into ploughshares.” He 
called attention to the fact that the design of agri- 
cultural machinery offered problems for engineers. 
which were not unworthy of their attention. 

The final sectional meeting dealt with the subject 
of “Paint.” The first paper was entitled the 
“Technical Preparation of Paints,” and in it 
Mr. B. Luther said that as regards the oleaginous 
portion of the paint the first process was the remova! 
of the fats, which should be as complete as possible. 
The advance from the earlier soda plants to the 
highly economical trichlorethylene equipment wa* 
described. The second process was drying, and 
here again a great advance had been made from 
the original hand-drying processes, with their huge 
labour requirements, to mechanical drying an( 
quartz sand driers. Chemical drying was imprac- 
ticable, owing to its cost and sensitiveness to 
moisture. 
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Mr. W. KGnig dealt with the ‘‘ Wear of Protective 
Paints Used on Vehicles.’”’ He said that the paint 
used on railway rolling stock was much more 
exposed to wear than that on other vehicles, as, 
owing to the large number of vehicles and the 
method of operating them, constant attention and 
cleaning was impossible. It was impracticable 
thoroughly to overhaul the paint on railway pas- 
senger vehicles more than once in six or eight years, 
and on goods wagons more than once in six years. 
Coloured paints such as were commonly used on 
other vehicles, could not be employed. Cellulose and 
vegetable-oil paints had the advantage that the time 
taken in painting could be reduced in the case of 
passenger stock from 20 days to 5 to 8 days. Most 
nitro-cellulose paints had proved unsuitable for 
railway work, as they peeled off and cracked after 
a short time, causing considerable rusting within 
about ten months. Vegetable-oil paints also did not 
give the life, which was necessary on railway stock. 
They had, however, the advantage over linseed-oil 
paints of maintaining a high finish for a considerable 
time, and they also lasted longer than cellulose 
paints. Nevertheless, the life was not more than 
1} to 2 years, after which time they wore out very 
rapidly. Paints with the longest life were those with 
a linseed-oil basis containing colouring matter and 
those incorporating linseed-oil copal lacquers. These 
lasted for 8 to 10 years. Coke had the most dele- 
terious effect on the paint used on goods wagons, 
and chalk the least. The latter material was, in 
fact, a protection against rust. 
@ On Sunday afternoon the technical business of the 
Conference was concluded at a plenary session, 
at which the retiring president, Dr.-Ing. Karl 
Wendt, delivered a short address of welcome 
to the visitors and gave a review of the work 
of the Association. He added that engineering 
performance must keep step with the increase in 
engineering knowledge, and must also more and more 
be used to replace manual labour. Man was, 
however, as important in engineering as material, 
and care must be taken that in developing specialist 
operations and mass-production schemes all the 
joy was not removed from life. It was the duty 
of those in responsible positions to explain the 
reasons for the work that had to be done, and thus 
to increase the interest in the well-being of the 
concern, and to raise the work itself from the level 
of a duty to that of a service to mankind. 

Subsequently, two lectures one on “ Art and 
Technology ” and the other on ‘“ Natural Science 
and Technology” were delivered by Professor 
G. Riemerschmid and Professor R. Plank re- 
spectively. 

Centuries ago, said Professor Riemerschmid, 
princes and States had competed for the services 
of artists, not to use them as such, but to employ 
them on defence works and drainage schemes, 
thus recognising that form was of value, whether it 
was used for technical purposes or in works of art. 
Gradually, however, this practice was abandoned, 
and we had by now become accustomed to thinking 
of art and technology as separate entities. The 
latter, however, was more and more demanding the 
aid of the creative gift. By increasing the tempo of 
life, it was, however, relegating the period when there 
was time to do things to the past, and destroying the 
conditions under which art could exist. Neverthe- 
less from technology were arising the beginnings of 
a new artistic life with its own modes of expression, 
as was demonstrated in ships, bridges and machines. 
Form was a necessity to technology, and art went 
along with form. The artistic ideal was therefore 
being reached on economic grounds, for even tech- 
nical products must possess some form, which 
expressed their purpose and was implicit in them. 
The duty of the technical man, who was inspired by 
his work, must consequently be to realise the part 
that art could play in technology. 

Obviously, the relationship between the two was 
reciprocal, and art needed technology in the same 
way that technology depended upon art. Art, 
in fact, might be assisted by the use of the new 
methods of steel and concrete construction, the 
employment of which technology had made possible, 
and this assistance should be taken advantage of to 
the fullest possible extent. 

In the second lecture Professor Dr.-Ing. R. Plank, 





said that technology was not a mere allotropic form 
of science, but a definite field of human endeavour. 
The natural sciences had their origin in the need for 
technical knowledge, and had been constantly and 
decisively enriched by technology. Technology 
transferred knowledge from the realm of ideas to 
that of sensuous observation. This particular view 
of technology must be clearly reflected in educa- 
tional methods. The enormous increase in our 
technical knowledge had rendered specialisation a 
necessity. The disadvantages of the worst form of 
narrowmindedness could only therefore be avoided 
by organising engineering training on the broadest 
possible mathematical and scientific basis. This 
was the safest path to technical progress. It was 
true that many important discoveries had been 
made by those with empirical and practical know- 
ledge only, for intuition had its place not only in art 
but in science and technology. Though, however, 
these might lead to isolated creations, the justifica- 
tion of the results obtained must be ensured by 
subsequent systematic technical work. 

The lecturer called attention to the importance 
of mathematics in the equipment of the engineer, 
and stated that the dislike of many engineers for 
that subject was due to the way in which it was 
taught, the pedagogic character of the examples 
and the personality of the teacher. The engineer, 
he continued, was greatly indebted to the pure 
physicist, who had assisted in the solution of 
many problems relating to vibration, testing of 
materials and thermo-dynamics, though perhaps 
the strongest proof of the desirability of the close 
co-operation of the physicist and the engineer 
lay in modern electrical developments. Instruction 
in physics should not, however, be confined to 
matters of which immediate use could be made, 
as no one could say with certainty whether the 
disintegration of the atom or the super-conductivity 
of metals might not soon become of practical im- 
portance. The physics of to-day was the technology 
of to-morrow, and whoever desired to be engineer, 
prophet or leader must be fully acquainted with the 
present position of physical knowledge. 

The lecturer emphasised his point by referring 
to the close connection which had always existed 
between pure and applied chemistry, and added 
that modern industrial chemistry also required 
the closest co-operation of the engineer. 

Like physics and chemistry, biology too was 
becoming more and more an exact science, in 
which mathematical methods were employed, 
and in which there were many points of contact 
with physics, mechanics and especially chemistry. 
In the frontier country between engineering and 
biology the engineer would find numerous problems 
relating to agriculture, fermentation, refrigeration 
and sanitation which demanded his attention, so 
much so, that biology must also form a subject of 
his education. 

The instruction of the engineer must, therefore, 
not be entirely technical, but must cover other 
matters to the greatest possible extent. On the 
other hand, representatives of the pure sciences 
must recognise that their former contempt for 
technology was based on a fatal misconception, 
and that human knowledge without technology 
could neither advance or even continue to exist. 

Space does not permit us to refer in detail 
either to the social functions or to the visits of 
engineering interest, which took place during the 
Conference. It may be said, however, that the 
latter were of a very varied nature, and can have left 
the participants in no doubt about the importance 
of Essen as a centre of German engineering and 
industry. The organisation of the very large 
gathering was excellent. Our thanks are due to 
the Council of the Association and to Professor 
Conrad Matchoss, its Director, for the facilities 
afforded to our representative. 


NOTES. 


THE Roya Socrety CONVERSAZIONE. 

Mosr of the exhibits of direct interest to our 
readers at the second Conversazione of the Royal 
Society (Ladies’ Night), held on Wednesday, 
June 20, had previously been shown at the first 
Conversazione, which we dealt with in our issues 











of May 25 and June I, on pages 644 and 655. In 
addition to the portrait of Sir Isaac Newton, several 
other Newton relics were exhibited, viz., the manu- 
script of his Principia, with autograph corrections, 
the original reflecting telescope made by Newton 
himself in 1671, exhibited by the Royal Society, 
and his own copy of the Principia, with notes in his 
small handwriting, shown by Mr. H. W. Wykeham- 
Musgrave. Lord Rayleigh demonstrated his experi- 
ments on the fading of peacock feathers and 
of the brilliant blue wings of morpho rhetenor, a 
Brazilian butterfly, in ultra-violet light, and Dr. 
L. F. Richardson, F.R.S., demonstrated the use of 
his photometer, specially designed for measuring the 
reflectivity of the ground from aeroplanes, as made 
for the International Union of Geodesy and Geo- 
physics. The light from a uniformly-cloudy sky 
(represented in the demonstration by an opal-glass 
lamp) entered a tube by a small window, illuminat- 
ing one face of a white edge, the other face of which 
was illuminated through an adjustable iris by the 
light reflected from the ground, which was repre- 
sented by coloured surfaces moved by a gramo- 
phone. The meniscus-valve oscillator, Professor 
W. Cramp’s exhibit, was described by him at the 
British Association meeting last autumn, and 
illustrated in ENGINEERING of September 2, 1927, 
on page 314. Last Wednesday, he used his hydraulic 
system for elucidating the oscillations of a neon 
lamp. Messrs. Colour Photographs, Limited, of 
1, Wilton-place, S.W.1, demonstrated their new pro- 
cess of colour photography without using stains or 
dyes. Photographs of animate objects are taken 
by the tripack or trifolium system; three films, 
coated with special emulsions, are exposed one 
behind the other, the light from the lens passing 
through them in succession. These films are 
developed in the usual way. For printing, yellow, 
pink and blue images are formed within the films 
of viscose, previously sensitised, by direct exposure 
to the light. The blue film is sensitised with ferro- 
prussiate, the pink with murexide, and the yellow 
with colloidal silver ; each image is printed under 
the negative recording the complementary colour. 
The tissues or films are subsequently superposed 
and secured by means of gelatine, registration being 
effected by the eye. Each finished print thus 
consists of three superposed films. 
MacuinE Toot Importers’ ASSOCIATION. 

In the course of the past few days, our attention 
has been invited to the formation of the Machinery 
(Machine Tool and Woodworking) Importers’ 
Association of Great Britain, whose offices are 
14-16, Cockspur-street, S.W.1. As its name implies, 
this body is formed in the interests of agents in 
this country of foreign firms, the objects being, as 
one would naturally expect, mainly the promotion 
of conditions conducive to an increase of business, 
either directly or indirectly. With most of the 
objects, as set forth in a pamphlet to hand, no one 
will probably quarrel. They are perfectly legiti- 
mate. They relate, for the most part, to the 
protection of the interests of the member firms, 
the watching of proposed legislative changes, the 
collection of facts and statistics, participation in 
the organisation of exhibitions, and the encourage- 
ment of co-operation amongst members and with 
outside persons and bodies. All these are what 
might naturally be expected. But the eleventh 
object of Association will, perhaps, strike many 
people as making an excursion into rather strange 
country. What, it may be asked, is the object of 
such a body in seeking “to obtain representation 
and appoint representatives on Government Com- 
mittees, and on Commissions, financial and tech- 
nical bodies, corporations and associations, and on 
University, technical school and college, and primary 
and secondary educational governing bodies, and 
other public bodies and authorities.” The Associa- 
tion is well within its own rights in thus defining 
the objects for which it is being set up, if it so 
chooses, and may, after the manner of the modern 
company prospectus, be casting its net wide in 
order to be prepared for eventualities, but the 
clause we have quoted will, we fear, be read by 
many to imply a line of policy which we can hardly 
think will bring the body into favour here, what- 
ever may be our relations with countries repre- 
sented by member firms. 








LITERATURE. 
- Applied Thermodynamics. By W. Rosrnson. London: 

Sir Isaac Pitman and Sons, Limited. [Price 18s. net. | 
ALTHOUGH many excellent treatises on the subject 
already exist, Professor Robinson’s new book will 
be welcome for its lucid exposition, its freshness 
of treatment, the wealth of up-to-date matter 
which it contains, and its complete and concise 
form. The book has been written mainly for 
engineering students, and the author’s endeavour 
has been to build up the subject by simple treatment 
from first principles, all purely descriptive matter 
being purposely omitted. The book covers the 
syllabus in applied thermodynamics for the B.Sc. 
(Eng.) degree examination of the University of 
London, for the Associate Membership examinations 
of the Institutions of Civil and Mechanical Engineers, 
and also that of the Advanced National Diploma 
and Higher Certificate awarded jointly by the 
Institution of Mechanical Engineers and the Board 
of Education. Following introductory chapters on 
heat and energy, properties of gas and vapour, 
and ideal reversible cycles, separate sections are 
given dealing with air compressors, mechanical 
refrigerators, combustion of fuels, internal-com- 
bustion engines, steam and steam cycles, steam 
nozzles, and steam turbines. The results of many 
important recent researches and papers have been 
included, references to which are given throughout 
the text. In particular, the Proceedings of the 
Institution of Mechanical Engineers and _ the 
Institution of Civil Engineers have been freely 
drawn upon, and several well-known authorities 
have been consulted. Many numerical examples 
are fully worked out in the text, and further 
examples, selected mainly from the papers set at 
recent examinations for the London University 
B.Sc. (Eng.) degree, and of the Institutions of 
Civil and Mechanical Engineers, are given at the 
end of each chapter. The book, which has been 
produced in a praiseworthy manner, will serve 
its purpose admirably, and will be a great aid 
to engineering students and engineers studying 
heat engines. 
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The Microscopy of Drinking Water. By GEORGE CHANDLER 
WuiprLe. Fourth Edition, revised by Gorpon 
Maskew Farr and MELVILLE COoNLEY WHIPPLE. 
London: Chapman and Hall, Limited. [Price 35s. 
net. 

In 1899, Mr. G. C. Whipple, Professor of Sanitary 
Engineering at Harvard University, Boston, wrote 
his Microscopy of Drinking Water as a guide 
for water analysts and water-works engineers. 
Two new editions followed in 1905 and 1914, 
respectively, and Mr. Whipple was planning a 
revision of this work when he died. Both the 
authors of the re-written and enlarged fourth 
edition are assistant professors at Harvard— 
Mr. Fair of sanitary engineering, and Mr. M. C. 
Whipple of sanitary chemistry. Although neither 
author is a _ biologist, biological features are 
prominent throughout the volume; almost too 
much so, in fact. The water analyst makes use of 
the microscope for the study of dust and mineral 
impurities in water, silica and iron, mud and salt 
crystals, and it might well have been indicated in 
the title that the book is limited to the microscopy 
of organic life in potable water; but the fact is 
not even mentioned in the prefaces. 

The old division into two parts, on Applied and 
on Determinative Microscopy, is retained. The 
19 coloured plates, illustrating micro-organisms 
and their classification, belong chiefly to the 
second part. The engineer will be particularly 
interested in the 448 pages (out of a total of 
585 pages) of the first part and the parts devoted 
to the organisms. The water of wells, rivers, lakes, 
tanks, harbours a great variety of animals and 
plants, many harmless, some poisonous. In the 
water we drink we do not want any life, not even 
the small plankton floating on the water surface, 
which sustains fish and other animals, or the 
alge which may clog our pipes and filters, and 
even conduits and rivers which swarm with other 
life. The presence in the water of certain fungi 
need not be an indication of sewage pollution, 
but it makes us suspicious, and ice water is by 
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no means safe; water may smell and taste very 
nasty a few hours after the ice has melted. 

The authors explain how the organisms are dis- 
tributed over the surface, shores and depth of lakes 
and rivers; how the distribution varies with the 
season, temperature, light and wind; and how 
the samples of the water and its organisms are 
collected for the examination by the microscope ; 
and the tests of turbidity, colour and odour. 
Welcome, but somewhat unexpected, are the 
chapters on the control of alge and on the 
selection and preparation of the area to be 
impounded by drainage, the extirpation of trees 
and plants, and by soil stripping, ?.e., removal of 
the top soil. Plant growth is destroyed by 
algicides, such as copper sulphate, chlorine and 
other chemicals. The first, in the small propor- 
tions required, is supposed to be innocuous to man, 
although this is a debatable point; but it is hardly 
so to fish. Artificial aeration of algal growth is pre- 
ferable ; itis effected by injection (blowing air into 
the water), by the aid of fountains and by gravity, 
i.e., by making the water flow in a fine film over 
stepped weirs or percolate through filters. There 
is also a chapter on the self-purification of rivers— 
all matters directly connected with potable water, 
but hardly with its microscopy. The volume, 
indeed, contains both more and less than the reader 
may look for. It is well stocked with references 
and very well illustrated. Judged by its title, 
the book would satisfy neither the engineer nor 
the biologist, though both will find much of 
interest in it. 





Standard Construction Methods. By G. UNDERWOOD. 
First Edition. London: McGraw-Hill Publishing 
Company, Limited. [Price 25s. net.] 

Ir is well to make clear that this is a book which 
deals more particularly with the construction and 
completion of buildings of various kinds, chiefly 
for industrial uses, and does not cover the whole 
field of constructive operations. In this respect 
the title may be thought suggestive of more than 
is, as a fact, dealt with. Notwithstanding its limita- 
tions, it will be of value to those who seek detailed 
knowledge of the matters treated. The author, 
whose competence to write on such subjects is made 
manifest by the nature of the information he gives 
us, begins with a chapter upon organisation and 
equipment, including a useful list of plant required 
on works. Setting out is then treated in useful 
detail, and various methods of timbering for 
trenches and foundation work are dealt with. 
Piling, excavation in rock, and blasting also re- 
ceive attention. Construction in concrete, with 
details of forms used for walling, and the procedure 
of making and placing concrete, are each treated 
in considerable detail, as also is the construction 
of buildings in wood, in brickwork, or with steel 
framing. 

In a chapter on scaffolding, much that is useful 
is to be found, this section being well detailed. 
The author, in all cases, shows scaffold members as 
of sawn timbers, differing from practice in this 
country where fir poles are commonly preferred. 
About eighty pages devoted to erection and rigging 
make, perhaps, the most useful section of the book, 
dealing, as it does, with matters respecting which 
not a great deal has been published. The practical 
nature of the work is evident from the information 
on rope-lashings, the making of knots, guys, and 
the attachments of gins, derrick masts, and shear 
legs, with the anchorages necessary to such work. 
Much information is also given on the safe lifting 
capacity of tackles, whether for manilla rope or 
wire rope. Cautionary advice is not wanting. A 
useful table is included of the sizes suitable for 
square gin-poles of varying lengths for the lifting 
of specific loads. This is based, as the author ex- 
plains, on the observations of safe practice, and 
appears to be both consistent and reliable. The 
use of round timbers of natural growth is approved, 
but it is not shown to what extent the tabulated 
loads should, in that case, be discounted, as we 
may presume would be necessary. The “tons,” 
where named, stand always in this book for the 
short United States measure. There is hardly any 
operation on works in progress which gives more 





anxiety than that of lifting or lowering heavy loads, 





the appliances used, temporarily and recently set 
up, are tested once for the first time. Any informa. 
tion which makes for safety in such operations 
should be welcome. A long chapter on pipe- 
laying will be found to contain many useful hints, 
The concluding pages of the book relate to the 
practice of carrying out any large work in accord. 
ance with a pre-arranged schedule of operations, 
The method has advantages as favouring the con- 
duct of work in an orderly manner, without the 
checks and hindrances which may occur for want 
of foresight. 

One great use, to a man of little experience, of 
such detailed information as is found in this book, 
is that though quite able, it may be, to deal with 
difficulties as they arise, the knowledge of difticul- 
ties in advance of their occurrence may act as a 
reminder of the provisions it is desirable to make, 
in plant or material, and may thus save much time 
and trouble. 

It is necessary to remark that, as the author’s 
experience relates to work as carried out in America, 
it may occasionally happen that his recommenda. 
tions will not be altogether relevant to work in this 
country. For instance, a comparison as to costs 
of different methods of conducting work of excava.- 
tion by manual labour, or otherwise, must, in a 
measure, be affected by the relative cost of skilled 
and unskilled labour. In this country there is no 
great difference, but in the United States the 
difference is considerable. The book is well illus. 
trated, and particularly well indexed. 








THE REGISTRATION OF AUSTRALIAN 
ENGINEERS. 


RECENT reports from Australia indicate that the 
need for the statutory registration of engineers has of 
late exercised the minds of many members of the 
engineering profession in the Dominion. The subject 
was brought up at the annual conference of the Institu- 
tion of Engineers (Australia), held at Canberra, the 
Federal Capital, in February last. The Prime Minister, 
Mr. Bruce, in the course of a speech made at the open- 
ing ceremony, stated that, in view of the importance 
of the work carried out by engineers in Australia, the 
time had come when they should be required to show 
some standard of qualification in order to be able to 
practise. A few days later, the retiring president of 
the Institution, Sir John Butters, again referred to the 
matter during his presidential address. He said that 
the part taken by engineers in modern civilisation was 
such as to give them cause to be proud of their pro- 
fession. He hoped that the Parliaments of Australia 
would, in the near future, insist upon the proper 
registration of all engineers. 

During the same month, a deputation representing 
between 1,200 and 1,400 New South Wales engineers 
waited upon Mr. E. A. Buttenshaw, Secretary for 
Public Works and Minister for Railways in the 
New South Wales Government. The necessity for 
the compulsory registration of engineers was urged 
by members of private engineering firms and also 
by Government engineers. Mr. Buttenshaw was in 
sympathy with the proposals brought forward, and 
stated that he would recommend to the Cabinet that 
legislation be introduced to prevent the operation of 
unqualified engineers. Developments in this direction 
are being watched with interest. The whole question 
was reopened quite recently, during the annual meeting 
of the Melbourne Division of the Institution of Engi- 
neers. When taking the chair, the newly-elected 
president, Professor H. Payne, Dean of tie Faculty 
of Engineering of Melbourne University, dwelt, at some 
length, on the need for legislative recognition of the 
engineering profession. He emphasised that only by 
Parliamentary legislation could the status of profes- 
sional engineering be raised to its rightful position. 
He was of opinion that all professional engineers should 
be registered, and not merely members of certain 
branches of the profession. 








Macuiné Toots ror Motor Car Repair WoRK.-— 
The commercial secretary at Bucharest reports that a new 
company has recently been registered in Bucharest to 
carry on the purchase and sale of motor cars and 
accessories, the construction and exploitation of garages 
and repair workshops, and any other operations 1n 
connection with the industry and commerce of motor 
cars and agricultural machinery. The commercial 
secretary suggests that machine tool firms may care to 
forward copies of catalogues and price lists of machines 
and equipment suitable for motor car repair work and 
garage use. Firms in a position to offer suitable tools 
and equipment of British manufacture can obtain the 
name of the company on application to the Department 0! 
Overseas Trade, 35, Old Queen-street, London, S.W.1]; 





reference number AX 6349 should be quoted. 
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LY set LAB hand, the seasonal improvement continued in the} to aid by every legitimate means at its command, 
brma- 4 ; ; OUR NOTES. . | building, public works uma brick, tile, and | without injury to the organised workers, in promoting 
nitions _ SOME time ago, it will be recalled, the Executive | cement, and tailoring industries. There was also some | the permanent and increasing success of those companies 
pipe- Council of the Boilermakers and Iron and Steel Ship | improvement in the iron and steel industries, in the] who sign annual working and wage agreements with 
ate Builders’ Society decided that avowed Communists | glass trades, in textile bleaching, printing and dyeing, | organised labour.” In its letter, the management 
: were ineligible to represent the organisation at the | and in certain of the food manufacturing industries. | stress the fact that this resolution marks the beginning 
» the Trades Union Congress or the Labour Party Confer- of a new era in the affairs of the company. The old 
cord. ence. The decision was appealed against, and, in era of disputes, arguments, suspicions and mistrust is 


‘ions, accordance with the rules, the matter was submitted| Among the workpeople (aged 16-64 inclusive, and past, and a new era of greater understanding has been 
to a ballot of the members. By 5,011 votes to 1,520 | numbering approximately 11,800,000) insured against | reached, when management and men will work together 





con- 
the the appeal has been rejected. As the minority vote | unemployment under the Unemployment Insurance| as never before. This development is approved on the 
vant presumably represents the full strength of the | Acts in Great Britain and Northern Ireland, the per- grounds of common sense and good business, and the 
> Minority Movement in the organisation, the influence | centage unemployed (including those temporarily | jetter concludes with the statement that the results of 
: of the extremists is clearly negligible, provided the | stopped as well as those wholly unemployed), in all] their increased efforts would surprise even the most 
> Of general body of members take the trouble to give | industries taken together, was 9-9 at May 21, 1928, | optimistic and that the benefits to all concerned in the 
ook, efiect_ to their views. In the June issue of the|as compared with 9-6 at April 23, 1928, and 8-7 at| company would be important. 
with organisation’s official organ, the Executive Council} May 23, 1927. The percentage wholly unemployed 
icul- say: ‘The Communist attempt to create chaos in| was 7-6 at May 21, 1928, as compared with 7-6 at = 
1s 8 our Society is the most serious and the most subtle | April 23, 1928; while the percentage temporarily : » Mini ’ 
omy we have had to deal with; but the members have | stopped was 2-3 as compared with 2-0. Per oe her ay pent igh peta eni 
ime “> —_——s 2 a Pigg gsr —— persons on the registers of Employment Exchanges in 
principle of the exclusion of » Sanne om eo In the industries for which statistics are regularly 5 Banc tae — - ng dlllonpineasictiie xeon 
ors By this vote, in no uncertain way, our members | COMPiled by the Ministry of Labour, the changes in wholly unemployed, 306,200 were temporarily stopped, 
ica, have expressed themselves against Communist repre- rates of wages reported to have come into operation ee ee on.60 = bi — — 
da. sentation. This principle, therefore, will be applied during May resulted in an increase of 3,500/. in the paar yt lr eg “eo” pare Sone 160.048 
his ig ese gies with pas li Aeaghr gee weekly full-time wages of 45,000 workpeople, and in and 25,400 girls. On June 4, 1928, there were 1,160,049 
we the Society.” a reduction of nearly 3,000/. in those of 31,600 work- | 00 the registers. Of these, 766,214 were wholly unem- 
sg eee people. The principal change which occurred in May | Ployed, 319,575 bad ip a agp eee 
7a P was an increase in the minimum rates fixed under the | WTe Persons normally in casual employment ; 920,016 
a At the end of May, 11,964 members of the Boiler- Trade B ce og f k rig i d in the} Were men, 29,641 boys, 175,012 women, and 26,380 
makers’ and Iron and Steel Ship Builders’ Society | 1T#¢¢ Boards Acts for workpeople employed in the| ot On? 13 1997, tl on cil soe 
ed were “signing the books,’ as compared with 11,101 jute industry in Great Britain; the increase varied | SIM'S: Un vune ov» ge Vie DENSE S eaEgTEN 
no a month earlier. The number of members in receipt from 1s. 64d. to 28. 3d. per week in the case of adult 38757 bova, a o - _—— be coy gg _— 
he of superannuation benefit was 4,344 as compared male timeworkers and from 1s. to 1s. 1ld. per week | “™ ee eT ee ee 
Ss with 4,295, and the number in receipt of sick benefit | that of adult female timeworkers, while the rates 
for pieceworkers were increased by 4 per cent. There 


9 . ° 
ing Mie “10, 3501. . be. 64. ee? Spal oye ‘2 | was also an increase in the wages of men employed| The weekly organ of the International Labour Office 

] 2001. . 6d.; y : y were : ree : 2 : . . : 
10.6271. lls. 7d. at railway electricity generating stations. The prin- | states that the International Federation of Commercial, 
NV ‘ — cipal reductions affected iron miners in Cumberland, | Clerical, and Technical —— — published 
: iron miners and blast furnacemen in North Lincoln- | statistics of the membership of affiliated organisations. 
PR AP gg Rage Brg — shire, iron puddlers and millmen in the North of The total membership on January 1, 1928, was 701,343, 
f 191,022 to 191,924, and the colonial branch member- | ="g!and, men employed in the cooperage industry, | as compared with 696,370 on January 1, 1927. The 
ship from 20,385 to 20,459. The number of members tramwaymen at Liverpool, and plasterers in Scotland. | membership includes | 172,065 women, 14,910 com- 
in receipt of donation benefit increased from 9,681 ——— mercial travellers, 236,047 technical Pane sce and 
to 10,316, the number in receipt of sick benefit During the first five months of 1928, the changes — ~~ — ptr pam tip 
decreased from 5,751 to 5,515, and the number in| reported to the Ministry of Labour in the Piers. se = 3 . 7. a — se — 
receipt of superannuation benefit increased from | for which statistics ‘cunt ean “com iled, have resulted 52,231 ) — I y seeing” sd ies of Fo bs 
10,081 to 10,105. The total number of unemployed | jn net increases of 13,7501. in the week! full-time eo ge 276 i pmo British Ne ‘i 1 Union 
members increased from 13,506, or 6-52 per cent., wages of 147,000 work] eople, and in aa weenie y Asie . sia a Alli ; eae yer 95. sue 
: to 13,928 or 6-69 per cent. Attn. 4... ° 
| the total net reduction, coal mining accounted for over 
The first joint conference with an independent ppt - A vaginas. Po a ea br gor Aa A circular has been issued by the Trades Union 
chairman, to be held under the shipbuilding and ship-| were net increases of on 2501 y hye le te. yr Congress General Council to affiliated organisations, 
repairing industry’s new conciliation machinery took | wages of 311 Sh wcchuansle. wtih oak es Bet ae concerning agreements in connection with night work 
place in London last week. Representatives of the | 1g7 0001. in those of 1420-000 sieeune in various industries. The unions are asked to supply 
employers and the trade unions which are parties , : 21 aU; people. information on the following points :—(1) Whether 
to the agreement attended, and the independent ag is —_ in ti —_ ——s —— 
chairman for the scheme, Mr. H. P. Macmillan, K.C., h : ; ‘ ORGS SN OS eee ee ee ee 
presided. The matter discussed was an application | of work, reported to the Ministry of Laboures beaaning | 90,10 What trades do the provisions apply. (2) Where 
by a number of trades in Southampton for such an| in May, was 23. In addition, 20 disputes which began such provisions are in force, what rates of pay apply 
adjustment of local ship-repairing rates as would before May were still in progress at the beginning of to night we tne sri ani: ao 
bring them to the level of those in operation in|the month. The number of workpeople involved in third, &c. (3) Approximately, what number of 
comparable ports doing the same class of work. The | all disputes in May (including workpeople thrown out erben ory coven By te geeneee gly sapiens 
boilermakers, pattern makers, foundry workers and| of work at the establishments where the disputes in the industry or industries covered by the union 
engineers were not parties to the application. After | occurred, but not themselves parties to the disputes) eeaeues 
hearigg both sides Mr. Macmillan adjourned the} was about 21,500, and the aggregate duration of all erpeyee : 
conference to a date to be mutually agreed upon. | disputes during May was about 114,000 working days. The Trades Union Congress General Council, through 
In the interval he will consider all the material | These figures compare with totals of 2,900 workpeople the Joint Committee on Workmen’s Compensation, have 
relating to the case, and, if necessary, interview | involved and 30,000 working days lost in the previous had under consideration the question of the materials 
representatives of both sides either separately or| month, and with 23,400 workpeople involved and used to produce what is known as cellulose finish or 
collectively. 84,000 days lost in May, 1927. The aggregate dura- cellulose lacquer. Representations have been made 
d tion of all disputes in progress in the first five months by some of the affiliated rr saye whose members are 
The Geneva correspondent of the Daily Telegraph | of 1928 was about 475,000 working days, and the total engaged is this work, and the Council have come to 
states that by 73 votes to 27 the International Labour | number of workpeople involved in these disputes was the decision that it would be advisable to hold a 
Conference, on Friday last, passed the first reading of | about 84,000. The figures for the corresponding period conference of delegates from the societies which have, 
the draft Convention on Minimum Wage-Fixing| of 1927 were 605,000 days and 53,000 workpeople at the moment, members employed in operations of 
Machinery. The minority was composed of employers’ | respectively. ; the kind, or are likely to be affected by the extended 
delegates and a few Government delegates. The use of cellulose lacquer. The opinion is held that 
sritish Government and workers’ delegates voted for! In the movement towards co-operation between such a conference would result in practical steps being 
the Convention. This Convention is designed to pre-| employers and employed, an interesting development, taken for research, so as to provide against the 
vent the payment of sweated rates of wages, and a@| reported from Canada, "is mentioned by Industrial possible harmful effects of some of. the solvents con- 
fundamental obligation is that countries, which do not | News, a weekly organ of the Trades Union Congress tained in the materials used. A circular has, there- 
yet possess minimum wage-fixing machinery forthe pro- | General Council. A letter addressed by a large firm fore, been issued to the affiliated organisations con- 
tection of their workers, are to create such machinery, | in the Dominion to its employees states the view that cerned, asking whether they would be prepared to 
while those which do possess it are to maintain it.| unions must take their place as one of the great con- send two representatives to a conference, and requesting 
The question of the scope of the machinery is left to be | structive forces in industry or cease to be recognised in that any evidence which the unions may have bearing, 
settled by the individual countries in the light of their | industry altogether. It is not enough, the firm point | °° the question, should be forwarded to the Council 
own requirements. dk ihe | out, that they should confine themselves to obtaining before June 30. 
tter conditions o i . Com- , P 
According to The Ministry of Labour Gazette, employ- | ps which wits cigs sage sa 00a hold, As instructed, the members of the National Union 
ment during May showed a slight decline, on the should not be penalised on this account, as a company of Textile Workers employed in the dyeing and finish- 
whole, as compared with the preceding month. There which does recognise unions, and lives up to its labour | 98 trades ceased work last week-end. According to 
were increases in the numbers of workpeople unem- | agreement, should be more sanesaahed than one which | the employers’ estimate, between 3,000 and 3,500 are 
ployed in the tinplate, shipbuilding, pottery, boot js always quarrelling with organised labour. on strike, while the union figure is 1,000 higher. Since 
and shoe, wool textile, linen and jute industries, and the stoppage, several firms have agreed to the union’s 
in dock, river, canal, harbour, etc., service. In the a se terms, but all are, the employers state, small, and none 
coal mining industry there was a considerable increase At a large conference held by the employees of the | is federated. The members of the five other unions 
in the numbers temporarily stopped from the service company, a resolution was adopted, the main paragraph | involved have remained at work, while their representa- 
of their employers, together with a slight increase of which was as follows :—‘‘ It is our firm conviction | tives are engaged with the employers in endeavouring 

in the numbers wholly unemployed. On the other that organised Labour should do all within its power | to find a basis for agreement. 
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THE TRENTON CHANNEL STATION | in the special evaporator-condenser already men- 


OF THE DETROIT ED NY. | tioned as being used in the feed-heating line. The 
inte ie E ISON COMPA | condensed bleeder steam from all the three feed 
(Continued from page 691.) 


heaters, and from the evaporator, as well as the 
FEED-WATER SysTEM. /condensed make-up supply from the evaporator 
| A DIAGRAMMATIC representation of the feed-water | condenser, are fed into the main condenser. In the 
system is given in Fig. 151, the three turbo-generating | newer units this supply is admitted to the condenser 
units of a set being indicated in the left-hand upper | in such a way that it is cascaded over a series of angle 
corner. Neglecting for the moment the auxiliary | irons, while in all, being subjected to the high con- 
sets, it will be noticed that the condensate is drawn | denser vacuum, it gives up any contained air to be 
off by a 16-in. hot-well pump suction by either the | drawn off by the dry vacuum pump. Reference back 
motor or steam-driven hot-well pump of the set, | to Figs. 115 and 119, giving sections showing the 
and passes to the feed heaters. It will be remem- | condenser-tube arrangements, will make clear the 
bered that the main turbine is bled at the four-| way in which this make-up is supplied to the hot 
teenth, the seventeenth, and the nineteenth stages. | well from the air-cooling section. The make-up and 
As economisers are used, as already described, and | heater condensate thus mingles with the hot-well 
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system described is so effective as practically to 
eliminate corrosion of these tubes, but careful 
attention is required to this matter and observations 
are constantly made on the percentage of dissolved 
oxygen present. The oxygen is not allowed to rise 
above 0-05 c.c. per litre, and checks are constantly 
made to ensure this. 
The steam bled for the feed heaters amounts to 
about 5 per cent. of the steam supplied to the turbine, 
at each of the three points at which it is taken off. 
In order to allow for irregularity of load on the 
main units, and consequently variation of feed 
supply to the boilers, each system is provided with a 
storage surge tank, as indicated in the right-hand top 
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not air pre-heaters, air for combustion being heated | condensate, and all is handled together by the hot- mee 
in cooling the furnace walls, feed heating is confined | well and boiler-feed pumps. The condensate from 
to the lower temperatures, in order to leave an | the heaters is drained in series through the system ; r TANKS 
° : 4 ° : ° ca / 
effective margin for operation of the economisers. | that is, the drips or condensate from the fourteenth- ? ees . 
With condensate at about 75 deg. F., the tempera- | stage heater is fed through a float valve into the 
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ture of the feed is raised in the first heater, fed 
from the nineteenth stage, to something in the 
order of 124 deg. F. In the next heater, fed from 
the seventeenth stage, the feed temperature is 
raised further to 181-5 deg. F. The feed next 
passes through a small condenser, in which it is used 
to condense steam vapour required for make-up 
purposes, and in this way its temperature is raised 
to about 201 deg. F. From this condenser the feed 
passes through a third and last heater, fed with 
steam bled from the fourteenth stage of the main 
turbine. On leaving this heater, its temperature 
being about 245 deg. F., it passes to the boiler-feed 
pump, the motor-driven unit being in normal 
operation, with the steam-driven duplicate in 
reserve. The boiler-feed pumps supply direct to the 
economisers, as previously described, and the feed, 
raised about another 100 deg. F. in temperature in 
these, is passed into two of the main steam drums 
of the boiler, and the two steam drums of the 
water-screen units. 

This general scheme constitutes the main out- 
line of the feed system, but in order to meet prac- 
tical conditions, it has to be supplemented by a 
little further elaboration. Make-up water is con- 
densate from an evaporator. Raw river water is 
fed to this evaporator, heated by part of the steam 
bled from the fourteenth stage of the main unit. 
The saturated steam thus produced is condensed 


seventeenth-stage heater, and the combined con- | corner of Fig. 151. The tanks are shown in position 





densate from this is fed through a float valve into 
the nineteenth-stage heater. The condensate from 
the evaporator and make-up from the evaporator- 
condenser are actually likewise admitted by float 
valve into the nineteenth-stage heater, whence the 
supply passes to the main condenser. At each 
stage the condensate from the heaters is cooled to 
a little below the steam pressure of the stage, but 
condensate entering heaters from earlier stage 
heaters comes in at higher temperature and raises 
the temperature of the condensate with which it 
mixes, to a point close to the boiling-point corre- 
sponding to the stage. If there is any flashing into 
steam the heat is given up to the feed. 

The make-up evaporator-condenser combination 
is designed to supply normally 1} per cent. make-up 
continuously. Should it be necessary to increase 
| this output to a higher rate, the steam-vapour 
| produced in the evaporator may be passed into the 
| nineteenth-stage heater. As the pressure in this 
|is lower than in the condenser, the temperature 
difference is greater in the evaporator, in which the 

rate of evaporation is consequently increased. 
It is found that the closed system with condensed 
make-up passed through the main condenser allows 
| of quite satisfactory de-aeration. Trenton Channel 
| is one of a few large plants using steel-tube econo- 





misers and not having de-aerators in service. The | 


in Figs. 39 and 40, Plate XLVI ante. In times of 
| decreasing load, water will need to be accommo- 
| dated in this tank, while with increasing load, 
| this storage is drawn upon to supplement the 
/normal flow. These operations are controlled auto- 
| matically by float valves fitted near the main con- 
| denser, as shown in Figs. 151, and 153 to 154. One 
of these valves comes automatically into operation 


when the water level in the hot well falls to a certain 


| level, and the other when the water rises to a certain 


level. There is a normal range between these two, 
for which both valves are closed and the circulation 
through the system balances the load conditions. 
The float valves operate in the following manner : 
Supposing the load is decreasing and the condensate 
is being drawn off at a greater rate than is made up 
by the turbine exhaust entering the condenser, at 
certain level the low-level float control comes into 
operation and admits water from storage in the surge 
tank line into the hot well. If, on the other hand, 
the load is increasing, and water is accumulating 
too fast in the hot well, the high-level float comes 
into play and the delivery from the hot-well pump 
is diverted to a run of pipe connecting with the 
storage system. In the first case the float A, Fig. 151. 
operates the valve B and allows storage supply 
from the pipe C to flow past B into the pipe D, and 
to the condenser. If the supply is too great, with 
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increasing load, the float E operates the valve F. 
This allows an escape of part of the hot-well pump 
delivery, past the cross connection G, and along 
the pipe H, past a constant pressure valve and into 
the storage system by way of C, instead of the whole 
delivery passing to the feed heaters. In this system 
the cold make-up is mixed with the cold condensate, 
while when surplus is by-passed this also is only 
at the same low temperature. The float controlled 
make-up and relief valves are illustrated in Figs. 155 
to 159, and the float chambers will easily be recog- 
nised in Fig. 160. The float arrangements require 

















5 see 


l 
‘0--32'6 




















[oF —— a —- 60 


—A 


“ENGINEERING 




















no explanation as they are sufficiently obvious from 
the drawings. Figs. 155 and 156 show the actual 
valves, which are of the sleeve type, working in a 
bushing. The floats are 2 ft. in diameter, and 
provide ample force to work the sleeve valves. The 
latter are capable of adjustment with great accuracy. 
Once set they require no alteration. The sleeve 
valves are set so that the float acts as the necessary 
stop in rising or falling to its extreme position inside 
its chamber. 

In the layout in the plant, the heaters are placed 
in a gallery under the main turbine floor, and close 
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to the turbines, so that the bleeder connections are 


short. The feed heaters are all of the four pass, 
straight-tube type with one floating tube plate. 
They have 1659 tubes of in. O.D. and No. 18 
Stubbs gauge, 9 ft. 8 in. between tube-plates, giving 
2,622 sq. ft. of heating surface. In the evaporator- 
condenser combination, the evaporator has 88 tubes 
of lin. O.D. + No. 16 B.W.G. and 15 ft. 2 in. 
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long. It provides a heating surface of 352 sq. ft., 
while the condenser has 573 tubes of in. O.D. 
(No. 18 B.W.G.) and 10 ft. 24 in. long, with a total 
surface of 955 sq. ft. The evaporator condenser sets 
are capable of evaporating 6,625 lb. of water per 
hour, under the conditions of the plant. Fig. 161 
shows a set of the feed heaters for one of the main 
sets; Fig. 111, page 631 ante, shows one of the 
evaporator-condenser sets which are situated close 
to the feed-heaters. From Fig. 151 it will be seen 
that the condensate from the direct-current or 
alternating-current auxiliary sets are both passed 
by hot-well pumps into a 12-in. condensate header 
forming part of the storage system. Since the 
condensers of the auxiliary sets thus discharge 
direct into the storage line, the system usually 
works under control of the low-level float. 

On the right hand of the diagram, Fig. 151, will 
be noticed a sealing head tank. One of these tanks 
is provided for each unit, its function being to 
supply water for the turbine shaft packing. General 
service (river) water lines are connected with these 
storage tanks by means of float valves, for the 
supply of emergency boiler-feed make-up water. 
All general service water admitted to the storage 
tanks is metered. The sealing tank system is illus- 





trated by Figs. 162 to 164, one of the tanks, with | 
its control gear, being shown in Fig. 165 on page 786. | 
The drawings are complicated with by-passes and | 
check valves, but it will be seen that the tank is fur- | 
nished with high and low-level floats in chambers at 
the end of the tank. These are best seen in Fig. 162. 
At the bottom of the piping system are three con- 
nections, J, K, and L, Fig. 162. J isa 24 in. connec- 
tion leading condensate from the hot-well pump 
piping to the sealing tank. Thesecond, L, is a 2-in. 
connection, supplying the emergency general service 
water to the tank ; the third, K, is a 3-in. delivery 
connection from the tank to the condenser. The 
floats have each a movement of 7} in. Normally 
the tank is supplied from the shaft packing 
sealing header by way of the pipes O and P, 
under the control of a 24-in. hydraulically operated 
gate valve M. This valve is controlled by the 
high-level float, which itself operates a }-in. pilot 
valve, the latter, in turn, admitting water under 
pressure to the gate-valve cylinder, through }-in. 
connections shown in Fig. 162. If this supply 
should fail, the water level will fall until the 
low-level float will begin to sink. This movement, 
through the medium of a pilot valve and piping 
system corresponding with that of the high-level 
float, works a 2-in. hydraulically operated valve N 
on the service water system, putting this supply into 
communication with the tank by way of the vented 





pipe system Q, R, 8S. To one side of the sealing 
tank is situated an automatic regulator fitted up | 
as a low-water alarm. This is connected with the | 
tank by high and low-level piping, and embodies | 
a float mechanism operating a cock on a $-in. air | 
connection to a whistle at the central gauge board, 
and therefore in the immediate neighbourhood of 
the operator. A system of three water gauges covers 
the whole range from highest position of high-level 
float to lowest position of low-level float, this 
extreme range being 2 ft. 3 in. The sealing tanks | 
themselves are 8 ft. long by 42 in. in diameter. The 
hydraulically operated valves are provided with 
by-passes, and check valves are fitted throughout. 

For conducting tests, weigh tanks are included in 
the system, as shown in the right-hand top corner of 
Fig. 151. The boiler-feed pumps are cross-connected 
into two feed systems, so that either pump of a set 
can feed into either system. All piping is duplicate, 
even to the deliveries into the boiler drums. The 
main system is normally in operation, but pressure 
is maintained in the auxi‘iary, right up to the boiler 
check valve, and this system can therefore be 
brought instantly into service if need arises. By- 
passes allow of the feed being turned direct into 
the boiler drums if necessary, cutting out the| 
economisers. 


GENERAL EQUIPMENT. 


Instrument boards are placed as near as possible 
to the units for which their gauges, &c., indicate. 
We have already referred to the boiler control 
boards. The main units have boards on the 
turbine floor giving steam pressures in the main, 
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at the throttle, overload valve, vacuum, with 
frequency indicator and ammeter, mercury column, 
&c. Pressure and temperature of oil are also 
indicated, and flow-meters indicate the rate of 
steam supply. The direct-current house-generator 
boards have instruments of a corresponding class, 
but also additional ones to suit the compound- 
ing of the turbines. Boards are furnished for 
such groups of equipment as the feed heaters and 
evaporator-condensers, indicating temperatures as 
well as pressures, &c. Similarly, panels are provided 
for each set of boiler feed pumps, the general service 
pumps, condensers, and so on. A central board is 
placed in the turbine-room, and on this are grouped 
all instruments necessary for the information of 








Freep HEATERS. 


the operator in charge. Recording instruments are 
driven by synchronous motors run off the outside 
service supply, the frequency being the same as 
that of the main system, which is regulated with 
the aid of a master synchronous clock in the main 
switchboard room. 

A priming main is connected with the water heads 
of all condensers, in the case of those of the main 
units, and also of the auxiliaries, both direct-current 
and alternating-current. This ensures the imme- 
diate starting up of circulating pumps, without 
delay. 

The general service pumps are two-stage centri- 
fugals, capable of delivering 2,400 gallons per 
minute. There are five of these. Other pumping 
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equipment includes oil circulating pumps, trans- 
former oil pumps, sump pumps, &c. Lubricating 
oil is stored in an underground tank and then 
pumped into an overhead tank for supply to the 
turbines by gravity. Each turbine has its own 
circulating system as will have been inferred from 
the reference to the oil pumps when dealing with 
the main units. The auxiliary units are similarly 
provided. Centrifugal separators are attached to 
the machines, and small pumps constantly withdraw 
a portion of the oil from the machine reservoirs, to 
pass it through purifiers whence it returns to the 
machine. When drawing oil off a machine for 
repairs, &c., it is run into a dirty oil tank under 
the turbine room floor. One of these is shown in 
Fig. 101, page 608 ante. From here it is passed 
through a filter to the overhead clean-oil tank, 
ready for re-use. 
(To be continued.) 








THE INSTITUTION OF CIVIL ENGI- 
NEERS’ ENGINEERING CONFERENCE. 


BELOW we complete our reprints of the abstracts 
of the introductory notes read at the Engineering 
Conference, which was held in connection with the 
Centenary Celebrations of the Institution of Civil 
Engineers. Papers 9, 10, 29 and 30 were taken in 
the order given, at the meeting held at the 
Institution of Mechanical Engineers, and Papers 
11, 12, 13 and 14 at the meeting held at the 
Surveyors’ Institution on Thursday, June 7. 








No.9. TIDAL POWER, AND TURBINES 
SUITABLE FOR ITS UTILISATION. 


By Professor A. H. Grsson, D.Sc., M.Inst.C.E. 


” Tue possibility that tidal power developments on a 
large scale may become economically feasible in the 
near future renders it desirable that more detailed and 
accurate data should be available regarding certain 
problems, which, although not peculiar to tidal-power 
installations, are yet of special importance in this con- 
nection. 

One of the most important problems is that of storage, 
for.owing to the hourly and daily variation in the rate 
of output of any such installation, some form of storage 
may be essential if energy has to be available when 
required for satisfying the normal demands of industry. 
Various systems of storage have been suggested for 
this purpose from time to time. Thus it has been pro- 
posed to utilise the energy at times when this is in 
excess of the demand to :—(a) Operate a system of 
thermal storage-tanks working in conjunction with 
low-pressure steam-turbines ; (b) compress air to be 
stored in suitable air-chambers for use with recipro- 
cating-engines or turbines; (c) produce electrolytic 
hydrogen for use in internal-combustion engines ; and 
(d) to pump water into an elevated reservoir, from which | 
it may be taken to operate a series of secondary tur- | 
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bines as required. So far the last of these systems would 
appear to offer most promise, where the configuration 
of the ground is such as to give an elevated reservoir- 
site within a reasonable distance of the tidal barrage, 
but reliable data concerning the probable cost of other 
systems when operated on such a scale as to be capable 
of storing say 10 million to 20 million horse-power- 
hours of energy, would be of great value in enabling 
a final decision to be made. 

It is possible that certain electrochemical processes 
might be so operated as to enable the output from a 
tidal station to be absorbed as and when generated, 
sufficient energy being obtained from existing steam- 
stations to keep the furnaces hot when tidal energy 
is not available. There is also the possibility that it 
might be practicable to operate without storage, 
delivering all the energy into a ring transmission line 
also fed by a number of large steam-stations, which 
would be operated in conjunction with the tidal station. 
These possibilities are worthy of serious consideration, 
in view of the fact that, if the necessity for storage can 
be eliminated, thecost per unit of output of a tidal- 
power installation will be little more than one-third of 
its cost with storage. 

Another problem is that of the best size and type of 
turbine and turbine-setting for use in a tidal scheme. 
In such a scheme, with a reasonably large tidal range at 
springs, the mean head would be of the order of 14 ft., 
while the maximum and minimum working-heads 
would be about 22-5 ft. and 7-5 ft. The recent 
developments of the turbine of high specific speed 
have greatly improved the prospects of economically 
developing tidal powers, but there is lack of definite 
data as to the relative merits and possibilities of the 
competitive types of turbine when required to operate 
under such difficult conditions. Data would be of 
great value regarding (1) the output and efficiency at 
constant speed under such a variable head; (2) the 
maximum specific speeds attainable with reasonably 
high efficiency ; and (3) the minimum size of setting 
required for efficient operation. 

The question of the setting is of considerable import- 
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ance, for not only is the length of barrage likely to be 
governed mainly by the space necessary to instal the 
requisite number of turbines, but also the vertical 
dimensions of the setting will probably be the main 
factor in determining the depth to which the foundation 
of the barrage must be taken and the volume of excava- 
tion required. Such data as are available would 
appear to show that it is possible, with an efficient 
setting, to instal turbines of about 10 ft. diameter, 
which will develop about 60 brake horse-power per 
linear foot of barrage under a head of 14 ft. If it 
were possible to increase this figure to 100 brake horse- 
power per linear foot, it would probably be of consider- 
able advantage. The bigger the turbine, the wider are 
the possibilities in this direction. On the other hand, 
the bigger the turbine, the greater is the necessary depth 
of the setting, and the higher the cost per linear foot 
of the barrage. The best size will obviously be a com- 
promise and will depend largely upon the physical 
characteristics of the particular site. In this con- 
nection also reliable data are needed of the minimum 
depth of submergence of the intakes in order to avoid 
drawing air into the turbines. In view of the fact 
that the turbines of any tidal scheme would require 
to operate in brackish water, often containing an 
appreciable amount of silt in suspension, the questiom 
of the best materials of construction is also important. 
As regards the generators themselves, the question 
of direct-current versus alternating-current generation. 
would appear to afford scope for discussion. While the 
advantages of alternating current are obvious, direct- 
current generators would enable the turbines to be 
operated at the speed appropriate at any instant to- 
the variable head and so under conditions of high 
hydraulic efficiency. The voltage of the dynamos 
would need to be kept constant by a system of shunt- 
regulation, and rotary-converters would be required to 
convert the energy to alternating current at a suitable 
periodicity and voltage. It has been suggested, on 
the other hand, that the turbines might be coupled to 
alternators having a fairly low frequency, and that all 
their output might be transmitted through a short. 
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transmission-line to a pumping station, to motor-driven 
centrifugal pumps coupled to synchronous motors. 
The cost and complication of transformers might be 
avoided by adopting as a limit of voltage that for which 
the machines can be conveniently wound, namely 
about 10,000 volts. Under these conditions, the speed 
of the turbines could be allowed to vary with the 
working head, and the speed of the pumps would vary 
in the same ratio. One drawback to such a scheme is 
that, since the pumping-head would be approximately 
constant, it would be necessary to have multi-stage 
pumps with provision for adjusting the number of 
stages in use according to the speed of turbines. 








No. 10. PROGRESS IN HYDRO-ELEC-| 


TRIC INSTALLATIONS, INCLUDING 
INTAKES, LEATS, TUNNELS, DAMS, 
HEADRACES, PIPE - LINES AND 
TAILRACES. 


By James McLetxan, D.S.O., M.C., B.Sc., M.Inst.C.E. | 


[In 1920 the total water-power developed and in | 
course of development throughout the world was | 
It is now approxi- | 
mately 35,000,000 h.p., and is increasing at the rate of | 


approximately 23,000,000 h.p. 


1,500,000 h.p. a year. The capital expenditure in- 
curred on constructional work can scarcely be less than 
700,000,0001. The principal water-power countries, 
with the approximate horse-power developed, are the 


United States (12,000,000 h.p.), Canada (5,000,000 h.p.), | 
Italy (2,500,000 h.p.), Norway, Switzerland, France | 


(2,000,000 h.p. each), and Sweden (1,500,000 h.p.). 
The hydro-electric plant capacity now operating in 
Great Britain is less than 100,000 h.p. The estimated 
consumption of electricity in Great Britain in 1940 
will require a plant-capacity of about 13,000,000 h.p. 
The greater part of this plant will, however, of necessity 
be steam-plant. In Canada during last year hydro- 
electric plant aggregating 221,655 h.p. was completed, 
and during the first half of this year further plant aggre- 
gating 375,000 h.p. will be put into service. 

The size of hydro-electric installations has grown 
immensely owing principally to the greater economy in 
large electrical units and the growing demand for 
large bulk supplies in the electro-chemical industries. 


The Isle Maligne* installation on the Saguenay River, | 
Quebec, will have an ultimate capacity of 540,000 h.p. | 


The Queenston-Chippawat plant (completed in 1925), 
on the Canadian side of the Niagara river, utilising 
nearly twice the actual head at the Niagara Falls, has 
a capacity of 550,000 h.p. The Bridge River project 
in British Columbia will have a capacity of 600,000 h.p. 
to 700,000 h.p., and the projected development at Chute- 
i-Caron on the Saguenay will produce 800,000 h.p. 

A development now in progress in California will 
operate under a head of 2,561 ft. The highest head of 
water so far developed in one stage is 5,360 ft. at Lake 


Fully in Switzerland}, the highest head in this country | 


being one of 1,150 ft. developed at Cwm Dyli at the 
foot of the Snowdon Range. The development of very 
high heads has been facilitated by improvements in the 
design and manufacture of steel pipes and cast-steel 
special pipes. Improvements in plant have similarly 
contributed to the economic development of low heads, 


which is now possible owing to the use of highly efti- | 


cient turbines of the propeller-runner type, operating 
at a relatively high speed. 

More attention is being directed to questions affecting 
the future of installations and the total amount of 
power that may ultimately be made available at power- 
stations—for example, in the case of 


developments, by the heightening of dams, by the tap- | 


ping of additional drainage areas by leats or tunnels, 
and by the installation of pumping-plant for pumping 


into high-level reservoirs water available at lower | 
levels. Generally, a broader outlook is being taken | 


of future possibilities and requirements, and, in the 
case of installations capable of extension, the importance 
is realised of adopting, in the first instance, such lay- 
outs and types of structures, and of executing such 
preliminary work, as will enable the extensions to be 
carried out, when required, as readily and economically 
as possible. The use of syphons and automatic gates 
for the close regulation of the water-level of storage- 
ponds end reservoirs is increasing. In this connection 
it may be mentioned that in the recently completed 
Guernsey irrigation and power dam in Wyoming, two 
automatic spillway gates each 64 ft. long and having a 
maximum combined capacity of 30,000 cub. ft. per 
second have been installed. 

In the case of tunnels and open conduits, the efficacy 
of concrete linings in the direction of reducing friction 
losses and increasing carrying capacity has received 
fuller recognition, and in the construction of such 








* See ENGINEERING, vol. cxxii, p. 747 (1926). 

See Ditto, vol. exviii, p. 220 (1924). 

See Ditto, vol. cx, p. 823 (1920); vol. exiv, pp. 635 
et seq. (1922). 
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linings more attention is being paid to the importance 
of obtaining smooth surfaces. An interesting example 
| of the use of a concrete-lined tunnel is provided by the 
Lochaber installation now approaching completion. 
| In this a tunnel from Loch Treig, of horseshoe section, 
| 15 ft. to 16 ft. in diameter and designed for a speed of 
water up to 10 m.p.h., will carry the water for 15 miles 
through the northern slopes of Ben Nevis to a point 
about } mile above the power-station at Fort William. 
| An interesting problem will be presented in the final 
| connection of this tunnel with Loch Treig, at a depth 
of 100 ft. below the water-surface. A similar tunnel, 
| though only 3} miles in length, has been used in the 
Ponale hydro-electric installation of 100,000 h.p., 
situated at the northern end of Lake Garda, Italy. 
| The intake of the tunnel is 70 ft. below the mean level 
of Lake Leydro, about 1,100 ft. above the power-house. 
The water at this depth at the intake end was success- 
fully let into the tunnel by the explosion of a series of 
charges in March, 1928. In this connection it is note- 
| worthy that concrete-lined tunnels and concrete pipes are 


| being exposed without serious damage to increasingly 
high pressures and velocities of water. Possibly the 
highest velocity concrete has yet been successfully 
subjected to is in the diversion-tunnel of the new Ara- 
puni dam in New Zealand,* where with the gate partly 
opened and at full head it is estimated the velocity of 
the water must have approached 60 m.p.h. 

Sufficient success has been obtained in the solution 
of the ice problem to justify consideration of hydro- 
electric development as practicable in the coldest 
climates. Among means employed to ensure con- 
tinuous operation are the enclosing of penstock-gates 
and screens in heated gate-houses, the lagging and 
electrical heating of exposed regulating-gates, the 
covering of penstocks and pipe-lines, and the provision 
of special types of intakes. In some of the installa- 
tions in cold climates, where the storage-pond is very 
rapidly frozen at the approach of winter, deep canals 
and forebays are provided capable of conducting the 
required quantity of water beneath the overlying ice. 

In cold climates, where pine and fir are usually 
cheap and easily procurable, the construction of 
wood-stave pipe-lines, which have the advantage of 
requiring little or no protection against frost, has 
attained a high degree of success. In the 98,000-h.p. 
development of the Newfoundland Power & Paper 








* See ENGINEERING, vol. ecxix, p. 764 (1925). 











THE TRENTON CHANNEL STATION, DETROIT. 


(For Descriplion, see Page 782.) 





Fie. 165. SEALING Tank. 


Company at Grand Lake, Newfoundland, wood-stave 
pipes were used for the upper or low-pressure portion 
of the penstocks, the diameter of the pipes being 9 ft. 
6 in. and the aggregate length for the seven penstocks 
15,500 ft. 

Certain types of dams, for example, hollow dams 
of the multiple-arch and Ambursen types, and embank- 
ments placed by the hydraulic and semi-hydraulic fill 
processes are increasing in favour. In the develop- 
ment of the Newfoundland Power and Paper Company 
an Ambursen dam 1,050 ft. long and 80 ft. high was 
completed in nine working months. In many sites, 
however, the Ambursen dam is not suitable, and the 
largest dams continue to be generally of the gravity 
or arch type. In the North Wales Power Company’s 
development at Maentwrog, which has just been com- 
pleted, and includes an arch dam 124 ft. high and three 
smaller gravity dams, an interesting feature is the 
extent to which the grouting process was made use of 
in sealing the rock foundations below the level of the 
cut-off trenches, the total amount of cement so used 
being approximately 700 tons. A considerable increase 
has taken place in the height of dams. Until recently, 
the highest was the Camarasa* dam, near Barcelona, 
319 ft. high, but the Exchequer dam in California, 
330 ft. high, now exceeds this, and the now practically 
completed Pacoima dam (mainly for flood control) 
will have a height of 385 ft. The Punjab Government 
is at present considering a large development on the 
Sutlej River which would involve a dam of 380 ft. in 
height. In one of the mnay proposals put forward 
for the flood control of the Colorado River, which con- 
flicting State interests have so far thwarted, a dam 
at Boulder canyon of the almost incredible height of 
600 ft., is apparently proposed, to cost more than 
10,000,0007. 

The whole question of dam design is receiving con- 
siderable attention, accentuated by recent disasters 
such as the Gleno dam in Italy, 164 ft. high, partly 
massive masonry and partly multiple arch, which 
collapsed seven weeks after completion in December, 
1923 ; the Eigiau concrete dam and the earthen Coety 
dam with a concrete core, both at Dolgarrog in North 
Wales,t which failed in November, 1925; and the 


St. Francis dam in California,} a gravity dam 208 ft. 





* See ENGINEERING, vol. exxi, p. 323 (1926). 
+ See Ditto, vol. exx, p, 581 et seq. (1925). 
t See Ditto, pp. 419, 452, 580, ante. 

















JUNE 22, 1928.] 


ENGINEERING. 


787 








high and 668 ft. long, completed less than two years 
ago, which failed with an estimated loss of 300 lives 
and of 3,000,000/. In the majority of cases, it is 
safe to say that bad foundations, or overtopping due 
to inadequate spillway-capacity, have been the main 
causes of failures. The North Wales disaster exem- 
plifies the increased risks where dams are constructed 
one above the other in the same valley. Public 
anxiety in this country has led to a demand for com- 
pulsory inspection. The problem is also being tackled 
on the technical side in the valuable investigations 
which are now being carried out into arch dam con- 
struction on the Stevenson Creek test-dam in Cali- 
fornia, which is 60 ft. high and 140 ft. long.* Complete 
and continuous measurements of the various strains 
and deflections have been made, during both con- 
struction and filling. The whole data collected will 
undoubtedly be interesting and valuable. 








No. 29. PROBLEMS INVOLVED IN 
MINING AT GREAT DEPTHS. 


By J. WHITEHOUSE. 


VerRTICAL shafts have proved the most economical 
for deep mining. The circular shaft is the most 
economical to sink. Its shape is better suited for 
methods of coping with bad ground and other sinking 
difficulties ; but the sinking equipment may be less 
convenient for dealing with water if met with at con- 
siderable depths. The successful use of cementation 
in circular shafts has demonstrated their advantage. 
Also more rapid sinking can be achieved, particularly 
on account of the ease of clearing broken rock. As 
regards ventilation, circular shafts offer far less resist- 
ance to the passage of air, and can be made much dryer 
than timbered shafts. Thus, less moisture is taken 
up by the mine air in descending. They afford larger 
spaces for the lowering of material and heavy machinery, 
whereas the small compartments of rectangular shafts 
often necessitate the manufacture of underground 
machinery in small parts. There is a marked difference 
in the cost of maintenance, the circular type, parti- 
cularly when guide-ropes are used, being much less 
expensive than any other. Their equipment may 
include the use of one or more engines. Sometimes 
two large cages suffice for raising and lowering men 
and material and the hoisting of ore; and then one 
engine is installed. Otherwise two cages and two 
skips are operated by two engines. Where two cages 
are used, rope guides are installed for depths up to 
3,000 ft.; for heavy equipment this depth is about 
the limit. For greater depths and also where two 
engines are operated fixed guides are used. For 
hoisting from great depths the Ward Leonard type of 
engine with conical drums is generally used. The 
Whiting system is sometimes used, as great depths 
can be reached in one lift with a minimum outlay, 
but it has the disadvantage that an accident to one 
conveyance in the shaft may involve both. 

The outstanding advantage of rectangular shafts is 
that, for their section, they have a very large ore- 
raising capacity. If sunk with the long side at right 
angles to the strike of the measures penetrated they 
also offer considerable resistance against bad ground. 
They are usually wet, and this, together with the 
resistance offered by the timbers, renders them less 
suitable as regards ventilation. 

The effect of depth on winding, pumping, &c., is 
very material. It is often necessary to hoist from deep 
nines in several stages, and in some cases there may be 
three lifts to the surface. Pumping equipments are 
usually of the centrifugal type, and vertical lifts of 
3,000 ft. are not uncommon. For these pumps the 
water must be clear and free from solids. Under these 
conditions power-consumption is high and the cost 
of maintaining shafts is serious. 

The problems resulting from high temperature are 
perhaps the most important. Apart from loss of 
efficiency, there is the serious liability, among the 
workers, to heat apoplexy, ankylostomiasis, and in 
certain fields silicosis ; and the difficulties of preventing 
these increase with those of maintaining the circulation 
of large volumes of air. This rise of temperature in 
passing down shafts is usually largely offset by evapora- 
tion from the wet shaft-walls. This is undesirable, 
since the wet- and dry-bulb differences are reduced 
and the cooling effect of the air in the mine is reduced. 
The temperature of the mine air depends largely on the 
rate of temperature increase, in depth, of the enclosing 
rocks, which varies considerably from a rate of 1 deg. F. 
for less than 60 ft. to 1 deg. F. for 250 ft. of depth, 
and depends on various geological conditions. To 
meet these conditions increasing volumes of air must 
be circulated through the workings. Unfortunately, 
the area of shafts and airways does not increase with 
the necessity for greater ventilation; and, owing to 





* See ENGINEERING, vol. cxx, page 343; vol. cxxii, 
Page 562, and vol. cxxiv, page 191. 


the increased distances the air must travel, conditions 
tend to reduce the volume of air passing through a 
mine, until a point is reached when the cost of increas- 
ing the pressure becomes prohibitive. 

Other methods for lowering temperature under- 
ground include freezing-plants at the surface, as at 
the Morro Velho mine, Brazil. The disadvantage of 
these is that the cooled air must travel down the 
shafts where it picks up heat and moisture. But, if 
the plant is underground the disposal of the heat 
extracted from the air may present serious difficulties. 
Sometimes provision is made to transfer this by 
means of sprays to the air in the upcast shaft, which 
is thus further heated, and the mine-ventilation is 
thereby improved. A further disadvantage of under- 
ground cooling-plants is the possibility of breakage 
which, in the case of an ammonia plant, would be 
serious. 

Cold water can be used in sprays to coo] the air, 
but this exposes it to additional moisture and reduces 
the difference between wet- and dry-bulb readings. 
Another idea is the installation of de-humidifiers. A 
portion of the mine air is taken into a compressor, 
from which it passes into an air motor where it is 
expanded and passed into the air current, an electric 
motor supplying the difference of power required. 

The factors determining the ability of workers to 
utilise their best effort are the temperature of the air, 
its degree of saturation, and the movement taking place ; 
and the combined effect is indicated by the Katather- 
mometer, developed by Dr. Leonard Hill, which is 
now in general use in deep mines. 

In drilling hard siliceous ore the rock-drills must be 
axially fed with water, and broken rock thoroughly 
wetted before removal, owing to the danger of silicosis 
to miners breathing air carrying dust in suspension ; 
thus the air is exposed to wet surfaces and rapidly 
takes up moisture. As regards ankylostomiasis, 
in tropical areas this disease is widespread ; and it 
thrives and spreads rapidly in the hot, moist con- 
ditions in deep mines. 

The effect of pressure at great depths depends on 
geological conditions. In mining an ore-body such as 
the Witwatersrand banket, the country is a strong 
quartzite. At shallow depths the hanging wall stands 
remarkably well with a limited number of pillars. At 
greater depths systematic support is needed, and 
‘ pigsties ”’ filled with rock are used, generally with 
waste packs in the case of flat mines. A modification 
of the shrinkage system is also used in some cases. 
The accumulated rock affords support at the face, 
and the removal of ore takes place behind it. Under 
deep-level conditions the leaving of isolated pillars is 
dangerous, and any support of this nature must be 
carefully considered owing to the tendency of pillars 
to collapse suddenly. Other forms of support are 
concrete built in situ, or concrete discs sent down from 
the surface. To allow for compression, timber is 
placed between the concrete and the hanging wall. 
For general support over a large area, to limit subsi- 
dence, and to facilitate the working of several reefs 
in close proximity, sandfilling is largely used. Sand 
is lowered through bore-holes into the mines and 
filled into position by the use of coco matting supported 
on lagging-poles. The support of shafts and main 
ways is not difficult in quartzite, and haulages are 
driven well below the reef, where mining operations 
have little effect on them. It is in the stopes that the 
pressure of the hanging wall is felt, and the general 
policy is to control its coming down. A further pro- 
blem is that, as deeper levels are opened and as the 
temperature of the hot rock-surfaces is reduced by 
ventilation and the exhaust from compressed-air 
machines, falls from roof and sides are caused, and, in 
strong measures, not infrequently serious rock-bursts. 
These difficulties have been sufficiently overcome to 
permit mining to proceed successfully at a vertical 
depth of more than 7,000 ft. 








No. 30. THE METALLURGY OF COM- 
PLEX LEAD-ZINC-COPPER ORES. 
By S. Frevp. 


THE complex lead-zinc ores of the sulphide type have 
been very successfully treated during the past ten or 
fifteen years by electro-metallurgical methods. To 
these ores are now being added ores of still greater 
complexity, containing, in addition to lead and zinc, 
appreciable quantities of copper with small quantities 
of silver and gold. The problem is not only to separate 
these metals but to attain the highest metal value in a 
marketable form. These complex ores are widely 
distributed, notable quantities occurring in Canada. 
In Nova Scotia there are large quantities of lead-zinc- 
copper ore containing 5 to 10 per cent. of zinc and 2 to 
5 per cent. of copper. Similar lead-zinc-copper ores 
occur in the Sudbury district. They are also met with 
in Butte, Siberia, Japan, and Australia. Even brief 
discussion of all the relevant conditions influencing 











extraction is beyond the scope of this note. Among 
them, however, may be mentioned: (1) The nature 
and degree of complexity ; (2) the local conditions, 
including markets, freights and proximity to fuel and 
power ; (3) the distribution of te precious metals. 

It may well be imagined that these conditions offer 
scope for wide variations in subsequent treatment. In 
brief, however, it may be claimed that the processes 
are of two types, namely :— 

(1) Selective Concentration.—It is natural that the 
ingenious methods of flotation should be further 
applied to the solution of this difficult problem. By 
selective flotation separate concentrates of zinc, copper 
and lead are obtained for treatment by established 
smelting methods. Several points here claim atten- 
tion, namely: (a) The separations are not so complete 
as might be desired, and the difficulties of the residual 
complexities are met with in the subsequent smelting 
operations; (6) there is uncertainty regarding the 
distribution of the precious metals in the several 
concentrates ; and (c) in the case of selective concentra- 
tion by flotation there are not inconsiderable losses, 
to which must also be added the losses in the final 
extraction processes. 

(II) Bulk Concentration or Beneficiation.—The metals 
are jointly separated from the gangue, the metals then 
being separated in the later stage by chemical or 
electro-metallurgical treatment. In discussing the 
separation of the metals from complex lead-zine- 
copper ores, it seems not unreasonable to regard these 
ores as examples of lead-zine ores containing appre- 
ciable proportions of copper. The usual stages in the 
electrolytic treatment of lead-zinc ores are roasting, 
extraction with the acid zinc-sulphate solutions from 
the electrolytic cells, purification of the crude zine- 
sulphate solution by the elimination of silica, iron, 
copper, cadmium and many metals in smaller quantities 
but of a highly deleterious nature, acidification, and 
electrolysis. 

The particular stage of interest in connection with 
the added recovery of copper is that of the elimination 
of the metallic impurities. After extraction and the 
removal of soluble silica and iron, the copper may be 
recovered by one of the following methods: (1) 
Where present in sufficient quantity a preliminary 
electrolysis will effect the separation of a portion of 
the copper, the remainder being separated by the use 
of zinc powder with the precipitation of cement copper, 
followed by the usual purification process for the 
removal of those small impurities which, while they 
do not seriously interfere with the purity of the 
cathode zinc, yet very seriously militate against eco- 
nomical electrolysis. At the present time the methods 
of the purification of zinc-sulphate solutions are such 
that a very high degree of purity of the solution can 
be obtained, and this admits of electrolysis with low- 
power-consumption and the minimum volume of 
liquors per ton of zinc recovered. (2) Where insuffi- 
cient copper exists for the preliminary electro-deposition 
of copper, the liquors can be treated directly with zine 
powder for the precipitation of the bulk of the copper. 
A number of methods are then available for working 
up the copper. 

In this electrolytic scheme the precious metals are 
retained in the residues from the extraction process, 
and these, after being washed free from zine sulphate 
solution, are smelted for the production of argenti- 
ferous and auriferous lead. At the present time large 
bodies of the complex lead-zinc-copper ores are being 
investigated and are becoming available for exploita- 
tion. It is perhaps early to forecast the method of 
treatment which will prove most applicable, but the 
progress in both selective flotation and-the electrolytic 
process makes it clear that the metallurgy of the present 
time will prove itself quite equal to the task of recover- 
ing the metals from this class of complex ore. 








No. 11. THE FILTRATION AND TREAT- 
MENT OF WATER FOR DOMESTIC 
PURPOSES. 


By Str ALEXANDER C. Houston, K.B.E., C.V.O., and 
E. Stiteor, M.Inst.C.E. 


THE attempts to supply consumers with pure, or 
purified, water date back a great many years. Just a 
century ago Mr. James Simpson, a Past-President, 
Inst.C.E., the Engineer of the Chelsea and Lambeth 
Water Companies, constructed slow sand-filters at 
Surbiton. His method of purification came to be 
known as “ the London system,” and has been copied 
the world over. 

It was later appreciated that the storage of water in 
reservoirs had the effect of clarifying by the precipita- 
tion of suspended particles and of purifying, as the water 
‘after storage was found to have improved bacterio- 
logically. It is generally considered that a period of 
30 days’ storage is very desirable, the number of 
bacteria of all kinds being thus reduced and the mi- 
crobes of water-borne disease devitalised. Chlorination, 
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first tried at Lincoln in 1905, is now extensively prac- 
tised all over the world, and the results as regards 
the prevention of disease have been gratifying. The 
Metropolitan water-supply is perhaps the best example 
of what can be done to purify waters which in their 
origin are not free from contamination. Examples of 
nearly every known method of purification are to be 
seen at the works of the Board. The magnitude of this 
undertaking is indicated by the following table. 
METROPOLITAN WATER BoarpD. 

Storage-reservoirs.—49, covering 2,704-5 
holding 19,657 million gallons. 

Service-reservoirs.—92, covering 70 acres, holding 
321-1 million gallons. 

Filter-beds (slow sand).—178, covering 175-7 acres 
(rate about 2 gallons per square foot per hour). 

Engines.—271 of a total of 47,251 h.p. 

Water Mains.—6,970 miles in length. 

Average Daily Supply.—More than 260 million 
gallons to a population exceeding 7 millions (about 
36 gallons per head per diem). About 58 per cent. is 
derived from the Thames, 25 per cent. from the Lee, 
and 17 per cent. from deep wells. 


The only valid argument against storage is that 
algal and other growths may develop too abundantly, 
leading on rare occasions to an unpalatable taste and 
very often to filtration difficulties. The addition of 
copper sulphate in the usual proportion of 0-25 part per 
million has often been adopted successfully to prevent, 
or restrain, the development of these growths, although 
there is always some danger that in destroying certain 
growths the way may be paved for the development of 
others of a more hardy and possibly more objectionable 
nature. 

Most authorities are agreed that with a filtration 
rate not exceeding 2 galions per square foot per hour 
the physical, chemical, and bacteriological results are 
excellent. Slow sand-filters, however, are not able to 
deal so successfully with highly-coloured peaty waters, 


acres, 


and in these cases rapid filters and the use of coagulants | 


are probably to be preferred. A recently constructed | 
slow sand filter-bed is illustrated in Figs. 1 and 2 above. | 


The unit area most suitable for operation varies from 3 | 


tol acre. Upon the floor of the filter-bed are laid two | 
courses of bricks with slight spaces, then a depth of | 
9 in. of washed gravel passing « sieve of §-in. mesh and | 
retained on a sieve of }-in. mesh ; then a depth of 2 ft. | 
of clean sharp sand passing a screen of 4 meshes per | 
linear inch (No. 19 B.S.W.G.) and retained on a screen | 
of 60 meshes per linear inch (No. 37 B.S.W.G.). The | 
normal depth of water is 4 ft. above the sand-bed. | 

With a coagulant, the high-pressure or rapid filters | 
give good results, particularly in reducing the colour of | 
peaty waters. Without a coagulant they naturally | 
yield inferior results to slow sand-filters, but they may | 
be extremely useful as a primary process. The method | 
of using high-pressure (or rapid) primary filters and | 
secondary sand-filters worked at a higher rate than is) 
usual is being tried on a large scale. The primary filters | 
remove most of the suspended matters (including the 
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algal growths) from the water, enabling the secondary 
sand-filters to deal with phenomenally large .volumes of 
water between successive cleanings. At Walton, the 
average quantity filtered per acre cleaned during 1927 
was 445 million gallons. At these works chlorination is 
practised as a final safeguard, the average dose being 
0-261 part per million and the cost 5-77d. per million 
gallons. The bacteriological results obtained may be 
judged from the fact that, although 82-9 per cent. of 
the raw Thames river samples contained B. coli in 
1 cub. cm. of water, after the final chlorination process 
there were no B. coli in 100 cub. cm. of water. Chlori- 
nation may be practised either before or after filtration, 
and it may be combined with ammonia, or permanga- 
nate treatment, or both. Increased knowledge has 
led to the avoidance of objectionable tastes arising 
from such treatment, and there can be no doubt that 
chlorination will be practised to a progressively greater 
extent in the future. 








No. 12. FLOODS, WITH SPECIAL REFER- 
ENCE TO WASTE-WEIR CAPACITY. 


By W. J. E. Brenig, M.A., and H. Lapworts, D.Sc. 
MM. Inst.C.E. 


THE maximum intensity of flood-discharge from any 
area depends on the extent of the catchment-area, the 
maximum intensity of rainfall, during a period, bearing 
relationship to that area, and such factors as the 
inclination of the valley, the steepness of the slopes, 
the permeability of the surface, and the presence of 
lakes or obstructions which tend to retard the flow. 
It is impossible to determine the exact effect of many 
of these factors, and recourse must therefore be made 
to actual records of the maximum discharge from 
catchments of different areas. 

Fig. 1 shows the relationship between rainfall- 
intensity and the duration of fall, and is derived from 
the formula deduced by Professor A. N. Talbot, 
M.Inst.C.E., as applicable to the eastern states of 
America for maximum rainfalls during different periods, 
namely x = 420/(¢-+ 30), where x is the rainfall- 
intensity in inches per hour, and ¢ the duration of the 
storm in minutes. The circles plotted on Fig. 1 
show actual observations made in the British Isles, 
between 1870 and 1926, from which it appears that 
Professor Talbot’s curve fits the observations fairly 
well. This fact is important as indicating that records 
of floods in the eastern states of America may be of 
assistance in arriving at the maximum intensity of 
discharge from different catchment-areas in the 


| British Isles. 


Fig. 2 shows the maximum recorded floods from 
uplands in Great Britain. The maximum values up 
to, say, 100 square miles, approach the law Q = 
750/ °/M, where Q denotes the maximum flood-intensity 
in cusecs per square mile, M the drainage-area in 
square miles; or F = 750 </ M3, where F denotes the 
total maximum flood-intensity, which is considerably 
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Regarding waste-weir capacity for very large catch- 
ment-areas in which a reservoir has a water-surface of 
between say 3 and 5 per cent. of the drainage-area, 
it would appear that Mr. Thomas Hawksley’s rule of 
20 ft. of waste-weir for each square mile of catchment- 
area is ample and may even be excessive. On the 
other hand, in small catchment-areas where the area 
of the reservoir is small in relation to the whole area of 
the gathering-ground, the reservoir tends to fill quickly, 
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: 
and does not materially affect the height of floods 
passing over the waste-weir. In such cases the 
rlawnsley rule does not appear to provide a sufficient 
margin of waste-weir length. In this case, where the 
retarding effect of storage due to the reservoir-surface 
is ignored, and if a maximum height of approximately 
2 ft. only is to pass over the waste-weir, the formula 
1 = 80/3/M appears to be suitable, where / denotes the 
length in feet of the waste-weir per square mile to be 
provided, and M the drainage-area in square miles. 

At the other extreme, namely a large drainage-area 
and a reservoir top-water area of, say, 5 per cent. of 
such area, the length given by that formula may be 
halved, though, of course, each case should be con- 
sidered on its merits. It is obvious, however, that the 
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if the maximum records of floods in this country have 
been accurately measured. They are by no means 
excessive in comparison with records and formulas 
applicable to the Eastern United States. 

Failures of several reservoirs, due to insufficient 
provision for the discharge of flood-water, have actually 
occurred in this country, and the question demands 
serious consideration owing to the possible threat to 
life and property. In low-lying areas, such as the 
east of England, the recorded data, though scanty, 
indicate that the flood-intensities are very much less 
than those in mountainous districts. Thus the 
Thames floods have reached an intensity of about 
10 cusecs per square mile from 3,548 square miles at 
Teddington, and the river Nen at Peterborough has 
yielded 12-9 cusecs per square mile from 620 square 
miles. In the Fens again very much lower intensities 
still appear to obtain. Few impounding-reservoirs, 
however, have been or are likely to be constructed in 
these parts of Britain, and the question has little rela- 
tion to the main object of these notes. 








No. 13. THE ADVANTAGES OF 
DIFFERENT TYPES OF SEWAGE 
TANKS. 

By W. Cuirrorp, Assoc.M.Inst.C.E. 


Many attempts have been made to connect the 
amount of suspended matter deposited in a sewage- 
tank with the rate of flow through the tank. By the 
rate of flow is understood the length of tank divided 
by the time taken to fill it at the average rate of inflow, 
and from this it would appear that the longer the tank 
the greater the rate of flow, and vice versa. 

The measurement of the average velocity of water 
in a model tank under carefully controlled continuous 
flow conditions is possible when the water is turbulent, 
but is unreliable when the conditions are favourable 
to sedimentation. The liquid entering a tank possesses 
a definite quantity of energy which must be dissipated 
before a state of rest can be reached. The question 
then arises whether the rate of dissipation can be 
controlled, whether a brake can be applied, and, if so, 
in what form. After much experiment it was found 
sufficient that the inflowing liquid should meet some 
of the preceding liquid in a counter-flow movement 
in a confined space in the tank. The skin-friction of 
boundary surfaces would appear to be negligible at 
the rates of flow which obtain in sewage-tanks. 

Observations made with tap water in model tanks 
show that :—(a) The form and position of the inlet 
have marked effect in determining the movements of 
the liquid; (6) turbulence increases as the kinetic 
energy increases, where provision is not made for absorb- 
ing the kinetic energy of the inflowing liquid; (c) baffle 
walls and deep scum-boards produce “dead” water, 
and to that extent limit the working-capacity of the 
tank ; (d) ‘‘ dead”? water can be produced in any type 
of tank; (e) a conical or bell-shaped orifice to the 
inlet pipe has no effect on the direction of the inflowing 
liquid. 

Types of Sewage-Tanks.—Since the publication of 
the Fifth Report of the Royal Commission on Sewage 
Disposal, the aeration-tank, in which suspension and 
not settlement is the object, has come intouse. In the 
sedimentation-tank, the kinetic energy of the inflow- 
ing liquid is dissipated to some extent, and in the aera- 
tion tank, not only is energy dissipated, but energy from 
an external source is added. The detritus- or grit-tank, 
in which the nominal period of detention is very brief, 
is, as usually constructed, least effective when settlement 
is most needed, and much of the heavier matter is 
carried forward, to the larger settlement-tanks. The 
removal of the grit or detritus is a matter for careful 
consideration. A deep pocket is not necessary on 
small schemes where only manual labour is employed. 
By suitable control of the energy the detritus can be 
deposited in shallow channels, from which it can be 
removed without difficulty. The hopper type is useful, 
not so much as a trap for the heavier solids, but in 
order to concentrate it for the purpose of removal of 
mechanical means. The capacity of the detritus- 
tank for normal dry-weather flow need not exceed 71; 
of the daily flow, but additional tanks with a capacity 
of about one-third of the above, say 3}, of the dry- 
weather flow, should be provided to come into use 
automatically at three times the dry-weather flow. 
Chis gives an opportunity for controlling to a limited 
extent the energy of the storm-water flow. It is 
desirable to have the outlet to the detritus-tank at a 
lower level than the outfall sewer rather than attempt 
by — fall by keeping the outlet at or above the sewer 
evel. 

Settlement-Tanks.—The essential conditions for conti- 
nuous-flow settlement are as near an approach to 
quiescence as possible and, particularly, elimination 
of the internal circulatory motion of the liquid. The 
hopper shape of tank when properly safeguarded from 
the energy of inflow is very useful for humus and light 











sludge, which can be drawn off under a small hydraulic 
head. It would appear from the experiments on model 
tanks that the effect of uncontrolled energy results 
in greater disturbance in this type of tank than in the 
shallow rectangular type. Apart from the question 
of cost, it does not seem desirable to go much beyond 
a depth of 30 ft. for the light flocculent sludges. The 
difference in density between the liquid and the sludge 
is so small that a slight amount of septic action brings 
up the sludge and results in stratification. This unde- 
sirable phenomenon in hopper tanks is favoured 
by an unguarded central pipe inlet and a slow uniform 
rate of inflow. The inflowing liquid on reaching 
the bottom of the tank, or, if sludge is present, the 
surface of the sludge, spreads in a thin film and returns 
upward along the sides of the tank. The bulk of the 
water in the tank is ‘“‘ dead,” and it is in this dead 
water that sludge forms into layers. 

In the rectangular horizontal-flow tank, at low rates 
of flow, the turbulence due to the inflowing liquid is 
confined mainly to the inlet half of the tank. With 
increase in turbulence a point is soon reached at which 
only the heavier solids are retained. The unguarded 
submerged inlet and submerged outlet are undesirable, 
as they provide conditions favourable toshort-circuiting. 
With a properly guarded inlet there is no necessity for 
the long rectangular shape. In addition to the lower 
cost of construction, the advantages of the shallow 
tank include the possibility of larger units, the small loss 
of level for periodical cleaning and the production of 
a denser sludge than with deeper tanks. 

Septic Tanks.—The usual type of rectangular septic 
tank has far too much “ dead ” water, is easily disturbed 
by variation in flow, and yields more suspended matter 
in the effluent than need be. For effective septic action, 
the fresh liquid should mix with the older liquid, and 
this may be brought about through the energy of the 
inflowing liquid. Settlement and dissipation of the 
excess energy should be effected in another tank. The 
floor may be suitably sloped to bring the heavier 
solids together for removal without emptying the 
tank. 

Stormwater Tanks.—The necessity for frequent 
emptying almost limits the construction to the shallow 
rectangular type. The liquid arrives in a turbulent 
state, often with a large quantity of solids in suspension, 
the bulk of which, by a simple counterflow arrangement 
can be deposited within a few feet of the inlet. The 
design of the tank should provide :—(a) Means for 
dissipating the energy of the inflowing liquid; (6) 
convenient means for the removal of solid matter; 
(c) rapid decantation of the supernatant liquid; 
(d) sufficient width of weir. 








No. 14. SEWERAGE, WITH SPECIAL 
RELATION TO RUN-OFF. 
By J. B. L. Meek, M.Inst.C.E. 


WHEN the original main drainage system of Man- 
chester became inadequate and a larger scheme of 
intercepting-sewers was proposed, the method of 
calculating the percentage of rainfall reaching the 
sewers adopted was that recommended in a paper* by 
Mr. D. E. Lloyd-Davies, M.Inst.C.E. Records of 
rainfall, as registered by an automatic gauge, were in 
existence from 1899 and are still being taken to-day. 
From these records, a working-curve was plotted 
showing the quantity of rain falling in relation to the 
duration of the storm (Fig. 1). To determine the 
rain-water actually reaching the sewers, three areas 
were selected, covered with different classes of property 
and housing different densities of population. The 
impermeable areas, such as streets, roofs, yards, and 
garden paths, were then measured and their relation 
to the whole area was computed. For these three areas 
a@ curve was plotted which was used to determine 
the percentage of rainfall reaching the sewers (Fig. 2). 

The three areas selected gave the following results :— 








Impermeable area 
— Houses per | Persons per expressed as a 
Acre. cre. Percentage of 
the Whole. 
Class A 5-45 31 42 
Class B 14-95 75 75 
Class C 21-18 100 9u 











The rainfall curve (Fig. 1) is plotted from recorded 
facts, but as the curve of rainfall reaching the sewers 
(Fig. 2) is merely plotted from the extent of imper- 
meable surface in each area, it has been thought desir- 
able to ascertain whether the percentage of imper- 
meable area did give a true guide to the proportion of 
rainfall actually reaching the sewers. Accordingly, 








* Minutes of Proceedings Inst. C.E., vol. clxiv, p. 41 
(1906). 





several areas differing in character and population 


were selected for experiment. All inlets to the sewers 
in each area were traced, in order to be certain that 
only the drainage from the selected area was entering 
the sewers. A weir was built at the outlet of the 
area, and a self-recording gauge was fixed from which 
the quantity of storm-water was calculated. The dry 
weather flow was also obtained and deducted from the 
total flow. The rainfall was gauged by means of an 
automatic recorder, and the quantity falling was 
compared directly with the run-off. 

Five areas have been selected for experiment, but 
so far only the results of four areas are available. 

(1) The Victoria Road drainage-area is in a fairly 


populous suburb (Table I). From _ observations 
TaBLeE I.—Victoria Road Drainage Area. 
Total area... sas aes --- 28-9 acres. 
Area of St. Joseph’s Girls’ Industrial 
School roe Sas des 3-8 ov 
Area occupied by houses ... 25-1 7 
Number of houses ... 521 
Houses per acre : 20°75 
Population per acre ese -- 97-5 
Population at 4-7 per house 2,448 
Approximate number of in- 
mates of St. Joseph’s School 200 
Total population... 2,648 
Impermeability on 25-1 acres 88 per cent. 
as 3:8 5, “te SO ns 
Average impermeability 84 Pe 
Average population per acre 91-6 9 
Rainfall— 
lin. on 28-8 acres = 105,000 
cub. ft. ‘ 
Dry-weather Flow— 
Private houses (24 gallons per 
head per diem)= 58,752 gallons 
per diem, or ... gee aes 6-52 cub. ft. 
per min. 
St. Joseph’s School 0-41 pe 
Total 6-93 ” 


extending over 12 months the measured percentage 
of rainfall reaching the sewer was found to be 78-65, 
and if the curve of Fig. 3 is produced from this point 
it reaches the calculated percentage of 84, which 
confirms the impermeability curve adopted. 

(2) The School Lane area is a less populous suburban 
area (Table II). The percentage of rainfall reaching 


TABLE II.—School Lane Drainage Area. 


Total area... aaa 59} acres. 
Number of houses ... 736 
Houses per acre 12-42 


Population per acre... ee daa 58-40 


Population at 4-7 per house 3,459 
Impermeability ... aes 63 per cent. 
Rainfall— 

lin. on 59} acres= 215,077 cub. ft. 
Dry-weather Flow— 

Average dry-weather flow (24 gal- 

lons per head per diem) = 
9-21 cub. ft. 


83,016 gallons per diem, or ... 

per min. 

the sewer was 61, as against 63 per cent. given by the 
impermeable area curve (Fig. 4). 

(3) The Vale Street area is a Corporation housing 

estate (Table III). The rainfall reaching the sewers 


TABLE III.—Vale Street Drainage Area. 


Total area we 32-85 acres. 
Number of houses ... 313 
Houses per acre 9-5 
Population per acre... ‘ad 44-65 
Population at 4-7 per house 1,471 
Impermeability aac iva 54 per cent. 
Rainfall— 
1 in. on 32-85 acres=119,250 
cub. ft. 
Dry-weather Flow— 
Average dry-weather flow (24 
gallons per head per diem) 
3-9 cub. ft. 


= 35,304 gallons per diem, or 
per min. 


was 53 per cent. of the total rainfall, which agrees 
with the percentage originally adopted (Fig. 5). 
(4) The Hulme area (Table IV) consists almost 


TaBLE 1V.—Hulme Drainage Area. 


Total area ... ew re 167 acres. 

Number of houses ... ... 5,388 

Houses per acre ; 32-2 
151-34 


Population per acre... 


Population at 4-7 persons per house 25,324 


Impermeability eve 95-5 per cent. 
Rainfall— 
1 in. on 167 acres=606,210 
cub. ft. 


Dry-weather Flow— 
Average dry-weather flow (24 
gallons per head per diem) 
= 607,776 gallons per diem, or 67-5 cub. ft. 


per min. 


entirely of working-class and industrial property, 
and based upon the population of 151 per acre the 
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RAINFALL AND RUN-OFF. 


Fig. 2. 
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impermeability would be 100 per cent. In practice, 


however, it is impossible to reach this percentage, and | 


in this area the maximum percentage reaching the 
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sewer was 95-5, which may be accounted for by the | 50-7 
fact that though the average density is so high, there | ¢ 
are still some portions of the area not completely | « o.¢ 
built over (Fig. 6). Although the experiments are in- | @ 
complete, the results so far obtained would indicate that Lito 
the measure of impermeability of an area is a sufficiently | Z 
accurate guide to the percentage of rainfall reaching | oid 
the sewers from that area. | 
As many large towns are eventually drained on the| Zz 
combined system, although the initial drainage may | 2°° 
not have been on that system, the question of the| ¢ 
percentage of rainfall reaching the sewers is of para-| , °* 
mount importance, this figure determining the size of | ° 
the sewers, and therefore the expenditure necessary | ew 
to drain the area. If rainfall has to be removed from | « 
an area, it appears only reasonable that the method | 
of removal should bear some relation to the way in| PERCENTAGE OF RUN-OFF TO RAINFALL. 
| (767.F,) HULME DRAINAGE-AREA. 


which the rainfall is distributed over the area in ques- 
tion and to the manner of run-off in that area. The 
method by which aliowance is made for a certain 
quantity of rainfall to reach the sewers evenly through- 
out the 24 hours bears no relation to known facts, | 
and can therefore be only an intelligent conjecture. 
When it is considered that the rainfall reaching the 
sewers is often 40 times, and in extreme cases 70 times, 
the dry-weather flow, it will surely be conceded that | 
the scientific method of computation based on the 
intensity of rainfall should be universally adopted, | 
in place of the method already referred to. It would 
be of immense assistance if in all towns with a popula- 
tion exceeding 10,000 persons the records were kept | 
of at least one automatic rain-gauge. The expense | 
would be very small compared with the advantage of 
possessing data enabling an area to be scientifically 
drained when the necessity arose. 








Kast AFRICAN MINERALS.—His Majesty’s Eastern | 
African Dependencies’ Trade and Information Office, | 
39, Cockspur-street, London, S.W.1, informs us that | 
& prospecting license for one year has been granted to | 
Messrs. Tanganyika Concessions, Limited. This will cover | 
an area of 11,880 square miles in the Karamoja District | 
of the Eastern Province. | 


| to non-members. 
| about 100 pages more than were contained in the 1926 
| issue. 


‘ENGINEERING PERIODICAL LITERA- 
TURE INDEX. 


THE reference volume, entitled The Engineering 
Index, published each year by the American Society 
of Mechanical Engineers, is now well known in engineer- 
ing circles in this country. It constitutes an index to 
articles relating to every branch of the engineering 
profession contained in the scientific and technical 
periodicals of all countries. It is interesting to recall, 
in passing, that the Index was commenced in 1884 by 
the Association of Engineering Societies, and was 
acquired by the present publishers in 1918. The volume 
for 1927 has just been issued at the price of 7 dols. 
50 cents. to members of the Society, and 8 dols. 50 cents. 
It comprises some 900 pages, i.e., 


Like its predecessors, the book is well and clearly 
printed and strongly bound in cloth, a fact of some impor- 
tance in a work of reference. As was previously the 
case, photostat copies of any of the articles listed in 
the Index are available, and translations of foreign 
material are also undertaken by the compilers of the 
work. 
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| In order further to diffuse engineering knowledge, 
ithe Society has, this year, extended its engineering 
| index activities by the institution of a weekly card- 
j}index service. This new departure implies that, 
| instead of waiting until such time as the annual volume 
| is published, information regarding articles contained 
|in approximately 1,700 technical publications will 
| be sent to subscribers by post each week. The cards 
}upon which the items of information are printed are 
| light green in colour and measure 125 mm. by 75 mm. 
The subjects dealt with are divided into 13 main classi- 
| fications, each of which bears a number, namely, aero- 
nautics ; building ; industrial chemistry and chemical 
engineering ; civil engineering ; electrical engineering ; 
petroleum, oils and natural gas ; heat power ; industrial 
|management ; mechanical engineering; mining and 
| metallurgy ; naval architecture and marine engineering ; 
| railways ; and transportation. 

| Each main classification is again sub-divided into a 
|number of sub-headings, each of which is identified 
by means of a letter. The prices established for the 
| new card-index service have been carefully estimated 
| on a basis of averages and are stated to yield no profits 
| to the Society. The Class A service, which is priced 
| at 2,000 dols. per annum, is intended for public libraries, 
|technical schools and colleges, and libraries in the 
|research departments of the major industries; it 
| includes all index cards issued on all subjects. In those 
|cases in which Class A service is too comprehensive, 
| Class B service is available. Under this service are 
| included all the cards covering any of the main classifi- 
| cations. For one main classification only, the price is 
300 dols. per annum, for two it is 585 dols. and for three 
it is 855 dols. Should more than eight main classifi- 
cations be required, the publishers recommend Class A 
service as being the more economical. A third alter- 
| native, designated Class C service, is also available. 
| Under this scheme one or more sub-divisions may be 
selected from any main classification, and the annual 
price per sub-division has been fixed at 50 dols. Sub- 
scribers of 1,000 dols. and above receive gratis the 
annual edition of the Index in book form. It need 
hardly be emphasised that the chief merit of this new 
activity of the American Society of Mechanical Engineers 
lies in the fact that it will enable its subscribers to keep 
in the closest possible touch with progress in the 
branch of engineering in which they may be interested. 
Further information regarding the .scheme may be 
obtained from the Director of The Engineering Index. 
The ‘American Society of Mechanical Engineers, 29. 
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RADIANT HEATING IN BUILDINGS. 
THE practice of artificial heating is singularly 
lacking in satisfactory experimental data. Whether 
the space to be heated is a room or a furnace, the 
movement of the air within it has a fundamental 
effect on the distribution of heat, and it is difficult 
to frame experiments from which conclusions 
can be drawn in general terms. In recent years 
some attention has been given to the possible use 
of low-temperature radiation in the form of panel 
heating, and the Industrial Fatigue Research 
Board, who have already published some observa- 
tions on the ventilation and heating in certain 
factories, have published a report by Dr. H. M. 
Vernon and Mr. M. D. Vernon, assisted by Miss 
Isabel Lorrain-Smith, on the effect of the heating 
in other buildings by low-temperature radiation. * 
The primary object of the investigation was to 
ascertain the practical merits of panel heating as 
compared with other methods, and, in the absence 
of data permitting the results of the various instal- 
lations to be compared with each other, the interest 
of the report lies in its exhibiting what has been done 
in practice, without giving any guidance as to what 
results might be expected from other installations. 
The authors conclude from their observations that 
panel heating, or its equivalent, is likely to replace to 
a considerable extent systems of convection heating, 
such as hot-water radiators and plenum air instal- 
lations, subject to the use of hot-water radiators 
placed below large windows for the purpose of 
checking down draughts, as indeed is usual in 
existing practice. The chief merit they find in 
the panel system is that it gives a remarkable 
uniformity of air temperature, which, in some instal- 
lations, did not vary more than I deg. F. to 2 deg. F. 
in any part of the room, a result which is difficult 
to get with hot-water radiators or plenum systems, 
and in practice is very often greatly exceeded. 
They found that in radiation systems, the walls, 
ceiling and floor are perhaps 3 deg. F. warmer than 
the air, while with hot-water radiators they are 
about 3 deg. F. colder than the air. These figures 
would rather appear to be averages than the 
limiting results of individual installations. The 
authors, however, were unable to find evidence 
in support of the claim that radiant heat derived 
from low-temperature panels is either more comfort- 
able or more healthy than convected heat, and they 
point out that the much greater intensity of heat 
radiated from open fires, gas fires, or electric heaters 
prevents any inference from being drawn from the 
possibly more pleasant and healthy results of such 
systems as compared with those to be expected 
from the radiation from low-temperature panels. 
It is not quite clear why the investigation is 
described as physiological, for apparently the only 
observations made upon human subjects were 
purely psychological. They amounted, in fact, 
to setting each observer to record the feelings of 
warmth and of air movement induced under mea- 
sured conditions of temperature and atmosphere, 
expressing them in terms of scales which extended 
through five gradations from ‘“‘ much too warm,” 
or “ very stagnant ” to ‘‘ much too cold ” or ** very 
fresh.” Precautions were taken to leave the obser- 
vers and the instruments exposed to these conditions 
for a sufficient time for the instruments to reach 
equilibrium with the air temperature, and the 
observer to become sufficiently familiar with it, 
and the necessarily subjective character of the 
estimations were to some extent corrected by 
averaging the readings on these subjective scales 
made by a number of observers. An interesting 
result, obtained by comparing a variety of such 
observations, was that the comfortable temperature 
of the air in panel-heated rooms was 0-7 deg. F. 
cooler than that of the air in convection-heated 
rooms, a difference which, in the circumstances, is 
clearly within the limits of experimental error. With 
vas fires and coal fires, on the other hand, the com- 
fortable room temperature is from 5 deg. F. to 
10 deg. F. lower than in convection-heated rooms. 
It seems unfortunate that, as yet, these important 
problems do not appear to have been attacked from 
the engineering point of view. The effect of any 





* Industrial Fatigue Research Board : Report No. 46. 
H.M. Stationery Office. 2s. net. 


system of artificial heating on a person or other 
object in a room is always the resultant of the gain 
or loss of heat to other surfaces by radiation, and the 
gain or loss by convection, with sometimes a loss by 
evaporation. The convection effect depends largely 
on the extent of ventilation, and a more satisfactory 
basis for designing systems of heating and ventila- 
tion seems likely to be obtainable if the radiation 
effect could be measured under conditions in which 
the convection effects were kept constant. It 
would then be possible to obtain some notion of 
the effect on the results obtained by varying the 
proportions and temperatures of low-temperature 
panels, and to obtain some fundamental figures 
permitting more systematic designs to be made 
than can be obtained without them. 








HYDRO-ELECTRIC DEVELOPMENTS 
IN LANARKSHIRE. 
(Concluded from page 769.) 

As regards the plant which is installed in the 
two stations recently built by the Lanarkshire 
Hydro-Electric Power Company near Lanark, the 
English Electric Company’s engineers acted as 
hydraulic advisers, designers and manufacturers 
of the whole of the hydro-electric equipment. An 
illustration of the. interior of the station at 
Bonningon is shown in Fig. 22, page 792, while a 
part plan of this station is given in Fig. 34, page 794. 
At Stonebyres, the arrangement is practically iden- 
tical, except that the position of the switchhouse 
relative to the turbine room is not quite the same. 
The interior of this station is illustrated in Fig. 23. 
Both stations are 38 ft. wide and 136 ft. long, and 
are equipped with two vertical-shaft units of the 
one-floor type, this design having been decided upon 
after consideration of the seasonal water flow, the 
variation in the demand, and the arrangement and 
method of connection of the pipe lines to the sets. 
As these stations will work as basic-load stations, 
there was little to be gained by increasing the 
number of sets; the two-set arrangement, in fact, 
gives a higher efficiency at all gate openings. In 
case of water shortage and during overhauls, energy 
will always be available from the steam sets of the 
Clyde Valley Electrical Power Company, so that no 
spare plant is necessary. 

Vertical shafts were adopted in order to save floor 
space and width, and the efficiency of the turbine is 
increased owing to the higher regain of energy in 
the draught tube, which is made possible by the 
absence of a suction bend immediately after the 
runner. A parabolic exit chamber can also be em- 
ployed and the draught tube efficiency raised. The 
one-floor design, it is claimed, does away with the 
usual drawback of the vertical-shaft arrangement, 
viz., the necessity for two floors, one for the turbine 
and one for the alternator, with consequent in- 
accessibility of the former. 

The sets are designed to work under the following 
conditions :— 


Bonnington. Stonebyres. 

Gross head 189 ft. 97-5 ft. 
Net head 174 ft. 91 ft. 
Output per tur- 

bine --- 7,000 b.h.p. 4,000 b.h.p. 
Output per 4,920 kw. at 0-8 2,840 kw. at 0-8 

generator power factor power factor 
Speed... 375 r.p.m. 375 r.p.m. 
Frequency 25 cycles 25 eycles. 
Voltage 11,300 volts 11,000 volts. 


The Bonnington turbines are, therefore, the most 
powerful water turbines of their type in Great 
Britain. The generator of the sets as shown in 
Figs. 25 to 29, on Plate LX XIX, is carried on a rein- 
forced pedestal built round a heavily ribbed cast-iron 
tapering stand. The upper flange of this stand is 
used as the generator bedplate, while the lower flange 
is bolted to the turbine speed ring, which transmits 
the weight to the foundations. Three openings 
are provided in the pedestal, so that every part of 
the turbine is easily accessible. Air for cooling the 
generators is drawn in through these openings 
and discharged at the top of the generator. 

The whole of the regulating gear of each turbine, 
i.e., the oil pressure governor and pumping set, with 
the addition of a relief valve at Bonnington only, 
is located on the downstream side of the power 
house. The governor is close to the concrete 





pedestal and is connected to the turbine through 





one of the openings mentioned above The sets 
have two bearings only, one a thrust and journal 
bearing for the generator, and one a guide bearing 
for the turbine, since the one-floor building allows 
the distance between turbine and generator to 
be reduced to a minimum. A separate alternator 
bedplate has been done away with, and a consider- 
able saving thus effected. The time necessary for 
dismantling and overhaul has been reduced by 
making the generator stator of sufficient bore to 
allow the turbine runner and the complete main 
cover to be passed through it, after the rotor has 
been removed. This also permits the main cover 
to be made in one piece. The turbine and generator 
bearings are lubricated by a common oil pump and 
lubricating system. 

The single-runner reaction turbines, shown in Figs. 
25 to 29, on Plate LX XIX, are arranged in plate- 
steel spiral casings, and are very similar in the 
two power stations, as far as design is concerned, 
though the casings have an entrance diameter of 
4 ft. 10 in. at Bonnington, and 6 ft. 6 in. at Stone- 
byres. These casings are of welded-steel plates, 
this method of construction having been chosen in 
preference to riveting because it. gives a smooth 
inside surface, though the joints are, it is claimed, 
just as reliable and are very easily made water-tight. 

The spirals are of logarithmic shape, and, where 
necessary, the plates are stiffened externally against 
the water pressure by angle irons, which are welded 
to the casing. The casing plates are bolted-to a 
cast-iron speed ring, consisting of a curved upper and 
lower guide plate joined together by ten streamlined 
webs. The speed ring is extended right down into 
the draught tube, and is securely anchored in the 
concrete. 

The gate apparatus consists of twenty fish-shaped 
guide vanes of cast steel, Fig. 30, Plate LX XIX, 
cast in one piece with their stems. These vanes 
rotate in bronze bushes and are lubricated from the 
outside by separate lubricators. Large collars are 
provided at the junction of the vane body with the 
stems, so as to protect the latter against wear and 
prolong the life of the vanes. The vanes are carried 
from above by their levers, which slide on lubricated 
surfaces well out of the water. The arrangement of 
the levers and links connecting the guide vanes to 
the regulating ring is of the so-called “‘ off-set ” pat- 
tern, the idea being to reduce the forces required 
from the governor by making the servo-motor 
stroke nearly proportional to the quantity of water 
shut off or admitted by the vanes. In this way, 
the regulation is improved. The connecting links 
have been designed so that, in the event of an 
obstruction preventing one of the vanes from follow- 
ing the movement of the regulating ring, they will 
break well before the elastic limit of any other part 
of the gate apparatus is reached. The connecting 
link pins are made eccentric. This allows the 
length of the link to be varied slightly by turning 
the pin and then locking it. It is thus possible to 
adjust the relative positions of the guide vanes, so 
as to increase the tightness of the gate apparatus 
when closed. Both parts of the gate apparatus are 
of steel, the top consisting of a forged-steel lining 
ring fixed to the main turbine cover, and the bottom 
of a cast-steel guide ring bolted to the speed ring. 

The runner, a view of one of which is: given in 
Fig. 33, page 794, has steel-plate vanes } in. thick, 
which are cast into a crown and rim of cast steel. 
Those used on the machines at Stonebyres weigh 
2 tons 2 ewt., and have a maximum diameter of 
5 ft. 7 in., those at Bonnington being slightly 
smaller. The design employed is based on experi- 
mental data which were obtained with specially 
made model runners. The steel plates for the 
vanes were accurately shaped between dies. They 
are very smooth and their edges are stream-lined. 
Balancing holes are provided in the runner crown, 
so as to reduce the hydraulic thrust by getting rid 
of the leakage water. The crown and rim are 
protected by shrunk-on cast-steel rings, and a guide 
cover is fixed to the underside of the runner to 
lead the water smoothly to the draught tube. The 
runner is bolted to a solid forged flange at the end 
of the turbine shaft. The whole of the torque is 
transmitted to the shaft by a laid-in transverse 
key, the fixing studs working solely under tensile 
stress. A spigot is provided for centring. 
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such that a considerable braking force is exerted. | delivery side of the pump to the exhaust when the 
This brings the set to rest in 3 min. | correct pressure has been reached in the pressure 

The main stop valves at Bonnington are of the| receiver. The pump then runs unloaded. When 
cylindrical balanced type, patented by The English | the pressure drops below a certain value, this valve 
Electric Company, and are operated by the pipe-line | again connects the pump with the receiver. The two 
water pressure. Their control gear, which consists | pressure receivers in each power station are inter- 
of a distributing valve with return motion gear, connected. Thus, should one of the pumping sets 
can be operated either by hand or electrically | be out of commission, pressure oil for both receivers 
from the power station switchboard. The valves | can be drawn from the remaining set. At Bonning- 
have no by-pass, since the return-motion gear | ton, the governor not only controls the regulating 
allows them to be opened any desired amount. One ring of the turbine, but is connected to the control 
of these valves is illustrated in Fig. 24, on this page, gear of a relief valve which, when the gate apparatus 
and is shown in section in Fig. 31, Plate LX XIX. | closes quickly, opens and by-passes directly to the 
A view of one of the vent towers for relieving the | tailrace the amount of water rejected by the turbine. 
pressure is given in Fig. 32, on page 794. | Relatively small rises in speed and pressure therefore 

Speed regulation at both stations is effected by | occur when the load is thrown off. 
oil-pressure governors of the English-Electric stan- The relief valves are also of the cylindrical 
dard type, the actuators with which they are fitted | balanced type, their design being similar to that 
having servo-motors to supply the required energy. | of the main valves. The usual bends have been 
As already mentioned, the actuator is gear-driven | eliminated, and the valves are arranged as direct 
from the turbine shaft, an elastic member being fitted | prolongations of the pipe lines. This makes for a 
to prevent vibration. The actuator pendulum is| very simple arrangement of the connecting piping, 
sensitive and the compensation of its action is not| and especially of the discharge to the tailrace. 
proportional to the stroke of the compensating | Another advantage claimed for the type of relief 
mechanism, but is increased round the neutral) valve adopted is that they discharge the water in 














Fig. 24. Matn Stop VALVE At BONNINGTON. 


| 
position, thus making for quick and steady regu- | the form of a hollow cone, thereby making it rapidly 
lating action. The actuator is so designed that the | lose its energy by air friction and causing it to 
same speed can be maintained at all openings, but as | reach the tailrace as a spray. This renders any 


a certain amount of speed variation is required to | special protection of the tailrace unnecessary. 
distribute the load between sets when they are 


Owing to the considerable variations in the 
running in parallel, the permanent speed variation | quantity of water available in the Clyde, and the 
can be adjusted between 0 and 4 per cent. To|absence of storage arrangements, an interesting 





allow the sets to be paralleled, the normal speed | system for utilising all the water and effectively 
can be varied within + 5 per cent., either by hand | guarding against the intake running dry has been 
or by remote control from the switchboard. Should | adopted. The apparatus for this purpose was sup- 
the main pendulum be thrown out of action, an | plied by Messrs. George Kent, Limited, of Luton, and 
emergency pendulum will close the turbine after the | is shown diagrammatically in Fig. 35, on page 794. 
speed rises or falls by more than 30 per cent. of | It consists of a transmitter A at the intake, a 
the normal. This protection, therefore, shuts the | synchronising rheostat panel B, mounted on the 
turbine down in case of runaway or in case of failure | machine switchboard, a ratiometer relay C, which 
of the governor drive. The servo-motor is of the |controls the speed setting motor of the turbine 
double-piston type and is provided with hand-gear, | governor, and a rheostat D, which is mounted on 
which can be clutched in or out at any point of the | the turbine governor, and has a moving contact 
stroke, and with a stroke limiter, by means of which | which is actuated from the speed-index pointer. 
the turbine output can be limited to any value. The | The transmitter consists of a variable resistance, 


power for regulating purposesis transmitted directly | the value of which changes in accordance with the | 


by a cast-steel rocking lever and two connecting rods | variation in the water level. A copper float, which 
to the turbine regulating ring. rests on the surface of the water, operates a wheel 

"he pressure oil for the governor is taken from | mounted on a spindle through a flexible cord. The 
an air-pressure receiver, which is supplied with both | moving contact arm is geared to this spindle, and 
oil and air by an electrically-driven two-stage rotary | also serves as a direct water-level indicator in con- 
gear pump. In order to maintain an adequate air | junction with a scale. The transmitting apparatus 
cushion in the receiver, the pipe feeding the pump is connected to the synchronising resistance which 
with air is located just above the correct oil level|is an ordinary rheostat. Under normal running 
in the sump. When there is too much oil in the | conditions, this is in its middle position. There 
receiver, this pipe is uncovered and air is pumped.| are two other resistances, one on the turbine 
When, on the other hand, there is too little oil in | governor, and the other a fixed balancing resistance 
the receiver, and therefore too much oil in the sump, |. These are connected in series with the other 
the pipe is sealed and only oil can be pumped. In | two resistances and with a 100-volt direct-current 
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the total resistance into two parts. The ratiometer 
relay is connected across these two portions of the 
total resistance, the common terminal being in turn 
connected to the moving contact on the speed index. 
This gives a Wheatstone-bridge network, the opera- 
tion of which is unaffected by voltage variations. 
The values of the various resistances are so 
proportioned that when the water level is midway 
between the operating limits and the synchronising 
rheostat is in its normal running position, the 
relay will cause the speed-adjustment motor to set 
the speed index in its mid-position ; under these 
conditions the network is balanced. The speed 
variation device on the turbine governor is capable 
of varying the no-load running speed of the turbine 
within + 5 per cent. of synchronous speed, and 
when the water available allows of increased output, 
the speed-variation device is moved towards an 
increase in speed. The alternator being connected 
to the system with a constant frequency of 25 
cycles per second, increases in speed cannot occur, 
so that the load increases instead. Assuming now 
that the water level rises and more water becomes 
available, the transmitting resistance will be altered 
and, the balance being disturbed, the relay will 
start the motor which varies the turbine speed and 
the speed setting will be altered until balance is 
again obtained. Increasing the speed setting will, 
of course, automatically increase the load on the 
generator and decreasing the setting, corresponding 
to reduced water level, will reduce the electrical 
load. 

The synchronising rheostat acts as a hand-operated 
transmitter, and is only used to adjust the speed of 
the turbine for synchronising purposes. It is after- 
wards returned to its normal position, so that the 
load of the generator automatically follows in accord- 
ance with the amount of water available. Both 
sets of control gear for the two turbines at Stone- 
byres are actually operated from one transmitter. 
The moving contact arm of the transmitter is con- 
nected direct to one pole of the supply and acts 
as a common feeder to both circuits. An additional 
transmitter F is provided, which is independently 
actuated from a separate float. This operates an 
electrical level recorder, of the recording ratio- 
meter type in the station, and provides an inde- 
pendent record of the water level, so as to enable 
the operation of the automatic gear to be checked. 
The double-pole throw-over switches shown at H 
in Fig. 35, are for changing over from automatic 
to push-button control. 

As already mentioned, the alternators at both 
stations run at the same speed, the output per 
set at Bonnington being 6,150 kv.-a., and at 
Stonebyres 3,550 kv.-a. As the diameter is the same 
in both cases, the main features are common to all 
four machines. In view of the probability that 
frequency standardisation would be introduced, the 
machines, though originally arranged to generate 
at 25 cycles, were designed so that the change-over 
to 50 cycles could be made without trouble. For this 
reason the number and size of the stator slots were 
chosen to facilitate re-winding with coils of shorter 
pitch, and the rotor was designed so that it can be 
re-built with twice the present number of poles. 

The bearing, which carries an unbalanced axial 
thrust of about 120,000 lb., is of the Michell type, and 
is mounted on an upper bracket spanning the frame. 
It is surrounded by an oil bath, and is water-cooled. 
The exciter frame is supported from the top bearing 
bracket and the exciter armature is mounted on the 
alternator shaft. The rotor body is a steel casting 
shrunk on to the shaft, and has dovetailed grooves 
for carrying the laminated-steel poles. The poles are 
bolted between heavy manganese-bronze end plates 
which reduce stray losses and provide the extra 
inertia required to give good governing. At Stone- 
byres this arrangement also permits of the omission 
of turbine relief valves. All the revolving parts 
have been designed to withstand a runaway speed 
90 per cent. in excess of the normal speed. The 
machines are self-ventilating, by fans placed at both 
ends of the rotor shaft. 

The machines generate three-phase current at 
11,000 volts and, at Stonebyres, are connected 
direct to the line, the insulation of the phase end 
coils being strengthened by the omission of one 





order to minimise the wear of the pump, a relief and | supply from the station battery. The contact arm, 
by-pass valve is provided. This connects the , which is fixed to the governor-speed index, divides 


turn. This device seems to have proved effective, 
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THE LANARKSHIRE HYDRO-ELECTRIC POWER SCHEME. 


MESSRS. BUCHAN AND PARTNERS, CONSULTING ENGINEERS, EDINBURGH. 
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since the line has already been twice struck by 
lightning without the machine being damaged. 

The 11,000 volt oil switches have a rupturing 
capacity of 250,000 kv.-a., and are each enclosed in 
a moulded-stone cell with iron doors. The ’bus-bars 
are in duplicate, with change-over selector switches 
for each generator and feeder. The route of the lines 
leaving the power station is shown in Fig. 1, page 767 
ante. The northernmost of these connects Bonnington 
with the Clyde Valley Electric Power Company net- 
work at Overton. It consists of six 0-15 sq. in. 
conductors arranged to give a 0-3 sq. in. split | 
conductor line. The voltage dropis compensated by a 
470 kv.-a. booster at Bonnington, which is designed 
to give a boost of 815 volts. This booster has its| | 
windings split, so that it may form part of the | 
split conductor protective scheme. A similar line | 
connects Stonebyres with the Motherwell Station 
of the Clyde Valley Power Company. This is | 
equipped with two 394 kv.-a. boosters to give a/| 
boost of 1,370 volts. A third transmission line, | 
consisting of six 0-2 sq. in. conductors, also connects | 
Stonebyres and Motherwell. This line is arranged | 
as a split-conductor feeder, with boosters of 580 kv.-a. | 
capacity to give a boost of 1,500 volts. Two inter- | 
connectors, each of 0-2 sq. in. section, connect | 
Bonnington and Stonebyres. In order to com-| ON SWITCHBOARD 
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pensate for the slight drop between the station, Puan BUTTON FU rixeo RESISTANCE B 
the former will operate at 11,300 volts and the Fig.35 - 
latter at 11,000 volts. _ Sanaa Demermerre coamentsfo gr os 
Each of the boosting transformers consists of | eis x GOVERNOR - 
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three single-phase oil-immersed units, which are con- | 
trolled by Brookhirst drum-type switchgear. Each | 
set of three single-phase units is coupled by means 
of a shaft to a motor-operating pillar, which is 
controlled from the switchboard by means of push | 
buttons, which are connected to contacts in the 
motor-operating pitlar 

In addition to the firms mentioned, our thanks 
are due to Mr. D. Macfarlane Macleod, and other | 
engineers of the Clyde Valley Electrical Power 
Company, for their assistance in the preparation of | 
this article. 
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Norta-West Miptanps Etecrriciry District.— 
After consideration of the evidence and representations | 
made to them at an Inquiry held at Stoke-on-Trent, | 
on May 15, the Electricity Commissioners have made an | 
Order giving effect to the scheme for the North-West | 
Midlands Electricity District. This order has been sub- | 
mitted to the Minister of Transport for confirmation. | 
Full particulars of the scheme have already been given 
on page 546 of our issue of May 4 last. 
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THE TRENTON CHANNEL STATION 
OF THE DETROIT EDISON COMPANY. 


(Concluded from page 785.) 


VENTILATING AND HEATING SYSTEM. 


Ow1ne to the wide range of climatic conditions, 
the satisfactory ventilation and the prevention of 
undesirable condensation in a plant such as that at 
Trenton Channel presents an interesting problem. 
Summer temperatures may range up to 94 deg. F., 
while in winter, as mentioned earlier in these 








to improve the conditions by diluting the moist air 
in the turbine-room in winter with a supply of 
fresh warm, dry air, and to prevent condensation 
on the windows and roof by sweeping over these 
surfaces with currents of warm, dry air, so as to 
keep the inner surface at a temperature above that 
at which condensation would form. 

The general system installed is illustrated by 
means of the diagrams, Figs. 166 to 168. Dealing 
with winter conditions first, these are depicted in 
Fig. 166. This diagram shows the direct-current 
auxiliary set air supply from the fan bay being 


Fig.66.WINTER CONDITIONS. 
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for Ventilating 


Auxiliary Bay. 


articles, the temperature may fall at times to 
15 degrees below zero F. The elaborate system 
adopted at Trenton Channel was designed to fulfil 
the following requirements: (1) Complete freedom 
from condensation on windows and roof of turbine- 
room ; (2) some renewal of the moisture-laden air ; 
(3) ample ventilation of the turbine-room in 
summer. 

We have already described the air-cooling system 
of the main generators (see page 606 ante), and 
also the cooling system adopted in the case of the 
4,000-kw. direct-current auxiliary sets. The former, 
being on the closed circuit system, do not affect 
the ventilation problem, but the latter contribute 
to it, the heated air leaving the generators being 
discharged directly into the auxiliary bay. 

In the solution of this problem it was decided 





discharged into the turbine-room. A number of 
other fans are placed on the same floor as those 
supplying the direct-current sets. This fan bay 
in winter is at slightly below atmospheric pressure. 
Air enters it through ducts in the roof fitted with 
steam-heating coils, fed by the main low-pressure 
heating system, supplied with bled steam from the 
auxiliary sets, as already described. The fan room 
is kept at about a temperature of 65 deg. F., and 
the forced ventilation supply for the direct-current 
sets is at this temperature. 

The air employed for sweeping the roof and 
windows is raised further to a temperature of 
120 deg. F. and is discharged in a thin sheet from 
slotted ducts. In the case of the windows, a duct 
runs along the sill the whole width of the frame. 
In this duct is a narrow slot fitted with an adjustable 








damper of the type shown in Fig. 168. The supply 
of hot air is equivalent to 65 cub. ft. of air per minute 
per foot run of slot, at 4-in. static pressure. This 
supply is furnished by three fan sets, one in the 
switch-room bay (to the left of the turbine-room 
in Fig. 166) and two under the main turbine-room 
floor, one at each end of the building for dealing 
with the large end windows. The two latter sets 
are each capable of delivering 11,000 cub. ft. per 
minute, one at 1} in. and the other at 1}-in. static 
pressure. These capacities are, in the first case, for 
a speed of 520 r.p.m., and in the second, 484 r.p.m. 
Both are direct-driven. In the first case the direct- 
current motor is of 2 h.p. to 10 h.p., with a speed 
range of from 440 r.p.m. to 600 r.p.m. In the 
second the capacity is 7-5 h.p. to 16 h.p., with a 
speed range of 370 r.p.m. to 490 r.p.m. 

The third window-sweeping fan draws air in 
through the outside wall, past concealed heating 
coils. This fan has a capacity of 25,000 cub. ft. 
per minute at 284 r.p.m., and again at 1}-in. pres- 
sure. The drive is by a 4}-h.p. to 15-h.p. motor 
with a range of from 230 r.p.m. to 300 r.p.m. 
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Fig. 168. 
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Part of the supply furnished by this fan, and that 
by two other fans each of 18,000 cub. ft. per minute 
capacity in the auxiliary fan bay between the 
turbine-room and boiler-house, is used to sweep 
the turbine-room roof. This air is discharged from 
slotted ducts extending the length of the building 
along the lower edges of the roof. The supply is 
equivalent to 100 cub. ft. per minute per lineal foot 
of slot, at 4-in. pressure. The roofing proper is raised 
slightly off the purlins so that the flow shall not be 
interfered with. This air moves towards the 
ridge, where it finds its way through an adjustable 
slot into a monitor containing a long, oval draw-off 
duct. This duct runs the length of the building and 
is connected with four large fans, each of 100,000 
cub. ft. per minute capacity at 109 r.p.m., and 
against }-in. static pressure, their outlet velocity 
being 1,700 ft. per minute. These fans are belt- 
driven by 8-25 h.p. motors with a range of from 
800 r.p.m. to 1,150 r.p.m. Together, these large 
fans can be worked at a capacity greater than the 
combined output of all the fans supplying the 
turbine-room. They discharge, in winter time, as 
shown in Fig. 166, into the boiler-house. In addition 
to the heated air, steam-heated radiators are placed 
at various parts of the turbine-room and basement. 

Passing now to the boiler-room, the general system 
is of air drawn in by the induced draught fans to 
be discharged with the gases of combustion up the 
stacks. This air is required for combustion. In 
winter time it is drawn in through monitors in the 
boiler-house roof and louvres in the stack housings, 
and passing downwards mingles with the fan 
discharge from the turbine-room roof, being thus 
warmed before entering the ducts in the boiler 
settings. 

Summer conditions are depicted in Fig. 167. 
At this time, air will generally be admitted to the 
turbine-room through the windows, and will be 
drawn off by the large exhaust fans and discharged 
above the roof, thus causing a large flow of fresh air 
through the building. These large fans, in summer, 
will also draw off heated air rising from the direct- 
current auxiliary sets through ceiling openings, 
closed by louvres in winter. In the boiler-house, 
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in summer, air also generally enters through open | Fig. 773. DIAGRAM OF MAIN ELECTRICAL SYSTEM. 
windows and passes upwards to escape by the | 
monitors and openings in the stack housings. To | 
make conditions on the main turbine floor more | | ; 
pleasant in summer, one of the roof-sweeping fan | ineaeaiiais . he | 
sets is arranged to deliver fresh air at a height of | | bb ania 
‘ 5 >» Te oh a series | ! * 
about 5 ft. from the floor level, through a series of | BUILDING OUTLINE—~ 5 DIFFERENTIAL ZOVERLOAD. 
outlets in the auxiliary bay wall. a a a a a a RLOAD ONLY. 
A J ; | @ overco. 
These arrangements may be said to have worked | g _| Grgyncumonisine SWITCH. 
out entirely satisfactorily in practice, and there is | wT! te << —— = we: On EATING SLADE ON shied 
no trouble from roof condensation, but owing to the | haa | C-PARALLEL LINE SWITCHES WITH 
| DIFFERENTIAL PROTECTION. 
fact that great care has been taken gradually to 
eliminate all possible leaks of steam, the operation | ° . pe Pie ‘ ¢ 
of the roof and window sweeping systems is only | N \ x x ¥ \ X \ 
occasionally necessary. Be * & & a a Bee a 
The radiators above referred to are supplied in a | | t 
manner to which some reference has already been Pha ‘ Hy \ N 5 ray b ny 
made, either with bled-steam from the house bt a a” 
\t \ '» 1818 & Ss 4 
generator sets, or with steam from the main system, 
taken off at reducing stations. The pressure at | @ B x g 8 al Be 
the reducing stations is .15 lb. to 20 1b. per sq. in. | \ \ ® \ \ i a. 
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Normally the bled steam suffices for this service. | 
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} une | 7g | WEST BUS. 
SWITCHGEAR. WARREN. LINE TO 


_— 
| NAVARRE. a 
Before describing the switchgear, which we now | ee. Me = ‘ “’ ‘- 
propose to do, it is necessary to recall the fact, | ENGINEERING, 
already referred to on page 344 ante, that the whole | 
output of the station is delivered to the 120,000-volt | diagram Fig. 173, in which, for simplicity, the three | stations, respectively. Each line carries two three- 
transmission system, there being no local distribu- | phases are combined into a single line in all cases. | phase circuits of No. 000 copper wire, arranged on 
tion. The fact that there is no connection between | From the cross sections it will be seen that the trans- | opposite sides of steel towers, 90 ft. in height, 
the main and auxiliary power systems at the | formers, main circuit-breakers, isolating switches, |about seven towers being used per mile. The 
station permits the ’bus-bar voltage to be regulated | lightning arresters, &c., as well as the "bus-bars,|normal voltage of the generators is 12,000, and 
as required, in order to maintain a constant voltage | are all located out of doors. A photograph illus-|each machine is connected to the transformers 
at the distant ends of the transmission lines, irrespec- | trating the arrangement of the outdoor equipment | through three oil switches, designed for 25,000 volts 
tive of the loading of the lines. The electrical | is reproduced in Fig. 182, on page 806. and 4,000 amperes, and constructed by the General 
control of both the main and house generating sets| From the diagram, Fig. 173, it will be seen that | Electric Company. The switches, which are used 
for voltage regulation, synchronising, &c., is entirely |each of the six turbo-generators is separately con-|for the operation of synchronising, are of the 
centred in the main switch control room, which is | nected to the *bus-bars through a synchronising | bottom-connected type, with oil pots 12 in. in 
located on the western side of the turbine room, |switch, a bank of step-up transformers and a| diameter, and a stroke of 24 in. Fig. 174, on page 
and is provided with bay windows giving a clear | circuit-breaker, isolating switches being provided | 797, shows the three switches for the No. 5 gene- 
view over the turbine room on one side, and of the | on each side of the latter. Similar circuit breakers rating unit, those for the No. 6 unit being seen in the 
outdoor switchgear on the other side. Cross sections | and isolating switches are provided between the} background. Isolating switches are also provided 
of the switchgear are given in Figs. 169 to 172, *bus-bars and the three transmission lines, which | between the oil switches and the transformers, 2S 
and the electrical connections are illustrated by the! run to the Warren, Navarre and Brownstown sub- | indicated in the diagram, Fig. 173. These are located 
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SYNCHRONISING SWITCHES FOR MAIN GENERATORS, Fic. 








Fie. 176. 


in a chamber below the oil switches shown in the 


transverse section, Fig. 171, and were constructed by 
the Detroit Edison Company in their own shops. 
They are of the multiple-blade, lock type, and are | 
rated at 4,000 amperes at 25,000 volts. To draw | 


off any smoke or gases that might be produced by | 


any accident to the oil switches, three pent-houses 
have been constructed in the roof of the switch- 
house, each provided with a disc fan having a 
capacity of 12,500 cu. ft. per min. and discharging 
outside the building. 
from the switchboard gallery. 


The three transformers for each generator are of | Nos. 2 and 3 are connected to the eastern *bus- bar | wards to carry the outgoing lines. 
the single-phase, oil-insulated, water-cooled type, | 


and are located just outside the switchhouse, as 
shown in Fig. 175. 
Nos. 1, 2 and 3 have a continuous rating of 
21,000 kv.-a., while those for the other generators | 
are rated at 25,000 kv.-a. In all cases, the ratio 
of turns corresponds to 12,000 volts delta on the | 
primary, and 126,000 volts on the secondary, and | 
each transformer has one end of _ its secondary 
winding earthed to the core and tank, so that 


These fans can be started up | 


= Pd 


Fies. 176 anD 177. Martn Controut Boarp. 

‘only one high-voltage bushing is required, as 
ishown in Fig. 175. The additional 6,000 volts, it 
should be explained, is intended to compensate for | 
| the voltage drop through the transformers, but the 


| connections can be altered internally to give 120,000 | 
One trans- | 
;| examining the photograph reproduced in Fig. 182, on 


volts on the secondary, if re quired. 
former is provided as a spare for the whole plant 


|all the transformers were constructed by the| 


General Electric Company. 


From the diagram, Fig. 173, it will be seen that | 


generators Nos. 1 and 4 can be connected to either | 
the eastern or western *bus-bars, while generators | 


only, and generators Nos. 5 and 6 to the western | 
’bus-bar only. The connections for the three double- 


without explanation. It should here be mentioned, 
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Fia. 177. 


|*bus-bar fault with only a momentary loss of 
|capacity ; an additional advantage is that the 
| plant can be sectionalised if the voltage conditions 
lor other circumstances should render that course 
desirable. The actual arrangement of the various 
components, however, can best be followed by 


page 806, in conjunction with the transverse sections 
| Figs. 169 to 172 on page 796. From these, it will be 
seen that the *bus-bars are carried by suspension 
insulators from horizontal lattice girders which are, 
in turn, supported on lattice columns extended up- 
Fig. 183, on 
the three 

provided 


in the foreground, 
isolating switches 


page 806, shows, 
| Westinghouse- -type 


The transformers for generators | transmission lines will also be clear from the diagram | between the circ - breakers and the western ’bus- 
>| bar for the No. 


generator, and from this their 


however, that it is intended ultimately to make | construction and ies of operation will be clear. 


| provision for connecting each generator and each | 
|line to either or both of the ’bus-bars. It will be | 
obvious, of course, that the dual arrangement of 
*bus-bars adopted permits the plant to be ke »pt in 


operation, in spite of the development of a single , 


It will be seen that the fixed and movable contacts 
for each phase are supported on vertical insulators, 
and that the central movable contact can be rotated 
| about a vertical axis, to make or break the connec- 
tion, by means of a system of rods and levers 
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Fig.178. 


| 
i 


operated by hand. 
the Westinghouse type, and of generally similar | 
design, but in the case of some of those used for 
disconnecting the transmission lines, earthing blades 
are provided for the movable contacts, as shown in 
the diagram, Fig. 173. 

Some of the 120,000-volt circuit-breakers are 
shown to a larger scale in Fig. 181, on page 799, the 
six visible in that illustration being for the connec- 
tion of the Brownstown transmission line to the | 
western *bus-bar. They were constructed by the | 
General Electric Company, and are of the full- 
automatic, trip-free type, rated at 400 amperes at 
132,000 volts; the standard rated interrupting | 
capacity of each circuit breaker is 1,500,000 kv.-a. | 
One of the circuit-breaker bushings is 
removed from its casing in Fig. 180, annexed, and, 
from the presence of the man in this illustration, 
a good idea of its impressive dimensions can be 
obtained. The actual dimensions are given i 
Figs. 178 and 179, the former illustrating the circuit- 
breaker in section. The oil tank, it will be seen, 


1s 


provided with a double lining and the bushings, while | 


the whole of the operating mechanism is supported 
by the cover, which also houses the current trans- 
formers. 
in a guide, carries at its lower end a crosshead, and 
extending upwards from each end of the crosshead 
is a vertical contact rod, which, in the closed position, 
passes up through an exolosion chamber into a 
fixed contact, of the spring type. carried by the 
bushing. Both the explosion chamber and the 
contact, as shown, are surrounded by concentric 
insulating tubes, which act as shields. 
circuit-breaker is opened, the arc is formed in the ex- 
plosion chamber, and the gases produced under very 


high pressure by the volatilisation of the oil blow | 
| Detroit Edison Company in its own shops, the meters | 


out the are as the moving contact leaves the entrance 
to the chamber. Since the quantity of oil volati- | 
lised is dependent upon the current in the are, it 
follows that the pressure produced when a heavy | 
current is broken will be greater than that produced 
by breaking a smaller current, and consequently 
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[case than in the latter. The circuit-breakers are 
| operated by direct-current solenoids and trip coils, 
ithe latter being actuated either by balanced differ- | 
‘ential relays 
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All the isolating switches are of | the are will be broken more rapidly in the former | the photographs were taken. The panels, as shown, 


| carry the indicating instruments and the push 
buttons for the remote control of the main and 
synchronising circuit breakers. On the left-hand 


installed on the paired circuits of | side of the board, Fig. 176, are grouped the panels 


}each transmission line, or by the overload relays| for the direct-current house generators, those for 


‘installed on each circuit. 
| With regard to the protective equipment, 


|may here be stated that each main generator, with | The generator relays, 


its synchronising circuit-breakers, step-up trans- 
|formers, and 120,000-volt circuit-breakers, is pro- 
|tected by differential current transformers and 
| relays, as shown diagrammatically in Fig. 173. The 
transmission lines are protected by selective dif- 
| ferential relays and overload relays when operating 
in parallel, is usually the case, or by over- 
load protection when operating singly. 
transformers of the bushing type are used on 
‘all 120,000 volt circuits, but no 
potential transformers are employed. 


as 


Each 


| 


Current | 


120,000-volt | 
of | 


the outgoing lines is protected from the effects of | 


arresters of the oxide-film | 
“an be seen on the left of 


lightning discharges by 
type, a group of which 
| Fig. 182. 


age of 126,000. Knife-type switches, constructed 


by the same firm, are provided for isolating the | 


arresters, these switches being rated at 300 amperes 
at 150,000 volts and being arranged for operation 
by remote control hand levers. 

Views of the main switchboard, from which the 
entire electrical control of the main and house 
generating sets is effected, are given in Figs. 176 and 
177, on page 797. As shown, the board is composed 
of vertical panels, 
marble, arranged, in plan, in the form of a quad- 
rant of a circle. The board was constructed by the 


They were made by the General Electric | 
Company and were designed for a maximum volt- | 


which are of dark Tennessee | 


and most of the other equipment being supplied by | 


| the General Electric Company. 


Two panels on the | 


right of Fig. 176, and three on the left of Fig. 177, | 


are employed for the main generators, only five of | 


| final total of six machines being in service at the time ! proud. 


|the alternating-current house generators being 


it | accommodated on the right, as shown in Fig. 177. 


watt-hour meters and inte- 
grating meters are mounted on two separate groups 
of panels behind the main board. All recording 


| instruments and the station clocks, it is interesting 


to note, except the main unit voltmeters and field 
ammeters, which are operated by hand-wound 
clocks, are driven by synchronous motors from the 
mainsystem. In the event of the connection to the 
main system being broken, throw over service to 
the alternating current house supply *bus, is pro- 
vided ; the change-over from one system to the 
other is effected automatically. The frequency, it 
should be mentioned, is carefully regulated with 
the aid of a master synchronous clock. 
CONCLUSION. 

It will naturally be expected that we should close 
|our detailed description of the Trenton Channel 
station with some reference to performance. On 
the maintenance side, the record is a clean one 
except for two cases of sprung turbine shafting, 
| both due to causes which have been remedied, and 
neither resulting in great dislocation, owing to the 
system of standardisation to which we have more 
than once referred. 

On the operating side, attention, as we have 
already noted, is concentrated on good overall 
results, and not on catch test figures. Tests are. 
‘of course, run, to show whether plant is working 
at its proper efficiency, and observations are always 
being made to ensure that if for any reason there 
should be a falling off, it will quickly become 
evident. The overall figures are those on which the 
company lays most stress, and of which it is most 
These figures show that, for the whole year 
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1927, the plant output was 888,156,500 kw.-hr., and 
that the B.Th.U. per kilowatt-hr. of net output for 
the whole year worked out at 14,813 and the coal per 
kw.-hr. as 1:13 lb. The figure for output is taken 
from recorders which are subject to constant 
checking, and the value of the coal is determined by 
frequent analysis. The figure of B.Th.U. per kw.-hr. 
is based on the total quantity of coal bought. A 
small error might possibly creep in in connection 
with the transfer of coal to and from the stock 
piles, but this would be only of the order of about 
| per cent. Stock pile weights are liable to slight 
variation on account of the varying degree of 
wetness of the coal, but this will cancel out over the 
year. The stock piles are usually found to contain 
rather more coal than is credited to them in the 
books, on the basis of weight of coal received. It 
will be understood from the above that the figure 
we have given covers everything about the station— 
it is power delivered against coal received. It 
covers all station service, yard lighting and every- 
thing which adds to the costs which have to be set 





against the kw.-hr. delivered from the switchboard. | 

It may be stated that for the 30 minutes of highest | 
load during 1927, the output was at the rate of) 
191,000 kw., while that for the whole system was 
443,800 kw. Again, all four steam plants of the 
system together last year had an output of | 
2,110,737,400 kw.-hr., the fuel averaging 1-33 Ib. | 
per kw.-hr. and the B.Th.U. per kw.-hr. being 17,386. | 

Other figures of interest for 1927 relating to| 
Trenton Channel are as follows: Overall thermal | 
efficiency of plant, 23-07 per cent.; water rate in | 


120,000-VoLt Crrcurt-BREAKERS. 


to net delivered kw.-hr., 5°1 per cent. ; coal con- 
sumed, 1,003,122,000 lb. ; coal consumed per day, 
2,748,000 Ib. ; average calorific value of coal, 13,115 
B.Th.U.; ash content, 8°8 per cent.; average 
moisture in coal as received, 4:16 per cent. ; 
average daily load factor, 67°4 per cent.; average 
inches vacuum in main condensers, 28-89 ; average 
temperature of condensing water, 52 deg. F. The 
foregoing facts amply justify the claim that the 
station described maintains a consistently high level 
of commercial operation. This was the object in 
view when it was designed, and the company is well 
satisfied that this has been satisfactorily achieved. 
We cannot close this series of articles without an 
acknowledgment of our indebtedness to Mr. Alex. 
Dow and his staff, both at Detroit and at Trenton 
Channel, for the assistance so unreservedly placed 
at our service in connection with the matter. 
Where we received ready help on all hands it would 
perhaps be invidious to refer specially to individuals, 
though we feel it impossible not to make an excep- 
tion in the case of the President of the company 
himself. Mr. Dow, born in Glasgow, as a boy had 
an ambition to become a marine engineer. Circum- 
stances were, however, unfavourable, and at 


| twelve he entered the service of one of the railway 


companies as a messenger boy. The nearest he got 
to his ambition was some six years later when he 
obtained employment in the Liverpool office of the 
Cunard company. This enabled him at least to 
spend some of his spare time in the engine rooms of 
large steamers. At the age of 20, he went to the 
United States, first of all joining the Baltimore 


lb. per kw.-hr. delivered, 11°08 ; overall boiler room | and Ohio Railroad, and then turning over to tele- 


efficiency, 87°3 per cent. ; ratio of auxiliary kw.-hr. | 


graph work—his first connection with electrical 





engineering. He has been associated with Detroit 
since 1893, when he went to that city from Chicago 
to superintend the construction of the first public 
lighting plant there. He has now been President 
of the Detroit Edison Company for a number of 
years, and this year has also the distinction of 
being the President of the American Society of 
Mechanical Engineers. 

Having thus been prominently connected with 
electricity supply in the city for so long, it is not 
surprising that Mr. Dow’s personality has impressed 
itself upon the staff. While it is not usual for 
us to discuss men, it is within our province to 
discuss their speeches or writings, and we feel 
that this occasion warrants at least some reference 
to the principles which Mr. Dow has set for himself 
in his public life, and which necessarily have in- 
fluenced others around him. 

On the subject of business principles, we quote 
the following from a letter to a lady stockholder : 
“In all these years I have held that the duty lay 
upon me to protect not only the interests of my 
stockholders, but those of my employees, and so to 
manage my relations with the public which pur- 
chases my product that while the public was well 
served and got relatively low prices, it neverthe- 
less paid enough to let me distribute a fair return 
to stockholders AND a satisfactory wage to em- 
ployees. To do this with fair dealing between the 
three parties—Capital, Labour and Public Service 
—has been not only my first duty, but my whole 
duty. Because all the other duties merge into 
this.” 

On the rather more personal side we venture to 
give two quotations which not only go far to 
explain Mr. Dow’s cheery personality, but the 
general atmosphere with which the company and 
its staff is infected. In an address to young men 
we find the following :—‘* Man’s purpose on earth 
is to find such happiness as is available on earth, 
provided that in doing so he shall not detract 
unfairly from the happiness of others. I have 
reduced this assumption to a formula which re- 
quires me so to conduct myself that the sum total 
of human happiness may (if possible) be increased 
by my conduct, and that in no case shall it be 
reduced.” And again: ‘It is well to remember 
that the prophet who gave us the most concise 
of all written rules of conduct, bade us do justly 
and love mercy. He did not bid us love justice 
and do merey. And he bade us walk humbly, 
which is, alike in business and out of it, the most 
helpful precept ever given to humanity.” 

It seems to us evident that these things lie at 
the root of the enthusiastic support given to Mr. 
Dow by those around him, and explain the team 
work which has placed the company where it stands 
among the great supply corporations in the United 
States. And here we may fittingly leave the 
subject, closing out articles with a word of grateful 
thanks also to Mr. W. H. Patchell, Past Pres. 
I. Mech. E., M. Inst. C.E., Westminster, Consulting 
Engineer in this country to the Detroit Edison 
Company, for help given both in Detroit and since 
in this country. 


THE INSTITUTION OF GAS 
ENGINEERS. 


(Concluded from page 771.) 





SoME APPLICATIONS OF CHEMISTRY IN 


GAS-MAKING, 

THE first paper on the list for Thursday, June 14, 
was one bearing the above title. It was contri- 
buted by Mr. H. Hollings, M.Sc. In introducing 
his paper Mr. Hollings remarked that he wished 
neither to discuss any particular chemical pro- 
blem nor to describe any new analytical process, 
but rather to outline attempts made in several 
directions to apply the results of purely chemical 
research in the art of gas-making and to em- 
ploy deductive methods for the interpretation of 
daily observations. Correlation of cause and effect 
was difficult when attempts were made to obtain 
increased thermal yields of straight coal gas, which 
might result from more complete carbonisation, 
from the elimination of mechanical losses by leakage, 
and from secondary decomposition of liquid products. 
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As regards horizontal retorts, four years’ experi- 
menting showed that the largest possible charges, 
compatible with efficient heating and free gas flow, 
offered advantages. 
combustion-chamber temperatures degraded the 
tars less than the prolonged heating periods did. 
The heavy charge gave more tar, and not less gas. 


As the charge was increased from 28-6 lb. per|marked degree, especially at higher temperatures 


cubic foot of retort space to 37 lb., the proportions of 
paraftins in the spirit were found to increase, and the 
benzene to decrease, while toluene and xylene 
increased. High temperature and light charges 
favoured the formation of carbon disulphide. 
Matters were different in the vertical retort, where 
the thermal decomposition was much less drastic. 
That had already been pointed out by Colman, and 
caution should be exercised in considering proposals 
for the recovery of motor spirit from vertical-retort 
gas. 
Analyses of waste gases, which was commonly 
employed only in connection with control of 
the secondary-air supply for the efficient com- 
bustion of producer gas, could also be utilised 
for estimating the thermal equivalent of the coal- 
yas leakage, provided the ratio of combustible 
carbon to combustible hydrogen were known. The 
yas pressure in the retort should ideally be main- 
tained equal to, or slightly in excess of, the pressure 
in the combustion chamber surrounding the retort 
during the later stages of slow gas generation. The 
ideal condition might be approached by providing 
each retort with a separate governing device, or by 
sectionalising the hydraulic main. The same 
condition might be attained by working with 
a common liquor level in the hydraulic main, 
but with a vertical adjustment arranged for each 
dip pipe. This last promising expedient was under 
trial, the dip pipe being fitted with a movable 
sleeve. The waste-heat boiler could be used as a 
yvas-meter for measuring the volume of waste gas 
leaving the retort settings. Mr. Hollings also 
explained the calculations necessary for determining 
the gas leakage from steamed vertical retorts, which 
ought to give better results than were now 
obtained with them. It had been found that there 
was considerably more coal-gas leakage when strong 
swelling Durham coal was carbonised than when a 
less swelling Yorkshire coal was used. With respect 
to the ammonia recovery from the liquor, it was ad- 
visable to increase the strength of the liquor in order 
to reduce the transport charges and for other rea- 
sons, and the temperature of both gas and liquor in 
the ammonia-recovery plant should therefore be 
kept low. In the arrangement recently adopted 
for recovery, the gas passed successively through 
atmospheric condensers, an exhauster, and water- 
tube condensers. The temperature control at the 
fractionation points was effected by means of gas 
valves, cutting out one or more vertical tiers of the 
condenser. The arrangement also reduced the 
quantity of effluent to a minimum, since no water 
was used for gas washing. Mr. Hollings finally 
explained a new method of differentiating the 
thermal yields of blue-water gas and of gas derived 
from the enriching oil of carburetted water-gas by 
caleulations based upon analyses. 


CARBONISATION. 

We may refer, at this stage, to some other reports 
on cognate matters which were read on the 13th and 
14th inst. The report of the Livesey Professorship 
was presented by Professor J. W. Cobb, who accen- 
tuated the importance of the best possible scientific 
training which the university could give for the 
technical needs of the fuel industry ; no student 
who had taken his diploma in gas engineering at 
Leeds Univesity was without a post. The report 
of the Institution Gas Research Scholar, Mr. F. J. 
Dent, B.Sc., was also presented by Professor Cobb. 
It dealt with the ‘reactivity of cokes made with 
and without the addition of inorganic constituents, 
prepared by the carbonisation of coal heated up 
gradually to the maximum temperature in 3 hours, 
and then maintained at that temperature for another 
3 hours. Such cokes had the maximum reactivity 
when carbonised at 800 deg. C.; carbonisation at 
500 deg. C., and still more at 1,100 deg. C., gave 
distinctly lower reactivity. The reactivities were 


With heavy charges, higher | considerable influence. 


temperatures in nitrogen, but the presence of hydro- 
carbons and other gases, hydrogen, methane, ethy- 
lene, and carbon monoxide, during this heating had 
Cokes previously treated 
with hydrogen or CO lost in reactivity, but were 
reactivated by 2 hours’ gasification in CO,. Methane, 
and still more ethylene, lowered reactivity in a 


(800 deg. to 900 deg.), though a decomposition of 
methane could hardly be detected by analysis. The 
experiments were interpreted to show that heating 
and maintaining a coal at a maximum temperature 
impressed a certain structure on the coke, which 
subsequent heating in a neutral atmosphere, unless 
continued for days, would not materially alter ; but 
the presence of hydrocarbons, and particularly the 
deposition of bright (so-called methane) carbon on 
the coke, lowered the reactivity while the carbon 
was being gasified. 


REFRACTORY MATERIALS. 


The report of the Refractories Joint Committee 
of the Institution and of the Society of British Gas 
Industries, was presented by its Chairman, Mr. John 
P. Leather, M.Inst.C.E. The lengthy report gave 
very useful summaries of work done by members of 
the committee and of last year’s publications of the 
British Refractories Research Association compiled 
by Mr. A. J. Dale and others. As regards the 
behaviour of clay-bonded and of lime-bonded 
silica bricks, Messrs. W. J. Rees and W. Hugill 
found that both these kinds of bricks could be 
made by the same processes and should not differ 
much in the ratio of conversion. Clay-bonded 
bricks resisted spalling better, but were less durable 
when exposed to slag and corrosive dust (particu- 
larly if basic); but this latter inferiority was 
not noticeable in the early stages of exposure. 
According to Mr. A. E. J. Vickers, ceramic 
mixtures containing iron became more and more 
liable to soften on heating in reducing atmo- 
spheres as the iron content increased ; the effect of 
different atmospheres on the refractoriness (as 
determined in air) increased in the following order : 
CO,, SO,, CO, H,, H,O. <A mixture containing 
3-7 per cent. of iron (estimated as Fe,0;) softened 
in an amosphere of water vapour at 1,170 deg. C., 
and in oxygen at 1,400 deg. C. 

The thermal insulation of retort settings was 
being investigated by Messrs. Dale and A. T. Green, 
who referred, in the report, to the work done by 
the Fuel Research Board, especially with regard to 
losses by radiation. These were difficult to separate 
from convection and draught losses and_ errors, 
and were generally determined simply by difference. 
As the temperature of an uninsulated vertical setting 
rose from 1,080 to 1,260 deg. C., the heat dissipated 
from the setting increased from 4°72 therms per 
hour to 6-56 therms. Of the total heat supplied 
at the higher combustion-chamber temperature, 
11-77 per cent. was returned to the setting, 
4-88 per cent. was lost by radiation and convec- 
tion from the regenerator, 25-94 per cent. was 
lost in flue gases, and 41-20 per cent. was lost from 
the setting by convection and radiation, leaving 
18-05 per cent. utilised in the carbonisation. Similar 
figures found for horizontals justified the general 
application of thermal insulation. Of the materials 
at disposal for this insulation, slag wool and diato- 
maceous (infusorial) earths were the best ; but the 
former was apt to sag and broke down by fusion in 
prolonged use above 700 deg. C., while the latter was 
much deteriorated by its common mineral impurities, 
lime, iron oxide, and clay. The essential property 
for heat insulation was a fine cell-wall structure 
with many minute and evenly distributed air cells. 
Some insulating bricks baked at temperatures above 
the usual 800 to 900 deg. C. were also good. Bricks 
were mostly used for walls, and might be strained by 
expansion and contraction though not supporting 
other loads. The insulation might be incorporated 
in the design of the setting or be applied as an after- 
thought ; in the latter case great care should be 
exercised. Metal work might cause surprisingly 
high losses of heat. The use of large tongued-and- 
grooved insulating slabs in preference to normal- 
size bricks would diminish heat losses by radiation 
through opened joints or by convection through 


Gas EpvucATION SCHEME. 


The report of the Gas Education Scheme Com- 
mittee pointed out that the devolution scheme 
adopted last year, when the Gas Education Scheme 
was revived, and the setting up of District Gas 
Education Committees, had quickened interest all 
over the country. It had been resolved that posses- 
sion of the higher-grade certificate and the diploma 
should go a long way towards securing the holder's 
admission to Institution membership; under the 
charter the education scheme would become an 
integral part of membership. Another important 
step to be mentioned was that the Board of Educa- 
tion had arranged for a week’s course for the train- 
ing of teachers and prospective teachers. The 
numbers of entrants for the higher grade and diploma 
in gas engineering showed a satisfactory increase, 
but the numbers of candidates for the higher grade 
in gas supply was disappointing. The number of 
centres for approved major and minor courses was 
steadily increasing. 


MISCELLANEOUS ReEpPoRTS; GAs Ho.LpErs, 
Wrovucut-IRon TuBInG, Coat ANALYSIS. 


On behalf of the Gasholder Construction and 
Deterioration Committee, Mr. Doig Gibb stated 
that the formation of their committee had probably 
been hastened by the recent gasholder accidents at 
Pittsburgh, Truro and Manchester. An enquiry into 
the Manchester accident had been opened in 
February, at which the Institution was represented 
by Mr. C. 8. Shapley, of Leeds, and the committee 
would report further in due course. The report of the 
Wrought-Iron Tubing Committee was presented by 
Mr. C. F. Botley, of Hastings, and Mr. F. P. Tarratt, 
of Newcastle-on-Tyne. It mentioned that the speci- 
fications had been drawn up and were now in the 
hands of the makers, and that the corrosion problem 
had been taken up. On behalf of the Coal Analysis 
and Sampling Committee, Mr. W. J. Smith, of Bolton, 
stated that the committee had been formed on the 
instigation of the British Engineering Standards 
Association, and that they were anxious to secure 
the co-operation of the coalowners. 








THE PORT OF SOUTHAMPTON.* 
By F. E. WENtTWoRTH-SHIELDS, O.B.E. 


Amonc the seaports for which our home country is 
justly famous, Southampton occupies a remarkable 
position. In point of size, it is comparatively small. 
The present dock estate covers only 240 acres, and 
contains some 4 miles of quay. As compared with the 
30 miles of quay in London, or 37 miles in Liverpool, 
4 miles seems insignificant, and yet Southampton has 
the proud record of being the premier passenger port 
in the Kingdom,t and the third in the matter of tonnage 
of vessels entered and cleared. Moreover, its record 
for the rapid handling of cargo is by no means poor. 
Natural Advantages.—Nature has been kind to 
Southampton. The 15 miles of approach to the docks 
along the Solent and Southampton Water are all land- 
locked and sheltered from every quarter. For the 
most part, this approach is naturally wide and deep, 
and, where necessary, it has been improved by dredging. 
This natural formation has a curious history. It seems 
that at one time Southampton Water and the eastern 
part of the Solent were a fresh-water river, well above 
sea-level, but fed by streams much greater than those 
which enter it to-day, so much that they eroded the 
valley to a width of about 3 miles and to a depth, in 
places, of about 100 ft. At a comparatively recent date, 
(one authority says about 1,400 B.c.) a land subsidence 
took place, and the valley, which had been the route of a 
great stream of fresh water, became submerged and 
changed into the deep arm of the sea which it is to-day. 
Another natural advantage possessed by the port is 
the double high tide. A second high water, occurs about 
two hours after the first. Between the two high waters 
the sea-level falls slightly, but so little that the practical 
effect is that of a prolonged high water, lasting about 
three hours. This phenomenon is of great value for 
certain operations, such as manceuvring a very large 
ship into drydock—a process which occupies an hour or 
more, and calls for quiet water while it is being carried 
out. It also ensures that there is no fear of even the 
deeper-draught ships running aground in the 35-ft. 
channel, provided that they avoid times of extreme 





* Paper read at the Summer Meeting, at Southampton, 
of the Institution of Mechanical Engineers, on June 26, 
1928. Abridged. 








but little influenced by heating the coke to higher 





jointing cements. 





+ 533,723 passengers passed out and home in 1927. 
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low water. The berths are generally dredged to such a 
depth that the vessels lie afloat all the time. 

Recent Developments.—Although the port has been 
of both military and commercial importance, it was not 
until about ninety years ago, when the docks and 
railway were first built, that it began to take its 
proper place. At that time, the Southampton Dock 
Company was formed, and was fortunate in securing the 
services, as engineers, of Francis Giles and his son 
Alfred, to whose courage and foresight the success of 
the docks is very largely due. They built the Inner 
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oldest, are still in active use. The Outer Dock, which 
was opened in 1842, has a depth of 18 ft. at L.W.O.S.T. 
and 13 ft. more at H.W.O.8S.T. The steamers which 
use it belong to the Southern Railway Company and 
convey passengers, mails, and cargo to the Channel 
Islands and the northern ports of France. A large 
homeward traffic is also carried. A fair amount of 
goods is brought over from France for transhipment 
to America. 

Inner Dock.—This dock was opened in 1851. It is 





the only basin in the port which is not tidal. It is 
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and Outer Docks, the Itchen Quay Extension (Berths 
Nos. 29-33), the Empress Dock, and four graving docks. 

In 1892, the docks had fallen into financial difficulties. 
The London and South Western Railway was, at that 
time, managed by Sir Charles Scotter, a man of vision 
ind energy, and he persuaded the company to advance 
capital for the building of the Empress Dock, and 
eventually to buy the docks as a going concern. The 
railway company subsequently furnished the whole 
estate with machinery and equipment, and_ built 
additional quays. The docks as they exist to-day are 
shown in the plan annexed. The quays shown on the 
plan and the traftic which they accommodate may now 
be briefly described. 

Outer Dock.—Al the docks and quays, even the 


approached from the Outer Dock by a passage closed 
by a single pair of gates, and consequently vessels can 
only enter it at high tide. On account of the double 
tide, however, the gates are open for about six hours 
every day. The northern side of the dock is devoted 
to the grain trade. At present this is small, but a 
scheme is under consideration for improving transport 
facilities in the hope of increasing it. The south side 
of the dock is used for the import of foreign fruit, which 
is landed at the quay and taken into the shed alongside. 
At one end of the quay are large sale-rooms and offices, 
where the cargoes are sold as fast as they enter. The 
arrangements are such that the fruit can be delivered 
within a day or so of its arrival. The west side of the 





dock is used for unloading sea-borne coal and timber. 
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Ttchen Quays, Berths Nos. 30-33.—These quays were 
built in 1875; they were widened and deepened in 
1905, and now havea depth of about 30 ft. at L.W.0.8S.T. 
They are used as the home terminus of the Canadian 
Pacific Steamship Company, who carry passengers and 
cargo to and from Montreal in the summer months, and 
to Halifax in the winter, when the port of Montreal 
is blocked with ice. They are also used by vessels of 
the Rotterdam Lloyd Line, which call at Southampton 
on their way to the Dutch East Indies and on their 
return. 

Empress Dock.—The Empress Dock has a depth of 
about 26 ft. at L.W.O.S.T., and is used by the Royal 
Mail Steam Packet Company, the oldest shipping 
company in the world, whose Charter of Incorporation 
dates from 1839. Among the vessels which the 
company ran to South America are the motor-ships 
Asturias and Alcantara, each having a gross tonnage of 
22,000. The company bring home a large quantity of 
chilled beef, which is dispatched direct to various towns 
in the United Kingdom. 

Itchen and Test Quays, Berths Nos. 34-40.—These 
berths are used chiefly by the Union Castle Company, 
who make Southampton the home port for their trade 
to South Africa. On their homeward voyages they 
bring cargoes of fruit, wool, hides, grain, and sugar. 
Some of the wool is sent off to the Continent by special 
steamers. 

Ocean Dock.—Opened in 1912, the Ocean Dock is 
the resort of the largest passenger vessels that traverse 
the Atlantic Ocean to and from New York. It has 
a depth of water of 40 ft. at L.W.O.S.T., and can 
accommodate four of the largest liners at one time. 
It is used by the White Star Line and Cunard Company 
for their weekly services to New York. 

The traffic is thus of a varied character. Southampton 
is essentially a passenger port, and the rapid tranship- 
ment of passengers to their destination is always in the 
forefront of its activities. In the case of a large pas- 
senger vessel, however, not only have the passengers 
themselves to be embarked or disembarked, but their 
baggage, and stores and fuel for the ship itself have 
also to be dealt with. The long-voyage vessels carry 
a fair amount of cargo, and this has to be collected 
and dispatched by rail, road, and steamer. Again, a 
port that has facilities for quick transit attracts special 
traffic that demands rapid handling, such as fruit and 
chilled meat. Southampton being a terminal port, 
facilities have also to be offered for survey and repairs 
to the largest class of vessels. Owing to the large 
amount of capital represented by a large passenger 
steamer, the owners of these ships are naturally anxious 
that their stay in port shall be as short as possible, 
and all these operations have to be carried out, as 
far as possible, simultaneously. The arrangements and 
equipment have, therefore, to be of a very simple and 
flexible character. 

Approach Channel.—Although the approach channel 
to the docks is naturally good, the Southampton 
Harbour Board have done good work in dredging 
and lighting it. It is now everywhere at least 600 ft. 
wide and 35 ft. deep at L.W.O.S.T. 

Tidal Quays.—Here it may be remarked that our 
predecessors were wise in laying out the docks in such 
a way that practically all vessels can enter or leave 
their berths without having to pass through locks or 
wait for tides. 

The tidal berth, of course, necessitates the vessel 
having to lie in some cases in a tideway with a current 
of 2 to 3 knots, and having to rise and fall the 13 ft. 
of the spring range. This, however presents no serious 
inconvenience. Probably the chief drawback of tidal 
berths is that where the water is still a certain amount 
of silting takes place, owing to the fact that a new 
supply of silt-laden water enters with every tide. But, 
on the whole, at Southampton, with its moderate 
range of tide, the advantages far outweigh the draw- 
backs. 

Graving Docks.—There are six masonry graving docks, 
varying in length from 280 ft. to 912 ft. The largest, 
known as the Trafalgar Dock, was opened in 1905, 
and in 1912 it was found necessary to widen it in order 
to accommodate the Olympic. The entrance is closed 
by a double-faced sliding caisson, which allows the 
level of the water to be maintained inside the dock, 
even though the tide is falling outside. A vessel can 
thus be kept afloat indefinitely if required, as any 
leakages of water can be replaced by means of a 
special impounding pump. The pumping station has 
recently been remodelled and changed from steam to 
electric power. For dewatering, two 48-in. centrifugal 
pumps are installed, either of which will discharge 
450 tons per minute against a varying head of from 
0 ft. to 37 ft. One of these is driven by an alternating- 
current motor of 1,200 brake horse-power, running at 
231 r.p.m., supplied with current at 6,600 volts, three- 
phase, 50 cycles per second. The other is supplied 
with direct-current at 480 volts; the motor in this 
case runs at variable speed from 213 to 245 r.p.m., and 
this pump is used when slow and intermittent pumping 
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is called for. The impounding pump is designed to 
discharge 200 tons per minute against a maximum 
head of 10 it., and is driven by a motor of 350 brake 
horse-power running at 214 r.p.m. The dewatering 
pumps were designed to suit inlets and outlets which 
already existed, and gave some trouble at first owing 
to the high water velocities involved. These troubles 
have now been largely overcome. The pumping 
station also contains a 12-in. pump for dealing with 
soakage water from the dock, priming pumps, and a 
small sump pump to dry the building itself. The dock 
is provided with a travelling crane on one side, capable 
of lifting 50 tons from the centre of a vessel within it. 
No capstans are fitted, as it is found that ships are best 
hauled in themselves with their own winches. The 
walls of the dock are provided with the usual altars 
for the reception of side-shores, but in view of the 
fact that side-shores have been entirely abandoned for 
docking large ships on the floating dock, it seems 
quite likely that the costly process of inserting them 
will before long be abolished for large ships. Such 
ships have to be placed on three lines of keel blocks, 
and this arrangement seems to render side-shores 
superfluous. 
Floating Dock.—The graving dock just described 
was not quite large enough to accommodate the 
Majestic, and, in 1924, a floating dock, the largest that 
has yet been made, was built for the port by Messrs. 
Sir W. G. Armstrong Whitworth and Company. It 
has been fully described elsewhere,* and it need only 
be recalled that it has an overall length of 960 ft., an 
inside width of 130 ft., and a lifting capacity of 
60,000 tons. On the whole it has been a success. 
It was adopted in preference to a masonry dock on 
the ground that it could be built quicker and (at the 
time) more cheaply. The saving in first cost has 
been heavily discounted, however, by the cost and 
trouble of removing silt from the deep berth in which 
it lies. This drawback is, of course, incidental to its 
site, and would not necessarily occur elsewhere. Other 
minor difficulties have arisen. It is perhaps less easy 
to centre a ship accurately on a floating dock, and 
although the absence of gates and its great width 
allows the free admission of light and air, the admission 
of air, when a gale is blowing, is rather too free. 
Floating Crane.—A floating crane was built by 
Messrs. Cowans, Sheldon and Company, of Carlisle, 
in 1924, to deal with heavy lifts of up to 150 tons. 
The machinery is all electrically driven, and direct- 
current at 480 volts is supplied either from shore or 
from a steam generating set on board. It has three 
separate hoisting gears, namely, a pair of 75-ton hoists 
which can be united to lift 150 tons at a maximum 
radius of 106 ft., and a hoist of 40 tons with a maximum 
radius of 131 ft., besides a 10-ton hoist on a trolley 
travelling along the underside of the jib. Particulars 
of the motors are as follows :— 


Brake Speed 
Horse-Power Feet per Minute. 
75-ton hoists (two) ... 80 8 
40-ton hoist ... ‘ie 80 20 
10-ton hoist ... bs 60 60 
Slewing hoists (two) ... 30 
Lufting hoists... rae 160 


The pontoon is 170 ft. long and 80 ft. wide, and is 
equipped with electric capstans and an anchor winch. 
This machine can go alongside the floating dock and 
lift a 40-ton load from the centre of a vessel on the 
dock. 

Coaling and Oiling.—-At the docks, vessels are 
provided with fuel at their own berths, so that this 
operation can be carried on simultaneously with others. 
The coal is both sea-borne and rail-borne, but mostly 
the former. For large vessels, the coal is in either case 
brought alongside in barges. 

A large proportion of the big ships now use oil fuel. 
This is sent alongside in special tank barges by one 
or other of the oil companies, who have depots in the 
port. 

Lay-Out of Sheds and Roads.—In spite of the great 
increase in the size of vessels during the past eighty 
years, the lay-out of sheds and roads differs very little 
from the arrangement first adopted, which was then 
peculiar to Southampton, but has since been followed 
at other ports. Usually the space between the cope 
line and the cargo shed is about 35 ft. to 50 ft., and is 
occupied by a quay-crane track and two wagon tracks. 
The shed itself is 120 ft. to 150 ft. wide, and is usually a 
single-storey building. It contains two wagon tracks, 
and its floor slopes gently upwards from front to back 
so that the wagon track at the back of the shed is ** plat- 
form high.’ This greatly facilitates the entraining 
and detraining of both passengers and cargo. 

Quay Cranes.—Though cargo-handling machines have 
been freely introduced, their number is not so great as 
at some important ports. The present equipment is 
the result of much careful thought, and of many 
experiments. It will be realised that to deal with 
the big passenger traffic and miscellaneous cargo, the 





small tractors which are most useful for hauling odd 


handling machinery must be of a very flexible character. 
For instance, mechanical conveyors in sheds, which 
have been found so useful at certain places, would be 
worse than useless here, because it seems impossible to 
design a conveyor capable of dealing with all the 
various size packages which come out of a mail steamer, 
or of performing the complicated movements necessary, 
even inside a cargo shed. A conveyor which will not 
deal with practically the whole of these movements 
would occupy space far better devoted to storage and 
to passenger movements. But there are two types of 
machine which have been found invaluable for quick 
handling, and are so flexible that they do not interfere 
with movements other than their own. These are the 
quay crane and the electrically-propelled truck. 
A once-famous controversy as to the relative merits 
of electric and hydraulic quay cranes has perhaps been 
settled. Many ports, including Southampton, have 
decided in favour of electric cranes, though the hydrau- 
lic crane is still used and has many merits. The hy- 
draulic crane is foolproof and durable. Some of the 
hydraulic cranes which were installed in 1893 are still 
in good order. In cases where cranes are seldom 
used, or where the rams are not worked to their full 
stroke, there is, however, trouble due to internal 
corrosion. There has also been some trouble from the 
corrosion of mains. This can generally be avoided by 
laying no mains less than 4 in. in diameter, and, if 
possible, laying all as ring mains without closed ends. 
These minor troubles are no doubt due to the fact 
that the water used for transmitting power at South- 
ampton is salt. The electric crane is also durable, 
though perhaps not quite so simple as the hydraulic 
crane, but its great flexibility, and the fact that the 
same current which supplies it can be used to feed 
motors of all kinds for use both on shore and on board 
ship, gives it an undoubted advantage. 
Nearly all the berths for larger ships are now equipped 
with electric cranes. The earliest were built in 1911 
by Messrs. Stothert and Pitt of Bath, for use at the 
Ocean Dock, where there are a range of six 5-ton and 
eight 2-ton cranes. They are mounted on high gantries 
and have a maximum radius of 60 ft., which means an 
outreach from the quay cope line of about 48 ft. At this 
radius, the height of the hook above quay level is 60 ft., 
and enough rope is provided on the barrel to lower to 
30 ft. below quay level. The hoisting speeds are 
100 ft. per minute for the 5-ton cranes and 200 ft. per 
minute for the 2-ton cranes. These speeds have been 
found very satisfactory. The cranes are of the free 
barrel type, which admits of rapid lowering. The 
power consumption is low, four or five cycles of opera- 
tion consuming one unit of electricity. Separate 
motors are installed for slewing and lufting, the latter 
movement being effected without altering the level of 
the hook, by means of the Mitchell-Williams gear. 
Direct-current is provided at 480 volts and is fed by a 
flexible cable from junction boxes placed 40 ft. apart 
on the quay. The cranes travel by hand-gear. 
New cranes recently made by the same firm to replace 
hydraulic cranes on the Itchen and Test Quays differ 
in some respects from those just described. The radius 
is greater, generally 86 ft., and the rotating portion of 
the crane is pivoted on a footstool-bearing below the 
gantry top, instead of resting on a ring of live-rollers. 
The jib is balanced, and the luffing is effected by a 
bell-crank mechanism so arranged that over-lufting is 
impossible. The level lufting is effected by the Toplis 
gear. The newer cranes travel by power. A detail of 
some interest is the design of the track for these large- 
radius cranes, the gauge of which has been fixed at 18 ft. 
All rails have to be sunk flush with the quay, and it is 
found that the best track is made with a pair of 90-lb. 
rails similar to those used as check rails on the main 
lines, the crane wheels being provided with centre 
flanges which run in the groove between them. 
Electric Trucks.——For the conveyance of cargo 
between quay-side and shed, and shed and train, the 
old-fashioned hand truck is still largely used, and, on 
account of its great flexibility, is still the most economical 
vehicle in many cases. But for certain movements 
great advantage in speed and cost has been gained by 
the use of electric-battery propelled trucks. The 
type adopted at Southampton, after many trials, is the 
Ellwell-Parker elevating-platform truck, of 2 tons 
capacity, working with wooden tables or trays on low 
legs. The trucks are propelled by Edison nickel-iron 
accumulators, charged by means of a five-wire balancer 
supplied from the 480-volt mains. The charging is 
done at night and the power thus supplied is sufficient 
for an eight-hour day. The trucks can be given a 
boosting charge at mid-day if longer service is required. 
They travel at 8 miles per hour, and have a small turning 
circle. 
Other Electric Vehicles.—Battery propulsion is used 
for lorries which convey odd packages from one shed 
to another and stores for dock use, two of which are 
tipping lorries. Electric batteries also operate two 
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Locomotives.—For hauling trains between sheds and 
the marshalling grounds, and for marshalling, nothing 
has been found to excel the steam-locomotive. The 
type in general use is the four-wheeled side-tank 
locomotive, with cylinders 16 in. in diameter and 22 in. 
stroke. It has a 7-ft. wheel-base, and weighs about 
35 tons. The boiler pressure is 140 lb. per square inch, 
and the tractive force is about 9,850 Ib. 

Wool Conveyors.—Though, as has been said, little 
machinery is used inside the cargo sheds, mention may 
be made of a set of three wool conveyors recently erected 
in a double-storey cargo shed at Berth No. 34, by 
Messrs. Spencer, of Melksham. These convey wool bales 
between the ground and the upper floor. Each con- 
veyor is of the endless-belt type, and is about 58 ft. 
long and 4 ft. wide. It is suspended on a fulcrum at a 
point about one-third of its length from the upper end, 
and so balanced that, when not in use, it can be easily 
hoisted out of the way, traffic passing beneath. The belt 
is of rubber-faced canvas, provided with heavy slats 
4 ft. apart, and rests on transverse channel-irons 
supported by two side chains on rollers, which run on 
angle-iron paths secured to the main plate girders. To 
prevent shock to these rollers when a bale is thrown 
on to the belt, a central longitudinal channel is fixed 
under the transverse channels, which momentarily 
takes part of the weight if the latter are deflected. The 
chains and belt are driven by a 5 h.p. reversible motor, 
fixed in a frame suspended from the upper floor, and 
running at 750 r.p.m.; by means of gearing it gives a 
belt speed of 50 ft. per minute. This means that the 
slats pass at the rate of 750 per hour, but the number 
of bales travelling per hour is, of course, limited by the 
rate at which they can be fed to the belt and removed. 
To prevent bales rolling down the belt when descending, 
a hinged-flap ‘‘ retarder”’’ is fixed above it near its 
upper end. This is lifted out of the way when the 
bales are travelling upwards. The angle of inclination 
of the belt can be varied, so that it is always fed at 
floor level but discharges a little above floor level. The 
power consumption is about 2-3 units per hour. 

Cold Storage.—On Berth No. 40, facing the River 
Test, are placed the cold-storage buildings, which are 
owned by the International Cold Storage and Ice 
Company, and have a net storage capacity of 1,200,000 
cub. ft. The main building is 400 ft. long and 150 ft. 
wide, and contains four floors surmounted by a flat 
roof partly covered with a receiving shed. Each floor 
is divided into halves by a central corridor, and sub- 
divided into rooms about 50 ft. square by insulated 
partitions. Access to the corridors, and hence to the 
rooms, is given by four 30-cwt. cage lifts, which serve 
all floors and the receiving shed. On the ground floor, 
these lifts serve a long platform alongside a rail siding 
which runs throughout the length of the building. 
They also serve a shorter platform at the south end 
of the building where road vehicles are loaded. Produce 
can be fed into the building direct from a ship at the 
berth alongside, by cranes on to the roof, or through 
chutes on to the basement floor, and by trucks thence 
to the lifts. Overhead runways are provided on the 
ground floor, on which 10,000 quarters of beef can be 
hung, and by means of which meat can be run direct 

to the railway platform with a minimum of handling. 
A large amount of meat is sent to London in this way 
packed in containers. On reaching Nine Elms, these 
are transferred to motor lorries and taken at once 
to market. 

Cooling the rooms is effected by the ammonia direct- 
expansion system, except on the first floor, where each 
room has its own system of forced circulation of dry 
air, the air being cooled over a battery of ammonia 

pipes placed in a small chamber. The engine room 

adjoining the main building contains a De la Vergne 

twin vertical double-acting ammonia compressor, !2 

in. diameter, and 20 in. stroke, with a capacity of 45 

tons of ice in twenty-four hours, and three York single- 

acting vertical twin compressors, 16 in. diameter and 

20 in. stroke, each with a capacity of 70 tons of ice in 

twenty-four hours. Each set is driven by a compound 

steam engine. The ammonia condensers are on the 

flat roof of the building, and consist of coils of 2-in. 

diameter pipe cooled by water which is pumped from 

the river, and, after passing through the steam-con- 

densers in the engine room, returns to the estuary. 

The engine room also contains plant for providing 

electric light and power for working lifts, &c., and a 

set of valves for controlling the ammonia supply to, 

and hence the temperature of, each room in the store. 

An installation of electrical distant-reading thermo- 

meters is fitted, so that the temperature of any room 

can be read in the engine room. Other fittings include 

steam pressure, temperature, and COz recorders, and a 

Lea recorder for registering the amount of water 

evaporated by the boilers. Steam is provided by three 

Babcock and Wilcox boilers, each.of an evaporative 

capacity of 8,000 lb. per hour. They are fitted with 

automatic continuous chain grates and superheaters. 

Coal is supplied from an overhead bunker containing 

315 tons, and is fed from ground level by a motor- 








* See ENGINEERING, vol. cxvii, page 789. 
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driven continuous bucket-chain elevator. Arrange- 
ments are made for admitting hot ammonia gas into 
the expansion pipes in the various rooms when it is 
required to remove the snow from them. 

Electric Supply.—Until 1923, the docks were supplied 
with electricity from a generating station on the 
estate, where plant with a maximum output of 1,600 
kw. was installed, giving direct-current at 480 volts. 
This was distributed on the three-wire system. At 
that time, the 60,000-ton floating dock was being built, 
and arrangements had to be made for an increased 
supply. It was also decided to increase the number 
of electric cranes and to electrify the graving-dock 
pumps and other machinery hitherto worked by steam. 
This necessitated an immediate supply of 3,500 kw., 
and arrangements were made with the Southampton 
Corporation for bulk supply at high tension. <A 
scheme for its distribution was evolved by Mr. 
H. Wauchope, the Docks Electrical Engineer. Briefly, 
the Corporation supply, at 6,600 volts, three-phase, 
50 cycles per second, is received at the pumping 
station of No. 6 graving dock. At this point, a 
portion of it is converted to the standard docks 
voltage of 480, direct-current, by means of three 1,000 
kw. rotary converters. The converted current serves 
the greater part of the dock estate with lighting and 
power for cranes, workshops, and other purposes, as 
well as for the floating dock and for one of the large 
dewatering pumps of No. 6 Graving Dock. High- 
tension current is also distributed here for working 
the other two pumps at No. 6 pumping station, and to 
the pumping stations, Nos. 3, 4 and 5. At No. 3 
station, the current is transformed to a voltage of 415, 
three-phase, to drive a pair of 24-in. dewatering pumps 


which empty any one of three graving docks. It also 
At No. 4 


works a pair of hydraulic-power pumps. 
station, the current is similarly transformed so as to 
drive another pair of dewatering pumps which empty 
either of two graving docks. At No. 5 station, the 
same transformation is also effected, so as to drive a 
pair of 48-in. dewatering pumps emptying a large 
graving dock. Here, too, are placed two rotary 
converters, which transform a portion of the current 
to 480 volts, direct-current, to drive another set of 
hydraulic-power pumps, and also to provide light and 
power for general use at the south end of the dock 
estate. It may be said that the bulk supply is con- 
verted to direct-current for use in cranes, small pumps, 
lighting, and for general purposes, and is used as 
alternating current for the large pumps. 

New Dock Extensions.—A start has been made with 
a large scheme of dock extensions which is to be carried 
out on the Western Shore. The scheme involves the 
reclamation of 407 acres of mudland in the bay of the 
River Test, about two miles long and extending from 
the Royal Pier upstream to Millbrook Point. The 
river face of this reclaimed ground will be, for the most 
part, formed by a deep-water quay wall, 7,400 ft. long. 
Outside the quay wall, the berths and approach channel 
will be dredged to a width of at least 500 ft., and to 
a depth, where necessary, of 45 ft. at L.W.O.S.T. The 
soft mud thus dredged will be dumped at sea, but the 
harder materials will be used to form the reclaimed 
ground. Facing the quay will be six large cargo sheds, 
each about 1,000 ft. long and 120 ft. wide, and served by 
rail tracks and vehicular roads. The site is so arranged 
that it will be possible, in future, to construct a jetty 
about 5,000 ft. long and 400 ft. wide running parallel 
to the new quay wall and 600 ft. away from it. Vessels 
will be able to berth on both sides of this jetty, and the 
complete scheme will give accommodation for 20 
additional vessels of the largest size. At the upstream 
end of the reclaimed area, a space is reserved for the 
construction of two large graving docks. Two connec- 
tions are to be made to the main line. One will be at 
the upstream or western end of the new reclaimed area, 
where a siding will leave the main line at Millbrook 
station by which passenger and goods trains can be run 
direct into any of the new sheds, or to a group of 
marshalling sidings which will be laid down behind 
them. The other rail connection will be at the down- 
stream or eastern end of the reclaimed area, where a 
new siding will link up with the Harbour Board’s rails 
at the Royal Pier, and thus connect the new docks with 
the existing docks. The work involves the reclamation 
of 116 acres of mudland which belong to the South- 
ampton Corporation, most of which will be returned 
to them on completion. About 10 acres of this land 
are to be used as a recreation ground. The work also 
involves the construction of a new quay wall, about 
400 ft. long, between the Royal Pier and the Town 
Quay. 

This will be given to the Southampton Harbour 
Board for their use, as it will replace the older quay wall 
which is being used by the new eastern railway approach. 
As this approach is to pass through the site of the 
existing Toll House at the entrance to the Royal Pier, 
this building is to be demolished and rebuilt. The 
work will include the widening of the vehicular road 
between the Royal Pier and the Town Quay, which, at 
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present, is dangerously narrow. Fortunately there are 
not many buildings along the existing foreshore, as most 
of it is bounded by the Southern Railway Company’s 
main line from Southampton West to Bournemouth, 
but such buildings as there are will be cut off from their 
access to the sea. Among these is the Corporation’s 
electric power station, which, at present, obtains a large 
quantity of sea water for condensing purposes from the 
mudland adjoining, which is covered at every high 
tide. To meet their requirements, two culverts about 
1,000 yards in length and 7 ft. in diameter are to be 
constructed from the power station to the edge of the 
reclaimed area, where they will have their outlets in 
deep water. These culverts will be used alternatively 
for supplying and discharging as much as 200 cub. ft. 
of water per second, if and when required. A third 
culvert of the same size is being added to deal with 
storm water from the town, which, at present, discharges 
through various pipes and culverts mainly near the 
West Station. This culvert will be provided at its 
outlet with a pumping station, which will come into 
operation during times of very high tide and of excessive 
rainfall, so as to obviate the flooding which even now 
sometimes takes place near the West Station, and 
would otherwise be aggravated under the new cir- 
cumstances. The three culverts are to be built in a 
deep trench, one beneath the other, for the greater 
portion of their length. The two culverts supplying 
the electric power station will also be used to supply the 
Corporation’s swimming baths situated adjacent to the 
power station. 

The first portion of the work is now in hand, and 
involves the construction of 3,500 ft. of the deep-water 
quay, together with the reclamation of about half the 
bay, including the whole of the land belonging to 
the Southampton Corporation. It also includes the 
dredging of the berths alongside the new quay wall, 
and of the approach channel to connect them with the 
existing deep-water channel off the docks, and the con- 
struction of the two main railway connections and 
sufficient sidings to serve the new berths. Three of 
the cargo and passenger sheds, and the culverts and 
other incidental works which have been described, will 
be built. 

Methods of Reclamation.—Already part of the new 
channel has been excavated, and about 18 acres of 
land have been reclaimed with the best of the dredged 
material. This area was first surrounded by an 
embankment of dredged gravel, which was partly 
dumped from hopper barges into a cutting dredged 
through the soft mud, and partly built up by a special 
transporter which conveyed the gravel from barges to 
the upper part of the bank. The seaward face of this 
embankment was protected by means of fascines, and 
eventually by stone pitching. Into the enclosure thus 
formed, gravel, sand, and clay have been filled in by 
pumping through a long pipe-line. The pumping plant 
was mounted on a special pontoon containing four 
pumps. Two of these fed water into the barge to be 
emptied, in order to dilute the earth, and the other two, 
which could be used alternatively or in series, sucked 
out the earth thus diluted and discharged it through 
the pipe-line on to the ground to be reclaimed. For 
part of the time, two such plants have been in use. 

The author has to thank several friends for help in 
preparing this description of the activities of the port, 
particularly Mr. E. H. Dashper, the Superintending 
Mechanical Engineer at the docks, Mr. H. Wauchope, 
the Electrical Engineer, and Mr. B. T. Aitken, the 
Manager of the Cold Store. 








British PropuctTion OF Pic IRON AND STEEL,-— 
According to a recent report issued by the National 
Federation of Iron and Steel Manufacturers, Caxton 
House (East), Tothill-street, Westminster, S.W.1, the 
number of furnaces in blast at the end of May was 148, 
a net decrease of one since the beginning of the month, 
two furnaces having gone into blast, and three having 
ceased operations. The production of pig-iron amounted 
to 591,500 tons in May, compared with 563,100 tons in 
April and 720,100 tons in May, 1927. The production of 
steel ingots and castings in May amounted to 752,700 
tons, compared with 644,100 tons in April and 884,600 
tons in May, 1927. 


Evectriciry Suppty At CLACTON-ON-SEA.—As in 
numerous other districts, the rural areas round Clacton- 
on-Sea are now receiving a supply of electricity from the 
undertaking in the town. The resulting increase in 
load has recently led to the installation of two 750-kw. 
three-phase alternators, supplying current at 6,600 volts 
and 50 cycles. These are driven by Diesel engines. As 
the supply in the town is on the direct-current three- 
wire system, two rotary converters, with outputs of 
500 kw. and 250 kw., respectively, have been installed 
to render the arrangements more flexible. As regards 
the rural supply, the generator pressure is stepped up 
to 11,000 volts by two 250-kv.-a. transformers for trans- 
mission to Little Holland, where, at present, two 100 kv.-a. 
transformers are installed in a brick-built substation. 
The generating and converting plant and switchgear 
necessary to carry out these extensions were supplied by 
Messrs. Crompton Parkinson, Limited, of Guiseley, 





near Leeds. 
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THE BILLE JOINT FOR REINFORCED- 
CONCRETE PIPES. 
Pires constructed of concrete, either with or with- 
out steel reinforcement, are gaining favour among 
engineers, especially in the larger sizes and on runs 
where numerous junctions are not required. Such 
pipes, especially when silicified under pressure with 
silicate of soda, are, experience shows, water and gas 
tight under the highest pressures used in practice, but 
an important obstacle to their extended employment 
has been the lack of a cheap and efficient joint for 
connecting the various lengths together. 

This difficulty is said to be overcome in the joint in- 
vented by Mr. Léon Billé, of Nogent-sur-Marne (Seine), 
France, illustrations of which, applied to a 40-in. pipe, 
are given in the accompanying sections, Figs. 1 and 2. 
As shown in Fig. 1, the ends of the two pipe lengths 
which it is desired to joint are cast so that when put 
together they form a dove tail, the joint being actually 
made by using a rubber grummet of special shape, 


Fig.1 
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which, in Fig. 1, is visible resting on the right-hand 
portion of the pipe. The upper end of this grummet 
is splayed out to allow of greater flexibility, the two 
parts being compressed together when the joint is 
made, as shown in Fig. 2. The lower portion of the 
grummet also consists of two arms, which are, however, 
not fully closed up when the joint is complete. The 
space left between them, as is clear from the lower 
part of Fig. 2, is thus exposed to water pressure, so 
that the grummet is pressed against the wall of the 
pipe. The unshaded longitudinal portions shown in 
these drawings represent the reinforcing bars. 

Mr. Billé states that the joint has been tested on a 
12-in. pipe at a pressure of 100 kg. per square centimetre 
(1,422 Ib. per square inch), the pipe being meanwhile 
subjected to vibration without a leak being discovered, 
even when the outer surface of the joint was covered 
with soapsuds. It has also been found to be water- 
tight, even when it is not exposed to pressure. The 
pipes can be laid rapidly in water, since all that is 
necessary is to push one length of pipe into the other. 

The same type of joint can be used when a connec- 
tion is made between a reinforced-concrete and a cast- 
iron pipe, a suitable collar being formed on the latter 
for the purpose. In this case, the joint is covered with 
a reinforced-concrete sleeve, which is poured in situ. 
A collar of this kind is also recommended where the 
pipe line is laid in marshy ground. 








British STANDARD SPECIFICATIONS FOR Parnts.—-In 
continuance of their programme for paints, varnishes and 
paint ingredients, the British Engineering Standards 
Association have just issued the following specifications— 
Green Oxide of Chromium, No. 318—1928; Vandyke 
Brown, No. 319—1928; Vermilion, No. 320—-1928 ; 
Paste Driers, No. 331—1928; Liquid Dryers, No. 3382— 
1928; and Red Lakes, No. 333-1928. The specifica- 
tions contain clauses regulating the composition, and 
also standard reception tests for the purchase of these 
materials ; appendices are also included, giving standard 
methods for carrying out the tests. The first stage of 
the work of the committees is now being brought to a 
conclusion, but the question of gloss paints is still out- 
standing. This question is under consideration by a 
sub-committee and, at the present moment, research is 
being carried out with a view to establishing some relation- 
ship between physical tests and performance. Copies of 
these six new specifications may be obtained from the 
B.E.S.A., Publications Department, 28, Victoria-street, 





London, S.W.1, price 2s, 2d. each, post free. 
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ENGINEERING TRAINING AND 
EDUCATION. 

Royal Scholarships and Free Studentships.—We 
have on numerous occasions referred in this column 
to the Royal Scholarships and Free Studentships 
offered annually by the Board of Education, and 
tenable at the Imperial College of Science and Tech- 
nology, London. We are now informed that the 
examination for 1929 begins on April 24. Intending 
candidates are required to make application on the 
prescribed form, which may be obtained from the 
Board of Education, Whitehall, London, S.W.1, 
not later than January 15, 1929. Full particulars 
regarding the examination will be found in the 
‘Syllabus of the Science Scholarships Examination, 
1929,” which may be obtained, price 3d. net, from 
H.M. Stationery Office, Adastral House, Kingsway, 
London, W.C.2. 

Whitworth Scholarships.—A number of scholarships 
and prizes on the Foundation of Sir Joseph Whitworth 
are offered for competition annually, to candidates 
possessing handicraft experience obtained in a mech- 
anical-engineering workshop. These comprise two 
Whitworth Senior Scholarships having an annual 
value of 2501. and tenable for two years; six Whit- 
worth Scholarships having an annual value of 1251. 
which may be increased in special cases, and tenable 
for three years; and Whitworth Prizes, not exceeding 
25 in number, to unsuccessful competitors for the 
Scholarships whose work appears to deserve recog- 
nition. Full details regarding the Scholarships are 
published in ‘‘ Regulations for Whitworth Scholarships, 
1928,’ which may be obtained, price 2d. net, from H.M. 
Stationery Office, Adastral House, Kingsway, London, 
W.C.2. Candidates intending to sit for the 1929 
competition are reminded that applications for admis- 
sion must be made, not later than January 15, 1929, 
on the prescribed form, to be obtained from the Board 
of Education, Whitehall, London, 8.W.1. 








ECONOMIC CONDITIONS IN 
PARAGUAY. 


Sirvarep in the far interior of the South American 
Continent, the Republic of Paraguay has an area 
about equal to that of England and Wales, and a 
population of 800,000, or less than that of the City 
of Liverpool. Roads, as we know them, are practically 
non-existent, and there is only one public railway 
line, the Paraguay Central Railway, which is a British 
enterprise, and runs from Asuncién, the capital, to 
Encarnacién, 232 miles distant on the Alto Parana 
river, where connection is made with the Argentine 
railway system. It will be readily understood, 
therefore, that the internal development of the country 
must be very slow for the present. 

Cattle raising, agriculture, and the exploitation of 
forest products are the chief industries of Paraguay, 
the export values of each of which, during 1926, 
were 1,022,838/., 763,041. and 1,297,683/., respec- 
tively, which figures are slightly lower than those 
for the previous year. The long-continued drought 
has brought serious loss to the agricultural community, 
and both cotton and tobacco growers have suffered 
during the last two years. The demand for hardwoods 
in the Argentine has also declined, and prices now 
are far from encouraging. 

A table is included in a report from His Majesty's 
Consul at Asuncién, giving the total values of the 
imports and exports during the years 1925, 1926 
and 1927, which may be quoted as follows : Exports, 
3,133,235/., 3,099,500/. and 2,856,408/.; and imports, 
3,530,559/., 2,441,056/. and 2,395,553/., respectively. 
During these years the exports to the United Kingdom 
were 36,017/., 21,378/. and 46,737/., respectively, while 
the principal countries of origin of the goods imported 
into Paraguay were as follows: Argentine, 801,823/. ; 
United States, 444,781/.; United Kingdom, 262,892/. ; 
Germany, 229,351/.; Spain, 167,0541.; and Italy, 
129,829]. The figures given in each case are those 
for 1927, but that for the value of imports from 
the Argentine is rather misleading, as it should be 
remembered that Buenos Aires is the chief seaport 
from which many European and other consignments 
are reshipped to Paraguay. 

Among the British manufactures imported into 
Paraguay, textiles and hardware are the more 
important, and in both these lines the United States 
and Germany have gained ground. Manufacturers 
should realise that whereas the confidence with which 
British goods and methods are regarded leaves little 
to be desired, sales are not infrequently lost owing to 
the fact that quality and price are both higher than 
the market can afford. 








ContTracts,—Messrs. Haggerty, Lawrance and Com- 
pany, 237, Mansion House Chambers, Queen Victoria- 
street, London, E.C.4, have recently received an order 
from the London County Council Tramways for four 
Bull are-welding sets, 
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Second Edition. Oxford: Clarendon Press. London: | holding out for the equivalent of 70s. for mixed Nos. 
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Ministry of Labour. Report of an Inquiry into Appren- | delivered to works in this district. 
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The Preparation of Coal for the Market. By HENRY | 77, 10s.; packing (tapered), 101, : Pe a ro A agree 
Louis. London: Methuen and Company, Limited. | ¢7 15e.;_ steel billets (medium), 7. 2s, 6d.; steel billets, 
[Price 10s. 6d. net. ] (hard), 71. 12s. 6d.; steel rivets, 111. ; steel ship plates, 

A Guide to the Unemployment Insurance Acts. By H. C.| 97 75° 6d.: steel angles, 7l. 17s. 6d.; steel joists 
Emmerson and E. C. P. Lascettes. Revised and} 7 175, 6d.: heavy sections of steel rails, 8J. 10s. 
enlarged oo London: Longmans, Green and black penta (No “24 gauge), 101 : and galvanised 
Company, Limited. [Price 5s. net. ] RSE ee ee tes 2) Taye " 

Deutsche Kraftfahrzeug-Typenschau. Part III. Per- SEER NY ST OE See ae 
sonenkraftwagen und Kraftrider einschliesslich der 
Omnibusse. Edited by C. W. Ertcu Meyer. Dresden. Ture INSTITUTION OF NAVAL ARCHITECTS.—Members 
Deutsche Motor-Zietschrift G.m.b.H. [Price 2 marks.]| o¢ the Institution of Naval Architects will be pleased 

Beyond the Electron. By Sir J. J. THomson. Cambridge: | to hear that the Council have acquired the freehold of 

a University Press. [Price 2s. 6d. net. | two houses in Adam-street, Adelphi-terrace, thus secur- 

The Abrasive Handbook. Compiled by FrEp B. Jacoss. ing for the Institution a permanent home in the same 
London : The Penton Publishing Company, Limited. neighbourhood as before. On and after July 1, all 

Air Ministry. Air Publication No, 1299. Gamecock correspondence should be addressed to the Institution 
Aeroplane Jupiter VI Engine. London : His Majesty’s | o5¢ Naval Architects, 2, Adam-street, Adelphi-terrace, 
Stationery Office. [Price ls. 6d. net.] London, W.C.2. 

El Arco Funicular. By D. FERNANDO CALLEGO HERRERA —s 
Madrid: D. Fernando Callego Herrera. 

Department of Scientific and Industrial Research. 
Research. Special Report No. 6. An Investigation 
of a Rotating Beam Beacon. By R. L. SmitH-RosE 
and S. R. CHapman. London: His Majesty’s Sta- 
tionery Office. [Price 3s. 6d. net. ] 

Astronomy and Cosmogony. By J. H. Jeans. Cambridge: 
University Press. [Price 31s. 6d. net. | 

Air Ministry. Meteorological Office. Particulars of 
Meteorological Reports issued by Wireless Telegraphy 
in Great Britain and the Countries of Europe and North 
Africa, 1928. London: His Majesty’s Stationery 
Office. [Price 4s. net.] 

Studies in Molecular Force. By HerrsBerv CHATLEY, 
D.Se. London: Charles Griffin and Company, 
Limited. [Price 7s. 6d. net.] 

Professions. Their Organisation and Place in Society. 











Radio BRIDGE AND STRUCTURAL ENGINEERING CONGRESS.— 
The first International Congress for Bridge and Structural 
Engineering was held at Zurich in September, 1926. 
We now learn that a second congress will be held at 
Vienna from September 24 to 27 next. It will be opened 
on the first day, at the Viennese Academy of Sciences, 
and will be continued at the Technische Hochschule, 
and at the Osterreichischer Ingenieur und Architekten- 
Verein. Members of prominent civil-engineering institu- 
tions have been formed into an honorary committee, the 
English representative of which is Lieut.-Col. J. Mitchell 
Moncrieff, President of the Institution of Structural 
Engineers. The president of the Congress Committee is 
Professor F. Hartmann. The first two days of the 
Congress will be devoted to a consideration of reports 
dealing with fundamental problems connected with steel 
The Hubert Spencer Lecture. Delivered at Oxford, and reinforced-concrete construction. Sectional meetings 
May 18, 1928. By A. M. Carr-Saunpers. Oxford; | Will, it is anticipated, also be held. The secretary of 
Clarendon Press. London: Humphrey Milford. the Congress Committee is Dr. F. Bleich, Technische 
[Price 2s. 6d. net.] Hochschule, Wien, Austria, from whom further particu- 


R. E. Crompton. Reminiscences. London: Constable | !ats may be obtained. 
and Company, Limited. [Price 14s. net.] 

Aeronautical Research Committee. Reports and Memo- INTERNATIONAL FEDERATION OF CONSULTING ENGI- 
randa. No. 1122. Lift and Drag of Three Model | NEERS.—We understand that the Fourth International 
Aeroplanes. Comparative Tests in Atmospheric and | Congress of Consulting Engineers will be held at Amster- 
Variable Density Wind Tunnels at the same Reyno!ds’ | dam from September 12 to 15 next. The business meet- 
Number. By H. C. H. Townrenp. [Price 6d. net. | ings will commence at 10 a.m. on September 13, when 
No. 1123. Wind Tunnel Tests with High Tip Speed| various matters affecting the consulting engineer's 
Airscrews. The Characteristics of Bi-Convex No. 2| sphere of operation will be discussed. At 2 p.m., the 
Aerofoil Section at High Speeds. By G. P. Doveas |} question of international standard specifications will 
amd W. G. A. Perring. [Price 9d. net.] London: | be discussed. At 8 p.m., a lecture, illustrated by lantern 
His Majesty's Stationery Office. views, on the Zuider Zee and other large Dutch public 

Air Ministry. Air Publication No. 1267. Lion Aero | works will be delivered. On September 14, the question 
Engines (Series V and Va). London: His Majesty’s | of ‘‘ Relations between Consulting Engineers, Architects 
Stationery Office. [Price 2s. 6d. net.] and Contractors, notably on Matters Concerning Central 

Technische Gase. Ihre Herstellung und thre Verwendung. | Heating,” will be discussed. The afternoon of Septem- 
By Dr. Franz MunLert and Dr. Kurr Drews. | ber 14, and the whole of September 15, will be devoted to 
Leipzig: 8S. Herzel. [Price 22 marks. ] visits and excursions to works and places of interest in 

Telephone and Power Transmission. By. R. BRADFIELD | the vicinity of Amsterdam. The official languages of 
and W. J. Joun. London: Chapman and Hall, | the Congress are French, German and English. Further 
Limited. [Price 21s. net.] information regarding the Congress may be obtained 

Brassfounder’s Alloys. A Practical Handbook. By from the Secretary of the Organisation Committee, 
Joun F. Bucuanan. Second edition. London: | Mr. V. W. van Gogh, 125, Heerengracht, Amsterdam, 
E. and F, N. Spon, Limited. [Price 10s. 6d. net.] Holland. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

[ron and Steel.—Uneven conditions continue to operate 
in the steel and engineering trades. The demand for 
raw and semi-finished materials is still on the light side. 
Output at furnaces, while in excess of that of last year, 
is only about 50 per cent. capacity. Large stocks of 
pig iron are accumulating at works owing to the hand- 
to-mouth policy of purchasing. There is a poor demand 
for steel bars, strip, rods, and wire. The railway roll- 
ing stock departments are experiencing better times. 
The outlook, too, is much brighter. Contracts have 
been booked on home account, and prospects of orders 
being received from South America are considered to be 
bright. There is only a moderate demand for ship- 
building requisites, while the armament branches con- 
tinue to receive their share of the limited amount of 
work in circulation. Manufacturers of electrical plant 
report a heavy demand both on home and _ foreign 
account. India, Australia, and New Zealand give hope 
of placing some big contracts locally for hydro-electrical 
plant, while electrical development schemes in other 
parts of the world should also prove beneficial. Agri- 
cultural plant is not in such active request as the early 
part of the season promised. Output of the various 
classes of special steels shows an increase, despite keen 
competition from abroad. The tool trades are doing 
better. Engineers’ tools are good lines, while road- 
making implements, and also crushing plant and cement 
making and mixing machinery are all stronger. 

South Yorkshire Coal Trade.—While the home demand 
for the various classes of fuel is only moderate, attrac- 
tive export prices—due to the coal marketing scheme— 
have resulted in better business being done on overseas 
account. Industrial fuel is very erratic, the market 
generally showing little change. An early improvement 
is improbable. With the advent of warmer weather, 
the demand for house coal has weakened, with the 
result that colliery sidings are well stocked. Blast- 
furnace coke is about the same, but both foundry and 
furnace varieties show improvement. Gas coke remains 
steady. Quotations :—Best branch hand picked, 26s. to 
27s. 6d.; Derbyshire best bright house, 19s. 6d. to 
20s. 6d.; best house coal, 18s. 6d. to 20s.; screened 
house coal, 16s. to 17s.; screened house nuts, 14s. to 
15s. 6d. ; Yorkshire hards, 14s. 9d. to 16s. ; Derbyshire 
hards, 14s. to 16s.; rough slacks, 8s. 6d. to 9s. 6d. ; 
nutty slacks, 5s. to 6s. ; smalls, 3s. to 4s. 6d. 








THE MARKING OF ImPpoRTED CoprpEeR.—The Standing 
Committee, General Merchandise, appointed by the 
Board of Trade will hold an inquiry as to whether 
imported copper plates, sheets, strips and other rolled 
sections, rods and wire (other than insulated wire), and 
tubes should bear an indication of origin, at 11.30 a.m., 
on Monday, July 23, and at 10.30 a.m. on Tuesday, 
July 24. The inquiry will be held at the Board of 
Trade offices, Great George-street, S.W.1, and com- 
munications should be addressed to the secretary, 
Mr. EK. W. Reardon, at that address. 





TENDERS.—We have received from the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
particulars of tenders invited by various bodies in the 
British possessions and in foreign countries. Further 
details and information relating to these may be obtained 
on application to the Department at the above address, 
the reference number given below being quoted in each 
case.—Tenders, to be presented by July 18, are being in- 
vited by the Municipality of Salisbury, Southern Rhodesia, 
for the supply, delivery and erection of one sluice gate, 
complete with superstructure, and a water depth trans- 
mitter and recorder. Local representation is essential. 
(Ref. No. A.X. 6407.)—The South African Railways and 
Harbours are inviting tenders, to be presented by August 
9, in Johannesburg, for the supply and delivery, at Cape 
Town, of six electrically-driven overhead travelling 
cranes. Local representation is essential. (Ref. No. A.X. 
6409.)—It is reported from Bogota that a firm in Medel- 
lin, the capital city of the Department of Antioquia, 
Colombia, intend to spend the sum of 150,000 pesos in the 
purchase of a fleet cf motor buses. (Ref. No. A.X. 
6412.}—Particulars have been forwarded from Lourengo 
Marques of a scheme for the introduction of irrigation on 
agricultural properties in the Province of Mozambique, 
indicating a possible demand for boilers, engines, pumps, 
cast-iron or lap-welded steel piping, semi-portable 
engines, and boilers of the combined-locomotive type, &c. 
(Ref. No. A.X. 6436.)—It is reported by the commercial 
secretary at Buenos Aireg that the tenders invited for 
the construction of a part of the branch line La Paz- 
Feliciano-San Jaime have to be presented by July 16. (Ref. 
No. A.X. 6448.)—A company has recently been formed 
in Roumania with the object of establishing a jute and 
hemp spinning and weaving mill. Firms desirous of 
offering jute and hemp spinning and weaving machinery, 
&e., of British manufacture, can obtain the address of 
the company on application to the Department of Over- 
seas Trade, quoting reference number A.X. 6449.—The 
State Electricity Commission of Victoria is calling for 
tenders, to be presented by October 31, for the supply 
and delivery of water-tube boilers with auxiliary and 
accessory equipment. (Ref. No. A.X. 6453.)—Specifica- 
tions have been forwarded from Bogota relating to calls 
for tenders by the Colombian Ministry of Public Works 
for supplies for the railway and road services under its 
charge. The material required includes shovels, rails and 
fishplates, pumps, steel tanks, cranes, locomotives, air 
compressors, road rollers, lorries, &c. Application for 
further particulars should be made without delay to the 
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NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Exceedingly quiet conditions have 
characterised the Welsh steam-coal trade during the 
past week. The Buenos Aires Great Southern Railway 
has placed a contract with a London firm for 90,000 
tons of Monmouthshire large, to be delivered from July 
to November, otherwise the market was devoid of any 
feature of particular interest. Inquiries circulated very 
sparingly, and business was insufficient to absorb even 
the lessened output, caused by the fact that many pits 
were idle, while the majority of those working were 
compelled to effect numerous temporary stoppages 
owing to the general lack of demand. The unsatisfac- 
tory state of affairs was reflected in the clearances for 
the week, which, at 377,030 tons, showed a reduction of 
129,000 tons on the previous week, when the best figures 
for the year were shown. Each of the ports. with the 
exception of Swansea, shared in this decline. Shipments 
at Cardiff were lowered from 291,840 tons to 248,570 
tons, at Newport from 110,820 tons to 52,910 tons, at 
Port Talbot from 48,670 tons to 18,780 tons, and at 
Llanelly from 8,480 tons to 7,270 tons. A further 
indication of the general slackness is the fact that the 
Great Western Railway Company, the owners of the 
South Wales Docks, have given notice to some 2,000 
shopmen, placing them on short-time working from July 2, 
on account of reduced maintenance work consequent 
on the reduction in traffic. The men, instead of working 
from Monday to Saturday midday, will commence on 
Tuesday and finish on Friday. What demand there 
was for coal was generally confined to the best classes of 
large, with the result that best Admiralty large and 
Black Veins were able to realise about 3d. per ton above 
the minima. Other descriptions of large were, however, 
plentiful and obtainable at the minima, which salesmen 
refused to break despite numerous temporary stoppages 
at the pits through lack of demand. Smalls, though in 
reduced supply, were sufficient to meet requirements, 
with prices ranging from lls. to 12s. 9d., according to 
quality. Sized coals have also developed irregularity, 
and even duffs, which have been very scarce, have become 
more freely available. 


Iron and Steel.—Shipments of iron and steel goods 
in the past week totalled 32,002 tons, which was the 
second highest figure this year. Exports of tinplates 
and terne plates were raised from 8,424 tons to 13,417 
tons, black plates and black sheets from 844 tons to 
5,458 tons, galvanised sheets from 4, 164 tons to 4,340 tons, 
and other iron and steel goods from 6,606 tons to 8,788 
tons. 








Moror Suow, BuENos Arres.—A report on the winter 
motor-car exhibition of closed cars at Pabellon De Las 
Rosas has been prepared, by the Department of Over- 
seas Trade, from information furnished by the com- 
mercial secretary at Buenos Aires, and issued to firms 
whose names are entered on its special register. United 
Kingdom firms desirous of receiving a copy of this 
report, together with particulars of the special register 
service, should communicate with the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1 
quoting reference number A.X. 6421. 


THE AMERICAN MICA TRADE DURING 1927.—According 
to a report of the United States Bureau of Mines, 
Department of Commerce, the total quantity of uncut 
mica sold by producers in the United States in 1927 
was 7,036 short tons, valued at 322,621 dols., and of 
this quantity 756 tons was sheet mica, the rest being 
scrap mica. As compared with 1926, the total sales of 
uncut sheet mica showed a decrease of 30 per cent. in 
quantity and 47 per cent. in value, while that of scrap 
mica showed a decréase of 11 per cent. in quantity and 
19 per cent. in value. 


MEASURING-TAPE TESTS AT THE UNITED STATES 
BUREAU OF STANDARDS : ErRRATA.—-With reference to the 
abstract of Circular No. 328 of the United States Bureau 
of Standards, dealing with the methods used by that 
body in testing measuring tapes, and published on page 
623 of our issue of May 18 last, we regret to find that 
two slight errors need correction. The tapes for precise 
geodetic work are not tested on the steel bench, as 
stated on line 3 of the abstract, but on the geodetic 
comparator described in the second and third paragraphs. 
Also the coefficient of expansion of 0-0000116 per 
deg. C., mentioned on line 12 of the abstract, applies to 
ordinary steel tapes and not to Invar tapes, as stated, 


PERSONAL.—We understand that the address of the 
London office of Messrs. Hopkinsons, Limited, Britannia 
Works, Huddersfield, is now 34, Norfolk-street, Strand, 
W.C.2.—An agency arrangement has been concluded 
between Messrs. Automatic and Electric Furnaces, 
Limited, Elecfurn Works, North-road, Holloway, N.7, 
and Messrs. Alfred Herbert, Limited, of Coventry, for 
the sale of Wild-Barfield electric furnaces in the Republics 
of Chile, Bolivia, and Peru.—The Great Western Rail- 
way Company has opened a new docks and passenger 
office at 84, Leadenhall-street, E.C.3.—Engineer-Captain 
W. Onyon, M.Inst.C.E., has recently joined the staff 
of Messrs. Vickers-Armstrongs, Limited, Barrow-in- 
Furness, in a consultative capacity, and will represent 
them in London.—The Leicester address of Messrs. 
Brook Motors, Limited, Empress Works, Huddersfield, 
is now Allen House, Newarke-street, Leicester.—Messrs. 
Reavell and Company, Limited, of Ipswich, have con- 
vened Messrs. R. L. Quertier and K. Reavell to their 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.-Business in the Scottish steel 
trade is still extremely quiet, and prospects are not very 
bright. The hardening of Continental prices has had little 
or no effect on conditions here, and steel makers cannot 
see any possibility of improvement in the demand before 
the holiday stoppage in mid-July. The shipyards are 
consuming a fair amount of material, but the total 
tonnage is a long way short of capacity, and steelmakers 
are not getting many new specifications from that source. 
The export trade is also very quiet, and the half-year 
just closing must be written down as very disappointing. 
In the black-sheet trade the conditions have altered little, 
but a fair amount of business is going through for the 
higher grades. Ordinary qualities are slow, and galva- 
nised sorts keep moving with the latter a trifle firmer. 
The following are the current market quotations :- 

Boiler plates, 107. 10s. per ton; ship plates, 8/. 7s. 6d. 
per ton; sections, 7/. 17s. 6d. per ton; sheets, } in., 
8/. 12s. 6d. per ton; and galvanised corrugated sheets, 
24 b.g., 131. 7s. 6d. per ton, all delivered Glasgow stations. 

Malleable-Iron Trade-In the West of Scotland 
malleable-iron trade the conditions continue dull and 
lifeless, and dealings are of a restricted nature. In the 
steel re-rolling branches business is also quiet, and prices 
have an easier tendency. ‘‘ Crown” bars are quoted at 
101. 5s. per ton for home delivery, and 91. 15s. per ton for 
export; and re-rolled steel bars are priced at 7/. 5s. per 
ton for home delivery, and 7/. per ton for export. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig iron is scarcely any better this week, and considera- 
tion is being given by some makers to a further reduction 
in output. Prices continue firm, but current production 
cannot be absorbed by the demand, and it is doubtful if 
to-day’s levels can be maintained, even though they 
show little or no margin. The market quotations are as 
follows :—Hematite, 74s. per ton, delivered at the steel 
works; foundry iron, No. 1, 75s. to 76s. per ton, and 
No. 3, 70s. to 71s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
Saturday last, June 23, amounted to 626 tons. Of that 
total, 600 tons went overseas and 26 tons coastwise. For 
the corresponding week of last year the figures were 
215 tons overseas and 122 tons coastwise, making a total 
shipment of 337 tons. 








INTERNATIONAL AERONAUTICAL Exuisition.—The 
eleventh International Aeronautical Exhibition at the 
Grand Palais des Champs Elysées, Paris, France, was 
opened this morning, and will continue until July 15 next. 
In addition to French aircraft manufacturers, British, 
German, Dutch, Italian, Czechoslovakian and United 
States constructors are participating in the Exhibition. 


THE Porr or HamBura.—Originally founded as a 
fortress, Hamburg came into the possession of the 
Emperor Charlemagne in 4.p. 804. The town became 
part of the Frankish kingdom, and its importance grew 
steadily during the decades which followed. After 
being subject to a succession of feudal overlords appointed 
by various States, Hamburg regained her freedom in 
1227, and, subsequently, as a member of the famous 
Hanseatic League, became one of the most important 
trading centres in Middle Europe. In more recent 
times, Hamburg has developed into a centre of inter- 
national commerce, and the consequent growth of her 
docks and port works during the past 50 or 60 years 
is very fully described in a handbook, entitled The Port 
of Hamburg, by Dr. L. Wendemuth and Mr. W. Boéttcher, 
and issued by the Deputation fiir Handel, Schiffahrt und 
Gewerbe, and the Baudeputation, Sektion fiir Strom- 
und Hafenbau, Hamburg. The book, which is printed 
in English, also contains a great deal of information 
regarding the loading and discharging facilities, ware- 
house accommodation, and the mechanical equipment 
of the port. It is well bound and clearly printed, and 
includes several maps and plans, as well as numerous 
illustrations ; the publishers are Messrs. Meissner und 
Christiansen, Hamburg. 


ELectriciry SUPPLY IN SHANGHAI.—It is not sur- 
pire that the total sales of electricity by the Shanghai 
funicipal Electricity Department were less in 1927 
than in 1926, but it is surprising that the output only 
fell from 408,245,310 kw.-h. to 400,343,385 kw.-h., 
a decrease of 1-93 per cent. The installed plant capa- 
city was 121,000 kw., but, as recently announced (see 
p- 685, ante), this is being extended by 40,000 kw. ‘The 
maximum load recorded during 1927 was 90,000 kw. 
the load factor being 59-91 per cent. as against 61-79 
per cent. the year before. Taking everything into 
account, this can only be described as a marvellous 
result, especially as a large percentage of the output 
was used for power, the part of the load that was most 
adversely affected by the political situation. On the 
other hand, the consumption for heating and cooking 
rose from 4,310,227 kw.-h. to 6,902,643 kw.-h., an 
increase of 60-15 per cent., the connections under this 
heading amounting to 26,789 kw. The total number of 
premises connected were 59,363, or 5,092 more than the 
year before, while the number of consumers increased 
from 43,378 to 47,018. The connected load was 
174,919 kw., 14,822 kw. being added during the year. 
The coal consumption per kw.-h. generated was 1-8 Ib. 
compared with 1-68 lb. in the previous year, and the 
overall efficiency fell from 17-87 to 17-41 per cent. 
Considerable progress was made in modernising and ex- 
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IN MEMORIAM. 

NIXON.—On July 3, 1926, at Finchley, Frederick A. Nixon 
M.Inst.C.E., M.I.E.E. As Chief Engineer in London for the 
Victoria Falls and Transvaal Power Company, Limited, 1911 to 
1926, he was responsible for the whole of the 1913-14 extensions 
at Brakpan, Simmerpan, Rosherville and Vereeniging, and was 
in entire charge of all the engineering work and scheme in con- 
nection with the new Witbank Power Station. He also planned 
extensions for the Wankie Colliery Company, Limited, and for 
the Chinese Engineering Company, Limited. 
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MATHEMATICS AND ENGINEERING. 


In “The Autocrat of the Breakfast Table,’ Dr. 
Wendell Holmes affirmed that his respect for the 
mere mathematician had been materially diminished 
by the invention of the Babbage calculating 
machine, ‘‘a thing without brains or heart, too 
stupid to make a blunder.” Henceforward he felt 
that he ‘‘ could hear the wheels clicking in the 
calculator’s brain.” This confusion of the computer 
with the mathematician is far from uncommon and, 
indeed, even seems in some degree to be shared 
by Dr. J. A. L. Waddell, of New York, who in an 
address delivered a couple of years since to an 
International Congress held at Toronto, observed 
that a knowledge of mathematics was of less value 
to the consulting engineer than a gift for expression. 
Men could, he said, be readily hired to make calcu- 
lations, but it was not easy to find anyone able to 
explain engineering projects clearly to a client. 
As a matter of fact, the really difficult problems of 
the structural engineer are not mathematical, 
and he is able to employ mere computers for much 
of his work, mainly because the mathematics required 
are elementary, and the really important matters 
are settled by judgment and experience rather than 
by calculation. 

Indeed, experience shows that the gift of compu- 
tation is often associated with quite a mediocre 
intelligence. Afamousexample is that of Tom Fuller, 
a negro slave born in Virginia, who, though he could 
neither read nor write, astonished 18th Century in- 
vestigators by his feats in mental arithmetic. Jaques 
Inaudie again, who could multiply four figures by 
four figures in his head as rapidly as a skilled 
operator could perform the feat with a machine, was 





merely an imperfectly educated peasant from 


Piedmont. He could also give the product of still 
larger numbers, but the advantage then lay with 
the machine. Some eminent mathematicians have, 
of course, also shone as computers, and Euler must 
have had marvellous powers, of what Bidder called 
‘“‘ registration,” since he was able to pursue his 
mathematical researches after the loss of his sight. 
Possibly, however, the liking for long arithmetical 
calculations shown by some noted mathematicians, 
arose from the fact that the operation being largely 
mechanical, formed a relief to the hard thinking 
involved in their normal work of research. 

From the engineer’s standpoint mathematics is 
simply a tool. He is concerned little with the 
soundness of the logic to which the modern profes- 
sional mathematician attaches such extreme 
importance. Unlike him he does require to know 
what he is talking about, and must have reasonable 
confidence in the truth of his assumptions. Hence, 
proofs based on geometric or physical intuition 
not merely suffice for his needs, but are, to him, 
actually more convincing than the rigorous demon- 
strations of the standard text books. The engineer- 
ing student has, therefore, a legitimate claim to 
approach the study of mathematics by a less abstract 
path than that which recommends itself to the 
specialist. It was Lagrange, we believe, who made 
the boast, that in one of his treatises there was not 
a single explanatory or illuminative diagram. The 
spirit thus displayed, would be wholly out of place 
in the teaching of mathematics to students of 
engineering. Fourier asserted that the most fruit- 
ful source of mathematical discoveries lay in the 
profound study of nature, and in fact, almost all the 
mathematics required in directing the great forces 
of nature to the use and convenience of man has 
originated in practical problems. That unity can 
be expressed as the sum of a Trigonometric Series, 
is apt to appear of purely academic interest, unless 
the student be shown, at the very outset, that this 
procedure originated in the attempt to calculate 
the distribution of heat in a conducting solid. 
Elaborate investigations into the convergency of 
series are particularly unnecessary. It is generally 
sufficient for the practitioner to know that divergent 
series exist, since the fact that he always requires 
numerical results makes it nearly impossible for 
him to meet with serious trouble by an inadvertent 
use of a divergent series. 

As already noted, little but elementary mathe- 
matics is required in structural engineering, but 
increasing use of the more advanced branches of 
the subject is being made daily in other branches 
of the profession. Even in the case of pure statics, 
the aeroplane designer has to determine stresses in 
spars loaded both axially and transversely, and in 
which, therefore, the rule, invariable elsewhere, 
that deflections are proportional to the loads, no 
longer applies. 

He needs, moreover, some knowledge of partial 
differential equations if he is really to assimilate 
the fundamentally important work of Jowkowski 
and Prandtl on the flow of fluids round wing forms, 
whilst those engaged on the design of high-speed 
machinery have, as matters stand, to acquire some 
knowledge of the theory of vibrations. As invari- 
ably happens, however, when machinery is made 
in large quantities, the need for elaborate analyses 
in connection therewith, rapidly diminishes. An 
experienced steam turbine designer can form, on 
mere inspection, a very fair idea of the strength 
of a rotating disc, or of its liability to dise vibration, 
whilst one new to the subject, however adequately 
equipped mathematically, would require several 
days to reach corresponding conclusions. New 
problems are, however, constantly arising in regard 
to which experience is lacking, and these can seldom 
be solved economically, unless those in charge of the 
work have a reasonable knowledge of physical and 
mathematical principles. 

Probably as time goes on, more and more use 
will be made of models. The increasing favour 
with which monolithic structures of reinforced 
concrete are regarded, has brought about a situation 
in which computation is becoming commercially 
impracticable. In a certain Swiss bridge recently 
completed, the number of redundancies was no less 





than 27, and the determination of the stresses by the 





808 


usual methods would have involved the solution of 
the same number of simultaneous equations. Some 
computers, no doubt, seriously advocate, in such 
cases, the introduction of joints solely for the pur- 
pose of rendering the arithmetic more manageable, 
but few engineers are as yet prepared to sacrifice 
the rigidity and endurance of their structures, merely 
to facilitate the calculation of the stresses. As an 
alternative it is usual in the absence of model tests, 
to ignore the rigidity of many of the connections 
between members, but actual test shows that the 
stresses calculated in this way may be 50 to 100 per 
cent. in error, This is fortunately not a matter of 
much importance, since such errors appear to be 
practically always on the side of safety. 

In the note already referred to, Dr. Waddell 


suggests that engineering students should have an | 


engineer as their mathematical tutor, but admits 
the difficulty of securing the right type of man. 
He makes, in fact, some somewhat severe strictures 
on technical teachers generally, of whom, he 
maintains, the majority are greatly overpaid, whilst 
the few exceptional men are far from adequately 
remunerated. There certainly is a difficulty here, 
because in the very nature of things, colleges and 
universities must pay the post rather than the 
man, and, in order that the few exceptional men who 
are capable of really original work shall not be 
discouraged from adopting the teaching profession, 
it is necessary that reasonable salaries shall be 
attached to the various chairs. 








THE BASIC-STEEL INDUSTRY. 

‘THE present year, it is interesting to recall, marks 
the fiftieth anniversary of the successful completion 
of the now famous experiments of Messrs. S. G. 
Thomas and P, G. Gilchrist, on the elimination of 
phosphorus from steel. The introduction and 
subsequent rapid progress of the basic process is so 
well known that further comment upon the subject 
seems hardly necessary. In this jubilee year, how- 
ever, we may fittingly draw attention to a few facts 
and figures, and a general consideration of the position 
will prove instructive. In 1878, the world’s output 
of steel amounted to some 2} million tons, and 
Great Britain headed the list of steel-producing 
countries with a total of nearly one million tons, 
more than four-fifths of which were made by the 
acid Bessemer process, the remainder being acid 
open-hearth steel. The world production of steel 
ingots and castings, during 1927, as pointed out by 
Mr. B. Talbot in his recent presidential address to 
the Iron and Steel Institute, was about 99 million 
tons, and that this enormous increase, as compared 
with 50 years ago, is largely due to basic-steel 
manufacture is shown by the fact that over 84 per 
cent. of the total consists of basic steel. 

In all probability no two countries have derived 
greater benefit from the basic process than Germany 
and the United States. The first-named country 
produced 460,000 tons of steel—naturally all acid, 
during 1878 ; in 1900, the output of acid steel was 
370,000 tons, but that of basic material totalled 
6 million tons. During the years which have ensued, 
the annual total fcr acid steel has remained more 
or less stationary at about 400,000 tons ; that for 
basic steel, on the other hand, reached nearly 18 
million tons in 1913, which total constitutes a high 
record. The figures for 1927 are, acid steel 190,000 
tons, and basic steel 15$ million tons. A considera- 
tion of the statistics published in a paper by Professor 
G. B. Waterhouse, read recently in New York before 
the American Iron and Steel Institute, shows that 
the United States is in « position similar to that of 
Germany. While the production of acid open- 
hearth steel has consistently averaged one million 


tons per annum during the past 30 years, that of | 
basic open-hearth material has risen from 2} million | 


tons in 1900 to nearly 40 million tons in 1926, and 
to 37 million tons in 1925 and 1927. 


Probably the only steel-producing country in| 


which the new process was not taken up with great 
enthusiasm was that in which it originated, namely, 
Great Britain. Although it rendered the large 
deposits of Cleveland ore available for the manu- 
facture of steel, it cannot be gainsaid that many 
British steelmakers and steel users, the latter being 
no doubt chiefly concerned, looked upon basic 
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steel with something akin to scepticism and sus- 
picion. In fact, until a few years ago, acid steel 
was habitually specified in a great number of 
orders for steel, and a considerable number of users 
insisted upon receiving supplies of this material to 
the exclusion of all others. Of course, it should be 
remembered that when the basic process was given 
to the world, the steel industry in Britain was already 
firmly established and the materials and processes 
employed were considered quite satisfactory by 
makers and users alike. The Cumberland and 
Spanish ores employed were pure and low in phos- 
phorus, and were thus eminently suitable for the 
manufacture of acid steel. When, however, the 
British steelmaker saw other nations outstripping 
his own in the matter of steel production, he was 
apt to reflect somewhat bitterly that the wherewithal 
| to accomplish this had been placed in the hands of 
foreign metallurgists by an Englishman, and that, 
if the basic process had not been invented, the 
British steel industry would still have been supreme. 

The answer to this charge is that nothing can 
stay the inexorable wheel of progress. Furthermore, 
it must be admitted that, until comparatively 
| recently, the basic process has not been given the 
| attention it deserved in several of our steel-producing 
districts. In the past, basic furnaces have too 
often been regarded as convenient receptacles for 
pig iron, scrap, and other raw materials, of indifferent 
or inferior quality, which could not be used in the 
|acid furnaces of the plant. We have, in fact, 
| heard the name “ destructor ’’ applied to the basic 
furnace. The term was not intended to be taken 
seriously, nevertheless it is an indication of the 
attitude adopted by some metallurgists, and is 
another illustration of the correct application of the 
old saying that many a true word is spoken in jest. 

During the European war the overseas ore supplies 
became somewhat precarious and uncertain, and 
increased attention was paid to the Jurassic limonites 
occurring in Lincolnshire, Northamptonshire, Ox- 
fordshire, and Leicestershire. These ores consist 
of hydrated oxide of iron, and are yellowish or 
brownish in colour ;_ they are either sandy or clayey 
in texture, and usually contain from 20 per cent. to 
30 per cent. of iron, together with varying percent- 
ages of phosphorus. Many thousands of tons of steel 
have since been manufactured from this material, 
and that its usefulness has been definitely established 
may be gathered from statistics. While, for instance, 
in 1913, the steel made by the basic open-hearth 
process aggregated 2,251,793 tons, and represented 
only some 29 per cent. of the total output, that 
manufactured during 1920 totalled 4,682,000 tons, 
and represented over 50 per cent. of the total steel 
production. Again, during 1923, 1924 and 1925, the 
years immediately preceding the disastrous coal 
stoppage, some 5 million tons of basic steel, equiva- 
lent to upwards of 60 per cent. of the total output, 
were produced annually in this country. 





Perhaps the most interesting paper read at the 
recent spring meeting of the [ron and Steel Institute 
was that which described the new plant of the Apple- 
by Iron Company Limited ; this was reproduced at 
the time in our columns. This extensive and modern 
installation is entirely devoted to the utilisation of 
our Midland ores, and the large amount of thought 
and care taken in the design and lay-out of this 
and of similar plants in the Middlesbrough district, 
and in various other localities, indicates that the 
British basic-steel industry has now come into its 
own. It is no exaggeration to say that when 
trade conditions improve, the basic process will be 
responsible for a large and steadily increasing share 
of our national output of steel. Before closing 
our consideration of this aspect of the subject it 
may be of interest to point out that reserves of high- 
grade ore, suitable for the basic process, exist in 
many part of the Empire. The Wabana ores of 
| Newfoundland may be cited as an example ; this 
| material contains from 50 per cent. to 55 per cent. of 
iron, and usually about 2 per cent. of phosphorus 
pentoxide. 

The growing interest taken in basic open-hearth 
practice is evidenced by the number of contributions, 
| dealing with some phase of the process, presented at 
meetings of the various technical and scientific 
societies. We have before us a paper entitled, 
| ‘* The Use of Pulverised Coal in Basic Open-Hearth 
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Furnaces,” read by Mr. E. L. Herndon, at the last 
Spring meeting of the American Society of Mech- 
anical Engineers, held at Pittsburgh. The principle 
of coal-dust firing, as applied to metallurgical 
furnaces is not, of course, new. We believe that as 
long ago as 1872, a rotating-hearth puddling furnace, 
heated by this means, was in operation at Woolwich 
Arsenal, and proved satisfactory in many respects. 
In those far-off days, however, the facilities for 
grinding the fuel were not developed as they are 
to-day ; the coal dust produced in the early ‘seventies 
was not as fine as it could now be made, with the 
consequence that, occasionally, small pieces of 
coal were found embedded in the finished iron. 
Needless to say, this depreciated the value of the 
metal. 

Mr. Herndon’s paper, though all too brief, con- 
tains some interesting facts. He states, for 
instance, that the introduction of pulverised coal 
as fuel for the basic furnaces of the firm with 
which he is connected, namely, the Eastern Steel 
Company, Pottsville, Pennsylvania, was by no 
means a voluntary measure. Pulverised coal was 
first used some thirteen years ago because the oil 
fuel previously employed had become prohibitive 
in price. A change appeared to offer considerable 
advantages, since the only alteration which seemed 
necessary in the lay-out of the furnaces was the 
replacement of the checker-chamber brickwork by a 
series of arches, and the provision of suitable burner 
equipment. The reason for substituting arches for 
the usual checkerwork was that the latter became 
filled with ash. It was realised that this could not 
be prevented, consequently the checkers were 
discarded and arches built in their place on account 
of the greater space which they provided. The 
arches are placed about 18 inches apart in rows, 
one above the other, with a gap of about 3 ft. between 
the rows. The plant comprises four 50-ton and two 
80-ton basic furnaces. Mr. Herndon states that 
the operation of these furnaces does not now present 
any great difficulty; in ease of working they 
compare favourably with furnaces utilising producer 
gas. The life of each furnace is of the order of 
200 heats for one roof, and the coal consumption 
ranges from 500 lb. to 600 Ib., per ton of finished 
steel ingots. : 

Although the author gives few details, it may be 
gathered that much trouble and many disappoint- 
ments were experienced before the present satis- 
factory running conditions were established. He 
believes, however, that pulverised coal is the best 
fuel to use under the particular conditions obtaining 
at Pottsville. In the United States, a great variety 
of fuels, each no doubt suited to the conditions 
involved, are used in open-hearth practice. These 
include such materials as natural gas, mixtures of 
tar and fuel oil, and mixtures of coke-oven gas, 
natural gas, tar and fuel oil. Progress in this 
country lies, we believe, in a fuller use being made 
of coke-oven and blast-furnace gas. Mixtures of 
these two gaseous fuels have been used successfully 
in steel furnaces. and there is no reason why the 
practice should not be considerably extended. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN examination of the list of the 71 summer 
meetings of the Institution of Mechanical Engineers 
from the first one, held at Glasgow in 1856, to that at 
Birmingham in 1927, reveals the fact that, in this 
long period, only 28 cities or towns have been 
selected for a visit by the Institution, and of these, 
11 have but a single year recorded against their 
names. Generally speaking, the choice is made 
because of the attractions with which the centre 
appeals to the professional interests of the engineer. 
and the selection this year of Southampton will 
bring to the notice of members the increasing 
importance of this place as an engineering centre. 

The meeting opened with the assembly of the 
members and friends in the Chantry Hall on 
Tuesday, June 26, and here the Institution was 
officially welcomed by The Worshipful the Mayor of 
Southampton, Alderman Mrs. L. M. Foster Welch, 
J.P., and the members of the Southampton Recep- 
tion Committee. In expressing gratification that 
the Institution had honoured Southampton with its 
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presence, and alluding to the ubiquitous nature of 
the work of the engineer, the Mayor said that 
apart from the historic interest of Southampton, 
its inhabitants were proud of its docks in the develop- 
ment of which they were grateful to the Southern 
Railway Company. 

In responding to the address of welcome, the 
President, Mr. Richard W. Allen, C.B.E., said that 
as the success of a meeting depended on the way in 
which the visitors were received, the one then 
commencing promised to be very successful. Other 
towns and seaports had been visited in the past, 
but he was the first President who had been received 
by a Lady Mayor. Southampton was generally 
associated with the large ocean liners which were to 
be seen in its docks, and it was useful to remember 
that marine transport problems were to-day essenti- 
ally those of mechanical engineering. He also 
thought, the inhabitants of a great seaport would 
reap some advantage through the visits of inland 
engineers and mutual understanding of one another’s 
problems would be facilitated. 

At this point the Mayor retired, and the President 
announced that the proceedings of the general 
meeting would be commenced, and after the minutes 
of the last meeting had been read and approved, the 
only paper before the meeting was taken. 


SouTHAMPTON Docks. 


This paper entitled ‘‘ The Port of Southampton,” 
was by Mr. F. E. Wentworth-Shields, O.B.E. It is 
reprinted, abridged, on page 800 of the present 
issue. 

Mr. Asa Binns, who opened the discussion, said 
he wondered how many engineers realised the enor- 
mous amount of work which had been done at the 
large ports of the country in the last few years. There 
were, for example, the Gladstone Dock,* opened last 
year by H.M. the King, the great extensions to the 
Bristol Docks at Avonmouth,t opened a month or so 
ago by H.R.H. the Prince of Wales, and a few weeks 
back the Tyne Commissioners’ extension at North 
Shields. Again, the Port of London Authority was 
in the middle of improvements involving an expendi- 


ture of 5,000,0007. He did not know how much the | 


extensions alluded to in the paper were going to 
cost, but he thought all these developments 
demanded courage, faith and enterprise, because, as 
engineers they were also concerned with the practical 
question of how to get back the expended sums. 
This could not be done unless facilities were 
improved for dealing with imports and exports, 
and they must be ready to deal with the increasing 
volumes of these, which he believed would result as a 
matter of course when peace was reached in China, 
and Indian unrest had subsided. 

He had listened with much interest to the paper, 
and considered that Mr. Wentworth-Shields had 
made more important contributions to the litera- 
ture of the subject in the last 20 years than any 
other dock or harbour engineer. He could not 
tind much to criticise. In some respects London 
was content to follow the lead set by Southampton. 
As an example, he might instance the purchase of 
a 150-ton floating crane. They would lose thous- 
ands of pounds a year on this, owing to the small 
demand for it, but the demand was there, and 
London could not afford to have it said that they 
could not lift more than 100 tons. It was for such 
reasons as this that port authorities required 
large sums of money, and he considered that 
Southampton was fortunate in having so powerful 
an organisation behind it as the Southern Railway 
Company. 

Mr. Cecil Bentham, speaking next, felt himself 
unable to agree with the statement in the paper 
that Southampton was the third port as regards 
tonnage. This distinction was claimed by some 
half-dozen other towns. In conceding, however, 
the claim that it was first as regards volume of 
passenger traffic, he thought that the fact that this 
traffic came almost too easily from natural advant- 
ages, had caused Southampton to neglect making 
ample provision for dealing with ordinary cargoes. 
There was really very little provision for landing 
goods and storing them. Other ports had been 
compelled to provide such accommodation, and it 





* See ENGINEERING, vol. cxxiv, page 70. 
+ See page 565, ante. 
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was a fact that even when trade was bad storage 
accommodation paid for itself, even when shipping 
dues were not profitable. If Southampton had 
provision for dealing with general goods it might 
easily rival London, as it was geographically a more 
rational port for many imports. 

The accommodation for grain traffic, for example, 
was defective. Certainly, there were grain stores, 
but most of the grain ships of to-day could not 
enter the docks where these were situated and were 
not able to discharge grain easily. More grain 
import was required, particularly by liners. These 
would take grain as ballast, or in filling-up parcels, 
if it could be taken out readily at Southampton. 
Some kind of floating appliance was required for 
this purpose. Incidentally, Southampton was the 
only port of any size in this country without a large 
flour mill. 

He had appreciated the author’s reference to 
electricity in the working of port appliances, but 
considered the pride taken in the hand trucks, 
mentioned in the paper, was misplaced. They 
were slow in operation, and he would not himself 
assess their efficiency at more than 10 per cent. 
Nor could he agree with the statement that it was 
impossible to design a conveyor to handle mixed 
goods successfully. Of course, things like grand 
pianos and motor-cars must be excluded, but in 
an investigation he had carried out regarding the 
goods on liners from South America and South 
Africa, he had found that at least 90 per cent. 
could be dealt with by conveyors. Further, narrower 
passages were needed by conveyors than by hand 
trucks which had to have a way for the returning 
empty. He would like to comment on one or 
two other points. One was the movement of 
passengers in disembarking: could not this be 
improved in some way? Another was the facilitat- 
ing of getting through the Customs. This wanted 
consideration. The method adopted at New York 
of filling in a declaration form at sea the day before 
landing seemed to help matters. He thought the 
new works were conceived on a large and generous 
scale, but too much with the passenger traffic in 
mind. Although Scuthampton had, as yet, no 
industrial hinterland, there was a general tendency 
for manufacturing industries to move southwards, 
and he thought that should be borne in mind. 

Mr. A. E. Marsh Hunn said that the author had 
made a serious omission by making no reference 
to Southampton as an air port. If the harbour 
had been deliberately designed as an air port, it 
could not have been more effectively done than 
it had been already by Nature. The two converg- 
ing rivers, and the two diverging branches of the 
Solent, made an X-formation which was ideal. 
Seaplanes had to take off head to wind, and 
hence the suitability of the formation just 
described. Southampton was the only air port 
operating at present in the kingdom, and the 
municipality, as in the case of the Liverpool 
developments, should realise the necessity of 
fostering the air traffic by financial aid. Air 
travel was rapidly growing in importance ; the 
returns last year of the number of passengers 
travelling to Guernsey by air were surprising, and 
this year showed a further growth. 

The air-spirit was increasing, and it had a 
sound economic appeal to business men and 
engineers. It was not enough for Southampton to 
receive 500,000 American passengers at her port 
yearly ; a great air port also should be built up. 
At present a business man could get to New York 
in four and a-half to five days. With large flying- 
boats having multiple engines, the passage could 
be made on the average in 25 hours. Further, 
every large Atlantic liner could, and probably would 
in future, carry seaplanes as part of her equip- 
ment. With such appliances a business man 
travelling to New York could save 26 hours on the 
normal passage by using a seaplane at each end 
of the voyage for 300 miles. Every municipality, 
such as Southampton, on the seaboard should give 
this matter serious attention. 

Mr. Walter T. Dunn enquired if the Harbour 
Authorities had considered the question of high- 
pressure gas for illumination. He thought that it 
would be a sound economical proposition to study. 
Many people did not realise that nowadays the 
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best lighting was due to gas and not to electricity. 
As an instance, he mentioned that it was a general 
belief that the lighting at the Cenotaph at White- 
hall was by electric light, whereas it was by high- 
pressure gas. 

Mr. W. H. Patchell said that he had been struck 
by the statement in the paper that provision was 
made for the supply of both alternating current and 
direct current at the dock works. In his early 
days, to think of anything but direct current was 
accounted a heresy, but there were advantages in 
the duplex supply. For large powers and steady 
speeds alternating current was the best, but for 
intermittent work and variable speeds direct 
current was difficult to beat. 

Sir Henry Fowler said he had been interested 
in the reference to the use of electric trucks. He 
had been responsible many years ago for the intro- 
duction of electric trucks in his company’s service, 
and the first of them was still running. Never- 
theless, he had recently turned to the employment 
of petrol-driven trucks. One advantage was that 
various types could be obtained ; thus some could 
handle loads of 3 or 4 tons with a trailer in addi- 
tion, and others were very small and could be 
easily turned in practically their own length. 
He would ask whether the author had tried the 
petrol-driven truck ? 

Mr. Daniel Adamson wished to know if the slow 
charging rate of the iron-nickel cells of the electric 
trucks was not something of a drawback. He 
agreed with Mr. Patchell on the subject of the 
provision of both alternating and direct current, 
and had long held that this was often desirable. 
He believed in some cases alternating current was 
used in preference to the more suitable direct 
current just because it happened to be more easily 
obtained. 

Professor H. J. Spooner commented on Mr. 
Dunn’s remarks. He had, in 1911, attended as 
a delegate the Imperial Conference on Education 
at the Foreign Office, and had had to reply to two 
papers which had eulogised the work of Germany 
in gas engineering. He had even at that date 
pointed out that outside the windows of the meeting 
room was the best-lighted city in the world, and all 
was due to the genius of young British engineers. 
He would like to mention the outstanding work of 
George Keith in high-pressure gas practice, not only 
in lighting but in such appliances as jet-operated 
ovens, which had a large sale on the other side of 
the Atlantic. 

At this point the President called upon the author 
to reply, and in doing so, said he had been impressed 
by the statement in the paper that there would be 
future accommodation for 20 such large liners as 
now frequented the port. This seemed to imply 
great faith in the future of the country. 

Mr. F. E. Wentworth-Shields, in reply, said that 
he thought Mr. Binns had been too modest in his 
comment that London followed Southampton. 
There was certainly some friendly rivalry between 
them. In answer to the question regarding cost, 
he thought that the extensions, as far as they were 
being carried at the moment, which was by no 
means the full scheme, was in the neighbourhood 
of 3,000,0007. As to the possible loss on the floating 
crane at London, the same thing might occur at 
Southampton, but such appliances were necessary 
in order to attract trade. He could not agree with 
Mr. Bentham about the alleged inadequate storage 
for general goods at Southampton. They had all 
that there was a demand for. For one thing, the 
class of goods dealt with did not need storage as 
there were such excellent facilities for despatching 
it straight away by rail. On the question of grain 
storage accommodation, Mr. Bentham’s strictures 
were more justifiable, but the matter was under 
consideration, and it might not be very long before 
something in that direction was done. There was, 
however, one point which made the authorities 
hesitate, and that was, the increasing tendency to 
import flour instead of grain. As to the use of 
hand trucks, he still preferred them. It paid best 
to distribute a load of, say, a dozen packages with 
different marks, and therefore different destinations 
in the shed, by hand. He was also unrepentant 
about his remarks on conveyors. Nothing short 
of abolition would improve the Custom difficulties. 








The question of high-pressure gas could not be then 
discussed, but the point was worth debating. The 
information regarding petrol-driven trucks was 
interesting and new to him. In reply to Mr. Adam- 
son, they were fortunate in having excellent facilities 
for charging batteries. They had two stations and 
the work was done at night. They had felt no 
inconvenience from this source. 

The Secretary then read a list of persons and 
organisations to whom it was proposed to accord 
votes of thanks. Mr. Loughnan St. L. Pendred 
having moved, and Mr. W. H. Patchell having 
seconded, these votes, they were put to the meeting 
and carried with acclamation. 


(T’o be continued.) 


BRIDGE STRESSES. 
By E. G. Coker, F.R.S., M.Inst.C.E. 


THE discovery by Sir David Brewster, in or about 
1815, of the artificial double refraction produced 
in glass when loaded, led him to examine a number 
of problems on the effects of heat and stress in 
various bodies, and among the very useful sugges- 
tions which flowed from this discovery was the 
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glass frame, and the roadway is connected to the 
arch by glass plates fashioned to the form of the 
actual bridge. The loads on the bridge, indicated 
by arrows, were applied by spring balances, and, in 
addition, a horizontal thrust could be applied by 
steel bolts spanning the horizontal members of the 
frame and capable of applying measurable loads 
or strains along the lines indicated. A noteworthy 
feature of the investigation was the use of a Babi- 
net compensator to measure the artificial double 
refraction produced in the stressed members, and 
although the measurements are in wave-lengths, 
and have therefore to be converted into stress 
intensities, yet there are some incidental advan- 
tages in the use of this instrument, especially here. 
When members of bridge models cut from plates 
are loaded, the distributions, at most cross sections, 
are linearly variable, and a Babinet compensator, 
placed in the field of view, shows this by a black 
band across the field, which is displaced laterally 
for direct compression or tension, according to the 
stress, and if bending occurs as well, is displaced 
and also turned through an angle depending on the 
bending moment. 

This type of indication is very useful for a general 








survey, as was demonstrated by the author at the 
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remark, in a paper he contributed to the Royal | recent conversazione of the Institution of Civil 
Society in 1816, that the stresses in arches could, | Engineers, in an exhibit to show the original sugges- 
no doubt, be determined by aid of models constructed | tions of Brewster and the progress made since. 
of glass. This appears to have occurred to him| A new piece of apparatus, also shown, is intended 
from the experiments then recently made by Dr. | to obviate the difficulty, which is so often met 
Robison, to solve this problem by aid of model | with, of applying a definite measurable load to the 
arches constructed in chalk, and mentioned in this | edge of a plate model, such as an arch bridge, and 
paper. Although this suggestion did not appar- | leaving it free all round for an optical investigation. 
ently lead to anything very definite at that time, | In models of arch bridges, the loads required are 
yet, at intervals later, attempts were made to utilise | usually small and a dead weight is the most accurate, 
the suggestion, although without much practical | but is difficult to apply. This is, however, overcome 
result. This was probably due to the fact that | by placing the weights A on a plunger B (Fig. 2) 
glass is a very intractable material to shape. It| guided by annular diaphragms clamped to a con- 
has, moreover, a low optical coefficient, so that} centric casing C, and brought back to their zero 
stresses are difficult to see and measure, while its | undistorted positions when the load is on. This 
brittleness renders it extremely liable to fracture | position is indicated by an index finger, and the final 
when a very variable stress distribution oecurs, | adjustment is carried out by a screw D. In the 
such as is found in an arch. arrangement, the weight of the plunger is included, 
The most successful attempt that has been made | unless some device is introduced to neutralise it. 
on the lines suggested by Brewster is that of| This may be effected by the introduction of an 
Mesnager, who, in 1913 or earlier, constructed a | auxiliary plate spring E, supported at its ends and 
model in glass of a reinforced-concrete bridge over | pressing against the plunger by means of a nut F, 
the Rhone, of 95 m. span, in order to check the cal- | which is adjusted to give a zero reading before the 
culations of the designers, about which there was | dead weight is applied, and is not altered afterwards. 
apparently some doubt, and it was thought desir- | The final adjustment by the second screw D then 
able, therefore, to verify these by an entirely inde- | ensures that the load on the model is only the dead 
pendent method. | weight applied. Modified arrangements of this 
The construction of this model is shown, in| apparatus have also been used with satisfactory 
diagram form, in Fig. 1, from which it will | results. 
be seen that the arch rib, securely cemented into| This figure also shows a model of an unbraced 
glass blocks at each end, is carried by a rectangular | arch which, in various modified forms, has been used 














in recent practice. A typical stress-distribution 
diagram is shown in Fig. 3 of the central portion 
of this bridge, in which the stresses along the 
contours are drawn with compression stress plotted 
outwardly from the boundaries and tension stress 
inwardly. Drawings of the indications of a Babinet 
compensator are also given confirming the stresses 
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measured, and also demonstrating the approximate 
linearity of their distribution across various sections. 
It is important to mention, in this connection, that, 
at and near a point in the model where members meet, 
these stress distributions usually cease to be linearly 
variable, and are then indicated by curved bands in 
the compensator, which are difficult to interpret, 
although the ability to determine the stress difference 
at a point remains unimpaired. 








THE INSTITUTION OF ELECTRICAL 
ENGINEERS: SUMMER MEETING. 


THE summer meeting of the Institution of Elec- 
trical Engineers was held this week in Scotland, at 
the invitation of the local Centre, and was attended 
by some 270 members and visitors. Originally 
it was proposed that this meeting should be held 
abroad, in Scandinavia, thus reverting to a success- 
ful pre-war custom. This idea had, however, to 
be abandoned owing to lack of support, and the 
change of dates which followed has led to an 
unfortunate clashing with the summer meeting 
of the Institution of Mechanical Engineers which, 
as the account given on page 808 of this issue shows, 
is also taking place this week at Southampton. 
As was the case with the last meeting held in Scot- 
land, in 1922, part of the time is being spent in 
Glasgow and part in the Western Highlands, while 
a short visit was paid to Edinburgh. The arrange- 
ments are in the hands of the Committee of the 
Scottish Centre, to whose Chairman, Mr. D. M. 
Macleod, and honorary secretary, Mr. J. Taylor, 
praise is due for the excellent organisation of the 
various functions, and for the care taken for the 
comfort of all the participants. 

The meeting opened formally on Tuesday morning. 
with a reception in the University by the Lord 
Provost of Glasgow, and the Principal of the 
University, Sir Donald MacAlister. Owing, as 
Sir Donald explained, to certain technicalities of 
local jurisdiction, he took precedence of the Lord 
Provost, and welcomed the visitors to what he 
termed the cradle of their Institution. They 
would find, he said, that Kelvin’s memory was 
enshrined in many substantial structures and works 
within the University, and that electrical engineering 
had, since his time, become an integral department. 
which, within the last few years, they had endea- 
voured to equip in a way which even he would 
have hardly conceived possible. The Lord Provost, 
who followed, hoped electrical engineers would 
induce the great iron works of the neighbourhood, 
which were polluting the city with smoke, to see 
that electricity was more economical than coal. 
The President, Mr. Archibald Page, briefly thanked 
both the Principal and the Lord Provost for their 





welcome. 
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The party then travelled by motor coach to the 
hydro-electric stations at Stonebyres and Bonning- 
ton on the Clyde, a description of which was begun 
on page 767 of our last issue, and is completed on 
page 791, this week. During the course of this 
visit, they were entertained to luncheon and tea by 
the Clyde Valley Electrical Power Company, Sir 
Frederick Gardiner, the Chairman of the Company, 
presiding over the former function. In the evening. 
a conversazione was held in the Central Hotel. 

On Wednesday, a visit was paid to Edinburgh, 
the party travelling by train. Two concurrent 
visits were arranged, one to the Portobello 
generating station of the Edinburgh Corporation, 
and the other making a tour of Holyrood Palace, 
the Castle, and other places of historical interest. 
A full account of the genesis and initial equipment 
of the Portobello station, which is one of those 
“selected”? under the Central Scottish scheme, 
has already been given in our columns.* Plans 
for this station were prepared by Sir Alexander 
Kennedy as long ago as 1913, when it was proposed 
that two 5,000-kw. sets should be installed, but 
in 1916, work was suspended, and when sanction 
to proceed was again obtained it was decided to 
re-design the station to accommodate three 
10,000-kw. sets with room for a fourth. This 
equipment was formally opened by H.M. the King 
on July 11, 1923. In 1926, the fourth 10,000-kw. 
set, with its complement of boiler plant, was 
added, while a 4,000-kw. set from one of the old 
stations was fitted with a new turbine and 
installed in the space originally intended for a 
second house turbine. In the same year, the 
Electricity Commissioners sanctioned the extension 
of the station to accommodate two 25,000-kw. sets, 
the first of which, with the necessary boiler plant, 
will, it is expected, be completed in October of 
this year. The Central Scottish scheme provides 
for the extension of this station by 30,000 kw. 
in 1937-38. The maximum load in December, 1927, 
was 48,400 kw., and it is estimated that the 
electricity sold during the year ended May 15, 1928, 
was 101,000,000 kw. hours. 

After lunch at the North British Hotel, the 
party was again divided, one portion proceeding 
to Queensferry, the Forth Bridge and the Deer 
-ark of Hopetoun House, returning via Turnhouse 
Aerodrome and the Scottish Zoological Park, 
while the other visited the works of Messrs. Bruce 
Peebles and Company, Limited, at East Pilton. 
These works were originally founded in 1897, as 
the electrical department of a business established 
in 1866 at Leith by Mr. David Bruce Peebles. 
The first part of the present factory was completed 
in 1903, important additions being made in 1918 
and 1925. Most sizes and types of rotating electrical 
machinery and transformers are manufactured, 
including the La Cour motor converter. The works 
consist of a number of shops which are divided 
into bays and surrounded by galleries in the usual 
way. The main electrical shop comprises five 
bays, the centre one of which is devoted to large 
machine tools, heavy winding, and the erection 
and testing of the larger plant, lighter work and 
special processes being dealt with in the side bays 
and annexes, as well as in the galleries. The railway 
enters both ends of the shop, raw material and 
castings being brought in at the south and finished 
machinery being dispatched at the north. During 
its progress through the various stages of manufac- 
ture, the work is handled by light railways, electric 
cranes and hydraulic hoists. There is a fully 
equipped testing department, and power is obtained 
from a private generating station. The largest 
plant, with individual parts weighing up to 30 tons, 
is dealt with in a separate heavy-engineering shop, 
while transformers are also manufactured in a 
special shop. This is provided with coil-winding 
machines, vacuum drying and varnish impregnating 
plant, centrifugal oil purifiers and testing plant. 

The party returned to Glasgow in the evening. 


(To be continued.) 








REGISTRATION OF MoToR VEHICLES IN LITHUANIA. 
\ccording to information received from His Majesty's 
Consul at Kovno, the numbers of private motor cars 
and commercial vehicles in use in Lithuania, except 
Memel, on January 1, 1928, were 662 and 201, respectively. 





* See ENGINEERING, vol. cxii, page 422 (1921). 


THE VEREIN DEUTSCHER 
EISENGIESSEREIEN. 


THE fifty-eighth Annual Conference of the Verein 
Deutscher Eisengiessereien, Giessereiverband was held 
at Danzig from June 15 to June 17, under the presi- 
dency of Dr.-Ing. F. Werner, of Diisseldorf, in which 
town the headquarters of the Association are situated. 

The formal proceedings opened on Friday afternoon, 
June 15, with a lecture on ‘“‘The Danzig Shipping 
Industry,” by Mr. Hemprich, who remarked that the 
first shipyard in that town was founded in 1827 by 
Klawitter for the construction of wooden merchant- 
men up to 40 m. (131 ft.) long. Klawitter also built a 
wooden floating dock for the Prussian Government. 
In due course, iron ships, both for river and sea traffic, 
were also constructed at this yard, and, by 1890, vessels 
up to 3,000 tons burden were being built. In the same 
year, the Elbinger Schiffswert und Maschinenfabrik von 
F. Schichau established a yard at Danzig for building 
both war and merchant ships, while the Danziger Werft, 
established in 1844, was also concerned with the 
development of both paddle and screw vessels. It was 
at this yard that the Emden, as well as several other 
cruisers and submarines, was built. 

A lecture on ‘‘The Present Position and Future 
Prospects of Mechanisation in Agriculture’? was then 
delivered by Professor Dr. Heuser, of Danzig, who 
remarked that increasing mechanisation on the farm was 
bound to take place. Locomobiles and motor ploughs 
were to-day rendering possible the cultivation of waste 
lands, and the movement was being intensified by the 
intense demand for labour which occurred during the 
summer. The capital already invested in agricultural 
machinery and equipment was considerable, and the 
future organisation of the work would be largely condi- 
tioned by the technical apparatus. The distribution of 
machinery in agriculture was naturally uneven. For 
instance, grass land required little machinery, and arable 
land a great deal. The employment of machinery re- 
duced hard physical labour, and, owing to the shortage 
of labour, its use was greatly increasing in Germany. 
The cost of agricultural machinery depended on the 
price, the life, the wear and the operating costs. On 
small ploughs the deterioration was very great, but 
the wear was small, owing to the short time they were 
in use. Economic considerations therefore marked the 
limit of mechanisation. Progress depended on the 
better design and standardisation of both parts and 
types. As 80 per cent. of the German agricultural land 
was in the hands of peasants, there was a large possible 
market for drilling, chaff-cutting, and manure-distri- 
buting machines. 

The third lecture, on Friday afternoon, was delivered 
by Dr-Ing. Geilenkirchen, of Diisseldorf, the manager 
of the Association, who took for his subject “* Present 
and Future Problems in Iron Foundry Work.” He 
began by pointing out that though at the beginning 
of the present century cast-iron was being more and 
more replaced by steel, the recent successful attempts 
to improve the qualities of the former material had 
enabled them to regain a good deal of the ground that 
had been lost. For though cast-iron was not equal in 
quality, it was considerably cheaper than cast-steel. 
Recently, also, light-alloy castings had been used 
for many purposes in place of cast-iron, while in the 
electrical industry this material was being replaced by 
built-up structures of welded sheet steel. Under these 
conditions, therefore, the basic problem of foundry 
technologists must be to effect the melting and casting 
processes in such a way that the best results were 
obtained as efficiently as possible. 

Reviewing the progress made in the production of 
high-grade cast-iron during the last ten years, the 
lecturer said this was in the main due to the microscopic 
study of graphitic iron-carbon alloys, which had enabled 
the conditions under which cast-iron of high mechanical 
properties and absolutely homogenous fine-grained 
structure and great thickness, was produced, to be 
determined. By applying the results of these researches, 
the practical problem of producing this high-grade 
cast-iron had been solved. In all the processes now 
used in Germany for this purpose, it had been found to be 
indispensable tosuperheat the cast-irons, after melting, 
to high temperatures, such as had not previously been 
usual in iron-foundry practice. A related problem in 
the production of high-grade cast-iron was therefore 
the generation of high temperatures in the melting 
furnace. Besides the employment of modern melting 
furnaces, in which these high temperatures could be 
attained without difficulty, the melting process could 
also be conducted in the ordinary cupola furnace, so 
that the necessary superheating of the cast-iron was 
possible with the minimum expenditure of furnace coke. 
This problem could also be said to have been solved at 
the present time, although the details of the ideal cupola 
furnace construction had not yet been scientifically 
determined, and although full agreement as to the most 
suitable lay-out of the subsidiary devices of the cupola 
furnace, especially the equipment for generating and 





distributing the blast, was lacking. 





Another thermal problem in foundry work was the 
most suitable arrangement of the mould drying equip- 
ment. War time conditions had led to a design of 
drying oven, which gave the desired results with a 
small fuel consumption. It was, however, an open 
question at the present time to what extent the drying 
of the moulds need be carried, and on what scientific 
principles it was based. When this problem had been 
solved, it would be possible to apply theresultsinfoundry 
practice. In addition to the production of dry moulds, 
the production of cast-iron in green sand moulds 
was of importance. The success, which had already 
been attained in this direction, had led to a speeding up 
of the work, better utilisation of the mould area and a 
considerable increase in the output. It was necessary, 
however, that a greater number of foundries should 
make use of these advances, and also extend the 
employment of this process, which was at present only 
suitable for thin-walled castings, to thicker castings. 
This advance was largely dependent on the use of a 
suitable moulding sand, and research was necessary to 
discover how far the moulding sands available possessed 
the necessary properties of resistance to heat, strength, 
and permeability to gas, so that, by suitable treatment, 
corresponding mixtures could be obtained of sufficient 
thickness to allow the appropriate castings to be 
produced. Sand ramming was now being conducted 
mechanically on a number of machines. Which of 
these was best suited for a particular purpose had, 
up to now, been largely a matter of opinion, and it was 
necessary to place the method of operation of this 
equipment on a scientific basis, and to make it a matter 
of exact calculation. The problems of moulding machine 
and core machine design required consideration in a 
similar way, though the principles on which the two 
were based were quite different, since core sand had 
different properties from moulding sand. In core- 
making, a considerable increase in output could be 
obtained by the use of wet sand and oil sand. 

The papers on the remaining days were devoted to 
the commercial aspects of the German foundry and 
allied industries, and we regret that our space will not 
permit us to deal with them here. 


THE NORTH-WEST 
NORTH WALES 
SCHEME. 


In accordance with Section 4 of the Electricity 
(Supply) Act of 1926, the Central Electricity Board, on 
June 23, published a scheme for North-West England 
and North Wales,* which they had received from the 
Electricity Commissioners. This is the fourth scheme 
that has been published since the formation of the 
Central Electricity Board, the others covering Central 
Scotland, South-East England and Central England, 
respectively. As usual, the scheme was accompanied 
by a pamphlet of ‘‘ Supplementary Particulars,”’ which 
gives details of the financial and technical data upon 
which the scheme itself is based. 

The area covers 9,082 square miles, and its extent is 
shown in the map on page 812, which also indicates 
the positions of the “selected” and ‘temporary 
arrangement ”’ generating stations and of the 132,000- 
volt and lower voltage transforming stations, as well 
as the run of the main and secondary transmission 
lines. The population of the area, at the last census, 
was 6,980,925, and it embraces important industrial 
district in which the textile, coal-mining, quarrying, 
engineering, shipbuilding and chemical trades are well 
represented. By way of contrast, there are wide tracts 
of agricultural territory and moorlands. In preparing 
the scheme, the Commissioners state that they have been 
confronted with a number of engineering and economic 
considerations of a special character, arising from the 
extensive electrical development which already exists 
in industrial Lancashire and from the numerous 
contracts for bulk supply, the activities of the North 
Wales Power Company, and the need for supplying 
cheap electricity to the textile industry. 

The scheme itself specifies the stations which are 
‘selected’? and the main and secondary transmission 
lines which are to be erected by the Central Electricty 
Board. It provides for the standardisation of frequency 
to the extent necessary to carry out the scheme, and 
imposes on the owners of certain stations the obligation 
to work in accordance with the instructions of the 
Board as a temporary measure. It also authorises 
the Board to make arrangements for any additional 
transmission lines which may be essential for the 
scheme. Theschemeisaccompanied by five appendices. 
The first of these describes the area. The second details 
the existing ‘‘selected”’ stations and the extensions 


ENGLAND AND 
ELECTRICITY 





* North-West England and North Wales Electricity 
Scheme, 1928. [Price ls. 6d. net]; Supplementary 
Particulars. | Price 3s. 6d. net). London: H.M. Stationery 
Office. 

+ See ENGINEERING, vol. cxxili, pages 584, 636 (1927): 
vol. cxxiv, page 464 (1927); and page 454 ante, 
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and alterations proposed to them between now and 
1940-41, and schedules the erection of two new stations 
at Carrington, near Manchester, and at Clarence Dock, 
Liverpool, respectively. The third gives the proposed 
routes of the principal and secondary main trans- 
mission lines and the positions of the sub-stations. The 
fourth deals with frequency standardisation, and the 
fifth gives a list of the stations with the owners of 
which temporary arrangements are to be made. These 
include the “ selected ”’ stations scheduled in the second 
appendix. 
tm According to the Supplementary Particulars, the 
maximum load in the area in 1926-27 was 582,158 kw., 
and is estimated to reach 1,207,573 kw. at the end of 
1934-35 and 1,837,000 kw. by 1940-41. During the 
same year, the electricity sold amounted to 1,291-76 
million kw.-h., or 185 kw.-h. per head of population. 
It is estimated that the sales will reach 2,996-8 million 
kw.-h. in 1934-35 and 4,790 million kw.-h. in 1940-41, 
these figures representing 429 kw.-h. and 686 kw.-h. 
per head of population, respectively. In each case, the 
figures for consumption per head of population are 
based on the 1921 census. The figures for growth do 
not include any increase that might occur owing to the 
transfer of the present or future railway load to the 
system of the Central Electricity Board. 
we At the present time, there are 70 public generating 
stations in the area, and in determining which should 
be selected, the Commissioners, infer alia, considered the 
most economic method of relating the output from the 
hydro-electric stations of the North Wales Power Com- 
pany to that of the much larger output from the coal- 
tired stations. Twenty-seven existing and two new 
stations have been selected as follows :—Agecroft 
(Salford Corporation), Barton and Carrington (Man- 
chester Corporation), Chadderton (Oldham Corporation), 
Clarence Dock (Liverpool Corporation), Hartshead 
(Stalybridge Joint Board), Kearsley and Padiham 
(Lancashire Electric Power Company), Ribble (Preston 
Corporation), and Willowsholme (Carlisle Corporation). 
‘These will form the ‘* base-load”’ stations. In addi- 
tion, the following have been selected to work as two- 
shift or one-shift stations:—Accrington (Accrington 
Corporation), Ashton-under-Lyne (Ashton-under-Lyne 
Corporation), Atherton (South Lancashire Tramways 
Company), Bolton (Bolton Corporation), Bury (Bury 
Corporation), Lancaster (Lancaster Corporation), Lister 
Drive (Liverpool Corporation), Nelson (Nelson Corpora- 
tion), Percival Lane (Mersey Power Company), Radcliffe 
(Lancashire Electric Power Company), Rawtenstall 
(Rawtenstall Corporation), St. Helens (St. Helens Cor- 
poration), Southport (Southport Corporation), Stock- 
port (Stockport Corporation), Stuart Street (Manchester 
Corporation), Trafford (Stratford U.D.C.), Wallasey 
(Wallasey Corporation), Warrington (Warrington Cor- 
poration), and Wigan (Wigan Corporation). The 
scheme also provides for the working of six other 
stations under temporary arrangements. These are the 
Whitebirk station of the Blackburn Corporation (which 
may become a selected station if an agreement can be 
reached as to the proportion of the capital charges to 
be borne by the Board), and the stations at Barrow-in- 





Furness, Burnley, Greenhill (Oldham Corporation), and 
Tanner Valley (Stalybridge Joint Board). The output 
from the two hydro-electric stations of the North Wales 
Power Company will be combined with the remainder 
of the output in the way most conducive to general 
economy of supply. It has been assumed that ** owing 
to the special conditions attaching to these hydro- 
electric stations, it will be necessary for the Board to 
come to an arrangement with the owners of the stations 
as regards the terms and conditions under which they 
are to be operated.’ It may also be possible to effect 
suitable arrangements for the utilisation of the waste 
heat in the area. 

The plant at present installed in the 33 existing 
selected”? and ‘*temporary-arrangement”’ stations in 
the area, and in the two hydro-electric stations of the 
North Wales Power Company, has a capacity of 
1,227,974 kw., and no extensions are contemplated to 
it before 1930-31, when one 40,000-kw. set will be in- 
stalled at Barton (Manchester), and one 6,000-kw. set at 
Maentwrog (North Wales Power Company). In 1931-32, 
a 15,000-kw. set will be erected at Carlisle.* The next 
extensions will be in 1934-35, when a 50,000-kw. set will 
be added to Percival Lane (Mersey Power Company), 
and to Ribble (Preston Corporation). In 1935-36, a 
50,000-set will be installed at Agecroft (Salford Corpora- 
tion), and in 1936-37 a set of the same output at 
Kearsley (Lancashire ‘Electric Power Company). In 


1937-38, 50,000 kw. will be added to Hartshead | two 50,000-kw. sets will be added, making a total 


(Stalybridge Joint Board), and a 25,000-kw. set to 
Willowsholme (Carlisle Corporation). In 1938-39, a 
50,000-kw. set will be installed at Chadderton (Oldham 
Corporation), at Ribble (Preston Corporation), and at 
Kearsley (Lancashire Electric Power Company), while 
in 1940-41, a 50,000-kw. set will be erected at Percival 
Lane (Mersey Power Company). In 1934-35, the station 


* This set may be installed earlier in anticipation of 
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of the Manchester Corporation at Carrington will be 
started, with a capacity of 50,000 kw., and will receive 
further additions of 50,000 kw. in 1936-37 and in 
1939-40, making 150,000 kw. in all. The new station 
of the Liverpool Corporation at Clarence Dock will have 
an initial capacity of 50,000 kw. in 1930-31, and further 
sets of similar output will be installed in 1933-34, in 
1935-36, in 1937-38, and in 1939-40. In 1940-41, 
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primary line shall not be less than 50,000 kw. at 132,000 


volts, and that ring mains are to be anessential feature. 
The system comprises about 384 circuit miles of line, 
and its erection will result in the release for revenue- 
earning purposes of about 127,000 kw. of spare plant, 
representing about 2,159,000/. of capital. There are 
to be twenty-four 132,000 volt transforming stations. 
varying in capacity from 180,000 kv.-a. at Barton to 
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capacity in this station of 350,000 kw. Between now 
and 1940-41, it is proposed that, in all, 322,849 kw. of 
plant shall be withdrawn, so that the total capacity in 
the area at the end of the period will be 1,991,125 kw. 
The estimated cost of the two new stations and the 
extensions to existing stations is 4,297,6201. 

The transmission system which it is contemplated 
to erect is clearly indicated on the accompanying 
map, and need not be further described, except to say 








the requirements of the scheme. 








that it is proposed that the carrying capacity of each 





10,000 kv.-a. at Nelson, Penrith and Rawtenstall, and 
containing in all 1,320,000 kv.-a. of plant. In addition, 
there will be 29 lower voltage transforming stations, 
varying in capacity from 60,000 kv.-a. at Trafford 
to 1,000 kv.-a. at Glossop, Keswick, Ormskirk and 
Penrith, and having a total capacity of 359,000 kv.-a. 
The cost of the transmission system and sub-stations. 
up to 1934-35, is estimated at 4,834,718/., and it is 
hoped that the full advantages of the scheme can be 
secured with a saving of about 2,144,762/. on capital 
expenditure up to that year, as compared with the 
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capital expenditure that would be necessary if the 
present system were continued. 

The only undertaking in the area in which standard- 
isation of frequency is essential is that of the Staly- 
bridge, Hyde, Moseley and Dukinfield Tramways and 
Klectricity Board, which now operates at 40 cycles. 
It is estimated that this will cost 452,000. gross, or 
399,500/. net, after allowance for the repayment of 
ante-dated capital expenditure. On the basis of 
interest at 5 per cent., and a 40-year sinking fund 
computed at 3} per cent., the annual capital charges 
will be about 25,000/., which will be borne by all the 
authorised undertakers in the country. 

Dealing with the financial aspects of the scheme, 
it is estimated that, by the end of 1934-35, the total 
capital expenditure will have been 9,531,8381., of which 
399,500/. is for frequency standardisation, 4,834,718/. 
for transmission lines and transforming stations, and 
4,297,6201. for generating stations and plant. On the 
basis of individual development, it is estimated that 
about 9,118,000. would have to be spent on generating 
plant before that year, and that 127,000 kw. of plant, 
worth about 2,159,0001., will have been released for 
revenue-earning purposes. On the balance, then, 
omitting the cost of frequency standardisation, the 
proposed system of interconnection can be effected 
for 4,834,7181., as compared with 6,979,480/. under 
the present individual arrangements. The expenses of 
the Central Board are averaged at 0-033d. per kilowatt- 
hour sold, and are to be capitalised until the end of 
1933-34. After that, a sum varying from 415,6231. 
to 432,798/. per annum is set down for capital charges. 
The expenditure increases from 791,213/. in 1929-30 
to 4,938,454/., during which time it is estimated that 
the electricity sold will increase from 1,699-23 to 
5,390 million kilowatt-hours. 

Another series of tables shows the estimated expendi- 
ture and revenue of the Board, and indicates a pro- 
gressive reduction in the annual costs of generation 
from 0-368ld. in 1930-31 to 0-3243d. in 1934-35, 
while there is a similar reduction in the charge per 
kilowatt-hour sold to authorised undertakers from 
(-4241d. te 9-3773d. in 1934-35. 








LonDON UNDERGROUND RAILWAY AND OMNIBUS 
CGuIDE.—We have received a copy of a useful little book 
entitled Zhe T'ube-Bus Guide to London. Compiled by 
Dr. J. C. Willis, F.R.S., the Guide gives details regarding 
the location of almost every place of general interest 
in London, and indicates the best way of reaching each 
of 42 much-frequented places from any of the other 
41. The value of the book is enhanced by a series of 
neat and clearly-printed maps. It contains 170 pages, 
and, measuring 24 in. by 3$in. by } in., is, in the true 
sense of the term, a pocket book. The publishers are 
Messrs. W. Heffer and Sons, Limited, 4, Petty Cury, 
Cambridge, and the price is 6d. net. 





BritisH Coat Exports.—-The Trade and Navigation 
returns issued on Junel3, by. the Board of Trade, confirm 
the views generally held as to the real seat of the trouble 
in the British coal industry. Those European countries 
that, until recently, imported large quantities of coal from 
these islands, have discovered that it can be obtained 
more cheaply from other countries on the Continent, or 
trom their own mines, and the problem of regaining these 
lost markets for this country is one of very great diffi- 
culty. For the first five months of this year, British 
exports fell by nearly 1,800,000 tons, as compared with 
1927, although the figure for each month this year 
shows an increase over its predecessor. Exports to the 
three principal Scandinavian countries have decreased 
by 951,000 tons, owing principally to competition from 
Poland. Italy, owing to reparation coal from Germany, 
has taken 400,000 tons less. France, Belgium and the 
Netherlands, between them, have taken 532,000 tons less, 
and Spain 356,000 tons less, in spite of all the protesta- 
tion about no restrictions. The only country to record 
arise of imports is Germany, with an increase of 516,000 
tons. 


CuatR OF HIGHWAY ENGINEERING, LONDON UNIVER- 
siry.—The secretary of the Institution of Municipal and 
County Engineers informs us that arrangements have 
heen made to establish, for a minimum period of five 
years, a Chair of Highway Engineering at the City and 
Guilds (Engineering) College, the engineering section of 
the Imperial College of Science and Technology, London. 
‘The professor will be appointed as soon as possible, and 
work will commence with the new session in October. 
it has been estimated that the interest on a sum of 
30,0001. will suffice for establishing the Chair in per- 
petuity, and part of this sum has already been raised. 
‘There remains, however, a sum of about 15,000/. still to 
be found. As the benefit of the better education of the 
highway engineers of the future will accrue to the high- 
way authorities, the Council of the Institution hopes 
that every one of these will forward a contribution from 
its funds. The Council states that if each Local Govern- 
ment authority will send ll. for each 10,0001. of its 
rateable value, as many have already done, the permanent 
establishment of the chair will be assured. The Institu- 
‘ion itself is subscribing 1,000/. from its own funds. 
Further information regarding the project may be 
obtained from the Secretary of the Institution, 92, 
Victoria-street, London, 8.W.1. 





ENGINEERING. 
NOTES ON NEW BOOKS. 

The name of Maurice d’Ocagne is known to engineers 
the world over as the inventor of alignment charts. 
M. d’Ocagne has, moreover, for years past been 
recognised as a leading authority on graphic and 
mechanical methods of calculation. <A third edition 
of his authoritative treatise on Le Calcul Simplifié 
has just been published by Messrs. Gauthier-Villars 
et Cie., Paris, the price of issue being 20 francs. The 
volume has been thoroughly revised and much new 
matter incorporated. The introductory chapter is 
largely historical, and we note in it a description of 
a most ingenious modification of Napier’s bones, 
which was invented by M. Genaille in 1903. With 
the ordinary Napier type certain additions have 
commonly to be made before each individual product 
can be read off. This necessarily is entirely eliminated 
in the Genaille type, and lacking the introduction 
of the modern arithmometer, these improved bones 
might well have found important practical appli- 
cations. Successive chapters of the treatise deal 
with arithmometers, integrators and _ integraphs, 
and with various developments of nomography. 
The many types of slide rule are also fully described. 
Quite a number of machines have been devised for 
the solution of algebraic equations, but owing to 
their limited range have been interesting rather 
than useful. The author gives an account of the 
ingenious Torres machines of which the first made 
gave the real roots of certain equations of the sixth 
degree, and references are made in the text to machines 
due to many other inventors. An appendix to the 
volume gives a detailed description of the Tchebichef 
‘continuous motion” arithmometer in which an 
ingenious application is made of differential gearing. 
In another appendix M. d’Ocagne discusses the 
theory of the Scheutz difference engine, and the 
volume concludes with a historical note on logarithms. 
Throughout the volume the text is clearly written, 
and is supplemented by many engravings. The 
work will be found fascinating by all interested in 
graphic and mechanical methods of calculation, 
and will be almost indispensible to anyone who may 
be tempted to enter himself into this field for 
invention. 





The 1928 edition of that well-known guide to the 
export and import, shipping and manufacturing 
industries, namely, Kelly's Directory of Merchants, 
Manufacturers and Shippers of the World, has just been 
published, by Messrs. Kelly’s Directories, Limited, 
186, Strand, London, W.C.2. The work is now in its 
forty-second edition, and its contents are well-known 
to the commercial world. Nevertheless the fact should 
be emphasised that, in addition to comprising more than 
one and a-half million names, and dealing with over 
20,000 places, the directory constitutes a gazetteer, 
and contains a wealth of facts and figures of the greatest 
value to the business man, no matter in what class of 
merchandise he may be interested. The book is arranged 
in two volumes; as the title implies it covers the 
whole world and is very efficiently indexed in four 
languages, English, French, German and Spanish. 
Volume I deals with foreign countries and their posses- 
sions, while Volume II concerns Great Britain, India, 
and the British Dominions, Colonies, Protectorates 
and Dependencies. The portion in Volume II, which 
is devoted to Great Britain, has been subdivided into 
three sections headed, respectively, England, Scotland 
and Wales; Londen; and Ireland. Each of these 
three subsections has again been divided into five 
divisions, namely, alphabetical, classified trades, 
telegraphic addresses, exporters, and importers. The 
practical use of the Directory is rendered easy by a 
concise series of instructions given at the commence- 
ment of the book in the four languages mentioned above. 
A practical illustration of the correct way of consulting 
the directory is also included. Needless to say, the 
information contained in the volumes has been care- 
fully corrected and amended wherever necessary. 
Bound in the usual red-cloth covers, the Directory 
is priced at 64s. post free, for the two volumes. 


Since we noticed, on page 31 of our issue of July 1, 
1927, the first volume of the Lectures on Theoretical 
Physics delivered at the University of Leiden, by Professor 
H. A. Lorentz, in their English translation by Dr. L. 
Silberstein and Mr. A. P. H. Trivelli, the great physicist 
has passed away, as we announced on page 175 of our 
issue of February 10. The second volume of this 
translation (London: Macmillan and Company. 
Price 21s. net) contains four courses of lectures. The 
first on Thermodynamics, was edited in Dutch by 
Mrs. T. C. Clay-Jolles, in 1921; the second, on Entropy 
and Probability, by Dr. C. A. Crommelin, in 1923; 
the third, on the Theory of Radiation, by Dr. A. D. 
Fokker, in 1926. The fourth, on the Theory of Quanta, 
edited in 1919 by Mrs. G. L. de Haas-Lorentz, Ph.D., 
has less of the self-contained character of the 
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other lectures, in as much as it is supplemented 
by sections on the chemical constant, dissociation, 
Nernst’s determinarion of gas equilibria, the law of 
Guldberg and Waage, spinning molecules and rotation 
spectra and remarks upon the mechanism of the 
absorption in the infra-red. These sections are, how- 
ever, brief and the lectures are largely mathematical. 
The preface states that the translations are literal; the 
very few and short additions made by the transalators 
are marked by brackets. We may presume, however, 
that the simple similia, by which Professor Lorentz so 
happily used to elucidate his expositions, have not been 
reproduced in print, which would generally be difficult. 
We notice in this fourth lecture Lorentz’s own 
suggestion that the absence of radiation from the 
revolving Bohr electron might be accounted for by 
supposing that the electron was a ring-shaped charge, 
distributed over the whole orbit, or that a large number 
of electrons formed a closed electron ring. Lorentz, 
however, found that these assumptions would not 
explain the fine-line structure of spectra, which was 
cleared up by Sommerfeld on the principle of rela- 
tivity; nor would it explain the wobbling of the 
nucleus, and above all would not explain the absence 
of radiation. We should mention that the difficulty 
of explaining interference on the quantum theory 
is not discussed in this lecture, nor in that on radiation ; 
this latter lecture consists of five sections on the 
laws of Kirchhoff, Boltzmann, and Wien, and on the 
formulae of Jeans and of Planck. 





The fifth edition of the Motorship Manual (formerly 
The Motorship Year-Book), edited by A. C. Hardy, 
B.Se., and published by the Motorship, 220, West 
42nd-street, New York., epitomises the progress of the 
marine type of internal-combustion engine and craft 
in the year 1926-7. An illustrated chapter is devoted 
to ‘‘ Typical Motorships for 1926-7,” and supplies 
brief particulars and illustrations of various types of 
motor vessel within that period. They range from the 
Royal Mail passenger liner Asturias (22,500 tons 
gross, and 20,000 h.p.) to a new type of motor and 
bevel-gear driven stern-wheel ferry boat. Particulars, 
also are given of the first Diesel-electric ferry boats, 
one of which has a length of 256 ft., and of the long- 
distance Diesel-engined 13-144 knot cargo vessels ; 
Malayan Prince and sister ships of the Prince Line, 
and the Silverash of the Kerr Line. A chapter of 
nearly forty pages deals with various forms of Diesel 
and oil engines, including surface-ignition types for 
marine craft, and gives particulars of indirect drives by 
gear and electric transmission. The layout of motor- 
ships is discussed in a series of short succeeding chap- 
ters, the matter covering equipment and repairs, care 
and filtration of fuel and lubricating oils, and other 
technical details. A further dozen pages are occupied 
with the classified details of Diesels revised and issued 
by the American Bureau of Shipping. This is followed 
by an “ Alphabetical Register of Motor Vessels of the 
World,” and the ‘ Motorship Marine Register.’ 
These two sections account for about 25 per cent. of 
the text, and contain a list of the world’s yearly output 
of motor vessels of above 300 h.p. since, and includ- 
ing, 1904, under the following heads :—Ship’s name ; 
owners; builders; dimensions of hull; tonnage 
gross, and deadweight; type of engine and maker, 
with number of cylinders and bore and stroke ; number 
of engines installed per vessel; and total horse-power 
per vessel. The output in 1926 included the novel 
rotorship Barbara of 2,800 tons d.w., with twin sets of 
M.A.N. six-cylinder Diesels of 1,060 h.p.; seven ferry 
boats, one of them with a Diesel-electric drive; five 
Diesel-electric tugs and three large simple Diesel tugs ; 
two tugs converted from steam power, four tankers, 
one oil barge, and four submarines. Motor yachts figure 
increasingly in these returns, and their tonnage, power 
and cruising capacity have greatly increased. British 
ownership is increasingly prominent in the yearly 
output of mercantile vessels, several of which are 12,000 
to 15,000 tons d.w., with engines of 6,000-8,000 h.p. 


BriTIsH STANDARD SPECIFICATION FOR Fire Hose 
Couptincs.—-A standard specification No. 336-1928, 
has been issued by the British Engineering Standards 
Association for fire hose couplings. ‘The necessary 
dimensional particulars for three types of couplings 
are given, namely, the round thread, the V-thread, 
and the Morris instantaneous type. The sizes of the 
two former are 2}-in., 2}-in. and 2}-in., and for the latter 
2h-in. and 2}-in. diameter, with interchangeability. 
The committee responsible for the work feel that, 
while it has not been found possible to reduce the 
types and sizes of the couplings to a smaller limit, 
a satisfactory agreement has been arrived at between 
the makers and the users of fire hose couplings. The 
specification should be of service to the many fire 
brigades and insurance companies all over the country, 
not only in checking the existing equipment, but when 
new fire protection appliances are being specified. 
Copies of this specification may be obtained from the 
Publications Department, B.E.S.A., 28, Victoria-street, 
London, S.W.1, price 2s. 2d., post free. 
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LABOUR NOTES. 


As was anticipated, the General Council of the Trades | issue of The Industrial Review, an organ of the Trades 


Union Congress, at its meeting in London on Tuesday, 
rejected the proposal to discontinue the industrial 
peace talks with Lord Melchett and the prominent 
employers associated with him. Six members voted 
for ending the negotiations, and fifteen for continuing 
them. The resolution which was defeated was in the 
following terms :—‘* That this meeting decides that 
the conversations with what is known as the Mond 
group, having in our opinion reached the limit of their 
usefulness, be forthwith discontinued, and that the 
Mond group be so informed. At the same time, we 
declare our willingness to engage in discussions with 
representative employers of Great Britain upon 
questions affecting industry as a whole between em- 
ployers and employees.” 





The meeting also received and adopted, by 18 votes 
to 4, a report of the Industrial Committee, containing 
an account, to date, of the Mond-Turner conferences. 
Amongst the items in the report were provisions for 
the setting up of a National Industrial Council which, 
it was suggested, should be fully representative of the 
employers of the country nominated by the National 
Confederation of Employers’ Organisations and the 
Federation. of British Industries. The trades union 
representation would consist of the full membership 
of the General Council. The functions of the national 
joint body would include the establishment of concilia- 
tion boards, and the investigation of such trade disputes 
as might be referred to it by the parties engaging in a 
dispute, before the dispute actually arrived at the point 
of alock-out or astrike. The machinery, it was pointed 
out, was intended to be entirely voluntary. 


The conference between the Allied Association of 
Bleachers, Dyers, Printers and Finishers, and repre- 
sentatives of the five unions that agreed to negotiate, 
ended in the drafting of settlement terms. These were 
subsequently ratitied by both sides. The main points 
of the agreement are : 

(1) Establishment of collective piecework in the 
industry to provide for an increase of 25 per cent. 
on present base wages. (2) Setting up of a joint 
committee of employers and employees to deal 
with any dispute which arises in the installation of 
piecework. (3) Until piecework schemes are set up, 
advances to adult male time workers, for week of 
48 hours, as follows :—(a) Where cost of living wages 
are paid on the flat-rate system: 3s. where rates are 
less than 31s. ; 2s. 6d. from 31s. to 33s. ; 2s. over 33s. 
but not more than 34s. (b) Where cost of living 
wages are paid on a percentage on basis rates: 3s. on 
rates less than 3ls.; 2s. 6d. from 31s. to 32s. 6d. 
(ce) Advance of ls. per week of 48 hours to female 
time workers, aged 18 years and upwards. (4) The 
existing scale for male and female juvenile workers 
is cancelled, and those up to 174 years suffer a reduc- 
tion of from ls. 6d. to 2s. 6d. per week. For piece- 
work juveniles up to 174 years, the cost of living will 
be reckoned on the new base instead of on total earn- 
ings. There is no alteration in wages of juveniles from 
174 to 21 years. (5) The adjustment in wages to 
take effect on the first pay day in July. (6) These 
arrangements, unless varied by mutual consent, to 
remain in force for one year, and until determined 
any time thereafter by three months’ notice in writing. 


The Executive Committee of the National Union of 
Textile Workers—whose members are on strike— 
considered the matter at a meeting in Bradford, on 
Monday, in the light of the foregoing settlement. 
A long official statement was issued at the close of the 
meeting, in the course of which the Executive said :— 
‘** We are prepared to meet either the individual firms 
or the employers’ associations with a view to discussing 
terms to arrive at a settlement of the dispute.” The 
statement is to be submitted to mass meetings of the 
members for the purpose of securing their opinion 
on the following questions :—(1) Are you prepared 
to remain out on strike i: the employers refuse to 
negotiate with your Executive Committee ? (2) Are 
you prepared to accept the final conclusion of your 
Executive Committee, and abide by its decision with- 
out taking a ballot: vote of the members % 


The Riga correspodnent of 7'he Times states that 
the Soviet Labour Commissariat in Moscow has passed 
a resolution for an increase of the total amount for 
‘all forms of unemployed relief’ by 127,000,000 
roubles for the present Budget year. The number 
of unemployed receiving relief will be increased by 
half-a-million, who will receive 
roubles a week. The latest official report states that 


on an average five | scale have made valuable contribution to the improve- 
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Mr. Citrine makes a good point against the Minority 
Movement in the course of some comments in the June 


Union Congress General Council. He says that in 
Russia, it is quite certain no such latitude would be 
given to dissident members of the trade unions as has 
been given to the Minority Movement’s adherents here. 
Any trade unionist in Russia who ventured to exercise 
the same freedom in criticising and opposing the rule 
of the majority that the adherents of the Minority 
Movement have exercised in British trade unions would 
have short shrift. Exile and imprisonment are the 
penalties of disobedience, indiscipline and disloyalty to 
the ruling authority in Soviet Russia. Swift action 
was taken against Trotsky and his associates when they 
tried to organise a minority movement, and there is no 
good reason, in Mr. Citrine’s opinion, on grounds of 
logic or equity why the admiring representatives of 
Russian Communism in this country should be allowed 
to organise minority movements here. 


The International Federation of Trade Unions 
recently circulated a questionnaire amongst its affiliated 
centres with the object of ascertaining how far the trade 
unions in the various countries were able to influence 
legislation directly affecting conditions of labour. 
Eight countries—Belgium, Czechoslovakia, Germany, 
France, Holland, Spain, Sweden, and Switzerland— 
were able to state that they had special institutions, 
on which the Trade Union Movement is represented, 
for drafting social legislation. Canada, Denmark, 
Great Britain, Hungary, and Latvia reported that they 
had no special institutions, but the advice of the 
unions was often, though not invariably, asked in 
Great Britain, Hungary and Latvia. 





The most thorough-going of the special institutions 
indicated is the National Economic Council of Germany. 
This body consists of 126 representatives of the employ- 
ers, 126 representatives of the workers, and 74 repre- 
sentatives of the professions, the Civil Service, the 
consumers, co-operative societies, &c. All but twelve 
of the members are appointed by the Minister of Econo- 
mics, and these twelve represent the Government. The 
trade unions nominate for the workers’ side, and any 
committee formed by the Council must give proportion- 
ate representation to the workers. The National 
Economic Council drafts and gives its opinions on all 
labour measures, operating through committees, and the 
questions with which it deals include housing, settle- 
ments, agriculture, and food supplies. Apart from 
the influence exerted through this organisation, the 
German National Trade Union Centre and the great 
trade unions exert a considerable amount of pressure 
on the Government, when bills are being prepared, 
which will affect the workers either socially or economi- 
cally ; as a rule the Government takes the initiative in 
inviting the unions to give an opinion on such measures 
before they go to the Economie Council. 


Very similar functions belong in Austria to the 
Chambers of Manual and Non-Manual Workers, which 
in this case, however, consist solely of members elected 
by the workers. These chambers are constituted by 
law on an equal footing with the employers’ organisa- 
tions, the Chambers of Trade and Industry, and take 
cognisance of practically all matters relating to industry. 
All labour measures must be submitted to the chambers 
before passing into law, and the authorities are also 
obliged to assist the chambers in their work. On their 
part, the chambers are called upon to render any 
assistance required to the autonomous authorities. 


The Machinists’ Monthly Journal, the ofticial organ 
of the American International Association of Machinists, 
deals in its issue for the current month with the question 
of the five-day week. While, it says, organised labour 
is convinced that there are a number of things which 
could be done to lessen the number of unemployed, the 
five-day week seems to it to offer the quickest means of 
relief. ‘‘ Firm in the belief,” it proceeds, ‘‘ that 
example is better than precept, a number of large 
international labour organisations, including the 
I.A. of M., will in June begin to practise what they 
preach by granting their employees the five-day week. 
If others will do likewise the number of unemployed 
will be diminished, and a crisis which is fast approaching 
will be averted.” 


On the proposition of Mr. Champ, Canadian Em- 
ployers’ representative, the following resolution was 
passed by the International Labour Conference at 
Geneva :—** Whereas enquiries undertaken in certain 
countries in particular industries and on the national 


ment of production and of working conditions, thereby 
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alike ; and whereas increased production is prevented 
by such causes as accidents; inadequate attention 
to ill-health and physical defects; irregularity and 
instability of employment ; mutual fears and sus- 
picions ; and barren conflicts which might be avoided 
by better understanding between employers and em. 
ployed ; and whereas such causes, by affecting pro- 
duction, finally reduce the volume of wages which 
employed and the community might otherwise enjoy ; 
therefore be it resolved that, in the common interest 
of employers and employed, this conference requests 
the governing body to consider the advisability of 
instructing the International Labour Office to collect 
reliable and detailed data regarding methods adopted 
to decrease or eliminate the various causes of decreased 
production herein enumerated, referring, however, to 
other organisations of the League of Nations or to the 
International Institute of Scientific Management such 
portions of the subject as may be considered to come 
under their competence.” 


Another resolution, for which Mr. Champ was likewise 
responsible, was also adopted by the Conference, viz: 
“Whereas it is contended that a policy of active 
collaboration between employers and employed, such 
as exists in certain countries, has resulted both in an 
improvement in the level of real wages and working 
conditions, and also in greater and more economical 
production ; and whereas the economies resulting from 
such collaboration can also be made available for the 
benefit alike of the employers, employed and the 
community as a whole ;_ therefore be it resolved that 
this conference requests the governing body to consider 
the advisability of instructing the International Labour 
Office to follow with due attention the progress of the 
spirit of collaboration between employers and em- 
ployed, and to report on the subject from time to 
time. eos 

Particulars of three proposals for the alleviation of 

unemployment in the United States are given in the 
weekly official organ of the International Labour Office. 
On March 19, Mr. Bacon presented to the Committee 
on Labour of the House of Representatives, a Bill 
designed to stabilise labour conditions by providing 
for preference to be given to local workers and especially 
mechanics in the execution of Federal construction 
projects. He affirmed that the present practice, 
according to which contractors move their men from 
one State into another, upsets the conditions of the 
labour market and deprives the local skilled workers 
of employment. On the same day, another Bill was 
submitted by Mr. Berger, providing for the institution 
of compulsory unemployment insurance. The scheme, 
based on contributions from wage-earners, employers 
and the Government, would be administered by the 
Employment Service, and would provide a_ benefit 
equal to 50 per cent. of workers’ average earnings. 
Senator La Follette introduced, on May 2, a resolu- 
tion providing for an enquiry by a committee of the 
Senate, which it was proposed, should investigate and 
report to the Senate on the possibility of continuous 
collection and interpretation of adequate statistics of 
employment ; organisation and extension of systems of 
public employment agencies, Federal, State or private ; 
establishment of systems of unemployment insurance or 
other unemployment reserve funds, Federal, State or 
private; the planning of public works with regard to 
stabilisation of employment and the manner of co- 
operation between the Federal and State authorities 
and private agencies. 
“ Tt is of interest to note ” (says Industrial and Labour 
Information) *‘ a certain evolution in the attitude of the 
American Federation of Labour to the problem of 
unemployment. Its late President, Samuel Gompers, 
was definitely opposed to the institution of an unem- 
ployment insurance system. According to him, 
unemployment was the result of a maladjustment in 
industry which could be completely eliminated by a 
better organisation of production. To accept an 
insurance scheme would mean to recognise that un- 
employment was inevitable. The American Federa 
tion of Labour still maintains that the object to be 
aimed at is the stabilisation of employment to be 
achieved through a more rational organisation of 
industry, but it now considers it desirable to mitigate 
the evils of unemployment by insuring against it until 
such time as it will be possible to realise stabilisation. 


INSTITUTION OF CIVIL ENGINEERS’ CONFERENCE : 
AppENDUM.—In our report of the discussion on Electric 
Traction at the recent Conference of the Institution ot 
Civil Engineers, page 700 ante, a contribution by Mr. 
H. N. Gresley, C.B.E., was unfortunately abbreviated 
in such a way as to obscure the spéaker’s point. M: 
Gresley stated that he believed that the overhead systen 
was preferable for high voltages such as 1,500, but for 
low voltages of 650, he considered that the third rai 








the registered unemployed total about 2,000,000. 





enhancing the prosperity of employers and employed 


was eminently suitable. 
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THE TRAFFORD PARK WORKS OF 
MESSRS. METROPOLITAN-VICKERS 

ELECTRICAL COMPANY, LIMITED. 

(Concluded from page 766.) 

In making a digression in order to describe the 
transformer department in our last article the 
account of the main machine shop was left incom- 
plete. A considerable number of different depart- 
ments are housed in its three galleries, which are 
known as Aisles G, H, and K. The former is the 
most easterly one and is occupied, for the most 
part, by the insulation and winding departments 
described on pages 403 to 407 ante, but small 
generating sets for train lighting, together with 
relays and other apparatus for electric railway 
signalling and point operating, are assembled at 
its north end. The extent and nature of the work 
done in this section is well shown in Fig. 146, on Plate 
LXXX. The next aisle, H, has also already been 
partially described on pages 277 to 280 ante, in 
referring to the main toolroom and gaugeroom. In 
addition, it contains a large section set apart for 
automatic lathes, and others devoted to the manu- 
facture of commutators, of medium and small sizes, 
with brush gear, contactor control gear, outdoor 
type air-break switchgear, and traction control gear. 
A control board of the contactor type is seen in 
Fig. 150, on Plate LXX XI, the particular example 
shown being for an electrically-driven rolling mill 
equipment for a steel works. 

The air-break gear department manufactures 
isolating switches for voltages up to 220,000 volts, 


and a comprehensive range of switches, fuses, | 


choke coils, lightning arresters, &c., for the equip- 
ment of distribution lines in rural districts. An 


example of the work done is shown in Fig. 155, | 
on Plate LXXXI, which shows a motor-operated | 


50,000-volt isolating switch. Another view taken 
in this aisle, Fig. 147, on Plate LX XX, shows ex- 
amples of traction control gear. At the extreme 
right and left are master controllers for the 
2,600-h.p. Great Indian Peninsula Railway freight 
locomotives, and for locomotives for other coun- 
tries. This section is allied with the signalling 
section mentioned above. There are also some 
important sections for the machining, assembly, 
and test of small motors. These include general 
utility motors for such apparatus as churns, 
washing machines, sewing machines, oil separators, 
&c., and special motors for loom driving. The 
various sections overflow into the transverse 
galleries at the ends of the shop, and tool and 
material stores for each section are provided. 

The western gallery, aisle K, is that primarily 
set apart for the manufacture of industrial control 
gear and switchgear. The work done in this depart- 
ment, having outgrown its accommodation, the large 
switchgear assembly, will shortly be transferred to 
a new building, 400 ft. by 220 ft., termed the West 
works. The equipment will include testing facilities 
up to 500,000 volts. The several departments in K 
gallery may be divided into feeder, test, and as- 
sembly sections. The feeder sections include one for 
plating, equipped for grinding, buffing, plating and 
lacquering processes, and one for machining opera- 
tions, equipped with large numbers of capstan 
lathes, drills and milling, shaping, and planing 
machines, the most recent of the latter being a 
4-ft. machine with double-loading tables and with 
full push-button single-motor electric control, 
generally similar to those on the machine shown in 
Fig. 112, on Plate LXXIV ante. 

The test department is a large fenced-off enclosure 
with all the necessary apparatus for testing com- 
pleted circuit-breakers, controllers, and starters, 
&c., up to pressures of 100,000 volts. It is also 
provided with a number of portable testing sets, 
which are moved about the gallery as required for 
tests on completed switchboards. The assembly 
departments contain, first, a controller section 
devoted to the manufacture of industrial and tram- 
way controllers of all kinds, a typical standard 
industrial watertight controller being illustrated in 
Fig. 74, page 405, ante. 

_A further example of control gear is given in 
Fig. 153, Plate LXXXI. This shows one of 16 cam- 
operated controllers for eight forced-draught fans, 
each of which is driven by two variable-speed motors, 
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respectively of 110 h.p. and 64 h.p., and eight 
induced-draught fans, also with two variable-speed 
motors, &c., of 350 h.p. and 190 h.p., respectively. 
Equipments for oil-well motor control may be 
|instanced as a type of the special products. This 
; section is intimately connected with the contactor 
| type control gear section in the south end of “ H” 
| gallery, and part of the end transverse gallery 
| already alluded to. Adjacent to the controller 
| section, the manufacture of resistances, rheostats 
and metallic and liquid starters of all kinds is carried 
; on, such apparatus being made in large batches for 
| stock, except in large or special sizes. Next come 
| two sections for the assembly of air-break and oil- 
break switches and circuit-breakers, and for various 
industrial patterns of ironclad switch-gear. This 
section of the gallery is shown in Fig. 157, on 
Plate LX XXII. 

The north, and final, section is used for switch- 
board assembly. Here may be seen panel-type 
switchboards as used for such small plants as those 
for country-house lighting, and switchboards for 
large power stations. For use with electrically- 
operated circuit-breakers, the switchboards become 
control and instrument boards. These may be of the 
normal vertical type, or of the desk type, the latter 
being usually placed to give the operator a clear view 
of the engine room. An example of a desk-type 
switchboard is shown in Fig. 152, Plate LX X XI. This 
has an electrically-operated diagram of connections 
as an automatic tell-tale device. The instruments, 
meters, and relays are the firm’s own make. The 
| steel cubicle-type switchboard, with interlocks to 
| prevent access to internal parts, unless the circuit- 
breaker is in the ‘ off” position, is increasing in 
popularity and the draw-out truck type, illustrated 
in Fig. 151, Plate LX XXI, is now one of the firm’s 
staple products. The truck is interlocked to prevent 
withdrawal when the circuit breaker is closed. 
With it open, the truck can be withdrawn and a 
spare one substituted. Withdrawal of the truck 
covers all live metal within the cubicle by automatic 
shutters. The switchboard shown in Fig. 151, is one 
of anumber supplied for 1,500-volt direct current 
service in railway substations, but similar cubicle 
boards are supplied for service on alternating current 
systems up to 11,000 volts. 

Metal-clad compound-filled switchgear is also 
largely manufactured. The smaller units are 
assembled in K gallery, the larger at the north ends 
of D aisle and E aisle. Examples of such switch- 
gear in EF aisle are given in Fig. 156, Plate LXX XII, 
which view, together with Figs. 158 and 159, Plate 
LXXXIII, illustrates the congested nature of the 
present switch-gear department, the large units 
having to be assembled wherever space happens to be 
available. On the right of Fig. 156 are a number of 
circuit-breakers in course of construction. Such 
circuit-breakers are made, for either indoor or out- 
door service, for voltages up to 220,000 volts, and 
with up to 1} million kv.-a. breaking capacity. 
The largest included in the figure weighs about 14 
tons without oil, and 28 tons with it. The large 
metal-clad compound-filled switchgear units shown 
in Figs. 158 and 159, are 3 out of 12 units for the 
Portobello Generating Station for the City of Edin- 
burgh. The total weight of the 12 units will be 
372 tons. The generator circuit-breakers are rated 
at 3,500 amperes and 6,600 volts, but the chambers 
are made sufficiently large to accommodate appara- 
tus for both larger currents and higher voltages. 
Each circuit-breaker has a breaking capacity of 
14 million kv.-a., and we believe both individual 
units and the entire apparatus to be the largest of 
the kind yet manufactured in the world. 

Some other departments in the two upper storeys 
of the building occupied at the ground level by the 
brass foundry, pattern stores, and machine mould- 
ing foundry, now call for notice. The first of these 
departments is a fully-equipped machine shop which 
combines the manufacture of magnetic brakes for 
tram cars with that of such general spare parts as 
are not available from stock. It is also laid out 
for the overhaul and repair of all classes of appa- 
ratus manufactured by the firm, it having been 
found that such work is more expeditiously per- 
formed here than in the manufacturing departments 
concerned, The next department is laid out for the 
mass production of many varieties of both alternat- 








| 








815 
ing and direct-current fans, including desk, cabin, 
and ceiling types. Other products are fractional 
horsepower motors, which include machines down to 
1/40th-h.p. in capacity, and a special high-speed 
vertical type of motor for use in spinning natural 
and artificial silk. 

The cooker and heater department is engaged, 
not only on the production of electric domestic 
cookers of the Metrovick Cosmos type, but also on 
that of baking ovens, both of the conveyor and peel 
types, and industrial drying, baking, heating, and 
annealing ovens with and without conveyors, and 
also electric furnaces. Of these latter, a typical 
example is shown in Fig. 154, Plate LXXXI._ It is 
provided with a conveyor and is in continuous work 
in the firm’s heat treatment department, for a pro- 
cess employing temperatures up to 1,000 deg. C. 
The heating effect is obtained by passing the 
electric current through a suitable resistance 
material. Other furnaces, of the induction type, 
are also made. In these, high-frequency currents 
are passed through a copper coil surrounding a 
crucible containing the metal to be melted, which 
operation is effected by currents induced in the 
metal itself. As the products of the heater and 
cooker department involve the use of large quanti- 
ties of sheet metal, it is placed adjacent to the tin 
shop which also supplies sheet-metal parts to all 
sections of the works. The tin shop is laid out to 
deal with all types of sheet metal up to mild steel 
plate $ in. in thickness, and is equipped with a 
number of guillotines, bending machines, presses, 
rolls, and drills, as well as spinning lathes for making 
such parts as motor slip ring covers, etc. It is also 
furnished with appliances for both electric and acety- 
lene welding. 

The meter, instrument, and wireless depart- 
ments occupy the major portion of a three-storey 
building, 512 ft. long by 75 ft. wide, in which the 
pattern shop is housed, as described on pages 123 and 
124ante. The workin these departments is in striking 
contrast to that already described. In its shops, 
instead of the heavy machinery parts so familiar 
elsewhere, there are delicate clockwork mechanisms, 
requiring the use of watchmakers’ lenses in their 
manufacture, and the microscope in their inspection. 
Many parts weigh only a few ounces, and numerous 
spindles are carried on bearings consisting of a ¥, -in. 
steel ball mounted between two sapphires or rubies, 
with the lower half supported on a spring seat to 
avoid injury in transit. A further instance of small 
work is in a prepayment mechanism weighing 1} lb., 
with no less than 312 parts in 35 cub. in. of space. 
The machine shops differ in like degree, and Fig. 148, 
Plate LX XX, shows the type of bench lathe and 
sensitive drill employed in work, which, produced in 
mass, requires a very high standard of quality. The 
machines in the left-hand corner of this figure, and 
partly obscured by lampshades, are particularly 
interesting. They are a portion of a row of gear- 
cutting machines, which turn out each year many 
millions of small gear wheels and pinions, a parti- 
cular instance being a pinion of less than } in. 
in diameter, having 12 teeth, and of which over 
half-a-million are made yearly. 

The testing room for meters, instruments, voltage 
regulators, and protective relays, is shown in Fig. 149, 
Plate LXXX. Situated in the top storey of the 
building to be as free from dust as possible, it is 
noteworthy for the completeness of its equipment of 
both fundamental and secondary standards, which 
is arranged to ensure great accuracy in the routine 
testing of large numbers of instruments and meters 
for very wide conditions of climate and temperature. 
The testing room has its own motor generator sets 
in a separate section of the building. In addition 
to the meter machine shops, assembly, and coil- 
winding shops, there are, in this building, sections 
for drawing offices and general offices, besides 
departments for grinding, buffing, plating, dipping, 
and lacquering, and processes for baking enamelled 
meter cases in electricaliy-heated ovens, one with 
special ventilating arrangements in which cellulose 
paint is applied to certain internal parts, packing 
sections, and so forth. The only section selected 
for special mention, however, is one devoted to 
development which has a special machine shop of its 
own. Here much work has been done throughout 
recent years in the design of relays for the 
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automatic protection of electrical machinery, and also 
in the development of new meters, of which a recent 
example is a new master summation meter for use 
on complex distribution circuits. The wireless pro- 
ducts of the firm, which are also manufactured in 
this building, and for which there is provided an 
experimental laboratory, are marketed as Metrovick 
Cosmos sets. It may be noted here that the first 
Manchester Breadcasting Station was established 
in these works in November, 1922. 

The chromium-plating shop combines experi- 
mental work with production. It is under Research 
Department control, and is set apart for the applica- 
tion of nickel, cadmium, and chromium plating 
where specially finished, or corrosion-resisting, or 
wear-resisting surfaces are required. The process 
of chromium plating developed in this department 
is operated commercially with success. Of other 
buildings not yet referred to, those west of the main 
machine shop may be mentioned. They include a 
one-storey canteen, and a large two-storey building, 
used below as a packing and storage warehouse 
for goods awaiting shipment, and above as a canteen, 
and a switchgear drawing office. A note may here 
be made about the canteens, the task of catering 
for so large a number of people as those employed 
being one of considerable magnitude. Works and 
staff canteens are provided, separate accommodation 
being set apart for men and women. The total 
seating capacity is sufficient for nearly 4,500 people, 
and approximately 5,000 meals are provided every 
day. Actual cost prices are charged, and the 
canteen service is run entirely without profit. 
A striking feature of the service rendered is illus- 
trated by the fact that the Works Canteen, which 
is empty at 12 o’clock, takes only about 3 minutes 
to fill with from 1,500 to 2,000 people. Next to 
the warehouse is a large box-factory and cabinet 
shop, the only features of which worthy of particular 
mention being that the equipment includes a special 
drying plant for timber, and that all machines are 
electrically driven by motors mounted beneath the 
floor of the shop in order to leave as much ground 
space free for working as possible. The dimensions 
of these buildings are shown in Fig. 1, on page 64 
ante. 

More than one reference has been made to the 
substation in the works, from which the yearly 
supply of some 17,000,000 units of power, purchased 
locally, is distributed to the 800 motors and other 
electrical apparatus in the shops which have a total 
capacity of over 10,000 brake horse-power. The 
station is a one-storey building of red brick and 
concrete, 143 ft. long by 41 ft. wide, and 20 ft. 
high to the roof trusses. It has a basement and 
well-planned cable tunnels. Delivery to the 
station is made as a three-phase 50-period supply 
at 6,600 volts. There are four high-tension cubicles 
for the incoming feeders, two for the metering 
equipment, and ten for supplying rotary converters, 
or connecting to the various beds in the works. 
The main switches are of the firm’s oil circuit- 
breaker type, with a breaking capacity of 145,000 
kv.-a. The major part of the motors used in the 
works are either of the three-phase squirrel cage 
or slip-ring type, and are supplied with current from 
the main distribution board at 440 volts. This is 
stepped down in three 3-phase air-cooled trans- 
formers of 1,875 kv.-a. capacity each. The direct- 
current required for variable-speed machine-tool 
motors, battery-charging, plating, &c., is obtained 
from two 1,000-kw. and one 1,500-kw. compound- 
wound rotary converters providing a three-wire 
250/500-volt supply. Two machines are of the 
self-synchronising type, and the other is fully 
automatic. A 125-volt «lirect-current supply is 
provided for magnetic chucks, battery-charging, &c., 
by a motor generator set, the alternating end of 
which consists of a synchronous motor of 50-kw. 
capacity. The lighting supply is taken from an 
independent transformer on the 50-cycle supply, 
and in event of failure pilot lighting can be switched 
over immediately to the station battery. The high- 
tension control board is of the desk type, and the low- 
tension switchboard and the rotary converter control 
panels of the vertical type. The introduction of 


the substation involved the substitution of 50-cycle 
motors for the 25-cycle ones which were, up to that 
time, the prevailing type in the works, 9,500 h.p. 





being replaced by 7,600 h.p., and, owing to a variety 
of improvements, the change has resulted in an 
increase of the average power factor for the whole 
of the works from 0-75 to 0-95, and the overall 
running efficiency has been improved by 3 per cent. 
This change-over in frequencies has no doubt 
afforded valuable experience for what may be 
anticipated to occur in certain districts under the 
Government Electricity scheme. This interesting 
station was planned and carried out by the staff of 
the Works Engineer. 

The administrative organisation may now be 
briefly outlined. One important basic feature is 
that the business is split vertically into separate 
departments, the more important of which may be 
enumerated as follows :—Turbine and condenser ; 
large electrical machines ; motor; traction motor ; 
transformer ; instrument and meter; switchgear ; 
industrial control; and traction control. Each of 
these departments is under the joint control of a 
departmental chief engineer, a commercial sales 
manager, and a shop superintendent, and each 
department has its own separate trading account, 
and profit and loss account. The sales organisa- 
tion is under the control of a central head, to whom 
the departmental sales managers are responsible, 
and who is in charge of the sales organisations for 
both home and overseas business, and of the pub- 
licity department. For home sales, which are about 
one-half the total, managers are stationed in 
numerous branch offices throughout Great Britain 
and Ireland. Overseas sales are organised through 
the Metropolitan-Vickers Export Company, which 
has branch offices throughout the world, staffed 
generally with direct representatives, but in a few 
instances with agents. In the great majority of 
cases the company’s representatives, both at home 
and abroad, have been trained in the firm’s works 
at Trafford Park. The sale of wireless apparatus, 
lamps, glassware, fittings, domestic electric appli- 
ances, fans, and similar articles is carried on through 
the medium of the Metro-Vick Electric Supplies 
Company, Limited, much of the supply apparatus 
being sold under the trade name of Cosmos. 

The engineering organisation consists of the 
departmental chief engineers with their assistant 
engineers, draughtsmen, and clerical staffs, who are 
responsible to a chief electrical engineer and a chief 
mechanical engineer. At this point reference may 
be made to specialist engineering sections, with a 
large independent drawing office staff, responsible 
for power supply work such as the lay-out of 
generating stations, sub-stations, and transmission 
lines ; for industrial applications such as electric 
winders, rolling mill drives, and textile mill drives ; 
and also for electric locomotives and electric trac- 
tion problems generally. The works organisation 
is under the control of a general manager of works, 
to whom the departmental superintendents, together 
with the foremen and employees under their charge 
are responsible. Other superintendents responsible 
to the general manager of works include those in 
charge of inspection, process and rate-fixing, main 
production, erection, traffic and employment. In 
addition there is a works engineer in charge of 
maintenance and extensions, and two supervisors 
of women workers, for shops and offices respectively. 
It is not proposed to refer in any detail to the work 
of the above superintendents, except with refer- 
ence to inspection. 

In our previous articles we have had occasion to 
refer to the strict watch maintained on work in 
progress at all stages, and on finished work by the 
firm’s inspectors, and in this connection it is of 
interest to note that the inspectors are in no way 
controlled by the departmental superintendents, but 
report to their own chief, who has equal status with 
the departmental superintendents, and is responsible 
jointly to the chief electrical and mechanical engi- 
neers and the general manager of works. Research 
work is coupled with education under a manager, 
with leaders in charge of various sections. Account- 
ing work is under a comptroller, having under him 
a general accountant and a cost accountant, the 
latter dealing with inter-departmental accounts as 
well as costing, wages, and time-keeping. The pur- 
chasing and main stores departments, as already 
stated on page 189 ante, are grouped under the charge 





of a combined head purchasing agent and store- 
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keeper, who has an assistant storekeeper and an 
assistant purchasing agent. 

As described above, the staff may seem rather 
loosely organised especially in view of the great 
extent of the works, and the complex and diversified 
nature of its products. In reality, however, the 
spirit of co-operation has been developed with 
conspicuous success partly by a system of joint 
meetings of those concerned, and also, it may fairl y 
be stated, owing to the broad-minded leadership 
of the principal officials of the Company. The 
meetings above referred to take various forms. 
On the engineering side, there are frequent meetings 
of all the departmental chief engineers. On the works 
side may be noted weekly meetings of the manager 
of works with all the departmental superintendents, 
and further gatherings, known as efficiency meetings. 
between the works manager, superintendents, 
foremen, and others, held at monthly intervals, 
immediately after working hours. A further series 
of meetings held at regular intervals by each main 
department consists of group meetings attended 
by the commercial manager, the chief engineer, 
and the shop superintendent, with other interested 
persons. Supplementing the above regular meetings 
reference may be made to standardisation work, 
particulars of which were given on page 190 ante, 
and to other committees set up for special purposes 
for example :—to deal with schemes for new develop- 
ments, and also to consider suggestions for improve- 
ments that have been submitted by employees, 
and to make money awards for such suggestions 
when merited. 

The works committee, which has been in exist- 
ence for nine years, forms a direct link between 
the employees and the management, and very 
few questions and difficulties arise which are not 
settled within the works. Its successful operation 
will be more fully appreciated when it is re- 
membered that at least 24 separate Trades Unions 
are represented among the employees. This com- 
mittee includes 17 workmen who are trades 
unionists, and shop stewards, and are elected by 
their fellow workmen in the various departments. 
The remaining members consist of the managing 
director, the works manager, the superintendent of 
labour, a shop superintendent, and one of a selected 
number of shop foremen. The committee meets 
during working hours each Wednesday, and typical 
subjects considered include, housing, transport 
facilities, smoking in prohibited areas, pilfering 
and irregularities of any kind, canteen questions, 
rate fixing, bad time-keeping, damage to property, 
lectures and concerts, safety-first matters, bonus 
schemes, &c. Parallel with this committee is a 
staff committee, consisting of 16 executive members 
appointed by delegates representing each depart- 
ment, and two representatives of the management. 
This committee deals with similar problems as 
the works committee, and fulfils the same duties, 
both committees working together in matters of 
common concern. 

All matters of domestic policy in sales, engi- 
neering, and works activities are referred to an 
executive board of management which meets at 
the works at fortnightly intervals, and is presided 
over either by the chairman of the company, Sir 
Philip Nash, K.C.M.G., C.B., M.Inst.C.E., or by 
the deputy-chairman, Mr. Bernard Dudley Frank 
Docker, J.P. Besides the chairman and deputy 
chairman, the executive board is composed of the 
head of the sales organisation, the general manager 
of works, and the chief electrical engineer, all of 
whom are directors of the company, and also of 
other special directors representing respectively the 
mechanical engineering, traction, research, purchas- 
ing, storekeeping and the comptroller’s departments, 
with the treasurer of the company as the secretary. 

Important assistance in the work of administration 
is given by the comptroller’s departments, which, 
in addition to the usual routine work, prepare statis- 
tical and financial statements at frequent intervals, 
all accounting returns being treated in fixed periods 
of four weeks. The returns show in detail all 
financial features that call for special comment, 
and are issued promptly with the aid of efficient 
tabulating machines. As examples of such state- 
ments, mention may be made of periodical balance 
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departmentally and territorially, stock reports and 
the rate of stock turnover, commercial and factory 
overhead expense statements, comparisons between 
estimated and actual costs for all instances where 
sufficiently important differences occur, and financial 
forecasts. Further assistance is given to all depart- 
ments by a statistical section which extracts and 
plots in graphical form information essential for 
managerial control. 

An interesting procedure concerning factory 
overhead charges is that in which the returns are 
made in three sections, as follows: A, representing 
charges for items over which the foremen have 
control ; B, charges over which the superintendent 
has control; and C, charges over which he has no 
control but particulars of which are furnished to 
him along with those of B. The foremen are fur- 
nished with particulars of charges A, and may be 
called upon to discuss them with the shop super- 
intendent concerned. 

Space allows only brief reference to the costing 
work of the department, but mention may be 
made that factory indirect charges are allocated on 
the machine hourly rate or hand hourly rate basis, 
rather than as a fixed percentage relative to the 
cost of labour, and also that whilst charges for 
materials are posted as incurred, labour costs are 
recorded on tabulating-machine cards which are 
filed together for each job so that only one final 
posting is necessary, except in the case of large jobs 
where postings may be required at the expiration 
of fixed periods. The detail postings eliminated 
by this system amount to some millions per annum. 

A special feature in the Metropolitan-Vickers 
organisation is the care given to apprentices, for 
whom there are three courses—termed college, 
school, and trade. The college apprenticeship 
course is designed for those who have taken a good 
university degree or college diploma. In the two 
years allotted to it some thoroughly practical 
engineering experience is first obtained, followed 
by work in the second year to prepare the apprentice 
for the particular branch, e.g., design, commercial, 
research, works administration, he may wish to 
take up on concluding it. The school course is 
arranged for boys who have remained at school 
until 18 years of age, and have at least matriculated. 
It is for four years, and a similar practical training 
is given as in the college course. Apprentices 
are expected to make satisfactory attendance at 
the Manchester College of Technology, and on 
attaining a sufficiently high standard they are 
allowed one day per week, on full wages, to attend 
the college for its associateship. The trade course 
is intended for boys from 14 years to 16 years of age, 
who have attended elementary, central, secondary, 
or junior technical schools, and is arranged to 
give adequate training to the future fitter, turner, 
moulder, pattern-maker, armature-winder,  tool- 
maker, &c. There is a school in the works for 
these apprentices, with specially-selected instructors 
in the various trades. The boys are encouraged to 
attend evening classes at the Manchester College 
of Téchnology and other local institutions, and 
those who show special promise are given every 
facility to extend their training and have, in 
later years, opportunities for gaining experience 
in the drawing offices, research department, com- 
mercial departments, &c. Twenty scholarships, 
covering fees, books and wages, are given yearly 
by the company to those who reach the “day 
course’ standard at the Machester College of 
Technology. 

It may be added that apprentices are taken from 
overseas as well as from this country, that there 
is no premium for apprenticeship, and that all 
receive reasonable wages. There are, as a rule, 
about 10 applications for each vacancy. A large 
proportion of apprentices remains with the company, 
quite a third of the technical staff at present having 
passed through one or other of the courses. Further, 
apprentices who have shown special ability are, 
under special circumstances, granted facilities for 
further extended training for a year, at the same 
rate of pay as they would have received had they 
joined the company’s staff at the conclusion of 
their apprenticeship. There are large number of 
virls employed in the works, and for these suitable 
classes are arranged in the winter session. The 





Education Department keeps in close touch with 
all universities and public schools in the British 
Isles, and schools of all types in the locality. It is 
represented on the Local Juvenile Employment 
Committee. 

The total number of employees of the Metro- 
politan-Vickers Electrical Company is approxi- 
mately 15,000, of whom about 2,000 are distributed 
among the firm’s traction motor and gear works at 
Attercliffe, Sheffield, and the subsidiary concerns of 
the Cosmos Works at Brimsdown, near London, 
making lamps and wireless valves, &c., the Harcourt 
Works in Birmingham, making domestic electrical 
apparatus, artistic fittings for electric lighting, 
brackets, chandeliers, and so forth, and a sub- 
sidiary company manufacturing many kinds of the 
firm’s standard products in Australia. It is impos- 
sible to deal adequately with the welfare side of such 
a large personnel, and a mere list of the numerous 
sports and recreation clubs and other societies, 
self-supporting and _ flourishing, would occupy 
much more space than we have at disposal, but one 
or two groups of activities intimately in contact 
with the management deserve mention. A Works 
Benevolent Fund, set-up in 1921, was, in 1927, 
contributed to by 8,589 employees, and 7,443 pay- 
ments totalling 4,695/. were made in that year. A 
Staff Benevolent Fund paid 1,364/. to members, and 
both funds subscribed a total of 525/. to hospitals. 
A thrift scheme, inaugurated in July, 1926, has a 
present membership of over 4,000, and replaced 
many of the numerous holiday clubs, with a more 
substantial means of saving. This scheme is 
operated on Savings Bank lines, and all employees 
may make regular deposits by authorised deductions 
from wages and salaries. Interest is granted at 
5 per cent. per annum, and is guaranteed by the 
company on the maximum balance maintained to 
credit. The funds are in care of Trustees. The 
Staff Pension Scheme provides for both life and 
pension insurance. For each policy taken out by 
any employee the company takes out a corresponding 
policy, the employees benefiting from both policies 
after 15 years service. 

Apart from the recreative and social side of the 
work’s activities, there are several other means by 
which the employees keep in touch with one 
another, such as the Foremen’s Association, with 
250 members, the Apprentices’ Association, with 
over 600 members, and a magazine of its own, the 
Overseas Association, and the Long Service Associa- 
tion, with nearly 1,000 members who have completed 
over 20 years service with the firm, and with a 
steadily increasing membership. At the meetings 
of some of these associations, papers on engineering 
subjects are read and discussed. Further contri- 
butions to technical knowledge are made in the 
firm’s monthly magazine, The Metropolitan- Vickers 
Gazette, while the recreative and social societies 
have their own Club News. 

In concluding this series of articles, it should be 
understood that our account is by no means 
exhaustive. Had space permitted, several parts, 
but lightly touched upon, could have been expanded 
with advantage, and other features of the organisa- 
tion, not mentioned at all, introduced. We have 
endeavoured, however, to cover the main features of 
general interest, and are not without hope, moreover, 
that the articles may prove of some educational 
value to those younger engineers whose experience 
has not been such as to enable them to visualise 
the way in which mechanical and electrical engine- 
ering are nowadays interlinked. It is our final 
duty, and a pleasant one, to acknowledge both the 
generous way in which Messrs. Metropolitan- 
Vickers Electrical Company have provided us with 
facilities for obtaining the necessary information, 
and the courteous manner in which the staff has 
interpreted the intentions of the firm ; particularly 
are we indebted to Mr. Frank Walker, the Technical 
Editor to the Publicity Department, for his pains- 
taking assistance. 








AUSTRALIAN SEA-BORNE TRADE.—The total value 
of the goods imported into Australia during the month 
of April, 1928, was 9,246,324/., while the value of the 
exports, over the same period, was 8,467,788/., out 
of which the value of Australian produce amounted 
to 8,299,0761. 








CONVEYING LOADS IN BARROWS. 


In recent years a revival has occurred of endeavours 
made in the eighteenth century to place the use of 
muscular energy on a physiological foundation. The 
most recent of these is described in a report published 
by the Industrial Fatigue Research Board on the 
transport of bricks in wheel barrows.* 

The observations described in the report were con- 
ducted at the works of Messrs. Itter Limited at King’s 
Dyke, near Peterborough, which are engaged in the 
production of Fletton bricks. In the course of a day 
a single barrow worker moves some 10,060 burnt 
bricks or 8,000 green, and the day’s work of each man 
amounts to moving something like 25 tons of bricks from 
25 to 75 yards. The observations made were confined 
to the journey from the kiln to the siding. The 
methods by which this labour was measured was to 
determine the normal consumption of oxygen of the 
man while at rest, and immediately afterwards the 
consumption while performing the work under inves- 
tigation, using a respiratory apparatus, which included 
a Douglas bag for collecting the expired air. The 
barrows were of the one-wheel type, and the legs were 
14 in. to 16 in. high. The path from the kiln to the 
siding was often iron plated, but did not always run 
direct, and the change of direction was sometimes 
abrupt. 

Some results of practical importance were obtained. 
For a journey of about 50 yards, for example, done by 
a normal man at a brisk walking pace, the percentages 
of the aggregate work done in raising and lowering the 
handles, stopping and starting, and maintaining speed 
were respectively 7:75, 21-55 and 70-7, so that any 
intermediate stop added about 30 per cent. to the work 
involved in the journey. 

A series of experiments, made with varying loads 
over equal distances, showed clearly that a total load 
of 530 lb., including the barrow took a smaller 
oxygen consumption than either a lower load or a 
higher load. In another series of experiments, the 
vertical tension on the arm was measured for various 
heights of the handle and for various loads. The 
measurements of tension on the worker’s arm were used 
for calculating the work done in raising the handle to 
various balance points, determined by the amount and 
arrangement of the load, from which it appeared that 
among ordinary loads and arrangement this work might 
vary from 89-8 ft.-lb. to 57-8 ft.-lb. for burnt bricks, 
and from 85-5 ft.-lb. to 47-2 ft-.lb. for green bricks, 
suggesting that some economy of effort might be 
attained by increasing the height of the barrow legs, so 
as to reduce the lift, or by altering the position of the 
axle and the length of the handles. A number of 
experiments made on different rates of wheeling showed 
that a normal brisk walking pace was the most econo- 
mical in oxygen consumption, and that faster walking 
entailed a greater physiological cost than gentle running. 

As the result of these observations, a practical trial 
was given in the works to certain alterations in the 
length of the barrow legs, and it was found that better 
results were got by increasing it to 18 in. The arrange- 
ment of the load so as to give a balance of the height 
suitable to the stature and length of arm of the worker 
was also found to give an improvement in the work of 
men who had not used it previously. In fact, how- 
ever, experienced men were found already to have 
adopted for their own use the arrangement which was 
recommended afterwards from the physiological point 
of view. On the strength of the observations as to the 
relative proportion of energy absorbed in starting and 
stopping, it was recommended that the track should 
be so arranged as to avoid intermediate stops during 
a journey. The 18-in. barrow leg has been adopted 
in the works, and fitted with an iron shoe so as to 
keep the height fairly constant. Arrangements have 
been made for fresh workers to have their load so 
built up as to balance the barrow at a height suit- 
able to their height and length of arm. 








CANADIAN AUTOMOBILE PRODUCTION.—It is pleasing 
to note that both the number and the value of the 
automobiles produced in Canada during the month of 
March show an increase over those of February, the 
figures being 17,478 cars valued at 12,709,616 dols., and 
12,504 cars valued at 8,442,206 dols., respectively, which 
give an increase of 39 per cent. in number and 51 per 
cent. in value. It should be noted, however, that 
in March, 1927, the production totalled 23,250 cars, 
valued at 15,348,063 dols. Compared with the previous 
month, March production showed an increase in all 
types of cars with the exception of open passenger cars, 
which dropped to 1,445 from 1,788. Closed-model 
passenger cars rose from 8,292 to 12,805, lorries from 
211 to 257, chasses from 2,213 to 2,967; and four 
omnibuses were produced. 





* Industrial Fatigue Research Board: Report No. 50. 
The Physiological Cost of the M lar M ta In- 
volved in Barrow Work. By G. P. Crowden, M.Sc., 
M.R.C.S., L.R.C.P. H.M. Stationery Office. [Price 
Is, net.] 
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AMERICAN 
AND METALLURGICAL ENGINEERS. 
(Concluded from page 697.) 


In our issue of the 8th inst. we gave a number |! i og 
| acid, clay, bone charcoal, activated carbon, and silica 
Other 


of abstracts of papers from among those taken at the 
February meeting, of the American Institute of Mining 
and Metallurgy, in New York. The papers then dealt 
with were concerned for the most part with metai- | 
lurgical and manufacturing matters connected with | 
steel, and with the extending use of geophysical | 
methods in locating minerals. We now give a further | 
selection of abstracts dealing with various other | 
subjects. 


Om PrRopucTIoN BY MEANS OF COMPRESSED AIR 
AND FLouDING. REFINING. | 


In 1914, the Bundred Oil Corporation decided to 
adopt the Smith-Dunn process, first tried at Marietta, | 
Ohio, and often known under that name, in order to | 
increase the oil production from some nearly depleted 
pools in Pennsylvania. In a paper on Ten Year’s 
Application of Compressed Air at Hamilton Corners, 
Professor C. R. Fettke, of the Geological Survey, 
dealt mainly with core studies of the producing 
sands taken at depths down to 56 ft., reckoned from 
the top of the sands, which lie between 350 ft. and 560 ft. 
below the surface. Success of the method depends 
largely upon the porosity of the sands, which was found 
to increase fairly regularly with the uniformity of grain ; 
the average oil content of the sand samples was 22 per 
cent. of the pore space (45 per cent. being then occupied 
by water), but this was a minimum estimate, the actual 
oil space of very porous sand being probably much 
greater. The first- plant, a 75-h.p. gas engine and a 
single-stage compressor, had later been doubled, and 
the pressure, 60 Ib., raised to 110 lb. ; higher pressures 
involved greater by-pass losses. There were 21 air wells 
and 76 pumping wells. The initial daily production of 
1916 was 0-1 barrel per well, and this had been in- 
creased to 0-4 barrel, and was still near its maximum, 
after ten years working, in 1926. 

Oil production by flooding was legalised in Pennsyl- 
vania, after 20 years’ practice, in 1921, though the 
system is still regarded with suspicion. Here again, 
as Mr. P. 1). Torrey, a geologist, pointed out ina paper, 
the lithological character of the reservoir rock and the 
porosity of the sands were the important factors. Sands 
of high porosity but low permeability, i.c., fine grained 
and of small-sized pores were best for flooding because 
they held the oil well. Vertical variations in the 
porosity would cause trouble. Water generally travelled 
most rapidly in the direction of the structural strike 
of the sand, and variations in the sand thickness both 
at the top and bottom had to be studied. The best oil 
production was from wells located on high parts of the | 
sand. | 

Producing wells were first drilled in a_ circle 
round a water well; then producing wells were stag- 
gered on both sides of a line of equally-spaced water- 
wells, and a triangular spacing was also adopted. The 











| t 
( 
success achieved on the Bradford pool had not been | inside with mirror-polished sheet copper. 





INSTITUTE OF MINING had been, until vacuum processes were‘adopted ; even 


Cottrell electric precipitators do not arrest gaseous 
sulphur dioxide when not absorbed by water. Many 


| attempts have been made to avoid the use of acids 


in refineries. Most of the substitutes for sulphuric 
gel, are auxiliaries rather than substitutes. 
substitutes are really solvents for removing certain 
unsaturated constituents of the oil. Of these, the 
liquid sulphur dioxide process invented by Edeleanu 
in Rumania some years ago, and now used also on the 


| Pacific Coast, appeared to be the most promising to 


Mr. Rather; he also-considered that the Gray vapour- 
phase clay process might completely dispense with the 
use of sulphuric acid. 


Liguip OxYGEN BLASTING IN CHILE. 

Blasting by the aid of cartridges containing carbon 
soaked in liquid oxygen was tried in Germany soon 
after the Linde Company had placed liquid oxygen 
on the market. Although liquid oxygen proved effec- 
tive as blasting agent, this application made slow 
progress owing to the difficulties of transporting, 
storing and handling the highly-volatile liquid. The 
manner in which these difficulties have been overcome 
in the Chuquicamata mines of the Chile Exploration 
Company, was explained by Messrs. H. C. Schultz and 
F. K. M. Hunterin a paper read by them. Soft rock 
was blasted in the mines with black powder ; hard rock 
was blasted with an ammonia dynamite. The latter 
explosive was being replaced by the so-called L.O.X., 
made on the spot in a plant supplied by L’Air Liquide 
Company, of Paris, on the Claude system. 

The air is compressed to 835 lb. per square inch in 
a three-stage Ingersoll-Rand compressor, and is after- 
wards scrubbed, thus reversing the usual process of 
scrubbing first. Another deviation from the ordinary 
practice is that the work done by the expansion 
engine is not merely dissipated in heat, nor utilised 
to drive an electric generator, but is made to run a 
‘‘surpressor,’ in which part of the air to be treated 
is compressed to 2,845 lb. per square inch in order to 
facilitate the liquefaction process by its subsequent 
expansion. The plant yields 73-5 litres (16 gallons) 
of liquid oxygen per hour, running continuously day 
and night, Sundays included. Mr. Bedortha, of the 
Purox Company, of Denver, when consulted about the 
storage of a stock of 1,000 gallons, estimated that it 
would require a thickness of cork board, of no less 
than 10 ft., to insulate the tank as effectively as 1 in. 
of vacuum space, with a gas pressure of 0-0001 mm. 
of mercury between the double walls; but the vacuum 
method had not been tried on such large containers. 
The cork, or similar material, would be liable to pack 
and to lose its porosity, and would necessitate outside 
protection and the use of long pipes for filling the tank. 

The vacuum space, on the other hand, involved great 


difficultes in the matter of tight joints, contraction, 


transport, &c. Yet three 1,000-gallon, vacuum-insulated 
anks were ordered and made by the American Welding 
‘ompany, with double-steel walls, § in. thick, lined 
For the 





realised in some other pools, and it was too early yet | transport of the tanks, the vacuum space was filled 
to speak definitely about the advantages of artificial | with nitrogen; after the installation, charcoal was not 
water pressure, the use of sodium carbonate or of} put in the space to serve as an absorbent, however, 
air pressure further to increase the yield of watered | because its renewal would be troublesome. The vacuum 
wells, and of forcing cement into the upper unsaturated | is produced and maintained by a Cenco Hyvac oil pump 
parts of sands before drilling. | and a Gaede mercury diffuser pump. 

For petroleum refining and cracking, Mr. A. E.| The liquefied oxygen flows by gravity into the tank 
Nash, of the Aleorn Combustion Company, Philadelphia, | through a 3 in. copper pipe, jacketed with a 3-in. hair- 
recommended in another paper, screened radiated heat, | felt insulation, cooled by a stream of compressed oxygen 
in order to avoid superheating of parts of the structure | on the counterflow principle. The tanks are discharged 
by both radiated heat and hot gases. In this system, gas, | at 15 Ib. per square inch, through 14 in. metal hose, 
oil or powdered coal is burnt with a small excess of pre- | cotton covered, and a manifold, into four soaking 
heated air ina carborundum furnace, consisting of a! boxes. The absorbent used for the cartridges is the 
tunnel, outside of which the air-feed pipe is run. | Holderer mixture (of the Air Reduction Company) con- 
The incandescent carborundum radiates its heat on to} sisting of 65 per cent. of ‘‘ bugbird”’ carbon (coarse 
a primary row of cracking tubes arranged under a | charred wood pulp) and 35 per cent. of fine Huber gas 
screen roof. The hot gases, completely burnt in the | black, to which the soaked materia! owes its high rate 
tunnel, enter a vertical chamber at the end of a! of detonation. The cartridges are made in the works 
tunnel, pass upward through a perforated carborundum | of No. 8 cotton duck, in two sizes, 7 in. diameter and 
arch and heat other tubes by convection, but | 20 in. long, weighing 8 lb. complete for column loading, 
further heat is supplied by secondary radiation from | and 9} in. by 12 in., weighing 34 lb., for drill hole 
the screen outside which the tubes are fixed in| loading. The soaking boxes, 72 in. by 22 in. by 36 in., 
several rows. holding 50 of the large cartridges each, are insulated 

The Acid Sludge Problem in Oil Refining, which | with 1 in. hairfelt or, better, with 4 in. of balsa wood. 
Mr. J. R. Rather, of the Standard Oil Company,’ The complete saturation of the large cartridges with 
reviewed, is still a serious matter. The sludge | oxygen would take 40 minutes ; it is found more profit- 
from the treatment of oils with sulphuric acid was/| able not to impregnate them fully, because there is a 
discharged into rivers and sewers, and onto waste | good deal of dirty residual liquid. Of the oxygen 
ground, or barged into the sea, as long as this was; entering the soaking boxes, 41-8 per cent. is, in the 
tolerated. Numerous processes for separating the | small cartridges, actually utilised in the explosion, 
sludge from the oil residue by means of water, heat, 


64£-S per cent. is absorbed, 23 per cent. is lost by 
pressure and neutralising chemicals, into acid to be| evaporation, and 12-7 per cent. is the dirty waste 
concentrated and tar, have been worked out for These figures refer to 
batch and continuous operation, since 1859. By cook- 


which is afterwards filtered. 
blasting 1} hours after taking the cartridges out of the 
ing the sludge from lubricating oils, pitch has been 
obtained, which, however, corrodes the boilers under 


soaking boxes. Blasting with these cartridges, intro- 
which it is burned. Direct burning of the sludge 


though the expense works out somewhat higher than 
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FLOTATION AND FLOTATION CONCENTRATES. 


Flotation practice has much been simplified of late, 
with respect to both the number and the quantity of 
the reagents made use of. But various frothing agents 
are still recommended for specific purposes, and why 
certain mineral particles will float without either oil 
or reagent is even now no better understood, than is 
the real nature of the preferential adhesion of gas 
bubbles to certain crystals. The suggestion of differen- 
tial electric attraction finds at present more advocates 
than chemical interaction between gas and mineral. 
Mr. A. S. Adams, of Colorado College, suggested in 
his paper on Gas Sorption in Flotation, that all heavy 
floatable particles are distinguished by a marked power 
of condensing or adsorbing gases on their surfaces. 
He connected this property with the coefficient a in 
Van der Waals’ equation of state, and he had studied 
it by desorption tests. Small samples of ores were 
crushed under degassed water, to which oil could be 
added, or in the air, and the ease with which bubbles 
of different gases (air, hydrogen, etc.) picked up those 
particles was determined, but so far without conclusive 
results. 

The metallurgist complains that floated concentrates 
reach him either asa wet, sticky mud, frozen into lumps 
that may have to be blasted in winter, or as dry dust, 
equally unsuitable for furnace treatment. A process 
was described by Mr. Arthur S. Dwight, of Messrs. 
Dwight and Lloyd, New York, of submitting the con- 
centrates to a previous sintering or blast-roasting 
operation, or to two such treatments; in the latter 
case the sulphides formed during the first sintering 
are crushed and again moistened. The ore is spread 
in a thin layer on a grate, ignited on the surface, and 
the hot blast is drawn through it downwards ; the ore 
is oxidised, semi-fused and whipped by the blast into 
cells with thin walls (7;-in. to z}5-in. in thickness), 
forming a coke-like porous mass (sinter). With a 
layer of 4-in. thickness, the oxidation proceeding 
downward will take 15 minutes. To make flotation 
concentrates sufficiently pervious to the air, they 
are steamed and rubbed through }-in. screens, or are 
passed through pug mills mixed with coarse ore or 
with sinter returns, and sometimes also withslag. Such 
preliminary treatments are less necessary for copper 
smelting in reverberating furnaces than for zinc and 
lead concentrates. The zinc sulphide may be super- 
ficially oxidised and difficult to ignite, however, unless 
mixed with 5 per cent. of carbon; but the sintering is 
said not to involve zinc losses by volatilisation. 


CoaL CLEANING. 


A paper on Cleaning Bituminous Coal, by Mr. J. R. 
Campbell, pleaded for the standardisation of methods in 
estimating the washability of a given coal and measuring 
the performance of a coal washer. Too much time 
or money, he thought, could hardly be spent on fuel 
surveys. A sufficient number of gravity fractions 
should be made to determine particularly the character 
of the intermediates, the middling or bone product, 
between the lower specific gravity of about 1-30, 
showing the inherent ash and sulphur, and the rock 
end, above 2:00. The total sample was quartered 
for convenience and sized over standard screens; each 
size was then submitted to a series of float and sink 
tests in liquids of increasing density; each portion 
separated was washed, dried, weighed and analysed for 
ash and sulphur. From the tabulated results the wash- 
ability curves were deduced indicating, for instance, the 
variation in ash content with variation in gravity at 
which the separation was made. The slopes of these 
curves showed the washability of the sample. Mr. 
Campbell very briefly reviewed the many methods in 
actual use, of dry, wet and also combined washing and 
hydraulic classification. Dry cleaning (on tables) had 
attractions, and avoided the need of subsequent 
drying ; but even coke-oven men did not consider that 
expense as very important, unless the coal were dripping 
wet. The sludge recovery was easier than dust 
recovery. Bag-house dust collectors were much more 
efficient than cyclone collectors, but also more expen- 
sive. Coal could be efficiently wet-washed at a total 
cost (including all items) of 20 or 25 cents per ton. 

The hindered-settling classification of feed to coal- 
washing tables, on which subject Messrs. B. M. Bird and 
H. F. Yancey, of the Bureau of Mines, contributed two 
papers, is really concerned with a kind of elutriation 
process, i.¢., the separation obtained when a bed of 
particles is held in a uniform state of suspension by 
an upward current of water, continuous or pulsating, 
just sufficiently strong to keep the bed in a mobile con- 
dition. In classification, the fine-size raw coai is not 
fed direct toa table, but is first sent toa classifier which 
groups it according to the rate of settling, into, say, six 
separate products, all of which (except the sixth, 
which is refuse) are, after dewatering, raised to a 
separate feed bin and washed on a. separate table. 
The experimental investigation of Messrs. Bird and 
Yancey was made with the aid of a full-size table and a 








duced in 1926, has been entirely satisfactory, aud 
the acid concentration 


proved as objectionable 


as was expected, a distinct saving is being effected. 





semi-commercial classifier, a sorting column of six 
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compartments, so arranged in the upper portions that | washing of blast-furnace gas had long been the rule in 


each part of the column could be supplied with water of | Germany. } 
an upward velocity suited to the sizes of particles at that | dust catcher, of larger size than those used in America, | with the stream of entering gas. 


point; thus hindered-settling conditions were main- 
tained for materials at all settling rates. The table and 
the classifier act in different ways. The washing table 
separates according to both specific gravity and to 
size, and when the feed is unsized, the two separations 
oppose one another. Classification of the table-feed 
gives a size-gravity relationship such that gravity and 
size separation assist one another. The classifier 
smooths out irregularities in the rock content of the table 
feed and gets over the baffling difficulty of maintaining 
a uniform ash content in the washed coal. When the 
coal is itself more friable than its associated impurities, 
the impurity particles are relatively coarser and table 
washing is difficult. The classifier increases the range 
of fine sizes that the table can deal with and increases 
the table capacity. 

The second paper showed the advantages to be 
obtained by re-treating middlings from coal washing 
tables by classification. The classifier used was either 
a tube, a simple sorting column, 8 in. square (with 
glass windows) for a continuous upward flow water, 
or a larger column for various currents, of the type 
mentioned. Such classifiers might be built for plant of 
any size at a cost of about 0-7 cent per ton of coal 
washed; they require little additional floor space, 
about 1 sq. ft. per ton per hour of coal, and, being 
practically automatic, demand very little supervision. 


Gas WASHING. 


Mr. Arthur J. Boynton, in a contribution, urged the 
use of blast-furnace gas, alone or mixed with coke-oven 
gas, for many purposes in iron and steel works, which 
now, he stated, generally comprised a coke-oven plant 
and a rolling mill. 


raising, in gas engines for blowing and power, for 
underfiring coke ovens, for the manufacture of open 
hearth steel and for mill heating. For stove heating, the 
ordinary cleaning by means of wet scrubbers and fans 
was sufficient, though it did not admit of a high 
efficiency. But for many purposes fairly complete 
dust removal was imperative. 

Special plants of high standard for the secondary 


The gas was, or could be, used for | casing, or between other bars revolving in the opposite 
regenerative heating of air for blast-furnace, for steam- | direction (Schwarz-Bayer) ; the spray issuing from the 


ENGLISH ELECTRIC COMPANY, LIMITED, ENGINEERS, LONDON. 


LUI BELOW 


Fig. 15. IntTEeRIoR or PowEr Howse. 


was open, and a feed pipe entered the fan just below the 
shaft, so that the water was projected into the fan along 
Electric precipitators 
for each furnace and to concentrate the other equipment | were made chiefly by the Siemens-Schuckertwerke 
in a central installation involving frequently long gas | and by the Elga Company (Zschocke-Dillingen). The 
mains, constructed at considerable expense on a large | former firm was now adding a plant for 118,000 cub. ft. 
| scale for the minute control of every operation. Control | per minute to former installations, to deal with new 
of burners and gas-air ratios was impossible with semi- | Krupp works; the latter had installed a 35,000 cub. ft. 
washed gas. The regulation of a hot-blast stove | plantat Witkowitz, and were building a 186,000 cub. ft. 
| required separate flow-meters for gas and air, and for| plant for the Mannesmann A.G. Both firms worked 
combustion and for cold blast, maintenance of a/|with gas at a temperature below 100 deg. C. and 
constant pressure, and complete analyses of the gases | required pre-coolers. Mr. Boynton stated that Hal- 
of combustion ; a controlled stove might last ten years | berg-Beth bags were probably 40 per cent. more 


without repairs. By using a rich mixture of coke-oven | expensive than wet-washing systems, and slightly 
gas and blast-furnace gas in open-hearth steel manu-| more expensive than the electric precipitators. 





The usual practice was to provide a dry 


In 


facture for the melting period and a poorer mixture| America, gas cleaning still usually implied scrubber 
for the boil and finish, seventy-ton heats of 70 per| cleaning, but fine cleaning would pay. 

cent. scrap and 30 per cent. pig could be made in 
| six hours. In mills no coal was burnt outside the 
| coke oven except for the narrow-gauge locomotives on 
the premises. 

The maximum dust content permitted in cleaned 
gas was (0-04 grain per cubic foot. But some disin- 
tegrators and the Halberg-Beth dust bags brought that 
figure down to 0-002 grain, and 0-009 was frequently 
|the limit tolerated. These bags were filters of cotton 
| or wool fabric stretched on frames arranged in two rows 
|on either side of chambers of a capacity of 12,000 
|cub. ft. per minute ; the gas was forced inward. The 
| first cleaning was generally done in a pre-cooler or 
| spray-tower, and the secondary washing by means of 
| bags, disintegrators of the Theisen drum type, or 
|electric precipitators. Scrubber -towers with rotating 
| spray devices were not in favour. In the centrifugal 
| disintegrators a system of bars attached to the rotating 
| shaft revolved between stationary bars fixed to the 








THE BHIRA STATION OF THE TATA 
HYDRO-ELECTRIC POWER COMPANY. 


(Concluded from page 771.) 

TuRNING now to the electrical side of the plant, the 
main alternators generate three-phase, 50-cycle current 
at a terminal voltage varying from 9,400 volts at no 
load to 11,000 volts at full load. They have a con- 
tinuous rating of 17,500 kw., 21,900 kv.-a., 0-8 power 
factor lagging, and a 10-hour overload rating of 
21,000 kw., equivalent to 26,250 kv.-a. at the same 
power factor. The temperature rise is guaranteed not 
to exceed 60 deg. F. after a full-load run, and is 
measured by embedded temperature detectors in the 
stator and by the increase of resistance of the rotor. 

The main constructional features of the machines 
are shown in the drawings, Figs. 16 and 17, page 820, 
The stator winding is of the two-layer or basket type, 
and is insulated with mica throughout. Each coil 
consists of a single conductor built up of thin copper 
laminations. The insulation of the parts of the coils 
which lie in the slots consists of a mica wrapping pressed 
to gauge in a hot mould to form a solid mica cell 
extending well beyond the ends of the core. To prevent 
any possibility of ionisation in the minute air films 
between the coil and the side of the slot, the external 
covering of the coil and the slot lining are treated with 





| shaft converted the dust particles into globules of 
| water; the tan was installed outside the disintegrator. 
The sludge was clarified with the aid of lime or other 
means for re-use of the water, but the dirt was merely 
dumped and not made further use of. The cleaners 
| of Dinnendahl and Zschocke were double-entry fans 
| adapted to gas washing by mounting a turbine wheel 
| on the shaft in each gas inlet ; the outside of the wheels 
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CONSTRUCTED BY 





a conducting material which definitely ensures that | with the track on the frame, so as to permit rotation of | 
the whole dielectric stress is taken by the mica wrap- | 


ping. The parts of the coils beyond the core are 
insulated with mica tape sealed between layers with 
a non-hygroscopic varnish. In addition to this, the 
air clearances are large, and the completed machines 
during a high-pressure test of one minute’s duration at 
23,000 volts. were free of any brush discharge or 
ionisation. The end windings are supported against 
the stresses arising on short circuit by mica-insulated 
iron rings carried by brackets bolted up to the stator 
end-plates. 


The stator core is built up of thin segmental punch- | 


ings of silicon iron, secured to the frame by dovetails 
fitting into slots millea in axial bars on the inside of 
the frame. The plates are insulated from one another 
with a heat-resisting material, and are built up into 
narrow packets, graded in length so as to secure equal 
temperatures throughout the length of the core. The 
intervening spaces act as radial ventilating ducts for 
cooling the core. 
end-plates and secured by studs to the ends of the 
frame. The stator cores were built in halves, but 
on account of shipping limitations they were wound on 
site, so that it was not possible to take tests on detailed 
losses in the works. Each core, however, was magneti- 
cally tested before shipment to ensure that no part of 
the iron had been damaged during manufacture. 

The stator frame is a substantial iron casting designed 
to form a collecting duct for the air discharged from 
the core. It is cast in two halves, bolted together 
on the horizontal diameter. In order to afford facilities 
for inspecting the lower part of the winding, which is 
below floor level, the frame is provided with a machined 
track, and rollers are mounted on slides below the 
machine as shown in Fig. 17; the weight can be 
taken on these while the stator is rotated by a crane. 
The stator feet are, therefore, separate castings 
spigoted and bolted to the main frame, and can be 





THE 





The core is supported by cast-steel | 


removed after the rollers have been made to engage 
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the frame. 

The rotor is designed to withstand an overspeed 
of 80 per cent. above normal, i.e., 675 r.p.m., and all 
machines were tested at this speed before shipment. 
In this overspeed test it was found that the power 
required to drive the rotor at its maximum speed was 
slightly more than 1,000 kw. At this speed, although 
the peripheral velocity of the rotor is 22,000 ft. per 
minute, in no part of it is the factor of safety less than 
4, based on the ultimate strength of the material 
| employed. 





| construction of this rotor, the number of individual 
| parts being reduced to a minimum. The flywheel 
effect is no less than 2,300,000 Ib. ft.2 (W.R.2). 

Thé poles are built up of special high-grade sheet 
steel laminations, bolted between semi-circular steel 
endplates, and secured to the rotor by carefully designed 
dovetails. These dovetails are an accurate fit in 
slots milled in the rotor periphery, and are hydraulically 
pressed into position without the use of keys. The 
tield coils consist of annealed copper strip wound on a 
| sheet steel spool with brass outer flanges and insulating 


inner flanges at top and bottom, and are completely | 


insulated with micanite between turns and to earth. 


In order to prevent undue stresses in the copper, a| 


These | 


coil support is fitted between each pair of poles. 
supports consist of manganese bronze castings secured 
by dovetails to the rotor body. The rotor body con- 
sists of four cast-steel disc-type wheels shrunk on to 
individual shaft seatings and driven by rectangular 
keys. The rough-turned weight of each wheel is 
approximately 14 tons, and the material used had the 
following physical properties :— 


Ultimate strength 

Yield point _.... we 

Elongation on 2-in. test 
piece 


35 tons per square inch. 
7h 


” 


20 per cent. 


Simplicity of design was a guiding feature in the} 


Fig. 17 
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The shaft is a high grade steel forging, having a 
| finished weight of 20 tons, and is supported in two jour- 
| nal bearings 22 in. diameter, 40 in. long. Each end 
| of the shaft is extended to provide a seating for the 
overhung turbine runner which imposes a tangential 
thrust of 33 tons on the extremities of the shaft. The 
centre of the shaft is drilled out to permit inspection 
of the material at the centre of the forging. 

The rotors had to be entirely dismantled before 
shipment. The method adopted for putting the hubs 
on to the shaft with a sufficient interference fit to 
ensure that they remain in contact under overspeed 
conditions, was to expand each hub on to its seat. 
The necessary expansion was obtained by heating the 
periphery of the wheels by currents induced in them by 
a primary coil wrapped round its surface. It was 
found that by this means the hubs could be easily 
pushed on or off their seatings without damage to shaft 
or keys, and an interference fit was readily obtained 
under controlled conditions, which it would have been 
impossible to secure with pressing tackle. 

The journal bearings, which are relatively short in 
length compared with their diameter, are spherically 
seated, and are supplied both with oil rings and with a 
continuous supply of oil from a gear pump driven by 
belting from the shaft. Each machine has an indepen- 
dent lubricating system, the oil for the two bearings 
being pumped from the oil reservoirs in the bedplate, 
through a tube type cooler, to the bearings. 

The stator and the bearing pedestals are mounted on 
a massive cast-iron bedplate, containing the oil reser- 
voirs, the combined weight of the two pedestals and 
bedplate being no less than 30 tons. 

The machines are ventilated by fans mounted at 
| each end of the rotor body, and are totally enclosed. 
| The incoming air is led into the pit through ducts in 
| the foundations and directed to the fan inlets by auxili- 
|ary shields bolted up to the main shields. After 
| passing through the machine into the back of the frame, 
| the air is discharged through cores in the underside 
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Two exciter sets are 
provided consisting of 
500-kw. direct-current 
generators driven by a 
turbine overhung at one 
end of the shaft. At 
the opposite ends of the 
shafts 50-kw. auxiliary 
direct-current generators 
are coupled. The ex- 
citers are rated for a 
normal current of 2,600 
amperes, 190 volts, and 
have a 10-hour overload 
rating of 2,800 amps. 
210 volts. They are 
further capable of dea- 
ling with a current up 
to 4,000 amps. for 3 
minutes. Drawings of 
these are reproduced in 
Figs. 19, 20 and 21, 








Hand Control of 
i ing Blaoles 











one as installed in the 
power house in Fig. 18. 
These —exciters 
standard 8-pole direct- 
current machines, run- 
ning at 600 r.p.m., and, 
like the main turbine, 
at an overspeed of 80 per cent. On 
the large current and the relatively 
special shrink rings were required on 
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of the frame to a sheet metal duct leading to an exhaust | were tested 
duct in the foundations. Each machine is estimated | account of 
to draw in 65,000 cub. ft. of air per minute. high speed, 





and a photograph of | 
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|and Mr. F. S. Sinnatt. 
| the Carnegie Institute of Technology, Pittsburgh, during 
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the commutators. A general view of the interior of 
the station is reproduced in Fig. 15, page 819. 








ZAGREB SPRING Fatr.—His Majesty’s Consul at Zagreb, 
Croatia, has forwarded to the Department of Over- 
seas Trade a copy of the official final report issued by 
the committee of the Zagreb Spring Fair of 1928, dealing 
particularly with motor cars, lorries, motor cycles, 
bicycles and agricultural machinery. British manu- 
facturers can obtain a copy of this report on application 
to the Department of Overseas Trade, 35, Old Queen- 
street, London, S8.W.1, quoting reference number 
A.X. 6414. 





| 


ASSOCIATION OF CONSULTING ENGINEERS.—The report 
of the committee of the Association of Consulting Engi- 
neers for the year 1917-1928, shows that, on April 30 
last, the membership stood at 115. The accounts show 
an income for the year of 492/., and an expenditure of 
475l. During the year the Association has been admitted 
as an affiliated institution of the Joint Engineering 
Council. The honorary secretary of the Association 
is Mr. A. H. Dykes, of Messrs. Handcock and Dykes, 
11, Victoria-street, London, S.W.1. 





CONFERENCE ON BrrumiInous Coat,—We understand 
| that, among the British scientists who have tentatively 
accepted invitations to speak or read papers at the 
| forthcoming second International Conference on Bitu- 
| minous Coal, Pittsburgh, U.S.A., are Professor W. A. 
| Bone, Mr. E. C. Evans, Mr. H. A. Humphrey, Dr. C. H. 
| Lander, Dr. R. Lessing, Lord Melchett (formerly Sir 
| Alfred Mond), Mr. Harald Nielsen, Dr. E. W. Smith, 
The Conference will be held at 


| : * 
' the week commencing, November 19, 1928. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919, 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned, the Specification is not 
illustrated. . 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in ttalics. 

— of Specifications may be obtained at the Patert Office, Sales 
—— 5, a Buildings, Chancery-lane, W.C.2, at 

uniform of 18. 

The date of advertisement of the pt of a Comp 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the pti of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


279,935. N. M. Rust, Chelmsford, and F. P. 
Swann, London. Frame Aerials. (4 Figs.) August 3, 
1926.—The invention relates to frame aerials for wireless 
telegraphy and telephony, and has for its object the 
provision in a single unit of two frame windings having 
different natural wave-lengths and arranged so that 






































there is substantially no interaction between the said 
windings. According to the invention, a frame aerial 
comprises two frame windings 1, 2 suitable for different 
wave-lengths and arranged mutually perpendicular. 
The frame windings 1, 2 are each wound upon its 
own supporting frame 3, 4. The frame aerial, as a 
whole, with its two windings, is mounted on a vertical 
spigot bearing 7, so that it may be rotated in the usual 
way. (Sealed.) 

280,253. W. Reavell, Ipswich. Rotary Compres- 
sors. (4 Figs.) May 17, 1926.—-The invention has refer- 
ence to rotary compressors of the crescent chamber type 
and the object is to prevent the sliding blades of the 
rotor, when driven outwards by centrifugal force, from 
pressing or rubbing against the fixed casing or stator. 














According to the invention, balls or rollers carried {by 
the blades co-operate with tracks that are themselves 
free to rotate upon other balls or rollers and serve to 
guide the blades and prevent their tips bearing against 
the casing or stator, though they move in close proximity 
thereto. a is the stationary cylindrical casing, d, d are 
the two end covers provided with eccentrically disposed 
bearings e for the driving spindle f of the rotor, carrying 
the radially sliding blades h.. k, k are tracks mounted on 
pall bearings J in the end covers d, concentric with the 
interior of the casing a, and serve as guide tracks for 
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rollers m mounted on journals formed on or attached to 
the blades hf, as shown. 0, o are additional tracks on 
the end covers to limit the inward movements of the 
blades when the machine is at rest or revolving slowly, 
as when starting up.—Accepted November 23, 1927. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


281,106. Coventry Climax Engines, Ltd., 
Coventry, and J. T. Wooddisse, Sparkhill, Birming: 
ham. Internal Combustion Engines. (2 Figs.) 
December 21, 1926.—The invention relates to detachable 
water-cooled cylinder heads for internal combustion 
engines of the kind in which the valves do not seat upon 
the cylinder head. According to the invention, the wall 
of the combustion chamber is a sheet metal plate stamped 
to the required shape and provided with a flanged edge, 
which is secured to a cast-metal cover which forms the 
water jacket. A sheet 2 of steel is pressed to the required 
shape, which involves four indentations 3 corresponding 
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to the four compression spaces of the four cylinders. 
These indentations are separated from one another by 
portions 4 of the sheet, and they are surrounded by 
similar flat portions. These flat portions form jointing 
surfaces, which make a water and gas-tight joint with the 
top of the cylinder block in the well-known manner. 
Resting at 5 on the edge of this indented sheet is a cover 6 
of cast metal, having a flanged edge 7 which rests on the 
flat edge of the steel plate. These two edges are then 
joined together by turning the edge of the steel plate 
over the flange of the cast cover. To accommodate the 
sparking plug, a large hole 9 is formed in the cylinder 
head and a neck 10 projects upwards from the steel sheet 
: 2 through the hole. (Sealed.) 


HYDRAULIC MACHINERY. 


' 281,472. Brown Brothers and Company, Limited, 
Edinburgh, Scotland, and W. Wallace, Edinburgh, 
Scotland. Hydraulic Motor Control. (4 Figs.) 
November 30, 1926.—The invention relates to a hydraulic 
motor equipment installed on board ship with provision 
for controlling a hydraulic cylinder adapted to effect 
raising and lowering operations. There is connected 
to each end of the cylinder 1, a control valve 2, having a 











(28/472) 


through port 3 and a plunger 4. Ports 6, 7 at the upper 
and lower ends, respectively, of the cylinder 1, are each 
connected to one end of the through port 3 of the relative 
control valve; the other end of the port 3 of the upper 
control valve is connected to a fluid supply or return 
pipe 8, and that of the lower control valve is connected 
to a fluid return or supply pipe 9. The inner end face 
of the plunger 4, of the upper control valve, is open to 
the fluid pressure in the pipe 9 by way of a cross-connec- 
tion 10 and the inner end face of the plunger 4, of the 
lower control valve, is open to the fluid pressure in the 
pipe 8, by way of a cross-connection 11. Spindles 12 





F THE ONE HUNDRED 





integral with the plungers 4, carry caps 13, spaced by 
helical compression springs 14 from caps 15, adapted in 
the operation of the motor to be engaged alternately by 
tappets 16 carried by the piston rod 18. The piston 19 
in the position shown has just commenced its downward 
stroke, i.e., pressure fluid is being admitted by the 
pipe 8 through the port 3 to the upper end of the cylinder 
1. The plunger 4 of the lower control valve, which was 
closed by the lower tappet 16, has been moved to the posi- 
tion in which its port 3 is open, by the pressure fluidfrom 
the pipe 8 passing through the cross-connection 11, Asthe 
piston 19 descends, the fluid on its underside is expelled 
by way of the port 7, port 3 and pipe 9 until, when 
nearing the lowermost limit of its downward stroke, the 
upper tappet 16 engages the cap 15 of the upper control 
valve and moves the relative plunger 4 downwards to 
close the upper port 3 and cut off the supply of pressure 
fluid to the upper side of the piston 19. To effect the 
upward stroke of the piston 19, pressure fluid is admitted 
into the lower end of the cylinder 1 from the pipe 9 
through the lower control valve, which is in the open 
position. The upper plunger 4is now movedso as to open 
the upper control valve, by pressure fluid from the pipe 9 
acting on the inner face of the plunger by way of the 
cross-connection 10. Upward movement of the piston 19 
expels the fluid from the upper end of the cylinder through 
the pipe 8 by way of the upper control valve, which is 
held open by the fluid pressure in the pipe 9 and connec- 
tion 10. When nearing the end of the upward stroke, 
the lower tappet 16 engages the cap 15 of the lower 
control valve and moves the plunger 4 upwards closing the 
lower control valve and cutting off the supply of pressure 
fluid to the underside of the piston 19. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, 
&c. 


278,860. The British Thomson-Houston Com- 
pany, Limited, London, and C. J. Morton, Coven- 
try. Shaft Bearings. (1 Fig.) September 13, 1926.— 
A sealing device for a rotating shaft comprises a sur- 
rounding hollow cylindrical member 3, a bearing 2 for 


supporting the shaft 1 in the cylindrical member, and 
a cup-shaped washer 5 of flexible material which is 
secured to and rotates with the shaft and adapted 
when the shaft rotates to press at its periphery against 
the inner surface of the cylindrical member to form a 
seal. The cup-shaped washer 5 is held in position on 
the shaft between two annular washers 6, 7.—(Sealed. ) 


MISCELLANEOUS. 


280,644. John Spencer, Limited, Wednesbury, 
and Sir T. H. Spencer, Wednesbury. Pipe Joints. 
(3 Figs.) August 19, 1926.—The invention refers parti- 
cularly to the making of joints in pipe lines subjected 
to pressure, and in some cases heat also. The pipe 
ends a, b are thickened by the employment of rings c, d 
screwed thereon. The ring d is turned with an internal 
recess d! to receive the ring c and is undercut at d*. 
Both rings c, d and the ends of the pipes a, b are bevelled 
and when the rings have been screwed on the pipe ends 





(280,644) 


the annular triangular section recesses formed between 
a, c and between 6, d are made up by welding the rings 
to the respective pipe ends. These welds may be made 
and the end faces turned if required in the pipe work 
before the pipes are sent out. The pipes a, 6 thus have 
thickened ends, providing shoulders for clamping, to rein- 
force the welded joint which is made in situ. The pipes 
are assembled and temporarily sage and the weld 
is made around the undercut edge d* of the ring d on 
to the ring c. After welding the joint at d? a loose 
flanged and internally screwed ring e is placed on the 
pipe a behind the thickening ring ¢ and is screwed over 
the ring d to relieve the joint at d? of longitudinal and 
other strains coming on the pipe. A warning vent 
e! may be drilled in the collar e to ensure that the weld 
at d* is steam or fluid tight after the loose collar is 
screwed home. (Sealed.) 
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CULVER STREET WORKS, COLCHESTER. 
ON ADMIRALTY AND WAR OFFICE LISTS. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See advertisement page 83, - une 22, 

PATENT WATER-TUBE BOILER: 
AUTOMATIC FEED aAEGULATORS. 


And Auxiliary Machinery as supplied to a 
Adm iralty. 


Kite Patent Wste F He 


BOILERS. 1994 
Sole Makers, Spencer-Bonecourt Ltd., 
Broadway Bidgs., Broadway, Westminster, 8.W.1. 


Dredsing Pplant— 


For ALLUVIAL GOLD, PLATINUM & TIN. 
HARBOUR, RIVER & CANAL.—Gravel Dredgers. 
SCREENS. —DREDGE BUCK BUCKETS & Parts, all sizes. 


ARTHUR R. R. BROWN, LtD., 


64, New Broad Street, London, E.0.2. 
Telephone: London Wall 3418. 
Patent 


See 8 nydro-Pneumatic ASh Kjector 
Great saving of labour. Nonoise. Nodust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT & PROCTOR, LTD., Naval Archi- 
tects and Surveyors, 43, Billiter Bldgs. .» Billiter St., 
London, E.0. Od 48380 


GOLD MEDAL—INVENTIONS EXHIBITION-AWARDED 


[uckbams’ Patent Suspended 





2509 





9158 


WEIGHING MACHINES—EAST FERRY 
ROAD ENGINEERING WORKS COMPANY, Ltp., 
Lonpon, E.—Hydraulic Cranes, Grain Elevators, &c. 
"See illus. Advt. last week, page 15. 4259 
(‘hain & Rove Brecks 
(OF ALL KINDS). 
FELLOWS BROS., LTp., 
ORADLEY HEATH, STarrs. 
Plank Locomotives, 
Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., LtD., 
ENGINEERS, NEWOASTLE-ON- TYNE. 4371 
+ \RANES. All Types. 
GEORGE RUSSELL & OO. aa, 
Motherwell. 4368 
Be ver, Dorling & Co., Ltd. 
M orks — BRADFORD. London Office: 
H Victoria Street, S.W. Licencees & Manufacturers 
© New Patent MALCOLM FEUERHEERD 
Roi LEI { PUMP and HIGH CLASS ENGINES, ete. 
S« 2am Hammers (with or 
/ without guides). Hand-worked or self-acting 
TOOLS for SHIPBUILDERS & BOILERMAKERS. 
4385 
DAV! iS & PRIMROSE, Lnarep, LEITH, EDINBURGH. 
I J. Davis, M.I.Mech. :a 
Repo. Gas Engines Inspected, Tested and 
ati i upon, Uver 25 years’ experience. Tel. : 
ay and 1736 &1757, Wire: ‘Rapidising, London. " 
reat ig Road. ‘Stratford, H.15. __ 1794 
ke 
| Pd 
THOMAS HUNT & SONS, 
Albion Ironworks, 
Bridge Road Log ee 8.W.11. 


Your Repairs or any 
SPROIAL MACHINERY, try 


ae 


& W. MacLellan, Ltd., 


OLUTHA WORKS, GLasaow. 


P. 


MANUFACTURERS 0 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 

RAILWAY TRONWORK »BRIDGES,ROOFING,&c, 
Obief Offices: 129, Trongate, Glasgow. 
Registered Omeens Clutha House, 10, Princes St., 

Westminster, 8.W.1. Od 8547 





& CO., LTD., 
GLASGOW. 


YARROW 


PASSENGER AND CARGO STEAMERS. 


SHALLOW DRAFT VESSELS. 
___ 4138 


(‘ampbells & [enter | td., 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 

Bevei and Mitre Wheels planed up to 6 ft. 6in. diam. 

Spur Wheels cut up to 12 ft. 6in. diam. 
DOLPHIN FOUNDRY, LEEDS. 4547 

RAILWAY AND TRAMWAY ROLLING STOCK, 


urst elson & (\o., td., 
|| eel CL 


THE GLASGOW ROLLING STOCK AND PLANT WORKS, 
MOTHERWELL. Cd 3383 


rpihe Mitchell Ctonveyor and 


TRANSPORTER OO., LTD., 
CONTRACTING ENGINEERS * 


DESIGNERS and BUILDERS 
of 
all classes of HANDLING MACHINERY. 


Atlantic House, 
45-50, Holborn Viaduct, 
London, E,0.1, 


Telegrams: “ oa Oent, London.” 
Telephone: Holborn 2822. 


Petter Oi and Petrol 
j;ngines 
Sizes 14 to 600 B.H.P. 


PETTERS LIMITED, 


LONDON: 758, Queen Victoria St., E.0.4. 


2418 


Works ; YEOVE lL, 3903 


W AYGOOD- QTIS 


4429 


Lifts 


64 & 55, Ferrer LANE, LONDON, E.C.4, 
and Principal Provincial Cities and Abroad. 


te Glasgow Railway 
Engineering Company, 

GOVAN, GLASGOW. Ltp., 

London Office—12, Victoria ig 8.W. 
MANUFACTURERS 
RAILWAY Cae WAGON, & TRAMWAY 
HEELS & AXLES. 
CARRIAGE. & WAGON IRONWORK, also 

CAST-STEEL AXLE BOXES. 4479 


THE GLASGOW ROLLING STOCK AND PLANT WORKS. 


H2 Nelson & Co., Ltd., 
BuildersofKAILWAYCARRIAGES, WAGONS 
ELECTRIC CARS, AND EVERY OTHER DESCRIPTION 
OF RAILWAY and TRAMWAY ROLLING STOCK. 
Makers of WHEELS and AxLES, RAILWAY PLANT, 
FORGINGS, SMITH WORK, IRON & BRASS CASTINGS, 
PRESSED STEEL WORK OF ALL KINDS, Od 3382 
Reg. Office and Chief Works: Motherwell. London 
Ofiee : 32, Great St. Helen's, Bishopgate, E.C.3. 


Iron and Steel 
ubes and Fittings. 


Sole Licensees in Great Britain for the manufacture 
of “ Armco” Ingot Lron Tubes. 


The Scottish Tube Co., Ltd. 
HEAD OFFICE: 84, Robertson Street, Glasgow. 
See Advertisement, page 60. 4122 





les, Limited, 
ENGINEERS, 


“ee MANCHESTER. 
FEED WATER HEA 


CALORIFIERS, EVAPORATORS, 
CONDENSERS, AIR HEATERS, 
STEAM and GAS KETTLES. 

Merrill’s Patent TWIN STRAIN 


for ay Suctions. 
SYPHONIA STEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 
WATER SOFTENING and FILTERING. 5723 


Row’s: 
PATENTS 


IRON & STEEL 


[lubes ano Fittings 


AND 
Gteel P Jates. 


wins AND i Lia. 
GLASGOW. BIRMINGHAM. LONDON. 
See Advertisement, page 49, June 22. 4449 


i. anid: on: 
pe B L 


PETERBOROUGH. 


STEAM a AND A as 
— = oe to tidy 8, 


REFRIGERATING PLANT. 
See Advertisement, page 49, June I5. 


| ings Patent Agency Ltd. 

(Director, B. T. King, C.I.M.E., Registered 
Patent Agent, G.B., U.S., and Canada). Advice 
handbook and cons. on Patents and Trade Marks 
free.—146a, Queen Victoria Street, London, E.C.4. 
40 years’ refs. ’Phone: Central 0682 1209 


| por 8 Sale 


AS A GOING CONCERN. 


GERMISTON BRIDGE AND = 
STRUCTIONAL ENGINEERING WOR 
situated in the NORTHERN DISTRICT ‘OF 
GLASGOW 

These workshops, which are capable of a 
yearly output of about 15,000 tons, cover an 
area of about 133 acres, and are connected 
with both the L. & N.E. and the L.M. & 8. 
RAILWAYS. 

The buildings are equipped with up-to-date 
plant and machinery, cranes, etc. 

A PORTION OF THE WORKS, WHICH 
MIGHT BE SOLD SEPARATELY, OOM- 
PRISES NEW BUILDINGS OF NEARLY 
12,000 SQUARE YARDS GROUND FLOOR 
AREA. ADMIRABLY SUITED FOR GEN- 
ERAL ENGINEERING WORK, MOTOR 
BUS AND CAB CONSTRUCTION, OR FOR 
HEAVY GAKAGING ACCOMMODATION. 


Apply :— 
A. FRASER, Chief District Representative. 


Sin W.G.ARMSTRONG, WHITWORTH & CO.,LTD. 
74, York Street, GLASGOW. U 692 








eadowhall lieawesks: 


These Important FREEHOLD IRONWORKS 
FOR SALE. 

145,000 square feet of warehouses and buildings. 
11 acres. Siding connections with L.M. & S. and 
L. & N.E. Rlys. 

Splendid Offices. To be sold or let in lots to 
suit purchasers. 

Apply, THOS. W. WARD L7p., Albion i 
Sheffield. 


uton, Beds. — — - For’ Sale, 


SPAC IOUS FACTORY with approximate floor 
space of 40,000 square feet. Adjoins railway with 
siding to works; suitable for heavy engineering or 
similar trade. Ample room for extension if desired. 
Large Lancashire boiler, abundant water supply on 
premises, excellent storage. The present sub-lettings 
amount to £850 per annum, which, however, could 
be easily double without impairing the present floor 
space. Price for 6 one £40 000.— For further 
d: tails apply, T. G GOLBY. Estate Offices, Mill 
Hill, N.W.7. *Phone: Mill Hill 1458. X 392 


Davin Brown 
& SONS (HUDD.) LTD., HUDDERSFIELD 
The authorities on 


(FEARING 


4432 





Jatsons (Metallurgists) Ld. 


Lancaster Street, Sheffield. 


ELECTRIC FURNACES 


FOR 
STEEL AND NON-FERROUS 
METAL MELTING. 


Telegrams ; 
Bellany, 


-j ohn 
MILLWALL, LONDON, E., 
GENERAL CONSTRUCTIONAL ENGINRERS, 


Boilers, Tanks & Mooring Buoys 

STILLS, PEYROL TANKS, AIR RECEIVERS, STEEL 

CHIMNEYS, RIVETTED STEAM and VENTILATING 

PIPES, HOPPERS, SPECIAL WORK, R&PAIRS OF 
ALL KINDS. 


| rlaylor & (Shallen 


resses 


For Production of SHEET METAL PRESS WORK, 
also Makers of MINTING & CARTRIDGE PLANTS. 
Foundry, Works and Showrooms: BIRMINGHAM. 

See re page 78, June 15, 8195 


R ailwa y 
ile 
GQwitches and 


=? , 
¢; rossings. 
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“CARGO SHEFFIELD.” 4175 


imited, 


1216 


T. SUMMERSON & SONS, eaten 
DABLINGTON. 


Bolets, etc., Delivered from 
Stock subject to being unsold :— 

New 30 ft. by 7 ft. 6 in. Lancs. 180 Ibs. W.P. 

New 11 ft. by 5 ft. Cyl. Tanks or Receiver, 


80 lbs, W.P. 
by 4ft. Gin. Air Receiver, 100 


a 10 ft. 
Ibs, W.P. R 
H. & T. DANKS (Netherton) Lrp., Dede. 


Fhactories for Sale or to Let.— 
CLEATOR MILLS, Whitehaven, formerly 
occupied as linen thread factory, and having unique 
water power, with 375 HP. turbines and 600 HP. 
steam engine, for Sale or Lease; the premises are 
very suitable for an Artiticilal Silk factory or 
similar undertaking; included in the property are 
good villas and cottages, all at present occupied; 

magnificent opportunity, price moderate. 
Apply, THOS. W. WARD Ltp., Albion Works, 
4608 


Shefli eld. 
Churchill No. 2a 
HORIZONTAL DRILLING, BORING, 
MILLING AND TAPPING MACHINE, 
Table 24 in. wide by 32 in. long. 
8-in. “FORBES” Type PIPE SCREWING 
MACHINE eight sets of dies. English thread. 
VERTICAL BORING AND TURNING MILL 
by FRANZ BRAUN, maximum dia. to be 
turned 6 ft. Faceplate 5 ft. 3in. dia, 
Lapointe No.2 BROACHING MACHINE, 
7-ton ‘“* SMITH ” LOCO. ELECTRIC GRABBING 
CRANE, 40-ft. steel jib; 50 H.P. Motor, 500 
volts D. C. 
2-ft. gange “‘ WREN ” TYPE STEAM LOCOMO- 
TIVES(KERR STUART), cylinders 6-in. diam. 
by 9-in. stroke; 140 lbs. W.P., 1922 make, 
Several high-class nearly new SCOTCH MARINE 
BOILERS, 10 ft. 9 in. long by 13 ft. 3in. diam. 
for 125 lbs. work'ng pressure; in first-class 
condition and complete with fittings, ready for 
immediate delivery. 
Two LANCASHIRE BOILERS, 30it. by 7 ft. 6 in. 
reinsure 150 Ibs. pressure. 
PRESSURE RECEIVERS, 24ft. by 4 ft. 6 in. 
diam. hydraulically tested to 300 Ibs. per 
square inch. 


CATALOGUE (10,000 Lots) on application. 


Thos. W. ‘Wet L4- 


ALBION WORKS, 3938 SHEFFIELD. 


Maerryar-Scorr 


ew 


Lirts 


MABBYAT & SCOTT, LTD., 
574 & 40, HaTTON GaRDEN, LONDON, E.C.1. 
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[the Manchester Steam Users’ 


ASSOCIATION. 
For the prevention of Steam Boiler Explosions and 
for the attainment of Economy in the application of 
Steam. 9, MOUNT STREET, MANCHESTER. 
Chief Engineer: Mr. TELFORD PETRIE, 
D.8o., A.M.I.C.E., etc. 
Founded 1854 by Sm WILLIAM FAIRBAIRN. 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 4528 


: = ; 
P reparation for Kxaminations 
—Mr. A. J. ANIDO, B.Sc., A.C.G.L., specialises 
in the personal preparation of Candidates for all the 
examinations held by the Institutions of Civil, 
Mechanical and Electrical Engineers. Evening and 
Correspondence work arranged.—60, Chancery Lane, 
W.C. Telephone: Holborn 5776. c 


[the University of Sheffield. 


SESSION 1928-29. 
Vice-Chancellor.—Sir HENRY HADOW, C.B.E., 
D.Mus., LL.D 
DEPARTMENTS OF MECHANICAL, ELEC- 
TRICAL, AND CIVIL ENGINEERING, METAL- 
LURGY, MINING, FUEL TECHNOLOGY, AND 
GLASS TECHNOLOGY. 








The Courses in the above Departments extend 
over three or four years and prepare students to 
bécome specialists in one or other of these branches 
of Applied Science. 

The LECTURE COURSES in all the Departments 
are supplemented by Practical Training in Labora- 
tories and Workshops, which are fully equipped for 
the purpose of advanced scientific teaching, inves- 
tigation, and research. 

Part-time courses are arranged for students who 
desire to take special portions of any of the regular 
courses, 

In Mining Engineering and in certain of the 
Courses in Mechanical and Electrical Engineering, 
and io Glass Technology, arrangements are made to 
enable studerts who come to the University from 
works or collieries to take six months’ courses of 
study at the University and six months’ practice at 
the works or colliery each year for a period of four 
years. During the First Year such students should 
spend three terms at the University. 

RESEARCH Fellowsbips and Scholarships are 
awarded annually. 

The LECTURE COURSES commence OCTOBER 
3 4 


1928. 

"The TECHNICAL LABORATORY COURSES 
commence SEPTEMBER 25, 1928. 

Particulars of Entrance and Research Scholar- 
ships available will be sent on application. 

For further details of the Courses and for particu- 
lars of the Degrees, Associateships, Diplomas, and 
Certificates awarded on their successful completion, 
application should be made to 

W. M. GIBBONS, Registrar. X 259 


MANCHESTER MUNICIPAL 


( ‘ollege of Technology. 





Principal : 
B. MOUAT JONES, D.S.O., M.A. (Oxon.). 


UNIVERSITY OF MANCHESTER 
(FACULTY OF TECHNOLOGY). 


DEGREE COURSES IN TECHNOLOGY. 





The Prospectus gives particulars of the Courses 
leading to the Manchester University Degrees 
(B.Sc.Tech., M.Sc.Tech., and Ph.D.) and Certificates 
in the Faculty of Technology, in the following 
Departments :— 

MECHANICAL ENGINEERING: 
(Prof. DEMPSTER SMITH, M.B.E., M.Sc.Tech., 
M.I.M.E.). 


ELECTRICAL ENGINEERING: 
(Prof. MILES WALKER, M.A., D.Sc., M.I.E.E.). 


MUNICIPAL AND SANITARY ENGINEERING: 
(G. S. COLEMAN, D.Se.Eng., A.M.Inst.C.E., 
A.M.Inst.M. & Cy. E., F.R.San.I.). 


APPLIED CHEMISTRY, including General Chemi- 
cal Technology, Chemistry of Textiles 
(leaching, Dyeing. Printing and Finishing), 
Paper Manufacture, Metallurgy and Assaying, 
Chemical Technology of Brewing, Electro- 
Chemistry, Photography, Colouring Matters, 
Foodstutfs and Fuels. 

(Prof. JAMES KENNER, D.Sc., Ph.D., F.R.S.) 

TEXTILE TECHNOLOGY: 

(Prof. W. E. MORTON, M.Se.Tech.,. 

INDUSTRIAL ADMINISTRATION (Post-Graduate 
Course): 

(J. A. Bowrk, M.A., D.Litt.). 


Prospectus will be forwarded free on application 
to the REGISTRAR, College of ‘Technology, 
Manchester. X 241 


(Correspondence (Sourses 
OF 


PREPARATION 
FOR THE 


[{xaminations 

BA oor THE 

INST. OF CIVIL ENGINEERS, 

INST. OF MECHANICAL ENGRS., 
INST, OF STRUCTURAL ENGRS., 
UNIVERSITY OF LONDON, &c. 
ARE PERSONALLY CONDUCTED BY 


Mr. Trevor W. Phillips, 


B.Se., Honours, Engineering, London University, 
Assoc.M.Inst.C.E., A.M.I.Struct.E., M.R.S.I. 
F.R.S.A., Chartered Civil Engineer, &c.. 
For full particulars and advice, apply to :— 
8-11, TRAFFORD CHAMBERS, 58, SOUTH JOHN ST., 
LIVERPOOL. (Tel. Bank 1118). 
LONDON OFFICE :—65, CHANCERY Lang, W.C.2. 
pL pee oli ee i 4526 
Epgineers.—Do You Want a 
Ad GOOD JOB? “THE ENGINEER'S GUIDE 
TO SUCCESS” will tel! you how we have helped 
over 10,000 Engineers and we can help YOU. Send 
for free copy to-day. 40 Engineering Courses 
arranged for home study fully described. Prepara- 
tion for A.M.I.Mech.E. and all Engineering exams. 
Tultion until pass. No time limit. Advice free. 


TENDERS. 
DRYDOCKING, ETC., OF R.A.S.““RED CROSS.” 
The METROPOLITAN ASYLUMS BOARD invite 


r [Tenders for Drydocking and 
‘ REPAIRING the HULL and FITTINGS of 
the River Ambulance Steamer ‘‘ RED CROSS.” 

Specification, Conditions of Contract and Form of 
Tender may be obtained at the Office of the Board, 
Victoria Embankment, E.C.4. 

Tenders, addressed as noted on the Form of 
Tender, must be delivered at the Office of the Board 
not later than Ten a.m. on Wednesday, 11th July, 


1928. 
ALLAN POWELL, 
: Clerk tothe Board. X 409 
THE ASSAM-BENGAL RAILWAY COMPANY 
LIMITED is prepared to receive 


[[‘enders for :— 


15 BOGIE PETROL TANK WAGONS. 

Specifications and Tender Forms may be obtained 
at the Offices of the Company, Bishopsgate House, 
80, Bishopsgate, E.C.2. A fee of £1 1s. is charged, 
which cannot, under any circumstances, be returned. 

Drawings may be had at the cost of the tenderer, 
by application to Messrs. HODGES BENNETT & Co., 
Ltd., 78, Queen Victoria Street, E.C.4. 

Tenders must be delivered at the Company's 
Offices not later than Noon on Wednesday, the 18th 
July, 1928. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

By order of the Board, 
THOS. C. BRETT, 
Secretary. X 394 
METROPOLITAN ASYLUMS BUAKD. 


TO BOILER AND PIPE COVERERS. 





The Board invite 


‘renders for Providing and 

APPLYING NON-CONDUCTING COM- 
POSITION to Steam, Hot Water Supply and 
Heating Piping, Boilers, etc., at the Southern Fever 
Hospital, Dartford, Kent, in accordance with the 
Specification and Drawing prepared by Mr. T. 
CoorER, M.InstC.E,, M.I.Mech.E., Engiueer-in- 
Chief. The Specification, Drawing, and Form of 
Tender may be inspected at the Office of the Board, 
Victorla Embankment, E.C.4, on and after Ten a.m. 
on Wednesday, June 27th, 1928, and can then be 
obtained upon payment of a deposit of £1. The 
amount of the deposit will be returned only after 
the receipt of a bona-fide Tender sent in accordance 
with the instructions on the Form of Tender and 
after the Specification and the Drawing have been 
returned. ‘ 

Tenders addressed as noted on the Form must be 
delivered at the Office of the Board not later than 
2.30 p.m. on Tuesday, the 10th day of July, 1928. 

ALLAN POWELL, 
Clerk to the Board. X 369 
NESTON AND PARKGATE URBAN DISTRICT 
COUNCIL. 
SALE OF WATERWORKS PUMPING PLANT. 
The Council have TWO LANCASHIRE BOILERS, 
PUMPS, CRANE, &c., FOR DISPOSAL, and invites 


r}\enders for the same as, and 

where, they stand at The Waterworks, 

Neston, Cheshire. 

BOILERS. Two Lancashire Boilers, 18 ft. by 
6 ft. 6in., complete with Mountings 
and Fittings. Working pressure, 
100 lbs. (By Danks, of Dudley.) 

About 30 ft. of 3-in. Steam Pipes. 

One Feed Water Heater, 5 ft. by 
18 in., exhaust heated. 

One single Horizontal Steam Engine, 
12-in. cyl., 23-in. stroke, with crank 
shaft and two spur gears. (By 
Robinson, of Rochdale.) 

One single Rotary Steam Engine and 
4in. double-acting Ram Pump. 
(By Clarkson Bros., Glasgow.) 

Two 9-in. single-acting Bucket Pumps, 
3-in. stroke, with foot valves and 
top clack valves and air vessel. 
About 100 ft. of 9-in. C.I. flanged 
rising main and 30 ft. of 6-in. 
suction pipes. 

One geared hand Crane, 18-in. drum, 
with about 300 ft. of 1}-in. rope. 
The Plant may be inspected by appointment, 
The successful Tenderer will be held responsible for 
any damage to persons or property of the Council 
or third parties during the removal of the Plant, and 
will be required to remove the Plant at his own risk, 

within a limited period. 

Tenders may be for the whole of the Plant, or the 

two Lancashire Boilers, or any portion separately, 

and must state the period within which the same 
will be removed. 

Tenders, in writing, must be delivered at my 

Office not later than first post on Friday, July 20. 

The Council does not bind itself to accept the 

highest or any Tender, and will not be responsible 

for any costs incurred by persons tendering. 

By Order of the Council, 

HARRY G. WILLIAMS, 
Cc 


lerk. 
Urban District Council Offices, 
2, White Friars, Chester. 
June 27, 1928. X 388 
BOROUGH OF DARTMOUTH. 
COMBE IMPROVEMENT SCHEME. 


STEAM PIPEs. 
Freep WATER 
HEATER. 
ENGINES, 


Pomps. 


CRANE, 


The Corporation invites 


enders for Piling and the 


CONSTRUCTION of a ROADWAY in 
REINFORCED CONCRETE in accordance with 
the Drawings prepared by the Joint Consulting 
Engineers, Mr. H. KEMPTON Dyson, 25, Victoria 
Street, Westminster, S.W.1, and Mr. GOWER Pim, 
72. Queen Square. Bristol. 
The Specification, Bills of Quantities and copies 
of the Drawings, together with Conditions of Con- 
tract, can be obtained upon application to the 
undersigned, accompanied by a deposit of Ten 
Guineas, which amount will be returned after the 
receipt of a bona-fide Tender and return of the 
Documents and Drawings. 
Sealed Tenders made out on the Form provided, 
and accompanied by the priced Bills of Quantities, 
must be delivered at the Town Clerk’s Office, Dart- 
mouth, on or before Noon, on the 14th day of 
August, 1928, in the envelope provided. 
The Corporation does not bind itself to accept the 
lowest or any Tender. 
Dated this 27th dav of June, 1928. 

GILBERT JONES, 





THE TECHNOLOGICAL INSTITUTE, Est. 1918. 
Ww 89 


78, Temple Bar House, London, E.C.4. 


Town Clerk. X 421 


BOMBAY, BARODA & CENTRAL INDIA 
RAILWAY COMPANY. 


The Directors are prepared to receive up to Noon 
on Friday, 2Uth July, 


[Tenders for the Supply of :— 


1. GIRDER BRIDGES (100 feet Spans), 
and up to Noon on Friday, 13th July, TENDERS for 
the SUPPLY of 
2. AXLES for Carriages and Wagons, 
3. TYRES for Carriages and Wagons. 
Tenders must be made on forms, copies of which, 
with Specification, can be obtained at these Offices on 
payment of 20s. each for No. 1 and 10s. each for 
Nos. 2 and 3 (which will not be returned), 
The Directors do not bind themselves to accept 
the lowest or any Tender. 
8. G. 8. YOUNG, 
Secretary. 
Offices: The White Mansion, 
91, Petty France, Westminster, S.W.1. 
27th June, 1928. X 405 
SOUTH SHLELDS UNION. 


: OLD PLANT FOR SALE. 
The Guardians of the above-named Union have 
the following 


eu Plant for Dismantling and 


DISPOSAL at their Harton Institution, near 
Tyne Dock. Inspection may be had upon application 
to the ‘* Master, Harton Institution, South Shields,” 
from whom any further information required may 
be obtained. 

Sealed Tenders for the whole or part of the material, 
as and where itat present stands, addressed to “ The 
Clerk to the Guardians, South Shields,’”’ and endorsed 
“Tender for old Plant,’’ should be delivered by 
Tuesday, the 10th July. 

Two Laneashire Boilers, each 
6 fit. 6 ins. dis. 

One Lancashire Boiler, 28 ft. long by 6 ft. 6 ins. 





22 ft. long by 


ia. 
(Complete with all mountings. 25 years old. 
Purchase price to cover “‘on present seatings.”’) 
One Tangye Feed Pump (now at work), 9 in. 
steam 2nd, 6 in. water ead. 
One Worthington Feed Pump 
6 in. steam end, 4 in. water end. 
One Cylindrical Storage Tank, 10 ft. 6 in. long 
by 6 ft. dia. by $ in. plate. 
One Rectangular Storage Tank, 6ft. by 5 ft. 
by 4 ft. by } in. plate. 
One Dressing Sterilizer complete with containers. 
One Belt Driven Fan and Hot-air Heater, 
complete with trunking. 
One Steam Fumigator. 
Cast Iron per ewt. 
Wrought Iroa per cwt. 
Brass per Ib. 
Copper per Ib. 
Lead per Ib. 
Zine per Ib. 
The Guardians do not bind themselves to accept 
the highest or any Tender. 
By Order, 
J. W. COULSON, 
Clerk to the Guardians. 
X 377 
GOVERNMENT OF NORTHERN IRELAND. 
NOTICE TO SHIPBUILDING CONTRACTORS. 


The Ministry of Fitance invites 


‘Tenders for the Construction 
and Free Delivery of a DREDGER and PLANT 
as detailed below :— 

1. One Tug of the sea-going type, built to all 
Board of Trade requirements, to be fitted with 
Internal Combustion engines either of the Diesel 
or Semi-Diesel type, and to be equipped with suffi- 
cient power to be able to tow the two Hopper barges, 
Dredger and Rock-Drilling barge specified inclauses 2, 
3 and 4, a short distance coastwise in reasonable 
weather, draught not to exceed 5 ft. 6 in. aft. 

2. Two Steel-built Towing Hopper Barges, each 
capable of carrying 200 tons deadweight, or with a 
hopper capacity of approximately 180 cub. yards, 
draught not to exceed 5 ft. 6 in. loaded, and the 
extreme beam not to exceed 19 ft. These vessels 
are to be of the flat-bottom type, suitable for lying 
aground, and capable of discharging their cargoes 
at sea. - 

3. One Steel-built Grab Dredger, non-propelled, 
beam not to exceed 19 ft. and draught 4 ft., to be 
fitted with a suitable dredging crane, capable of 
working 1 cub. yard water measurement dredging 
bucket, with a working radius of 25 ft., arranged that 
it can be worked either over the stern or on either 
side of the vessel, with a dredging depth up to 40 ft.., 
to be quite seaworthy, and to be of the flat-bottom 
type, whereby the craft can lie safely aground. 

4. One Steel-built Rock-Drilling Barge of the flat 
bottom type, suitable for lying aground, capable of 
working six jumper drills. The power for working 
these jumper drills to be of a suitable motor type of 
engine. The beam not to exceed 19 ft. and draught 
not to exceed 2 ft. 6 in. fully loaded, complete ready 
for work, together with all the necessary hand 
mancuvring winches, &c. The drills to be of 
assorted lengths for a total drilling depth up to 
30 ft. for each drill. 
5. GENERAL CONDITIONS.—AII firms tendering 
should submit with their tender a full specification 
of the tug, barges, grab dredger and rock-breaking 
plant which they propose to supply, giving leading 
dimensions, size of scantlings, thickness of plating, 
&c., and a list giving full particulars and make of the 
fittings included, together with drawings showing 
general craft arrangements, and mid-ship section. 
6. DELIVERY.—Free delivery of the five craft to 
be made at the Port of Belfast, and firms tendering 
should state the time they require for such delivery. 
All the vessels supplied to be fitted with the latest 
Board of Trade life-saving apparatus, together with 
navigation lights, &c., as suitable and customary 
for dredging vessels of this description. 
Each Tender shall contain separate prices for each 
unit detailed. The envelope containing the Tender 
is to be addressed to the Secretary, Ministry of 
Finance, 15, Donegall Square West, Belfast, and 
marked “‘ Tender for Dredger and Plant.” Tenders 
will be received up to, but not later than Three p.m. 
on the 20th day of July, 1928. 
The Ministry is not bound to accept the lowest 
orany Tender. Preference will be given to firms on 
the King’s National Roll. 
The Contractor whose Tender is accepted shall 
execute a Deed of Contract in the form to be pre- 
pared by the Ministry of Finance for Northern 
Ireland and agreed by the Contractor. 
R. E. THORNLEY, 
Assistant Secretary. 


(now at work), 


Ministry of Finance, 
15, Donegall Square West, 
Belfast. 


THE SOUTH INDIAN RAILWAY Comp 
LIMITED. ‘ 


The Directors are prepared to receive 
Trenders for the Supply of : 

1. POINTS and CROSSINGS. 

2. BOGIE PETROL TANK Wa: \s 


(M.G.). 
3. STHEL CRANKED FISHPLATE: 
4, COMPRESSED AIR MAINS, etc. 
Specifications and Forms of Tender will be il. 
able at the Company’s Offices, 91, Petty i:..ce 
Westminster, S.W.1. ‘ 


Tenders, addressed to the Chairman and Dj: ra 
of the South Indian Railway Company, Li i 
marked :—‘* Tender for Points and Crossings,’ or as 
the case may be, must be Ieft with the unders © eq 
not later than Twelve Noon on Friday, the th 
July, 1928, in respect of Specifications Nos, 1, > end 
4, and not later than Twelve Noon on Frida:, (ie 


20th July, 1928, in respect of the Specification ‘0, 2, 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

A charge, which will not be returned, wi!! be 
made of £1 for each copy of Specification No. 1, 
and of 103. for each copy of Specification No. 2, snd 
of 2s. 6d. for each copy of Specifications Nos. 3 and 4, 

Copies of the drawings may be obtained at the 
Offices of the Company’s Consulting Engineers, 
Messrs. ROBERT WHITE & PARTNERS, 3, Victoria 
Street, Westminster, S.W.1. 

A. MUIRHEAD, 
Managing Director. 
91, Petty France, 
Westminster, S.W.1. 
27th June, 1928. X 42 


Yo 








APPOINTMENTS OPEN. 


THE WORSHIPFUL COMPANY OF ARMOUR. 

ERS AND BRASIERS IN THE CITY OF LONDON, 

THE COMPANY OF ARMOURERS AND 

BRASIERS are 

fiering a Fellowship of £300 

per annum, tenab!e from the 1st of October next, 

for Research Work in connection with Aeronautics, 

Full particulars and forms of application can be 
obtained from :— 
The CLURK, 

THE COMPANY OF ARMOURERS AND BRASIERS, 

81, Coleman Street, London, E.C.2 
with whom applications must be lodged before the 
28th July, 1928. X 424 


UNIVERSITY COLLEGE OF SOUTH WALES 
AND MONMOUTHSHIRE, 
COLEG PRIFATHROFAOL DEHEUDIR 
CYMKU A MYNWY. 


The Council of the College invites 


A Pplications for the Appoint- 
MENT of ASSISTANT LECTURER and 
DEMONSTRATOR in Engineering. 
mencing salary will be £300 per annum. 

Further particulars may be obtained from the 
undersigned, by whom three copies of application 
and testimonials must be received on or before 


July 16, 1928. 
D. J. A. BROWN, 
Registrar. 


The com- 


University College, 
Cardiff. 
June 20, 1928. X 368 





HULL EDUCATION COMMITTEE. 
MUNICIPAL TECHNICAL COLLEGE. 
Principal—E. P. Bates, M.A. 


anted, to Commence 
3rd September, a HEAD of the ENGI- 
NEERING DEPARTMENT. 

Commencing salary £500 per annum, rising by 
annual increments of £20 to a maximum of £600 per 
annum. 

Consultative work may be undertaken with the 
approval of this Committee. 

Forms of application and further particulars may 
be obtained from the undersigned on receipt of a 
stamped addressed foolscap envelope and must be 
returned so as to reach these Offices not later than 


llth July. 
R. C. MOORE, 
Director of Education. 
Education Offices, 
Guildhall, Hull. 


23rd June, 1928. X 391 


“ eit re 
[wo Drawing Office Estimators 
REQUIRED for service with Company 
operating in the Near East. Must have sound 
knowledge of General Engineering and Construction 
principles, with experience in Drawing Office routine, 
accustomed to prepare estimates and abstract 
engineering quantities ; should be prepared to niake 
a study of Cost Accounting generally as applicu to a 
large General Engineering works. For one vacancy, 
a knowledge of modern electrical installatious is 
required Age 28-30. Only single men need a) ply. 
Commencing salary £540 per annum. Free passage 
out and home, free furnished bachelor quarters 
(without messing), and free medical attvition. 
Agreement for one year, extendable to cover ‘uree 
years.—Address, with copies of testimoniais (not 
returnable), X 371, Oifices of ENGINEERING. 


AIR MINISTRY. 
DIRECTORATE OF TECHNICAL 
DEVELOPMENT. 


A Draughtsm*:, 
Grade II, is REQUIRED the 
Royal Aircraft Establishment for \ in 


connection wit the design of instruments ise 
in aerodynamic experiments on aircrait in ‘1! 
Candidates must have had a good te 
education, works experience and some experi: 
tie design of scientitic instruments. — ’ 
Salary £125 — £7} — £150, plusC.S.B., pes um 
(present total starting remuneration £19¥ 10s 
Ex-service men preferred. ” 
Write, quoting A 279, and stating full par €me 
to CHIEF SUPERINTENDENT, Royal 4: phe 


‘cal 
in 





X 362 








20th June, 1928. 


Establishment, South Farnborough, Hants. 
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RCYAL NAVAL ENGINEERING COLLEGE, 
KEYHAM (PLYMOUTH). 


Sz A pplications are Invited 
f 4 for the POST of DEMONSTRATOR 

“ie in the Physics Laboratory, which will 
become vacant on 12th September next. Inclusive 
salary £250, rising by £20 annually to £350. Other 
thing: being equal, preference will be given to ex- 
serv.cc men.—Applications, accompanied by partic- 
ulars as to age, qualifications, and experience, copies 
of te-timonials and references, should be forwarded, 
pot ster than 12th July, to the SECRETARY Ot 
THE ADMIRALTY (C.E. Branch), Whiteball, yn 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 


2 | wo Junior Assistants 

Qe (ENGINEERS) are REQUIRED at 
the Fuel Research Station, East Green- 

wich, $.E.10. Candidates must have a good honours 
degree in Engineering or equivalent qualification, 
together with some practical or research experience. 
Seale of salary £175—15—£235 per annum, plus 
Civil Service bonus; initial pay approximately £265. 
Superannuation provision will be made uuder the 
Federated Superannuation System for Universities. 
Application forms to be obtained from the 
SECRETARY, DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESRARCH, 16, Old Queen Street, S.W.1, 
to whom they should be returned not later than 
Monday, July 9th. X 381 


2] jraughtsmen Required, 
2 R.A.S.C. Training College, Aldershot. 
* One with good practical and theoretical 
training automobile engineering and experience 
preparing diagrams in perspective for instructional 
handbooks and lectures. One for junior post. 
Salaries, tncludipg bonus, 68s. 10d. to 82s. a week. 
Preference given to ex-service men.—Write, M.T. 
CHIEF INSTRUCTOR, above address, giving age, 
qualifications and copies of testimonials. X 366 











ssistant Mechanical 
ENGINEER REQUIRED by the 

Government of Nigeria for the Public 

Works Departme: t for two tours of 12 to 18 months’ 
service, with possible extension. Salary £480 for 
three years. then £510, rising to £720 by annual 
increments of £30. Outfit allowance of £60 on 
first appointment. Free quarters and passages 
and liberal leave on full salary. Candidates, age 
between 25 and 35, must have had a sound technical 
education and 5 to 10 years’ experience both in 
Drawing Office and in the Works on Marine and 
General Engineering, including pumping machinery 
and internal combustion engines (preferably motor 
vehicles) and have held the positions of Manager or 
Assistant Works Manager.—Apply at once, by letter, 
stating age andexperience, to THECROWN AGENTS 
FORK THE COLONIES, 4, Millbank, Westminster, 
$.W.1, quoting M/776. X 398 


UNIVERSITY OF LONDON, UNIVERSITY 
COLLEGE. 


APPOINTMENT OF LECTURER IN CHEMICAL 
ENGINEERING. 


The University College Committee will shortly 
appoint a 


| ecturer in the Department of 
A Chemical Engineering. which is under the 
direction of Professor W. Kk. GIBBS. The Lecturer 
should be a graduate in Engineering of a British 
University and have had some training in Chemistry. 
Indu-trial experience is also desirable. Salary £350 
to £450 according to previous experience. 
Particulars may be obtained from: 
C. 0. G. DOUIE, 
University College, London 


(Gower Street, W.C.1). X 406 


2 \ aintenance Engineer 
ao REQUIRED by the GOVERN- 
** MENT of the GOLD COAST, for Water- 

ks, ior two tours of 12 to 18 months’ service. 

) a year for three years, and then £510, 
20 @ year by annualincrements. Outfit 
of £60 on first appointment; free quarters 
ges; liberal leave on full salary. 
’, 25 to 35, must be Students or Associate 
of the Institution of Civil Engineers, 
Testamur of the Institution of Municipal 
ty Engineers ; have been trained in the 
Waterworks Engineer and/or have been 
in the construction and maintenance of 
ks and be competent to design and super- 
coastruction of reinforced concrete storage 
‘pply at once, by letter, stating age, 
ons and experience to THE CROWN 
FOR THE COLONIES, 4, Millbank, 





qualit< 
AGEN 
Lon W.1, quoting M/716. X 416 


R 'juired, for Important 
a tish-owned Railway in Argentina, FOUR 
EN ( KING DRAUGHTSMEN, must be neat 
and a te and qualified as follows :— 
ulation and design of steel railway and 
ad bridges and steel-iramed buildings. 
ist have a sound practical knowledge of 
ructural details and be capable of preparing 
rking drawings and quantities, 
‘iculation and design of bridge abutments 
1 retaining walls, both in brickwork and 
‘ured concrete. Must have a sound 
wledge of the design of armoured concrete 
vay structures and be capable of 
paring working drawings and quantities 
paration of permanent-way detail 
awings, Must have a thorough knowledge 
‘ track construction and be acquainted with 
‘odern practice in design and shopwork. 
sanming Of tracks in stations, classitication 
‘tds and goods yards, Must have a sound 
wledge of general Railway construction, 
we} uding drainage and earthwork:. 
ser on three years’ Contract, £400/£450/£500 
c vm, Age not over 35. Keply, giving full 
fir ‘ts education, training and experience, age, 
= _Inarried, together with copies (only) of 
mie ‘als, to BOX Z.Y.X., c/o DAviEs, 95, 
‘gate, London, E.C.2, X 395 
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By H. J. MACINTIRE. 


ELECTRICAL 
ECON 


Demy 8vo. 21s. net. Many worked 


Instruments.” 314 pages. 3 
resent-day figures and practice, and 


examples are given, embodying p 


Demy 8vo. 25s. net. Written pri 
of some special branch of the iron 
broaden their outlook. 


25s. net. Much new matter has 


hydrology. 
new material. 


By GEORGE L. GUILLET. 
General Considerations ; 


Crank Mechanisms ; 


Drafting Room Problems ; Index. 


CHAPMAN & HALL, LTD., 11, HE 


iz di 


HANDBOOK OF 
MECHANICAL REFRIGERATION 


724 pages, 398 figures. 
author is unbiassed as he gives the various merits of different methods 
of procedure, so that the engineer will not be forced by an author’s 
prejudice to obtain information on only one theory. 


By D. J. BOLTON, B.Sc., A.M.I.E.E., author of “ Electrical Measuring 


the book is illustrated by a number of original charts and diagrams. 


METALLURGY 
OF IRON AND STEEL 


By H. M. BOYLSTON, B.S., A.M., Met.E. 


ELEMENTS 
OF HYDROLOGY 


By A. F. MEYER. Second revised edition. 


In the present edition there are about 40 pages of 


KINEMATICS - 
OF MACHINES 


256 pages. 
Displacement, Velocity and Acceleration; 
Instant Centers; Velocity and Acceleration in Plane Motion; Slider- 
Cam Mechanisms ; 
Gearing ; Gear Trains; Flexible Connectors ; Miscellaneous Mechanisms ; 


VUVVUEUCVELULLELELEL 


87s. 6d. net. The 


ENGINEERING 
Omics 


561 pages, 426 figures. 
marily for those who have knowledge 
and steel industry, and who wish to 


522 pages, 287 figures. 
been written on certain phases of 


15s. net. Contents :— 


Rolling Contact; Toothed 


PARA AARAAAA AAALAC OARS 


Detailed Prospectuses EG4, on application 


NRIETTA STREET, LONDON, W.C.2. 








DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH. 


Assistants are 
REQUIRED at the NATIONAL 
PHYSICAL LABORATORY. 

Candidates must have a good Honours Degree or 
equivalent qualification in Engineering or Naval 
Architecture, and preferably some research or 
practical experience. . 

Scale of salary £175-15-£235 per annum, plus 
Civil Service Bonus; initial pay approximately £265. 
Superannuation provision will be made under the 
Federated Superannuation System for Universities. 
Application must be made on a form to be obtained 
from the Laboratory, and must be received by the 
DIRECTOR, NATLONAL PHYSICAL LABORA- 
TORY, Teddington, not laterthan July 14th. X 332 





PERAK RIVER HYDRO-ELECTRIC POWER 
COMPANY LIMITED. 


A plications are Invited (by 
jJetter only) from properly qualified candidates 
for immediate appointment in Malaya :— 

TWO INSPECTORS FOR REINFORCED 

CONCRETE WORK. 

Applicants must be experienced clerks of works, 
thoroughly conversant with general work connected 
with civil engineering, especially reinforced concrete 
and levelling ; age 30-40 years; salary £450 to £550. 

Selected candidates for the above posts will only 
be appointed subject to passing strict medical 
examination. 

Agreement for about 1} years and free second- 
class passage to Malaya, and home again, on satis- 
factory termination of service. 

Applicants must forward details of career, giving 
particulars of education (general and technical), 
practical training, and subsequent experience, with 
names of employers, appointments held, and dates 
of such employment, together with copies only of 
testimonials, &c., to the undersigned as soon as 
possible, as applications will be considered as received, 
but not later than 13th July, 1928. 

RENDEL, PALMER & TRITTON, 
Appointments Department, 
13, Dartmouth Street, 
Westminster, 5.W.1, 


INDIAN SERVICE OF ENGINEERS. 


THE SECRETARY OF STATE FOR INDIA IN 
COUNCIL will in the near future appoint 
° ° = A 
rive Assistant Executive 
ENGINEERS for this _ Service, 
including, if possible, one Burman who 
will be appointed to the India recruited branch in 
Burma. Except for this one appointment, every 
candidate must be a European British subject of 
non-Asiatic domicile. 

Candidates must have attained the age of 21 years, 
and must not have attained the age of 24 years on 
lst January, 1928. 

They must either (1) have obtained one of certain 
recognised University degrees or other distinctions 
in Engineering, or (2) have passed Sections A and B 
of the Associate Membership Examination of the 
Institution of Civil Kngineers or been exempted by 
the Institution from such examination, or (3) have 
passed the Associateship in Engineering of the City 
and Guilds Institute (Imperial College of Science and 
Technology, South Kensington) or (4) produce the 
required evidence that they are otherwise eligible 
under the Regulations, They should, in addition. 
have had about one year’s approved practical 
experience of engineering. 

Applications from candidates must reach the India 
Office not Jater than 10th July, 1928. Printed forms, 
together with information regarding the conditions 
of appointment, may be obtained from the 
SECRETARY, SERVICES AND GENERAL 
DEPARTMENT, India Office, Whitehall, 8. W.1. 
India Office, 


X 397 





11th June, 192s. X 367 


istrict Engineers 

REQUIRED by the GOVERN- 

MENT of CEYLON for the RAILWAY 
DEPARTMENT, for three years’ service with 
possible extension. Salary £500, rising to £960 a 
year. £600 may be allowed in the fourth year of 
service or on completion of 30 years of age, whichever 
is earlier, provided the applicant is fully qualified. 
Free pas-ages are provided and, if married, for wife 
and children also not exceeding four persons beside 
the person selected. A rent allowance is paid if no 
quarters are available. Candidates should be 
Corporate Members of the Institution of Civil 
Engineers or hold an Engineering Degree or Diploma 
recognised as granting exemption from sections A 
and B of the A.M.I.C.E. examination, and should, in 
addition, have had at least five years’ suitable 
experience on Railways, partly on Construction and 
partly on Maintenance of an open line. Must be 
capable of taking charge of a district of about 200 
miles, carrying on any or all the duties of the 
District Engineer if and as required, or of taking 
charge as Kesident Engineer of large betterment 
works, They should be capable of designing all 
details in connection with such works as may be 
uecessary during the execution of the work. Apply 
at once, by letter, stating age, qualifications and 
experience, to THE CROWN AGENTS FOR THE 
COLONIES, 4, Millbank, London, 8.W.1, quoting 
M/414. X 414 


BLYTH HARBOUR COMMISSION. 
ENGINEER. 





The Blyth Harbour Commission invite 


A Pplications for the Position 


of ENGINEER to the Board, which will be 
vacant on August 31st, 1928. 

Candidates, who should be under 50 years of age, 
must have had a good all-round experience in the 
supervision and management of harbour work 
geverally, including workshops, plant, dredging, 
maintenance of quays, piers and waterways. 

Applications, stating salary required, age, qualifi- 
cations and experience, accompanied by copies of 
not more than three recent testimonials, to be sent 
to the undersigned not later than July 31st, 1928. 

Cc. E. BALDWIN, 


General Manager & Secretary. 
Harbour Offices, 
Blyth, Northumberland. 


June 23rd, 1928. X 3380 


W anted, Boilerhouse 


SUPERINTENDENT with up-to-date 
experience in the most modern methods of steam 
raising. Must havea good knowledge with regard 
to the means for, and obtainment of, the maximum 
thermal efficiencies. Only first-class man will be 
considered.—Please write, stating experience, age, 
and salary required, to reference L.H., X 352, Offices 
of ENGINEERING. 


urveyor. — Required, _ for 
service abroad, experienced FIELD 
SURVEYOR and MAP DRAUGHTSMAN, inti- 
mately acquainted with determination of positions by 
modern astronomical methods. Send references, 
state age, experience, and salary required, to BUX 
964, c/o WuiTk’s, 72/78, Fleet Street, E.C.4. X 393 


Process Engineerand Ratefixer 

REQUIRED for Electrical Instrument factory. 
Must have had experience in fixing piecework prices 
by Time Study methods. Knowledge of assembly 
processes for small electrical apparatus essential. 
State experience, age and salary required.—Address, 
X 319, Offices of ENGINEERING. 








W orks Manager is Required, 

age abcut 30 years, to take complete inside 
control of Factory in North of England. Applicants 
must have knowledge of chemistry, steam plants, 
hydraulic presses, and have received training in 
factories where energy, output and efficiency have 
been required. Commencing salary £500 per annum. 
—Address, stating full particulars, X 365, Offices of 
ENGINEERING. 


W orks Manager, small 


Cement Works, South America. Dry 
Process, Working knowledye Spanish desirable, 
not essential. Salary according qualifications. Con- 
tinued ability work at altitude around 13,000 feet 
essential.— Address, X 370, Oflices of ENGINEERING. 


e 7 ° 

R equired, by Firm of Gearing 

ay Specialists having Headquarters in London, 
ENGINEER-SALESMEN to travel throughout the 
country. Technical training and previous travelling 
experience essential.— Write, giving full details as to 
age, experience, education and salary required, to 
BoX 31, c/o MATHER & CROWTHER, Ltd., 10-13, 
New Bridge Street, E.C.4. X 415 


raughtsman, about: 23, 

accustomed to Crane Design. for Works in 
Manchester district.—Address, X 402, Offices of 
ENGINEERING. 





PD raushts men (Senior) 
REQUIRED in Midlands for Turbine and 
Hydraulic Vetwils. Particulars of training, experience, 
age, salary required and date free to be stated. 
—Addre:s, X 422, Offices of ENGINEERING. 


[taughtsman, experienced in 
all classes of Pneumatic Conveying Plant. 
Only those thoroughly experienced need apply. 
State salary required and send copies of recent 
testimonials. — Address, X 426, Offices of 
ENGINEERING, 


[ zaughtsman, fully conversant 
with Water Tube Boilers and must be capable 
of designing and detailing the various components 
connected with W.T. Boilers.—Address, stating 
salary and qualifications, together with references, 
X 427, Otlices of ENGINEERING. 


raughtsman, familiar with 
and capable of designing and detailing Coal 
Drying Plant. Only those with previou- experience 
need apply. State salary and qualifications, together 


with references. — Address, X 428, Offices of 
ENGINEERING. 
e =. * 
frully Qualified Engineer, 
Electrical and Mechanical, REQUIRED for 


large Petroleum Refinery in England, to take full 
charge of Engineering Department; must be 
experienced {n modern power production practice 
and capable of carrying out the design and con- 
struction of power and refining units.— Write, stating 
age and salary required, and giving full particulars 
of experience, to “ P.P.,”” c/o StREETS, 6, Gracechurch 


Street, E.C.3. X 384 
Reauired, by Leading 
Engineering Insurance Company, YOUNG 


ENGINEER, well educated and holding engineering 
degree with metallurgical works experience and 
ability to draw up clear and concise reports. 
Salary according to ability and experience.—Address 
X 401, Offices of ENGINEERING. 


e . > 7 ‘ 
A ssistant in Office of Engineer 
engaged in manufacture of Motor components. 
Birmingham district. Drawing office experience, 
knowledge o! jigs and process work desirable. 
Prospects for alert man under 35.—Address, X 399, 
Offices of ENGINEERING, 


anted, Millwright, with 


knowledge of electrical machinery, for a 
Concentrating Mill in the South of Spain. Know- 
ledge of Spanish desirable. Salary £40 per month.— 
Write, stating age, experience and references, to 
BOX L 609, WILLINGS, 133, Moorgate, London, 
E.C.2, X 378 


(vil Engineering Draughts- 

MAN and ASSISTANT WANTED for 
Power Station construction and general work, 
N.W. England.—Address, stating age, experience, 
and salary required, X 379, Offices of ENGINEERING. 


[)taughtsman (Senior) 
‘ REQUIRED by large engineering firm. 
Applicants must have sound mechanical engineering 
knowledge and preferably, but not imperatively, 
electrical experience on motors and generators — 
Address, with full particulars of age, experience and 
salary required, X 374, Oflices of ENGINEERING. 


J unior and Senior Draughts- 
e MEN, experience in Steel-frame buildings 
for works office near London. State experience and 
salary expected. — Address, X 417, Offices of 
ENGINEERING. 


° - e 
equired, First-class Jig and 
Tool DRAUGHTSMEN, preferably with ex- 
perience on Jigs for Internal Combustion Engines. 
First-class men only need apply.—Appily, stating 
age aud full particulars, to BRISTOL AEROPLANE 
COMPANY, Lrtp., Aero Engine Dept., Filton, 
Bristol. X 372 


Qugar Machinery Draughtsman 
h REQUIRED. First-class senior man, with 
good experience. Must state age and salary required. 
—Address, X 389, Offices of ENGINEERING. 


Appointments Open, &c., continued on page 4. 
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[travelling Representatives 
REQUIRED for (A) London (Home and export) 
and South and East Coast dis ricts; (B) Birmingham 
District, Midlands and Manchester District including 
Leeds and Hull, for sale of highest grade machine 
tools. Applicants must have held previous similar 
po-ition with reputable machine-tool tirm and have 
established connections amongst users. Salary, 
commission and travelling expenses offered. Good 
prospects and permanent position for live man. 
—Apply in writing, giving full particulars, to Address 
X 375, Offices of ENGINEERING. 








SITUATIONS WANTED. 


kK ngineer, aged 30, single. 

Todentured apprenticeship ‘ Locomotives. 
2$ years Sergeant Mechanic (aero engines) with 
R.A.F. during War. Directors’ Scholarship and 
Drawing Office. First-class Engineer's Certificate, 
marine, triple- expavsion, turbine, oil fuel and 
refrigerating experience, EARNESTLY DESIRES 
POSITION. Will start at bottom if a chance to 
rise. Willing to learn a language and go abroad.— 


Address, X 292, Officea of ENGINEERING. 

y) ngineer, Mechanical, with 
Electrical Experience, well established in 

present appointment but de sires change from col- 

lieries, experience home and abroad, go abroad again 

if required, tech. trained, all-round experience, good 


disciplinarian, first-class references, age 31.—Address, 
X 373, Offices of ENGINEERING. 


merican Agricultural 
Machinery.—Young Engineer, 22, British, 
Public School, 2§ years’ business training (export to 
South America), 18 months’ engineering training, 
specialising in American (peg-drum) type Threshers, 
SEEKS (HANGE—Europe, Can:da, U.S.A., or 
South America-Turn shortly due U.S. Quota.— 
Address. X 418, Offices of ENGINEERING. 


; . . 

{ngineer-Salesman, wide ex- 

J acslina’ Britain and Australia. Racer trained 

Shops, D.O., Commercial, Technical. Purchases and 

Sales, Open immediate Kugagement. — Address, 
x 390, Offices of | NGINEERING 


r ° 
Petroleum Technologist and 

Engineer. Fully qualified and experienced on 
Russian and Indian Oil Fields and open for post as 
Agent or Fields Manager.—Further particulars from 
X 400, Offices of ENGINEERING. 


E ngineer, Scot, age 30, Single, 
4 8h years” sea experience in er 8, reciproca- 
ting, oil fuel and refrigeration. Extra Chief (.0.T.) 
Epgineer. Seeks Shore Appointment.—Address, 
X 404, Offices of ENGINEERING. 


(‘echnical Assistant or General- 


Mechanical Draughtsman, 25, Whit. Prizeman, 
6 years’ tech. training, 3 years D.O., also Foundry 
Smithing, Fitting, Sales and Office, Desires Change. 
~—Address, X 419, Offices of ENGINEERING. 


+ . 

\ M.LC.E. (44), highest 
£ e references, extensive experience, 7 years 
London, 16 years respousible positions in Kast, keen, 
energetic and sound organiser, Seeks Post in London 
area and opportunity to show ability.—Address, 
X 341, Otfices of ENGINEERING. 


; : 5 ~ ra 

{‘xperienced Mechanic Seeks 

situation light machinery, experimental work, 

tools, used to small shop, London district. —Address, 
X 423, Otlices of ENGINBERING. 





No. 229201. “Improvements in and relating to 


Light Projectors.’ 


the Owner of the above Patent 

is DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufacture 
and commercial development of the invention.—For 
particulars address, HERBERT HADDAN & Co., 
Chartered Patent Agents, 31 & 32, Bedford Street, 
Strand, London, W.C. X 411 
N-». 131452, “ Tmprove ments in Automobile Head- 

light Cover Glasses. 


he Owners of the above Patent 

are DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufacture 
and commercial development of the invention. For 
particulars address, HERBERT HADDAN & Co,, 
Chartered Patent Agents, 31 & 32, Bedford Street, 
Strand, London, W.C.2. X 413 


[the Proprietors of the Patent 
No. 237562, for “‘ Improved Gun Mounting for 
Submarines,”” are DESIRUUS of ENTERING into 
ARRANGEMENTS by way of licence and otherwise 
on reasonable terms for the purpose of exploiting the 
same and ensuring its full development and practical 
working in this country.—All communications 
should be addressed in the tirst instance to Haseltine, 
Lake & Co., Chartered Patent Agents, 28, South- 

ampton Buildings, Chancery Lane, London, W.C.2. 
X 385 


he Proprietors of British 
Patent No. 223553, dated 17th October, 1923, 
relating to“ Engine with Rotating Cylinders arranged 
radially,” are DESIROUS of KNTERING into 
ARRANGEMENTS by way of a licence or otherwise 
ob reasonable terms for the purpose of exploiting the 
above patent and ensuring its practical working in 
Great Britain.—All inquiries - be addressed to 
F. W. GOLBY, Patent Agent, 3, John Street, Bed- 
ford Row, London, Weed. x 382 
No. 205632. ‘Improvements in Transport Units 
for Iransporting Liquids in Vehicles.” 


he Owners of the above Patent 


are DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufacture 
and commercial development of the invention.—For 
particulars address, HERBERT HADDAN & Co., 
Chartered Patent Agents, 31 & 32, Bedford Street, 
Strand, London, W.C.2. X 412 





See also Front Page. 








PARTNERSHIPS. 
IF YOU ARE SEEKING f 
A Partner or Partnership 


or wish to Buy or Sella 
BUSINESS or WORKS 
Write :— 


Wheatley I irk, Puce&Co. 


46, Watling Street, London, E.C.4. 


(ESTABLISHED 1850.) 4365 








AUCTION SALES. 
Theatley Kirk, Price & Co. 


\ (Established 1850) 
SPECIALISE IN 


Valuations & Sales by Auction 
Engineering Works & Plant. 


LONDON: 46, WATLING STREET, E.C.4. 
MANCHESTER: 16, ALBERT SQUARE. 4365 
NEWCASTLE- “ON- “TYNE: 26, 6, COLLINGWOOD STREET. 





WORK WANTED. 
w cottish Ironfoundry Desire 


ORDERS for C.I. CASTINGS in green and 
dry sand up to 30 cwts. weight. 
Best quality and good delivery at reasonable 
prices. Machining if required. 
Repetition work a specialty. 
Address, X 6, Offices of ENGINEERING. 








WANTED, &c. 


pthe Water Meter Company, 

34, Fenchurch Street, London, E.C.3, are 
PREPARED to APPOINT AGENTs in various 
districts for the sale of the ASTER POSITIVE 
WATER METER. Firms and _ Representatives 
calling on Water Companies are invited to apply 
for particulars, giving Ref. L.W. 


No. 


X 59 


167738. ‘‘Improvements in the Process of 


Separating Oils.” 
Vax ne ‘ + >. 

'} he Owners of the above Patent 

are DESIROUS of ARRANGING by LICENCE 
or otherwise on reasonable terms for the manufac! ure 
and commercial development of the invention —For 
particulars aduress, HERBERT HADDAN &« Co., 
Chartered Patent Agents, 31 & 32, Bedford Street, 
Strand, London, W,C.2. X 410 


> 24° 
rpthe Owner of British Patent 

No. 237559, relating to “ Improvements in or 
relating to Lubrication,”” is DESIKOUS of ENTER- 
ING into NEGOTIATIONS for the grant of licences 
thereunder on reasonable terms —For particulars 
address I’. W. LETALL, 2, Norfolk Street, Strand, 
London. W.C 2 X 383 


P\be Owners of British Patents 
No. 21556, entitled ‘‘ Improvements relating 
to Fuel Atomizers for Internal Combustion Engines,” 
No. 254704, entitied “Improvements relating to 
Automatically Operating Scavenging Valves for ‘I'wo- 
stroke Cycle Internal Combustion Engines applicable 
also to Compressors and the like,’ and No 255046, 
entitied “ Improvements relating to Slide-valves for 
the Scavenging Air Pump and for the Starting Air 
in Internal Combustion Engives,” are PREPARED 
to MAKE ARRANGEMENTS for Commercial Ex- 
ploitation in Great Britain. 
Particulars obtainable from — TECHNICAL 
RECORDS LIMITED, 59-60, Lincoln's Inn Fields, 
London, W.C.2. X 420 





) dward Rushton, Son 
AND KENYON, 
+, VALUERS, and FIRE 
ASSESSORS OF MILLS, WORKS and 
MACHINERY OF ALL KINDS. 
18, NORFOLK STREET, MANCHESTER. 
Tele. Nos.: 775 City and 5633 City. (Estab. 1855.) 
Telegrams: ‘‘ Rushtons, Auctioneers, Manchester,” 
and 21, Richmond Terrace, Blackburn. 4480 


LOSS 








FOR SALE. 
jjcam. Bending & Straightening 


MACHINES in ceanien; 14 in. with Dual 
Heads, 10 in. with Triple Heads, suitable motor or 
belt. CHAMBERS, SCOTT & CO., LTD., Machine 
Tool Makers, Motherwell. U 66 


i Immediate Delivery. 


VERTICAL TWO STAGE TOTALLY EN- 
CLOSED AIR COMPRESSOR, capacity 
3000 ft. per minute at 110 Ibs. Makers, 
Fullarton Hodgart & Barclay. Condition 
equal to new. Direct motor driven. Will 
sell with or without motor. 


TYPE PUNCHING AND 
MACHINE, to punch and 
plates, 42 in. gap, complete 
22 ft. radius, to carry 


CAM LEVER 
SHEARING 
ethear 2 in. 
with two cranes 
5 tons. 


HYDRAULIC RIVETING MACHINE, 12 ft 
6in. gap, working pressure 1500 4bs., gives 
40, 85 or 130 tons on rivet heads. 


Mey, M vinnie & Co. Ltd. 


MAVISBANK, 


GLASGOW, S.W. 





. Vertical, Loco, Corn- 
Boles for Sale. ish, Launch, &c., also 
Air Receivers and Feed Water Heaters.—Apply 
GRANTHAM BOILER & CRANK Co., LTD., GRANTHAM. 


't‘he New Mechanical Resilient 

WHEEL for all Motor Vehicles.—MANU- 
FACTURING RIGHTS, &c., &c., for this country 
FOR DISPOSAL.—Apply, HILL, Standard Bank 
of South Africa, Clement’s Lane, London, —s 


M odern Factory, with Railway 
Siding on MILLWALL DOCKS, TO BE 
SOLD. Floor area 28,000 sq. ft. and land.—Further 
particulars of LEOPOLD FARMER «& SONS, 
Factory Specialists, Auctioneers and Surveyors, 
46, Gresham Strect, E.C.2. X 364 


lr or Sale by the Liquida tor. 

STEAM LOCO, 4-coupled 2 ft. 6in. gauge, 
about 6 tons, in working order. Two 12-ton Bogie 
Trucks 2 ft. 6in. gauge, practically unused. Full 
particulars from E. MARTIN, Liquidator Railgrip 
Syndicate Ltd. (In Voluntary Liquidation), 13, 
south Place, London, E.C.2. X 396 


66 = O O 9 


nN * rn! 
SPECIAL CLEARANCE 
OFFER. 

We have lying at the Musgrave Iron Works, Kay 
Street, Bolton, a number of Machine Tools for which 
we would accept very low prices to avoid removal to 
our London Showrooms. 

These are all in good condition as left off work, 
and are available for inspection at those works at 
apy time, a representative being in constant 
attendance. 

There is included 12 Horizontal, Vertical and 
Plano type Mills by Richards, Kendall & Gent, 
Becker, Smith & Coventry, etc., 8 Lathes by 
Dean, Smith & Grace, Alfred Herbert, Haigh, etc., 
Hacksaws by Edward Herbert and ‘‘ Acme,”’ also 
6 ft. stroke Broacher, Summerskill Planer, 48 in. 
Noble & Lund Band Saw, brown & Sharpe 
Universal Grinder, etc., etc. 

Full particulars, etc., will be sent on request. 

\ a Pere ae (a 
Gro. CoHEN, Sons’ & Co., LTp., 

Machine Tool Dept., 
PARK ROYAL ROAD, 
NORTH ACTON, LONDON, N.W.10. 


TELEGRAMS: “COBORN, LONDON.” 
TELEPHONE: WILLESDEN 0944. 


HERBERT 


A FEW SPECIAL BARGAINS 


MACHINE TOOLS. 


MILWAUKEE No.2U UNIVERSAL MILL, 
single pu'ley automatic long. cross and 
vert. feeds, 28in. by 10in. by 18 in. 
(As purchased) see ee. we a 

HERBERT No. 3 HEXAGON TURRET 
LATHE, 2} in. by 36in. (Re-conditioned) 

GRIDLEY 3 in. SINGLE SPINDLE 
AUTOMATIC, single pulley. “ 
purchased) ose 


FELLOWS No.6GEAR SHAPER, ¢ ‘aii. 
external gears, 35 in. by 5 in. by 4 D.P. 
wages coe ° 

SOAG 238 in. 
SH: AP LR, 
(New) ... 

COLCHESTE R73in. by 6 ft. 6 in. « STAN- 
DARD” G AP LATHE, 23 in. swing in 
gap, 3 ft. 3 in. between centres. (New) £ 

WARNER & SWASEY No. 2 CAPSTAN 
LATHE, cone pulley, 1 in. by 6 in. 
(Re-conditioned) ... 

HERBERT 6 ft. 6in. MOTOR DRIVE: N 
RADIAL DRILL, 34 in. capacity, minus 
motor. (New) es soe eee eee 


£175 


£530 
HE AVY DU TY CRANK 


single ogi gearbox drive. 
- £146 


£120 


£600 


(OFFERED SUBJECT TO PRIOR SALE). 
Less 23% for cash, carriage forward. 
1500 MACHINES IN STOCK AT COVENTRY. 
Ask for Machine Tool Clearance List No, 25. 


ALFRED HERBERT 
COVENTRY. 


LtD., 


Telegrams. 
“*Lathe, Coventry 


Telephone : 
8781 Coventry (10 lines). 


” 


See also Front Page. 








PATENTS FOR SALE. 
"Mbhe Proprietor of British 


Patent No. 231299 is PREPARED to SELL 
the PATENT, or to license British Manufacturers to 
work thereunder. It relates to a process for render- 
ing metal strips flexible-—Address, BOULT, WADE 
AND TENNANT, 112, Hatton Garden, London, E.C.1. 

X 387 


‘the Proprietors of British 

Patents Nos. 155864, 173542 and 173543 
are PREPARED to SELL the PATENTS, or to 
license British Manufacturers to work thereunder. 
No. 155864 relates to removing gases from liquids by 
transferring the liquid from a heat region suddenly 
to a vacuum region, and Nos, 173542 and 173543 
relate to ejector apparatus. —address, BOULT, 
a & TENNANT, 112, Hatton Garden, —_ 

xX 4 





[tbe Proprietor of the Brit’: 


Patent No. 236213, for ‘‘ Improvement 
relating to Machines for Baling Hay,” is PREP“ 
to ENTER into NEGOTIATIONS for the sal 
Patent or for the grant of Licences thereu 
Any enquiries to be addressed to C. & i 
Southampton Buildings, London, W.C.2. 


"he Proprietor of Brit 

Patent No. 201562°is PREPARED to = 
the PATENT, or to license British Manufactu: 
work thereunder. It relates to an improved ; 
for manufacturing packing for stutting box: 
the like.—Address, BOULT, WADE & TEN) 
112, Hatton Garden, London, E.C.1. 














THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING C€0., iw. 


Specialists in the Design, Manufacture, 
and Erection of Bridges, Girders, 
Roofs, Warehouses, and all classes ef 
Tron Constructional Work. 


Heap Orrice AND Works— = 4661 


DARLING TON. 








“THE LANCASTER” 
PER—LIMIT 


PISTON 
RINGS 


They overcome the 
difficulties experienced 
with the usual type of 
piston rings, and meet 
the increased pressures 
and speeds obtaining 
at the present time. 
Adjustment readily accom: 
plished. 


Made for any diameter of 


cylinder. 


LANCASTER & 
TONGE LTD., 


PENDLETON, 
MANCHESTER. 


Grams : “ Pistons,” M/C. Tel. : Pend!ton 794 


Sole Makers of ‘The Lancaster” .’.ston 
Rings, Metallic Packing, Wheels, <tc. oi 
— 
A AAMAS RANGE RAE LAAT — 
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Advertisers, also Trade Names of Articles Advertised. and Glossaries for the use ef Foreign Buyers in French, Italian, Spanish, and German, 
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and direct the air supply. 


FANS of every description. 


CONTROL AND DIRECT YOUR AIR SUPPLY WITH 
THE THERMOTANK PUNKAH LOUVRE SYSTEM. 


MOST important point in ideal ventilation is to be able to control 
The new Patent Punkah Louvre System and 
Patent Inductor System fully enable this to be carried out, giving an 
effective current of fresh or heated air wherever desired, at the required 

th. These new systems, as fitted in all the latest liners, greatly 
economise in initial and running costs as well as giving very high efficiency. 


Schemes submitted on application for all classes of Ventilation, Heating and Cooling on up-to-date lines. 


THERMOTANK LIMITED, 


HELEN STREET, GOVAN, GLASGOW, S.W.1. 


4310 
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yorkshire 


The Electrolux 


Baby Model Refri- 


gerator. 


” Copper Tubes for Domestic 
Refrigerating Plant 


The ‘ Electrolux’’ Refrigerating Appliances 
are too well-known in the trade to need 


comment. 


It is interesting to note, however, 


that all the ‘‘ Electrolux ’’ Models are fitted 
with ‘*‘ Yorkshire ’’ Copper Tubes. 


YQ; 


Nothing but Tubes 


ENGLAND. 


Telephones ; 20031. Telegrams: “* Tubes, Leeds.” 
LONDON OFFICE: 53, New Broad Street, E.C.2. 


Contractors to the Admiralty and all Government Departments. 


Vis 7 Vip >. Li, 56: 4) 
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GONVEYOR- ELEVATOR G° 


BULL BRIDGE WORKS. 










Telegrams: Yates: 
es Accrington, Lancashire. No. 2779. 


CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS, BUCKET ELEVATORS, Etc. 











UPw aRnDsS or 
Telegraphic Address: BRAKE, MANCHESTER, : Telephone: CENTRAL No. 61% 
ciel 200,000 


GRESHAM’S PATENT 


INJECTORS 


OF ALL CLASSES NOW IN USE 
GRESHAM & CRAVEN, LTD., 


HEAD OFFICE AND WORKS: a 
ORDSALL LANE, ee MANCHESTER. 
LONDON OFFICE - + - - - - + = 40, WOOD STREET, WESTMINSTER, S.W.1. 


GLASGOW OFFICE: Wa. LESTER & SONS, 11, WEST REGENT STREET, NEWCASTLE-ON-TYNE OFFICE: FRED CRIPWELL, 18, BIGG MARKET. 
BELFAST OFFICE: R. PATTERSON & SONS, 13 & 15, BRIDGE STREET. 


OVERSEAS AGENTS: 


FRANCE, BELGIUM, SPAIN AND PORTUGAL: Walter Strapp, 15, Rue de Madrid, Paris. HOLLAND: Th. H. M. De Grfjs, $11, Rijswijkscheweg, The Hague. ITALY: Giovanni Checchetti, 

Piazza Sicilia, 1, Milan, AUSTRALIA: Adams & Co., 521-523, Collins St., Melbourne. INDIA: Heatly & Gresham, Ltd., 204, Hornby Rd., Bombay ; 9, Popham’s Broadway, Madras ; 6, Waterloo St., 

Calcutta; 9, Egerton Rd., Lahore. SOUTH AME RICA: Evans, Thornton & Co., 485, Calle Defensa, Buenos Ayres. POLAND, ROUMANIA, "AND THE NEW STATES: British Engineers 

and Traders’ Syndicate, Ltd., Australia House, Strand, London, W.C. 2. SOUTH AFRICA : : Jenkins —— 12-14, Greenmarket Square, Cape Town; 352, Smith Street, Durban ; Ginsberg 
ambers, Johannesburg. 











THEY STAND THE STRAIN 


Both economy and efficiency follow the use of tools designed for 
specific classes of service. Williams’ Clamps provide for the needs 
of individual jobs or any combination of jobs. 

“Vulcan” for heavy service—11 sizes. 

“ Agrippa ” for general service—7 sizes. 

“ Light Service ” for utility—7 sizes. 
All are drop-forged from tough steel and heat-treated for extra 


stiffness and strength. 


J.H. WILLIAMS & CO. 
“‘ The Drop-Forging People ’’ 
BUFFALO, N.Y., U.S.A. 


Export Office: London Representative : 
122, Greenwich St., Benj. Whittaker, Ltd., 
New York, U.S.A. Aldwych House, Aldwych, 


London, W.C.2. 





Joint Stocking Distributors for Great Britain : 
BUCK & HICKMAN, LTD., 2-6, Whitechapel Road, London, E.1. 


WILLIAM 


5 Ors 


“© Williams’ Clamps are 
more than great— 

Maximum Strength with 
minimum Weight ’’ 
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Telegraphic Address :— | Codes :— 
“SIMONS RENFREW.” he at ABC (6th Edition). 
“SIMONISM, LONDON.” - SCOTT'S (10th Edition). 
| BENTLEY’S, 
Marine Dredge Plant TRAILING SUCTION HOPPER 
DREDGERS. 
OF ALL DESCRIPTIONS AND UP 
TO THE HIGHEST CAPACITY. GOLD AND TIN RECOVERY 
rad , DREDGERS. 
Constructors of P A | E N HOPPER BARGES. 
HOPPER AND BARGE- FERRY STEAMERS. 
LOADING BUCKET DREDGERS. REPLACE PARTS for EXISTING 
BARGE-LOADING DREDGERS. 
eee . CU | ER INVENTORS AND FIRST 
CUTTER SUCTION DREDGERS CONSTRUCTORS OF 


‘*HOPPER” DREDGERS AND 


| ELEVATING DECK 
Proprietors of HO rP ER FERRY STEAMERS. 
ALFRED WATKINS’ BRITISH BUILDERS OF DIPPER AND 


PATENT for ROTARY SPUDS — pela ag . 





We MONS DREDGERS “RENREW. 


3138 08138 


Lonpon Orrice: 83, Victoria St., s.w 


VICTORIA CONCRETE MIXERS = 


VICTORIA CONCRETE | concrete 












STOTHERTS PAT E 
(ESTABLISHED 1620) 
MIXMER-DEPT 
_ ‘e 

anefaoss Pere 
x 









THE ILLUSTRATION 


SHOWS THE No. 7 MIXERS ARE MADE MIXERS 
VICTORIA MIXER. IN STANDARD SIZES faet 80°2 cabe 

7 C. FT. MIXED BATCH. FROM 3 CUBIC FEET oe 
LISTER TO 2 CUBIC YARDS G Lass 
PETROL ENGINE, MIXED BATCH MIXERS 


CAPACITY, AND HAVE ped em 


2% owts to2%tons 


BEEN SUPPLIED FOR batch cepacity 
USE ON THE FAMOUS QUARRY 


POWER OPERATED 
SIDELOADER, 
AUTOMATIC WATER 

















TPMENT 
MEASURING TANK, SENNAR DAM; i 
ROAD WHEEL TRUCK NAG HAMMADI DAM; are 
FORECARRIAGE. PROJECT, nates 
SUKKUR, ‘INDIA; pats 
IMMEDIATE CALCUTTA PORT PLANTS. 
DELIVERY DOCKS EXTENSIONS, or Seis" tae 
EX STOCK. ETC., ETC. Uith" moistgee 
+ ROAD - 
PAVING 
PLANTS 
with boom 
STOTHERT & PITT, LTD me 
¥ E = s CONCRETE 


equipment 


MORTAR MILLS 
TIP CARTS 


MIXER DEPARTMENT, 
BATH. | ee 
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THE WELLS’ SYSTEM 
si SPRAY PAINTING. 


The New 
Model Pistol 
Type No. 3 
deals 
efficiently 
with 
Oil & Lead 
Paints, 
Varnishes, 
Enamels, 
Cellulose, etc. 





The Up-to-date Instrument for 
every class of Spray Painting. 
British Manufacture. 
PORTABLE & STATIONARY PLANT. 





WELLS’ 
LIME and 
COLOUR 
SPRAYING 
MACHINES 


om. % (Wallwork apd 
<= Wells’ Patents). 


All Machines 


high-grade 








Acetylene 
Lamps. 


A variety 
of Sizes 


Stocked. 


Simple ia 
Construction. 


No. 0& OA, 
150 C.P. 
No, 2, 
1500 G.P. 
No. 3, 
3000 C.P. 


WASTE OIL FILTERS 
with Patent “‘Sight-Feed ’”’ Syphons 


YOUR 
DIRTIED 
OIL, 
Hitherto 
Discarded, 
FILTERED 
AND 
RENDERED 
FIT FOR © 
USE OVER | 
ANDOVER si 
AGAIN. 
Made in 
various 
sizes. 


A. C.Wells & Co., Ltd., 
Carnarvon Street, ena a Manchester. 
y London Office 
75, Victoria St., Westminster, S.W.1. 
























Veadeg Enid Meaatlacturers A 
~~ Sade Lyaoning lester Wi 


LDrawmae Boards bee & Set: SQuares, 

ang a hivels APA 
Shaehuks abo Lrawng- 
Ofhice Stationery and 


PARAGON HORKS. MAING « WEST, MANCHESTER» 


M Quality 
x Suarnteed. 




















A ROD PACKING 
THAT WITHSTANDS 
CAUSTIC SODA 
and 
SIMILAR CHEMICALS. 













is made to resist the destroying element of 
Caustic Soda and similar chemicals. 


Its lubricant can be relied upon to not only 
counteract the chemical destruction, but to also 
keep the pump so perfectly lubricated as to 
practically do away with rod friction. 

We can convince yuu of tke economy of using Style C 


packing if you will let us send you a free working sample 
without any obligation on your part. State size required. 








CAUSTIC SODA 


W. F. JOHNSON & CO., Agents, 
14/16, Farringdon Road, London, E.C.4. 
GREENE, TWEED & CO., Sole Manufacturers. 








R* White & Sons, Widnes, 


FOR 


AERIAL ROPEWAYS 
POINTS« CROSSINGS. 
ROBERT STEPHENSON & CO. 


LOCOMOTIVE BUILDER6, DARLINGTON.§ itp. 
London Office :—3265, Victoria St., Westminster. 


LOCOMOTIVES ‘“Sidserviess” 


Telegrams—Rocket, Darlington : we London, 
Nat. Tel.—2700 Darlington ; 650 Victoria. 
Codes—A B C 5th Edition, Engineering Standards, 
Engineering Telegraph. 


See our illustrated Advt. Oet. 1. 1130 








CROSBY 
SPECIALITIES 


SEE ADVERTISEMENT NExy Ween, 


CROSBY VALVE & ENGINEERING Co. Lic 


41-42, Foley STREET, LONOON,W 





Machine Cut Gear Wheels 
THE REID GEAR C0. 


LINWOOD, near PAISLEY. 











the Motherwell Bridge & Engineering Co., Ltd 


Engineers & Contr 
Bridges, Roofs, Piers, ee *Doek Gates, 
Hydraulic Pressed Floering, etc. 


“Tewervei” MOTHERWELL, N.B, 732% 


London Office : 82, Victorla St., London, S.W.1, 
Grams: ‘ Mobricolim, Sowest, London.” Tel, : 4188 Vietoria, 


See illustrated advt. last and next week. 4454 
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BELLISSt ee 


BIRMIZXeT ee Bape 
aay seem Steam Engines, T: 


Hese (Gi Enis 
—e oe peng page 54, June 1. badd 


(J SCRIVEN &C? (e208) D> p 











YORK ST IRONWORKS. LEEDS, | 





























BUY 
BEST 


BOLTS, NUTS, 
SCREWS, STUDS 


REPETITION WORK OF ALL DESCRIPTIONS 


™"ALFRED BEEBEE, 
zie, WEDNESBURY ™3 





MICHELL BEARINGS, LD., 
BNGINBERS and MANUFACTURERS of 
Michell Thrust & Journal Bearings. 
Registered Office and Werks: 4367 
South Benwell, Newcastle-on-Tyne. 
or Advertisement, page 79, Nov. 12. 















































NCS, 


130 





bad wae es @ 2 











JUNE 29, 1928.} 


ENGINEERING. 





SHEET METAL WORKING MACHINERY 
anv TINSMITHS’ TOOLS, evc. 


Send for Illustrated Price Lists. 


r. S. THACKER & co., Lta., 


107, Newington Causeway, 


ery LONDON, 8.E.1. 
AMSLER 
TESTING MACHINES 


Send for catalogues to British Agents ;— 


T. CG. HOWDEN & CO., 10:0 


5 & 7, Fleet Street, Birmingham. 








SEND FOR PROOF 
THAT THIS IS THE 
GMOKE-GURE FUR- 
NACE AND GIVES 


FUEL ECONOMY. 


<| MELDRUMS 
T] TIMPERLEY, Manche. 


LOOSE ARMS PREVENTED 


by installing the “‘ Duxbury ”’ and “Stanley” 
Patent Wrought Steel ‘‘ Supported” Rim 
Pulleys. Patent No. 290008. 











Sole 

distributors 

of 

i Hamilton” 

Patent Split 

Pulleys, 

3 inches 
to 

10 inches 

diameter. 





Makers :— 4211 
HENRY LOWE & SONS, Ltd., 


Power Transmission Specialists, 
ROYTON, OLDHAM. Tel.: 1585-6 Oldham, 


ROTHERHAM'S 


HIGH CLASS 


GREASERS and SIGHT 
FEED LUBRICATORS 


IN ALL SIZES 


Suitable for the Engineering Trade. 





| Send for our 100-page Art Catalogue. 
4700 


ROTHERHAM & SONS .+> 








COVENTRY. 






EET 


I. Wee 


‘iin 


Model GE 


Screwed lin, Whit. gas thread. 


Price 35/- each. 


On a motor car, non-stop runs 
only last a few hours. 


On a gas engine they may 
last a few months. 


With the 





GAS ENGINE PLUG 


in your engine you can rest 
assured that service will not 
be interrupted through plug 
trouble, 


LODGE PLUGS LTD. _ RUGBY. 


MMU HLT 


HULU 


HUTT 





4440 


HARVEY 


EngineeringCo., 


LATE LT 


McONIE, HARVEY « CO., LID. 
Scotland Street Engine Works, 


Head Office: 224, West Street, 
GLASGOW. 


ESTABLISHED OVER 70 YEARS 


MAKERS OF ALL KINDS OF 


SUGAR 
MACHINERY 


HEAVY 
CANE CRUSHING PLANTS. 


HARVEY ’S 


Multiple-Eifet 
Evaporator 


Now in use in all Sugar Growing Countries. 
AND EVERY REQUISITE FOR 


Sugar Plantations. 


COMPLETE CANE 
AND BEET SUGAR 
FACTORIES AND 
REFINERIES 
SUPPLIED. 


HIGH-CLASS 


ENGINES 


OF THE HEAVIEST TYPES, 


MULTITUBULAR, CORNISH 


AND 


LANCASHIRE BOILERS. 
TANKS & WROUGHT IRON 
WORK 


OF EVERY DESORIPTION. 4665 


Telegraphic Address: “‘ Maconie, Glasgow.” 
Cable Codes used: ABC, Al, Liebers, Western 





Union, Engineering and New Business. 















10 ENGINEERING. [JUNE 29, 1928. 


weet J 
ns — = 























_ §.E.A.RING 
PACKING 


oe ee en ee ee ee ee we mw me eee 





LOCOMOTIVE DRIFTING 


Tt lasts, and SN... i 


valve to admit steam to the cylinder when throttle 


is closed while drifting. It may be installed 
VO AY fh AY inside or outside of the cab, and cannot be jarred 
open. If the valve is momentarily raised by 





& e excess compression in cylinder when drifting, it 
closes when the pressure is relieved. 
L e The valve can be ground or replaced without 
removal from pipes. It is manufactured in 1’, 
Unlike Ordinary Packing— 1}’, 13” and 2” sizes. 4250 
Yi sone — " i not ov as : 
continuous rake, e on wor 
on the power stroke, aa ak with- WM. SELLERS & CO. (INCORPORATED) 


out work on the return stroke. Injector Dept. Philadelphia, U.S.A. 
That’s why they SAVE YOUR MONEY. _- ~ 


LET US SEND YOU OUR LISTS : 


TRist# |) QUALITY 


56, VICTORIA STREET, 


WESTMINSTER, LONDON, S.W.1. 


Telephone ! Telegrams : 
VicToRiA 8884 and 8385. “ RESVALAB, LONDOB.” 


























oo 




















a sr} J] 


- gruen A | we Up to ls Tous / 


Contractors to:—Admiralty, War Office and the Principal 
Railway, Shipping and Municipal Authorities. 





When you want castings made right and quickly, 
write or ‘phone :— 





AX? vA ey i 
18 in. and 10 in. MERCHANT MILLS 





“DAVY” MODERN ROLLING MILLS BEAN CARS LTD. 


for cogging, plates, sections, rails, bars, sheets, tyres, wheels, etc. TIPTON, Nr. BIRMINGHAM. ‘Phone: 253 Tipton. 
FORGING PRESSES ; STEELWORKS MACHINERY : STEAM BOILERS 


7 UR is: wee: 6 
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AUTO-FEED 
RATCH E==2222 BRACE 


A revolution in Ratchet Brace 
design. Entirely of steel—will 
stand up to the heaviest work. 


Made in Three Sizes: 

























ERE is an entirely new 

Patent Ratchet Brace 
with an Automatic Self- 
Feed to Drill. The actual 
cutting-pressure is taken by 
the visible spring and over- 
pressure negatived by a 
friction clutch. 





No. 1. }” to §”°—12* handle, length 
of head from centre to socket, 10” 


£2:5:0 





There is provision for f ‘ No. 2. }” to }”—14” handle, length 
regulation of spring pressure = | of head from centre to socket, 10}” 
to suit different sizes of : ~ £2:15:0 

drills and various materials , 

A : , =, No. 3. }” to 1}”—18” handle, length 
but in actual use the cut __ of head centeuun to socket it" 
of the drill adjusts itself “ie £3:5:0 
automatically. a : : 

~~ Made like a Machine Tool. 
‘ | Special Note.—Send for samp!e on 
Special — 7 days’ Free Trial. 
EAE ORS TL 


Greater Production. 
Cleaner Holes. 
Constant Pressure. 


Self-sustainins, any 
position. 


Less Drill Breakage. 
Less Fatigue. 


All wearing parts of steel. 
hardened where 





Sole Licensees and 
Manufacturers : 


FRED*-POLLARD &CO., 
LIMITED, 

Drilling Specialists, 
Corona Works, Leicester, 
London: 22, Martin’s Lane, 

Cannon Street, E.C. 


Agents for London, Midland: and the 


== =.) 

















necessary. 
South for Barber-Colman Gear Hobbing 
Ball-bearing thrust to > 
Machines. 
spindle. Mi acranes. | 
Differential Ratchet Also Sole Agents ‘o: Gt. Britain for 
Wheels. the Standard Tool Conpany's Productions. 
2 in. Feed without | 
adjustment. 








PATENT 
SIDE 
WAGON 
TIPPER 








Sole Makers: 


SPENCER 
(MELKSHAM) 
LIMITED. 


4640 
MELKSHAM, 
WILTS., 
ENGLAND. 














Electrically operated and controlled, 
and arranged with the receiving hopper 
above ground. 


The illustration shows a Tipper of this 
type, constructed by us for the London, 
Midland and Scottish Railway, together 
with the Coaling Plant for steamers 
at Heysham, of which it forms part. 




















oints 


showing the many advantages of the 
s = 
Rheinhutte-Acid Pumps 


in which there are no stuffing-boxes. 
Patented in Great Britain and abroad. 






6 P 
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No Stuffing-boxes, no Packing, no wear and tear on the shafts. 
No need of lubricating internal parts. 

No Acid Losses when working or when at a standstill. 

No injury to the material by the fluid dealt with. 

No removal of piping when overhauling the pumps. 

No wear in bearings; roller bearings. 

















The Rheinhutte Acid Pumps are eminently suitable for dealing with 
acids and alkalies in Silicon-cast iron, hard Lead, Bronze, Monel 
Metal, Silumin, Aluminium, special Cast-iron, or with hard Rubber 


Lining. 


More than 700 pumps giving full satisfaction. 


WEISE SOHNE, HALLE/S. 









“Ss C” sranp 


High SPEED TWIST DRILLS. 


GUARANTEED 18°, 2 
TUNGSTEN. 


PLEASE APPLY FOR 
LIST AND TERMS. 


MACHINE TOOL MAKERS, 47 


SMITH & COVENTRY (1927) LTD. 
GRESLEY AND PARK WORKS, 
TIMPERLEY, Nr. MANCHESTER. 


WE ARE EXHIBITING 


MACHINE TOOL 
& ENGINEERING 
EXHIBITION 












ALSO MAKERS OF :— 


MILLING CUTTERS, 
REAMERS, 

END MILLS AND 
OTHER SMALL TOOLS. 
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THE 


CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 


DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 

MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes. 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all 
requirements. 

SPECIAL STEEL ofall kinds for constructive purposes. 


STEEL COMPANY «SCOTLAND 






37, RENFIELD STREET, LIMITED. 
GLASGOW. 
TELEGRAPH 8314 
ADDRESS 
‘Ss §STEEL’’ 


GLASGOW. 














MICA 


F. WIGGINS & SONS. 


Telephone : lephone: Royal 8 8029. 


FOR INSULATION, sicht HOt sac. 


Largest Stock in the world, 0d.9834 
102, 103 & 104, Minories, LONDON. 




















> 







f The advantages of Technical ‘ 
s > 


Experience ensure the right 


design. 


supervision of material and 
accuracy in detail go to make 


John 


distinguishable. 


Experienced 
Draughtsmen lay out designs for 


each 


Skilled Craftsmen execute them. 


£ONnD DON: 


» *. Leadenhall 
E.C. 3. 








> 





& 


Careful control and 


son's Wirework so 


Engineers and 


Wirework— 


problem in 


Write for particulars. 
MACHINE GUARDS. 


ENGINEERS IN WIREWORK. 





SO" LIVERPOOL : 
6, Stanley 
Street, 


<J 













NEWTON HEATH, MANCHESTER - J 


BIRMINGHAM: 17. Easy Row. 
MIDDLESBROUGH: Zetland Place. . <J 
Y> GLASGOW: 128, Hope Street. 7 






















BOILER SCALE 


The safest and surest method of removing scale from 
boilers is by means of FOLIAC BOILER GRAPHITE. 


There is NO CHEMICAL ACTION ; the tiny flakes break 
up existing scale and tend to prevent further formation. 


Corrosion is prevented, and froth or bubbles DO NOT go 
over with the steam. It is independent of water hardness 
and its action is MECHANICAL. Write for booklet B.6. 


Ao BOILER GRAPHITE 
r € is INERT 
and has no effect on Drums 


or Shells. 








GRAPHITE PRODUCTS LTD., 
218-220, Queen’s Road, 
BATTERSEA, LONDON, S.W.8. 3722 


@ QUEEN'S ROAD, 
BATTERSEA 
S.w. 





Made in England. 




















Flic ano Gas 
Compressors 


for all 


[Purposes and Outputs. 


SILENT RUNNING, — HIGH EFFICIENCY.(— LOW MAINTENANCE.‘ 


AUTOMATIC OUR “a 
0 
C 
— “ CONTROL 
ALL oe are worth 
INVESTIGATION 





“* The above illustration shows a Motor driven 
Air Compressor similar to large numbers already 
supplied all over the world.” 


Suitable for drive by :— 
BELT, MOTOR, STEAM, GAS or OIL ENGINE. 


Write for Catalogue and Reprint No. C.904. 


4417 


ais LinbLey éCo. 4 
Lanted 


Patricroft 
MANCHESTER 








Tel. No. : Eccles 510 (two lines). Telegrams : Sandon, Patricroft. 
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“THE Davis Steel Wheel is a 

one piece wheel with a 
tough, wear-resisting mangan- 
ese steel tread integral with a 
soft safe centre. 


The Davis Steel Wheel is fluid 
compressed by centrifugal 
casting and scientifically heat 
treated. A — yet stronger 
**One-Wea wheel, which 
entirely ines tyre turning. 


Write for a complimentary 
copy of the ‘‘Davis Steel 
Wheel Booklet,’*® which 
explains how the Davis Wheel 
gives maximum mileage 
with minimum maintenance 
costs, 





The Davis Steel Wheel is made in England by:— 


/ JOHN. BROWN 


& “COMPANY - LIMITED: 


Od 2814 





L.P.S.—1, 





SPECIFY A “SPENCER - HOPWOOD.” 


Low Working Cost. 


It isn’t what you pay for a boiler that 
matters, but what it costs for fuel, labour 
and repairs. 








For this reason decide upon a “ Spencer- 
Hopwood ” Boiler. No vertical boiler of its 
size has such a high evaporative capacity, 
or burns so little fuel. For any given duty 
you can use a smaller Spencer-Hopwood 
(which reduces your initial outlay) and 
obtain the same output as from other boilers 
of larger size, because the Spencer-Hopwood 
is the fastest steaming vertical boiler made. 


No other boiler, too, costs so little for repairs. 


Ask us to quote you for a suitable 


SPENCER- 
HOPWOOD 


PATENT WATER-TUBE 
VERTICAL 


BOILER 


Send for illustrated list. 





Sole Makers: 4190 
SPENCER-HOPWOOD, LTD., HITCHIN, HERTS. 
31 at 




















td, BELPER. 
DERBYSHIRE. 
ENGLAND. 


Smedley Brothers 


REVOLVING or 
STATIONARY PANS. 
PERFORATED or 

SOLID BOTTOMS. 
Over or Underdriven 


Mixers 
nner Grinding Mills 


of all kinds for all purposes. 
to drive by Belt or 
combined with 
Steam, Oil 




























Edge Ru 





Blectric Motor. 








“BOOTHS” CRANES 


FOR RELIABILITY. 


STEAM OR ELECTRIC OF EVERY DESCRIPTION. 


CRANES 


FOR DOCKS, HARBOURS, WHARFS, WAREHOUSES, 
SHIPYARDS, STEEL WORKS, ENGINEERING WORKS, 
CONTRACTORS, Etc. 

ALSO 
STEEL WORKS CHARGERS, MANIPULATORS, 
CAPSTANS, WINCHES & TRAVERSERS, ETC. 
MAKERS OF THE 


ELECTRIC LOCO. 


WE SPECIALISE IN 
COMMERCIAL ELECTRIC TRUCKS, LOCOMOTIVES, 
TRACTORS, Etc. 


JOSEPH BOOTH & BROS., Ltd., 


Union Crane Works, 
RODLEY : : LEEDS. 


Stanningley 71168 





Telephone : 
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. * For Openwork Flooring, 
EX PAM ET Gangways, Platforms, 
EXPANDED ‘METAL etc. 








Metropolitan Electric Supply Co., Ltd., Generating Station, Willesden. 
Expamet " OpENWOoRK GANGWAYS. 





‘‘ Expamet ” Expanded Steel is particularly serviceable for openwork flooring, 

gangways and the like, and is cheaper than chequer plates; it affords a grip 

to the feet, allows of the free passage of air, etc., and does not obstruct the 

sight; it has been adopted by Shipbuilders, Electricity and Gas Works, 
Stationary Engine Makers and others. 





WRITE FOR ILLUSTRATED LITERATURE. 


THE EXPANDED METAL CO., 


LTD., 
Patentees and Manufacturers of Expanded Metal, 


York Mansion, Petty France, London, S.W.1. 


Works : West Hartlepool. Established over 35 years. 6913 
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THE BRITISH HELE-SHAW 
PATENT CLUTCH COLTD 
OLDHAM ENGLAND 
































ES GS ”0w39 50 11,1] 9 IF 55622 
REGO. 








Renowned throughout the 
world for high efficiency and 
absolute reliability, 
‘“‘Broomwade’’ Air Com- 
pressors are designed and 
built to give TROUBLE- 
FREE SERVICE. 


There is a ‘ Broomwade”’ 


J Compressor to exactly suit 
every duty — fixed or portable — any type of 
i drive, 
years’ specialised experience is at your service, 
** Broomwade ’’—British made. 
“ Broomwade”’ { 
Air Compres- 
sors are made 
in fixed and 
portable types 


to suit all 
duties. 


Information and advice readily given — over 25 I 





BROOM & WADE LTD., HIGH WYCOMBE. 


MOULDED PRESSINGS 


ALL KINDS OF MOULDED INSULATION WORK - LARGE 
OR SMALL PARTS FOR WIRELESS, ELECTRICAL, 
MECHANICAL ENGINEERING AND MOTOR: TRADES. 








No. 15. 


Submit your designs and we 
will quote you for any quantity. 


THE ELLMAR MOULDINGS CO., 


Thimble Mill Lane, Birminghama 4655 
Sole Agent for Scotland - - - - - Mr. D. LANDALE FREW, 45, H@pe Street, GLASGOW" 
London Representative : 


























H. C. AMOS, M.I.Mech.E , 22, Martin Lane, Cannon Street, LONDON, E.C.4. 
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Aerial 
Ropeways 
and 
Conveying 
Plants 


SIR ALAN COBHAM and 
FLIGHT ROUND AFRICA. 


Copy of telegram as received by us: 


The completion of the Sir Charles Wakefield 
twenty-three thousand mile flizht round 
Africa on the Short Rolls Royce All-metal 
Flying Boat is a further proof of the 
wonderful possibilities of your Duralumin 
for despite the six months exposure and 
twenty-three thousand miles covered 
Duralumin of the Short Rolls Royce Flying 
Boat is in perfect condition and craft is 
airworthy for another similar flight. 


ALAN COBHAM. 
















Rope and Chain- 
driven Haulage 


All enquiries to: Installations— 


JAMES BOOTH 
& CO, (1915) LP 


Railway Shunting 
Plants—Loading 
and Storage Plants 
—Mine Equipments 


for Increasing 








Argyle Street, Necheils, Output. 
BIRMINGHAM. 
Telephone : ieee tt ms ees 7 ; Sole Representatives in Great Britain: 4225 
EAST 1221-2-3 4. LIEBERS SLETTER CODE. BENTLEY CODE ASE SWEDITION, W. F. DENNIS & CO., 70, Queen Victoria Street, London, E.C.4. 





SUL | 


_Iflechanical Draft _ 


Mechanical Draft means cheaper steam. The 
Musgrave system, by improving combustion, 
gives a substantial increase in evaporation 
with a saving both in quantity and cost of 
fuel. 

More efhcient than chimneys the Musgrave 
System costs less to instal. It 
abolishes the smoke nuisance and 
will enable you to use low grade fuel. 









































Write "a Catalogue 
C 4/14, or ‘Phone 
our nearest Branch 
for personal inter- 
view and advice. 





Telephones; 
BELFAST 4161-2-3. 
LONDON, Holbern 

886. 





manenegTe® 
y -  ¢ 

CARDIFF 2236. AE 1 ROPEW AYS _— 

a MONOCABLE — BICABLE — TRICABLE — FOR THE 
TRANSPORT OF. MATERIAL AND PASSENGERS, 


CABLEWAYS, CRANES, FUNICULAR RAILWAYS, 
on ce TELPHERAGE PLANTS, TELPHERS—ELEVATORS. 


uSGRA 2500 MILES OF PLANTS BUILT UP TO DATE. 


pattie eel ‘BELFAST ONE OF THE LARGEST WORKS ON THE CONTINENT. 7 
LONDON: CARDIFF: MANCHEST ER| 
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- & JAMES THERN & SON, 
‘ ~! W. SOU LTD. 
re ie M STORE STREET SAWMILLS, 

Ps _.. MANCHESTER. _—. 


TIMBER & PACKING CASES. 





"Phones: 
CENTRAL 
6691-2-3-4, 










PATTERN-PINE 
PACKING-BOARDS 


In offering our large stocks of packing 
case boards and fine quality pine for 
pattern boards, we do so with the confi- 
dence of experience. We understand the 
needs of every engineer and give him the 
quality and service he requires. 


For quality—service—and the ‘‘ Knowing How,’’ 


SAY SOUTHERN 


PACKING CASES 




















Specialising in the Requirements of Engineers. 





WHY throw away 
DIRTY OIL when 902 


can be rendered fit 
for use again by 
installing a — 
VALOR OIL FILTER? 


“ The Filter that works itself.” 


AVE YOU considered how quickly the 

so-called waste or dirty oil collects in 

a busy factory like yours, and how 
much money it represents? 


Has your storekeeper ever asked you how to 
get rid of it and more often than not ended 
by using it to help burn off the rubbish ? 


Why continue to throw away or burn 
MONEY when you can—at a small initial 
outlay—install an up-to-date, simple and 
efficient method of salving 90% of the oi! 
or money that is otherwise lost. 


Write to-day for fully descriptive 9490 
free leaflet 6)V18. 


—<—— | 
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THE VALOR CO. LTD. 


Valor Works, Bromford, Erdington, BIRMINGHAM. 
LONDON: 120, Victoria St., S.W.1. 


BUY BRITISH GOODS. 


VALOR mire 






risesabove upper filter- 
ing chamber C filtrat- 
ion starts. Oil penetra- 
ting upwards through 
perforated plate " 





into a ou 
tube H, on to and 
through upper perfor- 
ated plate in lower 
filtering chamber Cl, 
cotton waste El, and 
finally dripping into 
filtered oil container, 
can be drawn off fully 
purified, ready for use, 
at tap P, 












LTERS 

















BOVING & CO., LTD. 


Manufacturers of 


WATER TURBINES, GOVERNORS, PIPELINES, 
VALVES, etc., and 
PULP and PAPER MAKING MACHINERY. 





One of three 9000 B.H.P. Units supplied to the North Wales Power Company Limited. 


Head Office: 56, Kingsway, London, W.C.2. 


Telephone : Holborn 0411-2-3 (3 lines). Telegrams: JENORTEN, PHonE, Lonpon. 


4621 






























SAAR WAR 
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: Drop Forgings 
BS Smith Work | 





eS FORGED STEEL 
RINGS & BLANKS. 


stco Crane Chains, Slings, hte. : 


im NethertonIron. “ 


N.HINGLEY & SONS LTD.) 
Netherton Iron Works,DU DLEY. 
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Cheap pipe joint Smooth-On No. 3 
compound costs Zs ; > ensures tight joints 

ou a farthing per Za ZS for an extra 
joint. mS farthing. 
























Isn’t it worth that extra farthing 
to make this joint tight for all time ! 


Wr¥»?s a farthing compared Smooth-On keeps joints tight 

_ with labour and material because its metallic body 
costs in remaking a screw-thread \ 
joint ? That extra farthing cont dry out, crack, shrivel 
for Smooth-On means perfect or shrink—yet the joint can be 
service in after years. unscrewed. 


Smooth-On No. 3 comes ready to use. 
Sold everywhere in | and 5 |b. grey 
labelled cans. 
Write for the free Smooth-On Handbook, 
which explains all kinds of Smooth-On and 
what each can do. 
Distributed by: 

WALTER P. NOTCUTT, LTD., 
8, White Street, Moorfields, London, E.C., 
and carried in stock by leading dealers and 
supply houses. 


Made by Smooth-On Mfg. Co., 
Jersey City, N.J., U.S.A 8-10 





| 


i} i i iL 
il oll 
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Applied air makes 
dividends / 


Air harnessed and put to work 
in a scientific manner pays big 
dividends. Economies can be 
effected, output speeded up, 
and many other benefits result 
through the correct application 
of air. 

We specialise in applying 
air for all purposes in all 
industries; a few of our 
specialities are listed below. 


Two Sturtevant fans working in a_ time 
and labour-saving plant. 








Ventilation Catalogue ... D1242 
Propeller Fans i ... D1067 
Heating and Ventilating - « Da 
Dust Collecting Ae .. D1094 
Mechanical Draught ee .. D1074 
STURTEVANT Forges & Forge Blowing Bee .. DI1134 
Gunes” Industrial Drying i .. D1084 
Industrial Vacuum Cleaning _,, .« Die 


Any of the above publications sent 
on request. 


STURTEVANT 


149 QUEEN VicToRIA ST., LONDON, E.C.4. 
Glasgow : 50, Wellington St. 


Manchester : 196 Deansgate. 


















Permit us to 
Quote 
It willbe 
_to your 
Advantage 





fj 


Return Tube 
Dryback 
Steam Boiler 









& 
i 


Steam Boiler 


Boilers of all Sizes. 
Pressures and 
for all Services 


PENMAN 


and Company Limi: 
CALEDONIAN IRON WORKS 


GLASGOW 


<—— 




















4352 


















4 IRON 
| CASTINGS 


For 
General 
Engineering 
Work 
up to 5 tons 
in weight. 





Machined as 
required. 





PROMPT 
DELIVERY CAN 
BE GIVEN. 


Enquiries 
Invited, 





Lined 


CAST IRON BEDPLATE !2 ft. diameter, 
eight, 2-18-3-0, 


THOMAS PIGGOTT & C* L2 


ATLAS WORKS, 
SPRING HILL, BIRMINGHAM. = 


Telegrams : Telephone : 
“ATLAS, BIRMINGHAM.” B’HAM NORTHERN 1222 (3 lines). 
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DUNKERLEY 


and CoO,, Ltd. 


Iron & Steel 


from 


WAREHOUSE STOCK. 


STEEL JOISTS, 
a4” x 7" to 3" x = 1}" 
STEEL CHANNELS, 
16" x 4” to 2%" x 1 3/16”. 
STEEL ANGLES, 

& x 3” to §” «x 8". 
STEEL TEES, 
se ae ee". 
STEEL FLATS, 

—" « YP ee Y « BH. 
STEEL ROUNDS, 
83" to }” dia. 
STEEL SQUARES, 
5" to }" dia. 
STEEL PLATES, 
3/16” to }" to 8’ long. 
In all Standard Sections, cold 
straightened, lengths to 42 


A LARGE AND VARIED STOCK vF 


CROWN IRON, 
BEST, BEST SCRAP and 


BEST TURNING IRON, 


HOOPS, SHEETS, CONVEX, 
&c., &c, 


STEEL BRIDGE RAILS, 
BRIGHT STEEL, &c. 








IRON and STEEL 


HOOPS FOR BALING, 


Plain & Painted, a Speciality 


COMPOUND GIRDERS, 
STANCHIONS, ROOFWORK 


d 
CONSTRUCTIONAL STEEL 


Biveted up on the Premises from 


Stock Material. 
4624 


Tu ee c é 
“AJAX” 
PATENT CONVEYOR TANK 
fer handling Metal Scrap, Coal, &c. 


ENQUIRIES SOLICITED. 
Bection Book on application. 





Telephone : 


Telegrams: 
6490-5 (six lines) 


“=AsAX, MANCHESTER,” 


STORE STREET 


iron and Steel Warehouses, 


MANCHESTER. 


EE 














but also for transport 


| #3 


2¥; 6 a —— a 
tN ol 

4 oo Bi! aa 
~r: f wR 








LOADING BRIDGES 


stationary or portable, of any type and span desired, equipped according to local require- 
ments with mono or double-rail crabs, travelling motor hoists, slewing crabs, or slewing 
cranes moving on the gantries, are not only suitable for loading and unloading of cargo, 


to adjoining storeyards, for 
on the jetty tracks, and to facilitate warehouse traffic. 


serving the goods 
To enable vessels with high rigging 


trains running 


to approach the quay wall without difficulty, the jibs on the waterside can generally be raised. 
The 









Yj 


j 


af 


G 
Zi 






GERMANY. 


above illustration shows a series of eight loading bridges at a North Sea _ port. 





























OBNIT 


PATENT 
ROCKCUTTERS 


CUTTER 
SUCTION 
DREDGERS. 


DIPPER 
DREDGERS. 


GOLD, TIN 
& PLATINUM 
DREDGERS. 


MARINE 
SLIPWAYS 


Cable Address : 
LOBNITZ, RENFREW. 
SCOTLAND 


_ & CO., LTD., 
RENFREW 


- SCOTLAND 








PATENT SELF-PROPELLING DREDGER, “Sandpiper,” built for the Government 





of India, for work oa the Eastern Narra Supply Channel in Sind. 


manufacturers of this type of dredge. 


BUCKET 
DREDGERS. 


TRAILING 
SUCTION 
DREDGERS. 


PATENT 
HOPPER 
BARGES 
FOR ROCK. 








PATENT ROCK 
DREDGERS. 


4682 


Codes: 
A.B.C.5th & 6th Editions 
BENTLEY'S 


We are the sole WESTERN UNION. 























-~N. 


at tT 
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BUCYRUS-ERIE Erecting 
Engineer at the wheel of a 
Humpmobile Four, touring 
the Lloyd Barrage and Canals 
Construction project in Sind, 
India, where 35 BUCYRUS- 
ERIES are giving unequalled 
service and results. In the 
farthest corners of India, 
China, Siam, Russia, Austra- 
lia, Africa, South America 
the reliability of Bucyrus- 
Erie excavators has led to 
the very natural preference 
they now enjoy. 








A Union of Strength 
“Bucyrus” and “ERIE” 
—each the most success- 
ful manufacturer in its 
particular field—consol- 
idatedJan. 1, 1928. The 


Bucyrus-ERIE assure 
the buyer of Unequalled you 
Value, More Efficient 


and a More Complete 


Field Service. 
and 











the 








E IE 


4504 
























shovel meet 
Doss) Y-camel back’ test ? 


unmatched resources of ERHAPS you have never worked an excavator in a desert—where any 


repair parts would have to be carried by ‘“‘camel-back.’’ If you had 


‘d certainly be careful to pick a reliable machine for that job! 


But why not choose just as carefully for every excavation job? Even 


j = Ie. °¢ . . . . 
Machines, Permanence if your work is adjacent to 2 railway, extra repairs mean added cost—and, 
of the Manufacturer, what’s far more expensive than the parts—lost time. 


In any location, the excavating machine you can depend on to Stand Up 
Produce is the profitable machine to use. 

This explains why Bucyrus-Erie excavators are leaders throughout 
world. 

These machines are built with Reliability as the first consideration. 


Simple design, extra rugged construction, with a generous use of the proper 
alloy steels where extra strength counts most—assuring you of a machine 
that does a bigger day’s work and gets the work done. 


BUCYRUS-ERIE CO. LTD. 


Representatives in all Windsor House, 
parts of the World. 83, Kingsway, W.C.2. 
201 




















Specialities. 


BUILT AND SOLID 
CRANKSHAFTS 
FINISHED 
COMPLETE. 


TUNNEL 
SHAFTING 
ROUGH TURNED 
AND FINISHED 
COMPLETE WITH 
BOLTS & NUTS. 


QUICK DELIVERY 
OF PROPELLER 
SHAFTS FINISHED 
COMPLETE WITH 
GUN METAL 

- LINERS. 


MARINE AND 
LAND ENGINE 
FORGINGS. 


Telephone : No. 2716. 
Telegrams : 

“ Fite —_ 

ae irkcaldy.” 
386) 





} FOR INDUSTRIAL HEATING PURPOSES 


Results in: 


REDUCED COSTS, 
CLEAN CONDITIONS, 
INCREASED OUTPUT. 


THE POWER-GAS CORPORATION, 
LIMITED, 


PARKFIELD WORKS, 
STOCKTON-ON-TEES. 4456 

















THE 
ANDERSTOR FOUNDRY 
Co. Lrtp. 

100, CHEAPSIDE ST., GLASGOW 


And at MIDDLESBRO’. 


Makers of— 
STATIONARY STEAM ENGINES, 
DRY VACUUM PUMPS, 
AIR COMPRESSORS, 
WIRE WEAVING MACHINERY, 
TEXTILE MACHINERY, 
and GENERAL ENGINEERS. 
Telegraphic Address: ‘“‘ AFoo @Lasaow.” 4208 

















WILSON BOILERMAKERS L™° 
LILYBANK works, GLASGOW. 


Feed 
Water 
Heaters 


ALL KINDS FOR 
Exhaust & Live Steam 


POLLOCK, 
MACNAB & 
«7s HIGHGATE, 


Shettleston, 
GLASGOW. 

















— THE — 


INDIVIDUAL FILE 


For Engineers’ 
Letters & Specifications 


SEND FOR SAMPLE. 4607 


Lyle Barrs & Co, (Piisers"”""") Ltd, 





22, BALHAM HILL, LONDON, S.W.12. 
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CLIFTON ¢ BAIRD, L*- 
Metal Sawing Machine Specialists, 


EMPRESS WORKS, 4623 
JOHNSTONE, SCOTLAND. 














See next weeh's inoue for 


“Glenfield ’’ Water Works Appliances. 


1 GLENFIELD.KENNEDYL= § 









RAISING WELL WATER 


The Boulton Water Elevator lifts a 
continuous st f water from wells ol 
any depth 9 valves oP 






plungers, ca ozo = =Can be 
fixed within an hour without skilled 
labour Thousands in daily use, ¢ 

Write for Catalogue 916. 


BOULTON & PAUL, LTD., 
ORWICH 


Ritchiveitles 





UONVEYIN 
“ACHINERY 


RITCHIE-ATLAS ENGINEERING CO: 
ATLAS WORKS © TEMPLE > GLASGOW. 


M.F.M. FURNACES 


GAS, OIL, COAL on COKE FIRED. 


The MANCHESTER FURNACES Ltd. 
Aston New Road, MANCHESTER. 


























JOHN SPENCER, L” 


WEDNESBURY. 
TRON & STPPL 4606 


TU 


POLES, STEAM MAINS, TUBULAR PILES, &e 


ENTWISLE & GASS, LD., 


Engineers, BOLTON. 
For CENTRIFUGAL PUMPS. 
C MP : 


IRE »SOR 3, 
UiCHES, GEARING, 
INGS to 10 1 ONS, 
BLEACHING DYEING & PRINTING 
MACHINERY 





1192 


ALEX. CHAPLIN & C0., LTD. 


CRANEMAKERS, 3800 
GOVAN : : : $ GLASGOW. 


See our advertisement appearing on Page 72, June 22 











BRECKNELL, MUNRO & ROGERS, LTD. 


Engineers and Contractors. 





ra 























PANTAGRAPH CURRENT COLLECTOR. (Air Controlled.) 





Specialists in Overhead Lines and Fittings for Electric Haulage Schemes. 
Makers of Current Collectors for all purposes. 


Let us Quote for your Requirements. 
CATALOGUES ON REQUEST. 


Head Offices: THRISSELL STREET, BRISTOL. 


Telegrams: ‘ Brecknell, Phone, Bristol.” Telephone: 5448 Bristol. 
8848 























NM BAK ERS 


SLUICE GATES 
N >) PENSTOCKS 
for Irrigation Waterways, Power Plants, etc, 
a beng <i A 
or Water, Sewage an le 
MACHINERY, FICTTINGS AND IRONWORK 
for Sewage and Sewage Disposal Works, 
Valves and Fittings for Oil Pipe Lines. 
General O. and Works: 
.,, LANGLEY GREEN, B’HAM. 
Grams.: Penstock, Langley, Worcs. 
*Phone: Oldbury 87. 
London : 


70, Victoria Street, 
Westminster, 
8.W.1. 









4428 








\ 
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“DOBBIE-M’INNES 





INDICATORS 


STEAM fof DIESEL 
ENGINES. 


Optical Indicators for High-speed Mutors. 


“ TELEDEP” 
TANK GAUGES. 





BOURDON PRESSURE # 
and Vacuum Gauges. 


GAUGE TESTERS. 

DYNAMOMETERS. 

SPEEDOMETERS. 

Engine Room Clocks. 


DOBBIE MCINNES & CLYDE LTO. 


57, BoTHwe.t Street, GLasaow. 





4573 


QUALITY FIRST 


DROP FORGINGS, DEEP PRESSINGS, 
“RATIONAL” OIL & GAS ENGINES. 


Mangles and slackn — IRON CASTINGS 








MACHINE MOULDED REPETITION WORK 
A SPECIALITY. 


LET US QUOTE YOU. 
PATTERNS, MACHINING, ASSEMBLING. 














HESE apparently uncon- doing so it operates by chain a spe 
nected terms open up a Brookhirst ‘‘ compensator ”’ oe peng ce gente Co, Led. 
little problem which will be of regulator, thus speeding up the or 40, Wood Street, Westminster, S.W 1. 
interest to those concerned motor and tightening the cloth. 
with textile machinery. As the idle roller rises, it 


operates the regula‘or in the 
reverse direction and slows 
down the motor. Slackness is 
thus automatically taken up. 





The illustration shows the 
mangle end of a non-jig Sten- 
tering Range. If the speed of 
the mangle and the speed of 


the stenter are out of step, This is only one of many special 
there is undue slackness in the or semi-special Brookhirst 
cloth. An idle roller, or com- control gears for textile drives ; 
pensator, in the bight of cloth others are described in Booklet 


falls as the cloth slackens. In No. 253A. 


BROOKHIRS! SWITCHGFAp “ 


LIMITED CHESTER 
WI lienenk; sal, Manat: 


Branches :—Birmingham, Bristol, Glasgow, Leeds, 





Su ansea. 























PEGKETT&SONS, [= 


Londen Representatives :— 
FERGUSON & PALMER, 9, Victoria Street, Westminster, S.W.1. 


SPECIALITY 


TANK LOCOMOTIVES — 


Of all Descriptions and any Size or Gauge. Full Particulars on Application. 4450 


Telegrams Peckett, Bristol. 
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THE LUMSDEN CUTTING 


HE Lumsden System for 

making and maintaining 
lathe and planer type cutting 
tools gives the following 
advantages :— 


1. A considerable saving in 
labour costs. 


2. Increased output from the 
machine shop owing 
to high efficiency of 
curved rake tools. 


3. A large saving of high 





Lumsden Oscillating Tool Grinder, made in four sizes. speed steel. 
No.1 for tools up to 1{ in. by 2 in.* 
ee Pe Te 4. Great reductions in the 
No.2a » 5, » 3 in. by 3 in. amount of power used 
No.2b ,, 4 4 6 in. by 3 in. in the machine shop. 


‘Delivery from stock. 


Ask for a copy of 


STIS SISO SIS IOC OOOO Oooo OOo oOo oo ooo 


TSESESSASSS55 ATERED HERBERT LTD. 


EESGeeeeseeee= 


TOOL SYSTEM. 





No. 7 Lumsden Curved Lip Grinder. 
Size of tool admitted in vice— 
2 in. by ? in. up to 3 in. by 3 in. 
Delivery from stock. 


We shall be pleased to advise on the adoption of this system in works of any size. 


‘*A REALLY SUCCESSFUL CUTTING TOOL SYSTEM.”’ 


COVENTRY =SSnseecam085 


a) 


OOOO OOOO OOOO OOOO OOO Oooo ooo oo oo ooo 











Due to the tapered construction, Timken 
Bearings are capable of negotiating the 
heavy continuous Radial loads and 
Thrust loads encountered in Steel 

Mill Roll Necks, offering substantial 


reductions in power consumption. 


it 


Trade Mark — TIMKEN. 


Telegrams: ‘‘ BRITIMKEN, BIRMINGHAM.”’’ 





D.. ROLLE Rai We shall be pleased to collaborate with 


you in studying your bearing problems. 


BRITISH TIMKEN LTD., CHESTON ROAD, ASTON, BIRMINGHAM. 


Telephone: EAST 1321 (6 lines). 
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Telephone : Telegrams : | 
8781 Coventry (10 lines). * Lathe, Coventry.” | 


MILLING MACHINES IN STOCK. 


AI the present time we have a wide selection 
; of milling machines for immediate delivery, 
including the following machines of our own make. 


No. 1 Pillar Milling Machine, 10 in. by 33 in. by 8 in. 


PLAIN HORIZONTAL. 
No. 3 C.P. back-geared, auto. long. feed, 21 in. by 7 in. by 
6 in. 
No.12 C.P. back-geared, auto. long. feed, 42 in. by 12 in. by 
21 in. 


No. 16 S.P. auto. long., cross and vert. feeds, with quick 
power traverse, 34 in. by 13} in. by 20 in. 

No. 22 S.P. auto. long., cross and vert. feeds, with quick 
power traverse, 48 in. by 18 in. by 22 in. 


UNIVERSAL. 
No. 16U S.P. auto. long., cross and vert. feeds, 28 in. 
by 9} in. by 18 in. 


VERTICAL. 
No. 1(C.P. auto. long. feed, 30 in. by 12} in. by 20 in. 
No. 16 S.P. auto. long., cross and vert. feeds, with quick 
power traverse, 34 in. by 13} in. by 21 in. 
No. 22 S.P. auto. long., cross and vert. feeds, with quick 
power traverse, 48 in. by 18 in. by 26 in. 
No. 28V S.P. auto. long. and cross feeds, 62 in. by 38 in. by 





28} in. 
Herbert No. 16 High Power Vertical Milling Machine with quick No. 8 C.P. auto. long. and cross feeds, 62 in. by 38 in. by 
power traverse. Capacity : 34 in. by 13} in. by 21 in. 284 in. 


In addition, we have 100 new, re-conditioned and used Milling Machines by well-known makers, offered at very attractive prices, 
Come to Coventry and inspect our 1500 machine tools under one roof. 





























I 








ALFRED HERBERT LTD. COVENTRY 
ANDREW BARCLAY, SONS & CO., LTD., 


CALEDONIA WORKS, 


KILMARNOCK. 


All types of 


LOCOMOTIVES. 


IMMEDIATE DELIVERY OF 


STANDARD ENGINES. 


4364 




















TELEGRAMS :—“*‘ BARCLAYSON, KILMARNOCK.”’ 








ALUMINIUM ALLOY PISTONS 


6 lr high thermal conductivity combined with the low specific weight of the metal 
makes Specialloid Aluminium Alloy pre-eminently suitable for pistons for all types 
of internal combustion engines. 

In addition to being exceptionally strong and durable the alloy, after heat treatment, 
1s not subject to the usual excessive growth which forms the great objection to other 
Aluminium alloys as the coefficient of expansion is practically the same as cast iron, 
namely, ’’.000020/C°, cast iron being ’’.000016/C°. 

The special registered eight ribbed construction of Specialloid Pistons, which are of the 


rigid type, together with the high conductivity of the metal, enables them to get rid ot 
a tremendous amount of heat without reaching an unduly high temperature. 
Many other interesting points are also dealt with in our booklet, which we will be pleased 


to send you on receipt of a postcard. We are always pleased to give Designers and 
Car Owners the benefit of our experience on piston problems. 


SPECIALLOID LIMITED, 


Telephone : 146/151, Friern Park, Telegrams : 
“« Specialloid, London.” 


Finchiey 0435 (5 Lines). London, N.12 
° ° . 
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ESCHER WYSS & Co., sa, Zurich (Switzerland) 














Zoelly Steam Turbines. 


Turbopumps. Turbo-Compressors. Water Turbines. 





























Up to the Largest 


LONDON OFFICE: 20, Grosvenor Gardens, London, S.W.1. wali a 
Dimensions and Capabilities. 
Grand Prize at London Exhibition, 1908. 


4 - 7 f) ( ; a G : LA h Gold Medal, Japan-British Exhibition, 1944. 


Bow and Stern Well Centre and Side Ladder Bucket, Barge Loading and Hopper-Dredgers, Suction Dredgers, Cutter Dredgers, Trailing Dredgers, Reclamation 
Dredgers, Grab Dredgers, Hydraulic and Mechanical Agitators, Discharge and Pontoons, Hopper Barges, Sewage Steamers, Caissons, Tugs, Ferries, 
Paddle and Screw Steamers. Delivered Complete er Shipped in Sections. 




















acme 





Spare Gear and Renewals Supplied. ' 


FERGUSON BROTHERS (ort Giasgow), LTD. 


SHIPBUILDERS AND ENCINEERS. 


ON WAR OFFICE AND ADMIRALTY LISTS. NEWARK WORKS, PORT GLASGOW . 


Tele. Address: DREDGER, PORT GLASGOW. 


f ta 











yy 





JUNE 29, 1928.) ENGINEERING. 25 

















STEEL TANKS 


STANDARD PRESSED PLATES 
1 METRE and 4 FEET SQUARE — ———EEEEL ee 


PROTECTED (by dipping hot) with 
our special “‘DURBIT” BITUMEN 
SOLUTION 


| SUITABLE 
FOR STORAGE OF 
ALL LIQUIDS. 


OUR PRICES AND 





YO U PRESSED STEEL TANK 20f'. by 20 ft. by 4ft. deep, 
10,000 gallons capacity on 15 ft. high structure. 








COCHRANE & C9. L'D. 


_MIDDLESBROUGH. 























4 The hand that holds 
the’ VENUS ” 
plans the world 





.The first rough suggestion—the skilful and 
accurate working out—the sharp, precise 
detail drawing, all the preliminary planning 
necessary to the carrying out of constructive 
effort calls for the use of ‘‘VENUS’’ Pencils. 


Whether it be the building of a battleship or 


erasing ink from the design of a simple household article, the 
T Cloth or paper, 
use “'VENUS® ‘No.2925, pencil is the first requirement—the “ VENUS ” 


a” ae the first Pencil. 






For 








iy \ - 
| lt. DEGREES 6B-9H 2 SUPER COPYING (Meal é Hard DA each-3/ Oper ah. 


17 
: VENUS COPYING (Medium &Hard) 3 each 2/Operdo3. 
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MARSHALL, SONS & CO., LTD. 


Engineers & Boiler Manufacturers, 


GAINSBORO’, LINCS. 
Makers of 


BOILERS 


of all leading standard types 
including 
LANCASHIRE, CORNISH, 
CORNISH-MULTITUBULAR, 
RETURN-TUBE, DRY-BACK, 
WATER-TUBE, 
LOCOMOTIVE -MULTITUBULAR, 
VERTICAL, &. 














Having perhaps the largest modern boiler 
dept. in the U.K., we are prepared to 
quote other manufacturers for the supply 
of boilers to their own designs. 








Note by accompanying illustration, our 
scope in one class, i.e., loco. type, ranging 
from small portable to huge boilers for 
excavators used on Sukkur Barrage 
scheme, and other similar works. 


We invite manufacturers herein interested 
to put their requirements before us; 
we also invite Power Users to send us 
their inquiries for Boilers. 


Catalogues and Prices 
on request. 











Dimensions of larger Boiler are : Length 20 ft. 7 in., Barrel 6 ft. ? in. dia,, Height to top of fire-box end 10 ft. 6 in. Mention “‘ ENGINEERING.” 


THE 















PRANK Pearn & C? E? 
TELEGRAMS: “ PUMPS," MANCHESTER. ANCH LIANCHES TER. 


TELEPHONE: OPENSHAW 1141. 


8451 








in | 
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“‘ Blackman ”’ Patent “ Streamline” Fan “Blackman”? Box-blade Fan Patent “ Streamline ” Fan with “Blackman” Box-blade Fan with fume 
with belt pulley. with belt pulley. totally enclosed motor. and water-tight motor. 


Immediate delivery of 
all sizes of electric 


FANS 
for 200 to 250 volts D.C. 


and all sizes of 


belt-driven fans. 
Early delivery of Fans J 
for other voltages. 


ANUS [KITE & BLACKMAN @ [fr 








SE 
HEAD OFFICE : Catalogue VI A Uh et \s 
27, FARRINGDON AVENUE, sent on request ° Vv f J y) 
LONDON, E.C.4. \< 2 
Telephones : CENTRAL 7091 to 7096. Telegrams; *‘ JAMES KEITH, PHONE, LonpDown.”’ TRADE MARK 




















HOPKINSON'S 


paTENT STEAM TRAPS ana REDUCING VALVES 


iOPKINSONS 
HOPKINSON - 


PATENT 


HUDDERSFIELD UODERSFIELD 

















HOPKINSON’S HOPKINSON’S HOPKINSON’S PATENT HOPKINSON’S 
“SPRINGUS” “RADUS” STEAM TRAP. “DUPLUS” STEAM TRAP. “* METACENTRE” 
REDUCING VALVE. FOR PRESSURES UP TO 120 Ibs. per sq, in. FOR PRESSURES UP TO 350 Ibs. per sq. in. REDUCING VALVE, 
a *; O K| N S O N S “PLATNAM” is a non-corrodible, hard- 
FITTED WIT LIMITED. wearing, heat-resisting alloy, and is 
6 ” TELEGRAMS TELEPHONE speciall durable and racti 
PLATNAM” VALVES & SEATS. vonnson HUDDERSFI ELD iswssias ao practically 
HUDDERSFIELD" : * — 1269(3 Lines) : 




















“VALVESTEM LONDON. LONDON 4389 
PHONE.LONDON’ 34, NORFOLK STREET, STRAND, W.C.2. CENTRAL 4541 








A 716/1527 
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etrol, Parattin or Gas for Stationary or Marine Use 


ASTER. ENGINE 





+ 
& ERRNO ETI MOS 
Awards 

Gold Medals 
Paris - - 1900 
Paris - - 1902 
Hanover - 1902 
Vienna- - 1904 


St. Louis usa. 1904 
Concoures des Peches 
Maritime - - 1910 
Allahabad- - 1911 
Two Diplomas 
D'Honneur Liege 1905 
Grand Prix 

(Two) Milan - 1908 
Franco-British 1908 
Silver Medal a es : 7 
Allahabad- - 1911 og aes spas 


Certificate of Merit 35-40 B.H.P. Self-contained, Self-propelling Rail Welding Set. 4275 
Allahabad- - 1911 





Departments 





ome.  JVRROL JOHNSTON & ASTER 
a ENGINEERING Co., LIMITED. 





" 


Engine Dept. 


Stationary 
or Portable 
Petrol and Paraffin 
Engines 
Pumping Sets 
Compressor Sets 
Marine Engine Sets 





Steam Dept. 


Aster Anthony 
Boiler Feed 
Regulators 


Ceues oo 
BENTLEY’S 
A.B.C, 5th Edition 
LIEBERS 
MOTOR TRADE 

*Phone:— ~ 
DUMFRIES 28) 

Telegrams :— 
ASTER, WEMBLEY 
MOCAR. PHONE, 

DUMFRIES 


London Office : 224/229 Cecil Chambers, 86, Strand, London, W.C.2  ftjephone:, Gerrard 7528 and 7529. 





























MICHELL CRANKLESS ENGINES 


For all Purposes — _ For all Fuels. 


ADVANTAGES. 





High Speed of 
Rotation. 


Perfect Dynamic 
Balance. 


Compact and 
Rigid Construction. 


Torsional Resonance of 
Crankshafts Eliminated. 


Reduced Weight ana A Michell Crankless National Gas Engine driving a 


Cost per B.H.P. Michell Crankless Waller Gas Booster. 


10 Sets supplied, each 280 B.H.P. at 750 R.P.M. 





For Licence to Manufacture apply to :— 





CRANKLESS ENGINES LTD., 
20, GROSVENOR GARDENS, 


Telephone: SLOANE 3021. 4497 


LONDON, S.W.1. 














| 


ill! 
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ita 
18 m. Suspended Direct Electrically-driven Hydro-Extractor for Drying Textile Fabrics. 


“ Broadbent ” 


HYDRO 
EXTRACTORS 


The World’s Best 
Mechanical Drying Machines 


as used for 
Woollen & Cotton Yarns & Piece Goods, 
Silk & Artificial Silk Yarns & Goods, 
Laundried & Dry-cleaned Garments, 
Raw Wool, Skins, Hides & Hair, 
Salts, Soda, Sugar, Nitrates, Crystals, 
Fine & Heavy Chemicals, Colours, 
and 


Granular Substances of every description. 


Full Particulars & Catalogues on Request. 


Thomas Broadbent « Sons L> 
Huddersfield. 
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ROYCE cRANES 


FOR ALL PURPOSES 


GOLIATH CRANES 
OVERHEAD TRAVELLERS 
WALKING CRANES 
JIB CRANES 
ELECTRIC CAPSTANS 


ELECTRIC WINCHES 
ETC. 





.. QUICK DELIVERIES 
using OU “0 COMPETITIVE PRICES 
eae LOW MAINTENANCE COSTS 





ELECTRICAL AND MECHANICAL ENGINEERS, 
TRAFFORD PARK, MANCHESTER. 


4588 


























TELEGRAMS— 
WERFCONRAD, HAARLE 
DREDGCRAFT, AVEBE., LONDON. 
CODES-—LIEBERS, ABC 5th Ed. j 
and MOREING & NEAL 
saggy HOLLAND. 


Agents: MARINE WORKS, Li. FRIARS HOUSE, 39-41, NEW BROAD STREET, Dcsiuaee E.C. 2: 


OF THE LATEST AND MOST IMPROVED TYPES, 
OF ALL DESCRIPTIONS, AND UP TO THE 
LARGEST DIMENSIONS AND CAPABILITIES. 


BARGES anp FLATS Built in SgOTIONS FOR RE-ERECTION ABROAD. 








BUCKET HOPPER FLOATING CRANES. 


BARGE - LOADING | | — GOAL BUNKERINC 





DREDCERS. < VESSELS. 
SUCTION PUMP : 2 
|  WOPPER BARGES 
DREDCERS. R as of any capacity. 


COMBINED BUCKET 


AND 


PUMP DREDGERS. 








SPARE PARTS 
and RENEWALS 











supplied. 
SUCTION 
CUTTING GOLD ano TIN 
RECOVERING 
DREDGERS oe 
for DREDGING DRED 
ssalitis A Speciality. 





COMBINED BUCKET and SUCTION HOPPER DREDGER, built for the French Colonies. Hopper capacity 1350 Tons rr 


DESIGNS, QUOTATIONS, AND ALL DETAILED INFORMATION, BOTH AS TO DREDGING PLANT AND 
DREDGING GENERALLY, AND UPON ALL QUESTIONS AFFECTING THE RECOVERY OF GOLD, PLATINUM AND 
TIN, ON APPLICATION. 
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Water Puritication 


UNITED WATER SOFTENERS LIMITED specialise in the treatment 

of Water supplies for every industrial and domestic purpose. 

The requirements of Steam raising, process work in the Chemical 

and Textile Industries, Laundry work, and the provision of 

perfectly purified Water for public purposes, are fully met by 

the Water Purification equipment manufactured and _ installed 
by the Company. 


An illustrated descriptive Handbook will be sent on receipt of a postcard. 





ALDWYCH HSE., LONDON. W. C. 2. 


Telephones : Holborn 3111 (8 lines). Telegrams : Aquadolce, Estrand, London, W.C.2 

















TUBULAR BOX SPANNERS 


‘There is an “‘Apollo” Spanner 
for every Engineering need! 








1 — Spanner for use in Carpenter’s Brace 
2 and 4 Double-end Box Spanners 
3and5 “Bent and Necked”’ patterns 


6 — The well-known ‘ Weasel” Spanner 

7 — Types of Peg Spanners 

8 and 9 Two sizes of the ‘“ Ferret” Ratchet Spanner 
10 — Wireless Spanners 

11 — ‘¥” Spanner used as Carburetter Key etc. 
12 — Slotted Valve Cap Spanner 

13 — Combination Box Spanner and Screw Driver 
14 — Telescopic Tommy Bars 

15 — A few different types of Tommy Bars 


THE ILLUSTRATIONS INDICATE A FEW TYPICAL USES 
FOR “APOLLO” SPANNERS, BUT WE CAN MAKE ANY 
SPECIAL BOX SPANNER TO YOUR REQUIREMENTS 























OLDBURY BIRMINGHAM wt 
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HE LILLESHALL CO.  sunorsuin 


Telegrams—“"LILLESHALL, OAKENGATES.” a OAKENGATES. 


ENGINES 


FOR WINDING, HAULING, 
BLOWING, PUMPING, ROLLING. 


IT 





UNIFLOW ENGINES, 


GAS ENGINES, 
400 to 4000 B.HP. 


COKE OVEN PLANT. 


COMPLETE EQUIPMENTS — 
BLAST FURNACES. 
STEEL WORKS. 
ROLLING MILLS. 


| COLLIERY PLANT AND CONSTRUCTIONAL WORK. 

































































AIR (COMPRESSORS. 


The Illustration shows the latest type of 
the well-known “ Reavell ’’ Quadruplex 
Compressor. It is a single-stage water- 
cooled machine suitable for pressures 
up to 120 Ibs. per sq. inch, and its 
volumetric efficiency and power con- 
sumption are quite as good as those 
of a two-stage machine. 

















We also manufacture many other kinds of Air 
Compressors to meet all requirements, such as 

















Marine Auxiliary Compressors for use in Diesel 
Engine Ships, small Hand Operated machines, 
Turbo-Compressors and Exhausters, etc., etc. 





REAVELL & Co., Lrp. — Ipswicn.- 





Portable Sets for operating Pneumatic Tools, eon 
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TWO 
MINUTES 


is ample time in which to take apart and re-assemble the 
“* High Speed Series” 
J&L HARTNESS AUTOMATIC DIEHEAD 


Not a single tool is required, and certainly no instruction book. To change the chasers is 
the work of a moment. Here is definite evidence of the absolute simplicity throughout. 
It means very few parts, and moreover the diehead is hardened throughout and ground on 
all operating surfaces and effective dimensions. Thus high accuracy 1s ensured and wear 
reduced to a negligible amount. But the greatest success is the chasers which, after 
hardening, are 


GROUND AND LAPPED IN THE THREAD 


- This places the J & L diehead far in advance of any other tool of its kind. Every essential 
factor in diehead threading is changed for better and faster production. Never before has 
it been possible, 














to reach such remarkably high accuracy, 
to employ such high cutting speeds, 
or to obtain such extended length of chaser life. 


The J & L “High Speed Series ” Diehead cannot fail to increase the quality and economy 
of your thread production. 
We suggest that this is worthy of your investigation. 


JONES & LAMSON MACHINE CO., 19, Water Lane, LONDON, E.C.4. 


IRUE TEMPER TAPERED 
RAIL JOINT SHIM 


— + 
IRUE SEMPER 


AF & HC27 
PAT. APPLO FOR 



































A Simple, Inexpensive Remedy for Low Joints— Broken Bars— Costly Maintenance. 
Provides an Oil Tempered Bearing between Rail Head and Fish Plates—Exactly where the 
Greatest Wear takes place. Thickest at the centre, Tapering towards ends to replace Metal 
worn away in service. Easily Applied. Standard Equipment on many Railroad Systems 
in'the United States of America and Canada. 


FULL PARTICULARS ON REQUEST. 


WONHAM, INC., 44, whitehall Street, New York City, New. York, U.S.A. 
Cable Address: “‘\STAPELY, NEW YORK.” 

Representative in England : G.’'Stephenson & Co., Ltd., 68/72, Windsor House, Victoria St., London, S.W.1. 

Tel: VICTORIA 4737. 


4663 
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-“LEADITE” - 


Registered U.S. Pat. Office. 





A satisfied customer for more than 20 years 


Ghis one concern has laid more than 100 miles of c.i. bell and spigot water 
mains with Leadite joints. Working pressures exceeding 200 pounds. 





The Pennsylvania Water Company, Wilkins- The Pennsylvania Water Company usually 
burg, Pennsylvania, has been a satisfied user lays its pipe with its own forces, but the 
of Leadite for over 20 years. 20” line, shown in the accompanyin 
y panying 
It has laid more than 100 miles of c.i. bell picture, was laid by a contractor and with 
and spigot water mains - nen most excellent results. 


with Leadite joints; sizes 
have varied from 4” to 42” 
in diameter. 


This line was tested and 
the leakage on this line 
ranged from 1/3 to 1/10 
of the allowable leakage as 
ordinarily specified. 


It has working pressures 
up to and exceeding 200 


pounds per square inch. 


The Pennsylvania Water 
Company makes a system- 
atic water waste survey of 
its system each year, which 
shows the tightness of the 
mains laid underground. 


Mr. W. C. Hawley is 
Chief Engineer and 
General Superintendent 
of the Pennsylvania Water 
Company. 


Be sure it is 


Specify and use 
LEADITE LEADITE 
and accept no 


—it saves 7 5 o / : : 
at least 0 Section of 33,000 feet of 20 in, c.i. bell and spigot imitations 
water main laid by contractor for the Pennsylvania 
Water Company. Pressures ranging from 70 pounds 
to 225 pounds per sq. in. 














The pioneer self-caulking material for se 
c.i. pipe. Tested and used for over 30 years. 





THE LEADITE COMPANY : ‘ : Land Title Building : : Ss PHILADELPHIA, PA., U.S.A. 

















NO CAULKING 
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TheWEIR 


OPTIMUM 
DEAERATOR 


99 







The most up-to-date— 
the simplest—and the 
cheapest method of 
deaerating your Boiler 
Feed Water. 


Saves your boilers—keeps 
down upkeep—and repays its 
cost in a very short time. 


Can be installed in 
existing Power Stations 
with minimums ex- 
pense and dislocation. 


Let us quote for your require- 
ments. Results guaranteed. 


GéJ. WEIR L= 


CATHCART.........GLASGOW 
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(PARKSON ) 





ADAPTA MILL 


For ALL KINDS of 


MILLING OPERATIONS 





Saves Set Up Times 


THE VERTICAL SPINDLE IS ALWAYS THERE WHEN 
REQUIRED AND ONLY NEEDS TO BE _ SET IN 
CORRECT POSITION FOR THE JOB. 





ZA 


J. PARKINSON & SONS, SHIPLEY. 


LUNCUAEUTUUCUEDUEU AEA EGUETUATACOUEEACUETUED ANU ETUETEE EGE YEUTA REHEAT ee 








An Interesting 
set-up on the 





a] Doitona 
WARD 








‘Ward’ No. 13 





Combination 





Turret Lathe. 























Seta 


This tool layout shows an 87 Ib. air compressor 
piston being machined in the very satisfactory time 
of 40 mins. per piece, floor to floor time. One 
chucking only being necessary with the ‘ Ward.’’ 
Nine operations are performed and multiple tooling 
helps to get the above time. 


Write for ‘‘ British Machine Tool Engineering,’’ 
No. 45, which gives full details of the above job. 


H.W. WARD & Co. Ltd., 


Selly Oak - - BIRMINGHAM. 
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THE TOTAL HEATING 
SURFACE or BABCOCK 
G WILCOX WATER 
USE BOILERS - 
SUPPLIED TO DATE 





EXCEEDS 
25,000,000 SQ. FT. 

















CATALOGUES & ESTIMATES 
FREE ON APPLICATION. 


BAI 





TTL IEL 


AN ANALYSIS OF THE STATISTICS RECENTLY 
PUBLISHED BY THE ELECTRICITY COMMIS- 
SIONERS—YEAR ENDING MARCH, 1927—SHOWS 
THAT OF THE FIRST FIFTEEN STATIONS WITH 
THE HIGHEST OVERALL THERMAL EFFICIENCY 
(ALL OVER 16°/,.) TWELVE ARE EXCLUSIVELY 
EQUIPPED WITH “BABCOCK” PLANT AND IN 
THE REMAINING THREE 
CARRIES THE BULK OF THE LOAD. 








“BABCOCK ” PLANT 








T. Mar ne Type Wate: 
rah Boiler fer Land Duos mec eran with Superhate 


a shoe a B.& W. be 











d). 





b>cO CK-WIL COX 


LIMITED 


BABCOCK HOUSE, FARRINGDON STREET, LONDON, E.C.4. 
Telephone: City 6470 (8 lines). 


Telegrams: Babcock Cent., London 
PRINCIPAL WORKS: RENFREW, SCOTLAND. 


BRANCH WORKS: OLDBURY and LINCOLN, 


DUMBARTON, SCOTLAND and SYDNEY, AUSTRALIA. 
—— BRANCH OFFICES THROUGHOUT THE WORLD. —— 


ENGLAND. 
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Ingersoll-Rand 


The Best Hoists 
Structural Steel Shops 


I-R Hoists can’t be hurt by overloading. 

An automatic brake holds the member being 
riveted or punched, and holds it positively at 
a set height. 

Delicate control makes exact height adjust- 
ment easy. 


The cost of operation is negligible, and the 
hoists maintain their efficiency for years. 


INGERSOLL-RAND COMPANY, LTD., 165, QUEEN VICTORIA ST., LONDON. 
Offices and Agents the World over carry Stocks. 


2620 
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184-1-86 





FIRTH 


STEEL CASTINGS 


ANY SIZE UP TO 45 TONS 


apis you install specialised and 

costly plant, you expect to get 
the very best performance—after all, 
it is performance you are buying. 


If you make such plant for someone 
else to buy you are selling performance. 


Steel Castings enter largely into the 
make-up of most types of heavy plant 


to-day. You buy castings hoping 
that they will do you credit by 
doing their job well—with Steel 


Castings made by Thos. Firth & Sons, 
Ltd., you can be certain of your 
aims. They are just as good as 
we know how to make them and 
just so good that you will go far 
to find their betters. 















Turbine Gear Wheels and 
Rims, Diaphragms, Dummy 


Rings, Distance Pieces, The photograph shows a 
Bucket Wheels, Turbine Cast Steel Roll Housing 
Casings, Valve Castings, for Plate Mill. Weight 


Wheel Centres, Ramps, etc. 31 Tons. 






THOS FIRTH |: 


SHEFFIELD, atso aT 
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FIRTH 


STAYBRITE 


THE NEW SUPER-RUSTLESS MALLEABLE STEEL 


CASTINGS made from Firth “ Stay- | pounds—from steam and_ chemical 

brite’°—the new super -rustless valve bodies up to sluice-gate castings 
steel—are completely resistant to the weighing many hundredweights. 
corrosive attacks of numerous acids 
(including Nitric), alkalies, chemicals, sea- 
water, marine or atmospheric conditions. 








185-1-59 





> 





Our long and unique experience in 
this type of work is at your disposal. 
The types of castings vary from Allow us to go into the production 
small details weighing, say, a pound nd machining of rust- and chemical- 
to pump impellers weighing many resisting castings with you. 


The other forms in which 
Firth ‘“Staybrite” is 
available are Rods, Sheets, 
Plates, Tubes, Sections, 
Wire and Forgings. 


The photograph shows a 
Glandless Acid Pump made 
by Messrs. Guthrie & Co., 
Accrington, entirely from 
Firth ‘‘ Staybrite’’ Steel |, 
Castings and Bars. Overall 
height of Pump, 3 ft. 8 ins. 










TD 






BLACKHEATH, NEAR BIRMINGHAM. 
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Bullers | 


Insulators 


and 
Equipment for 


all voltages 


These illustrations are taken from 
actual photographs of Bullers 
Overhead Line Equipment in 
service in all parts of the world. 







































Bullers manufacture Insulators 
and accessories for all voltages 
to give satisfactory service under 
any climatic conditions. 





SOUTH AFRICA, 132k.v. Witbank- 
Brakpan Line. 


AUSTRALIA. 66k.v. Thomastown, 
Victoria, substation, 


ENGLAND. 66 k.v. Steel Tower 
Crossing. 


HOLLAND. 44 k.v. Road Crossing. 


NEWFOUNDLAND. 66 k.v. Trans- 
mission Line. 


INDIA. 100k.v.&110k.v. Bombay 
Presidency. 


ADEN. Low Tension Distribution. 
ENGLAND. 33 k.v. Overhead Trans- 
mission Line. Tapping point. 
NEW ZEALAND. 11 k.v. JHoro- 
whenua Scheme. 


Bullets 


6 Laurence Pountney Hill 
London, E.C.4 
Telephone : City 0985 & 0986 
Porcelain Works, Hanley, & Milton, Staffs. 
Ironworks, Tipton, Staffs. 
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| VICKERS - ARMSTRONGS STEELS 
CRANKSHAFT 


produced as a Drop Forging for 
the 43-litre BENTLEY CAR, Winner of 


THE 6th GRAND PRIX D’ENDURANCE-LE MANS, JUNE 17th, 1928, 
was of 


VICKERS-ARMSTRONGS MANUFACTURE. 


Total distance covered by the BENTLEY CAR 1,668 miles; average speed 694 m.p.h. 




















eb ee 














Reproduced by kind permission of ‘THE MOTOR” ——— 


VICKERS - ARMSTRONGS STEELS 


were also used in— 


Captain Malcolm Campbell's “Blue Bird" Car at Daytona Beach, U.S.A. Major Segrave’s 1,000 h.p. Sunbeam Car (Speed 203°841 m.p.h.) 
(Speed 206'95 m.p-h,) ; ; ; . Captain Malcolm Campbell’s “Blue Bird’’ Car at Pendine (Speed 
The victorious Schneider Trophy Supermarine—Napier S 5—which attained 174°883 m.p.h). 
a speed of 28414 mp.h. (Napier “Lion” Engine). The victorious Bentley Car in the 24 hours Grand Prix d’End 

. » ; : e victorious Dentley r in the ours ran nx d’Endurance, 
The Hon. Victor and Mrs. Bruce’s A.C. Car which attained an average Le Mans, 1927. (Average Speed 61°36 mph). 


speed of 68°01 m.p.h. for 15,000 miles. 


—_ MARK 


FHLELODUDERDLCUCRRRRUDRORSAGREOLURGGRGCHRRGD DERG REQRGGLODAUARTRSOREDEUODAOLDUUURUCTRSOUBDLOGDORODORLGRLEGODAGADLLDRADDEDISRGQRDGD DARD ESAIIAET! 


MITE TEE fran Tu moo | [MITE Daa 
RIVER DON WORKS, SHEFFIELD. BROADWAY, LONDON. SW i 




































44 ENGINEERING. [JUNE 29, 1928. 
































Birmingham 
Repair Depot: 





AMAVALEAGAAELEAGEDEAEOEOEOEOEAOOEODOOAEOOODAOOOODEOOGOROGOUEEONOOOCONOOOCOOOROUONOEOOONOEOCOOOEOEIEOUOSOGOOOEOEAUONOUOEOEOUODOOOUOUOUOOEOUOGOCOROROEOOOEQCOEOOOONE QOUEUOUOEOCQUOUOEG OUOUOOUCODOUOUONOOONOEOEINL ONY 


Empire House, 
159, Gt Charles 
Street. 












= SATISFACTION 


When you buy a Cambridge instrument you 
obtain, in addition, the assistance of our resident 
engineer in your district. His business is_ to 
help you to get the maximum benefit from 
your instruments. We have also repair depots in 
Newcastle, Birmingham, Manchester and Sheffield, 
and from these centres arrangements can be 
made for the regular inspection and maintenance 
of your instruments at a fixed annual charge. 


CAMBRIDGE 


WORKS = ; 45.GROSVENOR PLACE 


LONDON & Head Office: _ 
CAMBRIDGE €&JShowrooms LONDON, S.W.1. 


Belfast 


COUT TTT 


















There are Cambridge 


iter . 3s 
aw engineers in the towns indicated. 


Repair Depot: 
Egerton Chambers, 
Stockport Rd., Ardwick. 












Newcastle - on - Tyne 
Repair Depot: 

1, St. Nicholas 

Buildings. 








She field 
Repair Depot : 
2, South Parade, 
Bowling Green Street 








‘ 
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SEE OUR DISPLAYED ADVERTISEMENT ON PAGES 40 & 41. 4392 


THOS. FIRTH & SONS LTD., SHEFFIELD. 








| - 
| , The Strong Silent Power! 
=S SILENCE is one of the outward manifestations of efficiency whether 
| 





WE recently acquired the business 
of the West Hydraulic Co., Ltd. GOOD hydraulic machinery is silent and very efficient. In a few seconds it does 
work that might take hours by other methods—and it makes such a perfect job. 


and have transferred technical staff, 
drawings, records, patterns, etc, to You probably have many se pag that could be done better and cheaper by 




















5 = Colchester, where we have much hydraulic power. Why not consult u; ? 
Se ib 
> better facilities for manufacture le eo 
es} than obtained at Lato, see DAVEY, PAXMAN & CO., LTD.“ 
———— 4966-7 33-35, Aldwych House, London, W.C.2. AGE. Ltd. 











5901 











HADFIELO’S PORTRAIT GALLERY S is E E -. + A S T I N G S 


ENGINEERS AND METALLURGISTS. 
of every description 


For General and Hydraulic Engineers, Locomotive Builders, 
Marine Engineers, Dredger Builders, and for Collieries & Mines. 


HYDRAULIC CYLINDERS 


A SPECIALITY. 


STEEL FORGINGS 


For Marine and other Engineering Purposes. 


Sole makers of Hadfield’s Patent 


MANGANESE STEEL 


THE SUPREME MATERIAL 
For the wearing parts of Crushing Machinery, 





TRADE Mark 





NO. 22 PORTRAIT. e 








Railway and Track-work, etc. 
H YDRAULIC “ar nak tae UF “wa ar S BEST TOUGHENED CAST 
STEEL. rh LENGTH BY 3’ BORE: WEIGHT 21 TONS. 
Area of Works 


ae , 

: —s ohare: East Hecla &Hela “e3 Sn 
disco A AND se 
SOOTHER. METALS. seen: oo: 

HEFFIELD No. 583 
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EXTENSIONS «> IMPROVEMENTS. 


Many of the above are being carried out 
to-day by firms large and small—also they 
are disposing of old plant and buying new 
to keep to the fore—fighting competition 


—EFFICIENCY DEMANDS IT— 


All new and efficient plant—with heated 
surfaces are insulated with the most up-to-date 


and most efficient insulation—-NEWALLS. 





NEWALLS 857% MAGNESIA. 93°47 EFFICIENT. 


The material with the largest covering capacity. 


NEWALLS INSULATION Co lid 


WASHINGTON STATION, CO. DURHAM. 





And at London, Glasgow, Manchester, Leeds, Birmingham, Leicester, Cerby, Cardiff, Hull, Dublin. ABN. 


























PRESSINGS. 


If you require any article pressed from sheet steel or any 
other metal, Rubery, Owen & Co. are exceedingly well 
equipped for handling your work. They have had over 30 
years’ experience in supplying pressings of every description 
to the Motor Vehicle and allied trades, and are well known 
for the good quality of their work. 


The works cover many acres of ground, and are composed of 
several departments. The organisation and the service Rubery, 
Owen & Co. can offer you is well worth your consideration. 


These seat supports and legs for Omnibuses, Char-a-bancs, etc., are 
very light but exceptionally strong; they are made of good quality 
steel and are inexpensive. 














DARLASTON~ - - SOUTH STAFFS. 


Phone: DARLASTON 130. 
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Scavenging of space under 
pistons. 


Under “Blow”’ past piston 
rings does not contaminate 
the air in the engine room. 


Large access doors at back 
and front for inspection of 
liners, pistons, etc. 


Efficient suction silencer. 





HAMMER LOREOAERARLAT HORA FRAY AUPGVUATLUAINS UOT TEREOUAEORUVTO UN HUA ' aa 
PATENT MANOEUVRING 
INDUCTION AND 

SYSTEM. CONTROL GEAR. 


One man control. 


Variable timing and lift of 
cylinder head fuel injection 
valves, ensuring continuous 
slow running down to + full 
speed without misfiring. 
Automatic control of starting 
air with minimum consump- 
tion when manceuvring. 


No heavy camshaft to move 
fore and aft when reversing. 














HMMM AAAI! SUttséxations show one of two 1750 B-HP. Beardmore. jy nH IAIMAN RMU WN NAL 


Tosi Diesel Engines installed in M.S. “Silurian.” 































PATENT FUEL 
INJECTION 
VALVE. 


No Gland, Packing, Seizing, 
Scoring or Erosion of Valve 
Spindle. No possibility of 
Needle Valve hanging open. 
No leakage of air or fuel. 


PATENT 
CYLINDER HEAD 
CONSTRUCTION. 


Even expansion in lower part 
of head. 

Design and special heat treat- 
ment relieves all casting strains. 
Cooling water directed into 
centre of head. 











Special design of combined WILLIAM 
inlet and exhaust valve with : 
director valve. 

“AND COMPA <i LimiTeD -: 





Shipbuilders and Marine Engineers, 
Naval Construction Works, Dalmuir, near Glasgow. 








PATENT 
CYLINDER 
LINER 
CONSTRUCTION 





1. Complete freedom to expand 
in downward direction. 


2. Spiral passage round liner 
ensuring uniform and 
efficient cooling of combus- 
tion chamber space. 


3. High velocity of cooling 
water through spiral passage 
prevents the deposit of 
sludge and salts from the 
cooling water. 


4. Hard surface on bore of 
liner in way of combustion 
chamber obtained by special 
process. 


4419 
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FOREIGN GOVERNMENTS, the 
IRON 


CONTRACTORS, 


bis TESTERS 


Used by the BRITISH and most 
TECHNICAL SCHOOLS, RAILWAYS, 
FOR METALS, CHAINS, ROPES, WIRE, CANVAS, CLOTH, YARN, CEMENT, PIPES, CONDENSER 


TUBES, OILS, PRESSURE AND VACUUM GAUGES. 


leading UNIVERSITIES, 
and STEEL WORKS, 


&c., 











CAST-IRON 





CAST-IRON BAR TESTER. 


Tests Bars of Cast Iron, 
Bronze, &c. 





~~. . 





Fig. 5041.—DEADWEIGHT 
PRESSURE GAUGE TESTER. 
To 200 and 800 Ibs. 





Fig. 5171.—BAILEY’S NEW PATTERN 
DEADWEIGHT GAUGE TESTER. 
For Pressures to 2000 Ibs. 








SPEED 





Fig. 6149.—GYROMETER. 
SHOWS SPEED AT A GLANOE 


ALL KINDS OF INDICATORS 

AND REOORDERS FOR PRES- 

SURES, SPEEDS, LEVEL AND 
FLOW OF WATER, &c. 








HYDRAULIC IRON AND 
STEEL TESTER. 


To 10, 25, and 60 tons. 














CEMENT 


STER-HYDRAULIC TEST PRESS. 
For testing cement blocks, extracting oils, &c. 
Made in three sizes to 12, 60 and 150 tons. 








OIL 





Fig. 6120.—BAILEY’S 
“THURSTON” RECORDING 
OIL TESTER. 

For testing oils, greases, 
bearing metals, &c. 


Used by the Admiralty, and by 
the Principal Railway Cos. and 
Shipping Cos. of the World. 





CEMENT 





Fig. 5063.—CEMENT TESTER. 
With new design Shot Filler. To 1000 Ibs. 
To BRITISH STANDARDS. 


PRICE INOLUDING TWO MOULDS AND WEIGHING 
MAOHINE £24 





PRESSURE 
AND 
VACUUM 





DEADWEIGHT PRESSURE AND 
VACUUM GAUGE TESTERS. 
In various sizes for pressures to 
300, 500, 2000, 10,000 Ibs. and 
45,000 Ibs. per square inch. 





Fig. 5109. — BOULT’S PATENT 
ENGINE CYLINDER LUBRICANT 
TESTER. 





FOR 
BOILERS 
AND 
PIPES. 





BOILER TEST PUMPS. 
Fig. 5007.—To 300 lbs. £11. 
Fig. 5008.—To 500 Ibs. £16 10s, 





‘PRINCESS OF THULE” 
HYDRAULIC TEST PUMP. 


For Marine Boilers, &c. 


For Pressures to 200, 500, 
and 1000 Ibs. 


Hand Pumps to any Pressure. 


DOUBLE AND TREBLE RAM TEST PUMPS, 
Hand or Belt Drive. 


Manufactured by 


ir W.H Bailey & C917? 


ALBION WORKS. SALFORD, MANCHESTER. 





The LONGBRIDGE BOILER 
TEST PUMP. Packs in small 
leather case; weighs only 


19 Ibs. 
Tests to 500 Ibs. PRIOE £12. 
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THE DARLINGTON FORGE| 


Telegrams : LIMITED. ope ~ Telep i No. = 


FORGE, DARLINGTON. DARLINGTON 
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The latest of three 12,500 Kw. Parsons Tandem Reaction Steam Turbines and Alternators, 3,000 R.P.M., 
installed in a British Power Station. 


PARSONS STEAM TURBINES 
AND ELECTRIC GENERATORS 


Robust construction is one of the main features of PARSONS 
STEAM TURBINES and ELECTRIC GENERATORS. Every 


detail is designed with a view to :— 
PERMANENT and SATISFACTORY SERVICE. 


CONTRACTORS FOR COMPLETE POWER STATION EQUIPMENT. 











Also Manufacturers of 


TRANSFORMERS—SPEED REDUCING GEARS—SEARCHLIGHT REFLECTORS, ETC. 











Q), COMPANY LID — 
HEATON WORKS, NEWCASTLE-on-TYNE. 
London Office: 56, Victoria Street, Westminster, S.W.1. 
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LPS, No, 147—P.4744 
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HE 1929 British 
Industries Fair will 
be held as usual at 

the White City, London, 

and at Castle Bromwich, 

Birmingham, from Feb. 

ruary 18th to March Ist. 





Make your plans now! 
More than 300,000 sq. ft. 
of space has already been 
applied for by last year’s 
exhibitors. There are still 
plenty of good stand positions 
available for you. Invitations 
are being sent to. trade 
buyers in every corner of the 
world. There will be more 
business done than_ ever 
before. 


THE DEPARTMENT OF OVER- 
SEAS TRADE, 35, OLD QUEEN 
STREET, LONDON, S.W.1 or to 
THE SECRETARY, CHAMBER 
OF COMMERCE, BIRMINGHAM. 


1d 


ZZ 


ddd 
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Ud 
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Full particulars and prices of 
space will be sent on request to :— 
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CROMPTON 
PARKINSON 
PRODUCTS 
ACE CC. Motors 
Generating Plant 


Aulo Synchronous 
Motors | 


Tru-Walt Motors | 
RotaryConvertors | 


Transformers | 
Switchboards *| 
Instruments 


Frequency Changers 
eet 








CROMPTON PARKINSON LTD. 


HE'AD OFFICE: GUISELEY, LEEDS. 


















The Grom pion Farkinson 


KLO sD MOTOR 


The Klosd Motor is no ordinary totally enclosed 
machine ; it embodies an unusual principle. A fan 
on the rotor creates a constant and powerful stream 
of cold air flowing between the motor shell and the 
outer case. It cannot clog and lose efficiency. 
Test it by throwing a handful of sawdust into the 
machine and see that sawdust hurled yards away 
on the remote side. 


We say with exact knowledge that there is no better 
motor made than the Klosd Motor; we say with 
exact knowledge that it will operate year in and 
year out without attention, and that the adverse 
conditions have not been discovered wherein it will 
not operate with complete and persistent satisfaction. 
Smaller and lighter than ordinary Totally Enclosed 
Motors, it can be fitted close up to the plant it is 
driving. 


CROMPTON 
PARKINSON 


LIMITED 


WORKS: GUISELEY AND CHELMSFORD. 
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‘*Zenith’’ Winch, ‘“‘Convertible’’ type, 
complete with steam drive. Views on 
left show same winch with steam set re- 
moved and fitted with electric ® drive. 


Load cap. 45 cwts. 





ASK FOR ILLUSTRATED LIST. 


In our latest models all parts of the ‘‘ Zenith’’ Winch are interchangeable—including 
the prime-mover. For example, a “ Zenith” Winch equipped with steam drive can, 
when occasion demands, be converted to electric, petrol or belt drive. Any fitter can, 
in a few hours, remove the steam parts and substitute a motor or other power unit. 
The “change back”’ can be made as readily. If the winch is fitted with petrol or 
electric drive when you buy it, you can convert it subsequently to steam. Ask us to 
quote you for a “ Zenith’? Winch which can be converted from 


steam to electric, petrol, crude oil or belt drive at will 


or vice versa. ‘‘ Zenith” Winches are made in sizes | - 8 tons load; rope speeds 
up to 800 ft. per minute. Convertible type made in two sizes only—at present. 





4614 TELEPHONE : 
VICTORIA 9138. 





———_ AACR ENT RC MRE AC ee aaa. 
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An important twist drill 
announcement 


DGAR ALLEN & CO., LIMITED, have acquired the sole manufac- 
turing rights for the British Isles in the J. W. Barnes Patent Floating 
straight shank drills. With the Barnes straight shank drills, tests 
have been made which show that 80% of the breakages can be saved; 50%, 
more feed and speed can be obtained; and the drills cut smaller holes and 





BATTERIES OF DRILLING MACHINES USING THE BARNES PATENT FLOATING CHUCKS 
AND STRAIGHT SHANK DRILLS. 


last 100% longer than with any other method of drilling. Tests have been 
made in a double column machine eliminating all spring, and even here the 
floating and centring of the drill was proved to do 50% more work. The 
illustrations above show batteries of drilling machines equipped with the 
Barnes floating straight shank drills, showing that many of the largest makers 
of constructional steels have already adopted these time and money-saving 
tools. Write for booklet “‘ Drilling with Perfect Alignment ’’ and send your 
enquiries to: 


Edgar Allen & Co., Ltd., 


Imperial Steel Works, 


Sheffield. 
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SK THE MEN who are using 
Asquith Drilling Machines, using 
them on their everyday work. 

They are the men who know the 

benefits to be derived from this quality- 

built machine. They know of the speed 
and the ease of control, of the economical 
power consumption, of the trouble-free 
service and the long life of the Asquith. 





RY MET A 


et at 


ne THEY KNOW the make of drilling 


machine which is the profit earner. 


Whether they are running Asquith 

ai Radials, Horizontals, Verticals, Light 
Please address all enquiries dircct to us or to our authorised Agents. Sensitives, the heaviest. Central Thrusts 
or Special Purpose Machines, their 

WILLIAM ASQUITH LTp. unanimous verdict will be :—‘“‘ Asquith’s 


show the biggest profit for the user, are 


PARK WORKS, HALIF AX, ENGLAND. the easiest to control, the cheapest 






Machine illustrated is the 
Asquith Heavy Central 
Thrust Girder and Plate 
Radial Drilling Machine. 














Telephone: 61258-9 Halifax. Telegrams: ‘Drill, Halifax.” in the long run, and last longest.” 
Codes: ABC 5th Edition, Liebers, Marconi International, Bentleys. 
Midland Representatives : 
ARTHUR ANDREWS MACHINE TOOL CO., 312, Bradford Street, Birmingham. ASK THEM YOURSELF 
and then, 
“BETTER SERVICE” SOCKETS. let us advise you on the best machine 


for your particular work, give us the 
opportunity to suggest layouts— it’s our 
job—and by this co-operation you will 
ensure the maximum drilling efficiency. 


Are YOU using this improved Asquith accessory ? 
If not, it will pay you to investigate. 
Write us for a sample socket, which will be sent on approval. 














WEIGHBRIDGES 


EXCLUSIVE FEATURES: 
Patent Oil Bath Knife Edge System for 


the elimination of all rust and corrosion 
to knife edges and bearings—the vital parts. 








Longer Service. 
Increased Efficiency. © 
Guaranteed Interchangeable Components. 


Considerably Reduced Maintenance Charges. 









— ga j4 ILLUSTRATED PARTICULARS ON REQUEST. 


MAKERS OF ANY TYPE OF WEIGHING APPARATUS. 
ASHWORTH, SON & Co., Ltd., Midland Iron Works, DEWSBURY, England. 


London Office: a3 83 11, QUEEN VICTORIA STREET, E.C.4. 3973 
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FLEXIBLE © 
TRANSMISSION 





— 
RANSOMES-RAPIER-MARION 
DIESEL-ELECTRIC means :— 


Smoothness and ease of operation. 


The Simplicity and Flexibility of Steam. 


NO clutch troubles. 

NO clutching shocks. 

NO rope snatch. 

NO overstrained machinery. 
NO overloaded engine. 


Lowest fuel cost — maintenance — 
lost time. 








eee 











A full range of sizes and types to 
meet all conditions. 






Lower cost per yard—amply repaying 
first cost. 


Write for full details of these 
money~Saving machines, 
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, cet of caraner HeGVY Canadian Logging Ty 
“Fealaise” "fil, wit HP. of lien” 1 Eo ted with 5 Set of Gardner Heavy 
YACHTS : BARGES 
L. GARDNER & SONS LD., LAUNCHES : TUGS LONDON OFFICE: 
PATRICROFT, COASTERS : FERRIES 115, Queen Victoria Street, 
MANCHESTER. E.C.4. 
PASSENGER BOATS 




















CARGO BOATS 
FISHING BOATS 
OIL TANKERS 
Etc. Etc. 








One, two, three, four 
and six-cylinder 
. Models up to 
* 500 B.HP. 














Thames Motor Tug * “Unico” ntted with 


Le Chinese Passenger Boat “ Chia Ling “Maru” fitted with a twin ‘ 
Engine. Gardner Heavy Oil Enzines—600 B.H.P. a a 





























ACKING 


THAT PACKS 


With MINIMUM FRICTION & MAXIMUM DURABILITY. 


The United States Metallic Packing is the most extensively used and the 
most successful Packing in the World for all types of Steam Engines. 














; OVER 500,000 SUPPLIED. 
FACTS FITTED ON OVER 500 VESSELS IN THE BRITISH NAVY. 


ALSO USED BY UNITED STATES, FRENCH, DUTCH, JAPANESE, &c., 
NAVIES. 


WHICH \ ADOPTED BY CUNARD, ROYAL MAIL, OCEAN, ELLERMAN, UNION CASTLE, 
ELDER DEMPSTER, ORIENT, HOUSTON, ARRARGS, ANCHOR, ALLAN, 








WORKS, TEXTILE, &c., CONCERNS, 


DUPLEX PACKING, 


SPE AK AMERICAN, &c., LINES. 
‘ey WORK AT PRINCIPAL ELECTRICITY STATIONS, COLLIERIES, IRON 


The United States Metallic Packing Co., Ltd., 


Soho Works, Allerton Road, Bradford, Yorks. — .«: 


Telegrams—METALLIC, BRADFORD. Telephone Nos. 4705 and 4706. 


LONDON—116, Fenchurch Street, E.C. 3. LIVERPOOL—4632, Royal Liver Buildings. BOLTON—Palatine Buildings. 
SWANSEA—Pembroke Buildings. GLASGOW—52, St. Enoch Square. NEWCASTLE-ON-TYNE—2, Collingwood Street. 


And at Belfast, Hull, Bristol, Portsmouth, Plymouth, Leith, Birmingham, Sheffield, Nottingham, Cardiff, etc 
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STEEL CASTINGS——rough, rough 
machined or finished machined— 


such as: Koepe- Discs, Rudders, 
Stems, Shaft Bearings, Spur Wheels, 
Bearing Brackets for Electric Loco- 
motives, Parts of Turbines, Roll 
Housings, Press Standards, Fittings, 
Pinions, Pinion Rings, Couplings, Etc. 


Vereinigte Stahlwerke 
Aktiengesellischaft, 


Bochumer Verein, Bochum, 
Germany. 





574/86 



























SPECIFY McLAREN-BENZ 


LIGHT WEIGHT HIGH SPEED 


DIESEL 


OIL ENGINES 


FOR 


LOCOMOTIVES, RAILCARS, CRANES, 
EXCAVATORS, COMPRESSOR SETS, % 

, | PUMPING PLANT, WATERCRAFT, AIRLESS SOLID INJECTION FOUR STROKE 
conaunartian tant On LIGHTING & POWER SETS, Etc., Etc., — - ee 

48 LBS. PER B.H.P. HOUR = 3 TE” 


®¥ ACCORDING 
TO SIZE. 














McLAREN’S WONDERFUL 


DIESEL PLOUGHING TACKLE 


we : IS THE WORLD’S CHEAPEST METHOD OF ie 
SIMPLE, ROBUST AND DURABLE. LAND CULTIVATION. GREAT RANGE OF SIZES. 


Cables : a ‘ Q 
“ McLaren, Leeds.” —— — - 
All Codes used. e e * eg 29091-2 Leeds. 


LEEDS. 4242 
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(<1 A NewBall Bearing 


for Combined Radial & Thrust Loads, ‘ 
(Patent 263458/26 ) 













FOR SEVERE LOADS. 
STANDARD DIMENSIONS. 














4309 








THE HELE-SHAW BEACH 


VARIABLE HYDRAULIC 
PUMP AND 
TRANSMISSION 
GEAR 


A Flexible Transmission Gear for practically every Drive. 


Consists of two elements, a pump and a hydraulic motor ; the pump being 
coupled to the source of power and the hydraulic motor to the work. This 
combination forms an infinitely variable and reversible gear, especially 
applicable to cases where the source of power, such as lineshaft, electric 
motor, turbine or internal combustion engine is, in itself, not flexible 


enough to cope with the range of speed or effort by the work. 


It is a highly effective Gear, economical in space, labour, power and time, 
and is invaluable where easily controlled, and accurately regular, speed 
in machinery is essential. 





Especially suitable for Hoisting Machinery of all kinds, Textile, Printing 

lsakers’, Glass Makers’ and Chemical Works Machinery, the Hele-Shaw 

Beacham Gear can be used to give better regults at lower cost on every count SOURCE 
than any other method of transmission. OF 


The pump element alone is ideal for operating the hydraulic rams of bridges POWER 
hydraulic presses, coke oven rams, furnace doors and other steel works machiuery, 

hydraulic lifts, etc., as any speed of movement can be got without altering the 

speed of the pump. 














If you use power for any purpose—write to-day 
for full particulars of this interesting Gear. 
Ask for Catalogue No. H.4223, 














HYDRAULIC MOTOR 


GREENWOODXBATLEY L- 


ALBION WORKS «+ LEEDS 
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THE ECONOMICAL POWER. 
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Catalogues free 
on application. 








TANGYES L™ - BIRMINGHAM. 

















PELS’ 
PRODUCTS 





Long Bladed 


Splitting Shears and Punch with 
Plate Splitting Shears. 


Bar, Angle and Tee Bevel Cropper. 


ARE BUILT TO LAST—NOT TO BREAK 


Their Armour Plate Frames are permanently guaranteed. 
See PERMANENT EXHIBITION at 


32-34, OSNABURGH STREET, LONDON, N.W.1 


(Opposite Great Portland Street Underground Station) 
Where a large number of tools can be inspected at all times in operation. 4546 


CALL—INSPECT—COMPARE 


HENRY PELS 
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We invite your enquiries for all types 
of Bends, Branches, Flanges, etc., for 
Collieries, Mills, Factories and Shipyards 


4121 


GLASGOW LONDON MANCHESTER NEWCASTLE’ CARDIFF, Exc. 

















Wad. 17 
Semi-Auto Wood Miller. 








The machine with the world-wide reputation 
for reducing pattern costs. 


@ 





Write for full descriptive Booklet and Catalogue E. 


Wadkin @ Co., Green Lane Works, Leicester. 


London Office: 11, Queen Victoria Street, E.C.4. +421 











7’ 
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LITTLE GIANT PORTABLE PNEUMATIC TOOLS. 


For the Locomotive Boiler Shop. 


Tel. Address:} 


Tel. No. : 
‘GERRARD 139215, 





WORKS: 
FRASERBURGH, SCOTLAND. 





THE WORLD. 


NO. 36 RC. RED GIANT PNEUMATIC DRILL EXPANDING 3} in 
EXTERNAL DIA. COPPER TUBE; AVERAGE TIME PER TUBE 
(IN AND OUT) 40 SECS. 


CAULKING,i PICCY, ;LONDON, 


BRANCHES ALL OVER 





LITTLE GIANT NO. 91 NON-REV. CLOSE QUARTER PNEUMATIC 


DRILL, REAMING OUT TO 2in. DIA. THROUGH jf in. Ba 
COPPER TUBE PLATE IN LOCO. BOILER ; AVERAGE TIME 
PER OPERATION 1'5 MINS. 


Write for Catalogue No. 44, telling you all about them, 


THE CONSOLIDATED PNEUMATIC TOOL co., LTD. 


Head Offices: EGYPTIAN HOUSE, 170, 


PICCADILLY, LONDON, W. 1. 














IS ENDORSED BY THEIR UNIVERSAL 
ENGINEERING SHOPS. 





THE OUTSTANDING EXCELLENCE OF 


BROKE -T@OLS 


USE IN LEADING 


visi ‘“* BROOKE” Tool may be relied upon for—— 
ACCURACY & DURABILITY 





sound reasons to help 


MANUFACTURING 











SPECIFY 
“BROOKE TOOLS” 
ON YOUR NEXT ORDER. 


Write NOW for prices 
and other particulars. 


The BROOKE TOOL € 


GREET, 
BIRMINGHAM. 


Add to these sterling qualities, exceptionally high- 
grade finish, and the fact that “BROOKE TOOLS” 
are supplied at competitive prices, and you have 


you to decide to— 


CoO., LTD., 


4084 








LARGE 
STOCKS 
OF ALL 
STANDARD 
TOOLS. 
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&G.C. KIOSK SUB-STATIONS 


A sound proposition for Engineers. 











jy | G.E.C. KIOSKS ARE: 


ECONOMICAL—first cost much lower 


than a brick sub-station. 


STRONGLY BUILT—all upright sup- 


ports are of rolled steel, and side plates 
and doors are of sheet steel. 


SAFE—the same high degree of safety is 
ensured as is demanded by the Home 
Office in factories. 


WEATHERPROOF —the doors fit pro- f 


perly on their hinges and the roof 
overhangs to carry water away. 


READILY PORTABLE —nay easily be 


moved to meet the development of the 
supply. 








- A G.E.C. Kiosk Sub-station in the grounds of a private residence. 
~ Part of a large Kiosk scheme in Lancashire. 


THE GENERAL ELECTRIC CO., LTD., 


Head Office: - > Magnet House, Kingsway, London, W.C.2. 


a3 ii 


Engineering f Witton Works, Birmingham. 
Works i Fraser & Chalmers Engineering Works, Erith, Kent. Ti 


i Branches throughout Great Britain and in all the principal markets of the world. eis thik cia Ut 





The Best—and British Throughout 


Heap’s 
Patent Screwing Machines 
with Tangential Dies 











are the last word in Screwing Machines. They are designed from beginning to 
end as high class Machine Tools and embody features not found in any other 
make of Screwing Machine. 

The Die Head is of entirely new design and is patented. 

The Tangential Dies are Thread milled and hardened. When dull they can be 
simply re-ground and are then equal to new. ‘They never require re-hobbing. 
Responsible representatives of firms interested are invited to visit our Works to 
inspect the Machines in construction and completed, test them in actual use 
and prove their capabilities. 





3968 


J oshua Heap & Co., Ltd., Ashton-under-Lyne, England. 
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THERMOMETERS—TACHOMETERS—PYROMETERS. 









BRASS CASE PIPE 
THERMOMETERS. 


Straight and 
Angle types. 


From 0° to 1000° Fah. 





ae foe 








ww 








Insulated Scale 
in Glass Sheath. 











DIAL and RECORDING STEEL 


= , A 1] 1] MERCURY PYROMETERS. 





“NEW 


PATENT 


TACHOMETERS. 


Horizontal Type without counter. 
Vertical Type with 7 fig. counter. 








For :— 


FLUE GASES, SUPERHEATERS, 





A HIGH-CLASS INSTRUMENT OF EXTREME || ECONOMISERS, STEAM PIPES, 
ACCURACY AT A REASONABLE PRICE. etc., etc., over 176,000 1 go 


. Power Stations, Breweries, 
PRICE LISTS, with blue prints, sent on request. Refineries, etc., etc. 














ENGINEERING SUPPLIES LTTD., 


Makers of all Types of Dial and Recording Pyrometers, Pipe and Flue Thermometers, Tachometers, etc., 
11, QUEEN VICTORIA STREET, LONDON, E.C. 


Telephone : CITY 2660. 


2014 


Works : LONDON & SHEFFIELD. Telegrams : PROELLS, LONDON. 












orders for 
installations 
H.MS “AMAZON.” 


Britain's latest and largest 
post-war destroyer. Speed, 
.96 knots. 


H.M.S “SUFFOLK.” 
One of the new 10,000 


tons cruisers. 


One of the new destroyers 
for the British Navy. 
Six destroyers for the 
Cheilan Navy. 

Four destroyers for the 
Italian Navy. 


Two Flotilla Leaders for 





the Roumanian 
Navy. 








COAL, OIL, or WOOD-FIRED 
WATER TUBE BOILERS. 


43 years ago we produced the first successful water 
tube boiler, and our latest types continue in a foremost 
position as steam generators. They are readily 
accessible for cleaning and replacement, space and 
weight saving, and equally distributed heating ensures 
tight seams. Superheaters can be fitted if required. 


JOHN I. THORNYCROFT & CO., LIMITED, 





y wee WOOLSTON WORKS, SOUTHAMPTON. 
pry: Telephone Nos. : Telegrams: 
t 
pe lhe a Woolston 15, 16, 17. Thornycroft, Southampton. 


otl-fired water tube botlers. 







H.M.S. “' Suffolk’’—anew 10,000 
tons cruiser. Boilers supplied by 
Thornycrofts to the order of the 
machinery contractors, Messsrs. 
Parsons Marine Steam Turbine 
Co., Limited. 
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SSM MA ny HS 
: Leather Belting = 
E The Key to : 
E Peace in Industry! 
= To keep the wheels of Industry revolving smoothly and 2 
= sweetly it is essential to have efficient power transmission. = 
= . Guaranteed The Combination of the Competent Operator and “ TULLIS ” = 
= 98°/, “COLUMBIA ” Special Leather Belting assures a “ NON-STOP” = 
= | Stretchless “STRAIGHT RUN.” = 
= under normal Telephone: 1205, 6, 7, 8, = 
= load. ohn ullis & on it td (Private Branch Exchange). = 
= | LEATHER ELTING SPECIALISTS. Telegrams : = 
= .. ST. ANN’S WORKS, TULLIS STREET, GLASGOW, SE. “Tullis, Glasgow.” 3913 = 
TARR UUVAUIUVENUWULUUERUVUUUVNULUCUULULULUUL' tH nnn nnn nn cs = 











Seamless Steel Coils of extra Strength & Durability 
for Refrigeration, Chemical Plant, Etc. 


Promford 


Seamless Steel Coils 


are manufactured throughout in our own Works to any 
design. 

The Tubing used is manufactured under highly technical 
control from metal of high grade analysis. 

The special processes employed ensure extra long seamless 
lengths of uniform structural strength through the entire 
length of Tube-wall. 

Tubes are subsequently manipulated in our own Works 
precisely to your Specification and ready for coupling up. 





























N.B. — Complete Coils 
in Stainless Steel 
where desired. 
















*Phone: East 1311, 
’Grams: ‘‘ Tubrom, Birmingham.’’ 














Sales Dept.: Rocky Lane, 
Aston, Birmingham, to which 
all enquiries should be sent. 





BIRMINGHAM 





| 


iif 


SUMARIO IIIT HL 1 


eee | 
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"BROWN, LENOX @ Co, (London), 


LIMITED, 


POPLAR, LONDON, E. 14. 

















li. 











’ 


Contractors to the Admiralty since 1808. 


Oe 
>< § hogs 
% 


—_ 


<< 
=s 








tas 


‘gees 
on | 


Manufacturers of 


oe 
eS tise ion 


(> 





CSA SY 


Rivetted Tanks of every description. 


a} 
4 
be 


Speciality :—Patent Pressed Steel Sectional Tanks in 
multiple units of 3 ft., 4 ft. and 4 ft. 10 in. with round 
or square corners. Bolted joints. 


4 
f 
i 
7 
ry 


“ Saher Ly 





Mooring, Beacon and Light Buoys, Submarine Telegraph 
pte vais Buoys. 
F 


Coal Bunkers, Hoppers, Chutes, Steel Chimneys, 
Supporting Towers for Tanks, &c., &c. 





Telegrams: LENOX, MILLWALL. 
Telephone: East 700 (Two Lines), 





























a aa 


ees “SENTINEL” VALVES 


LARGE or SMALL 
WE HAVE 


ONE QUALITY 
THE BEST. 


LARGE STOCKS OF STANDARD VALVES 
FOR WATER, STEAM, AIR, OIL, BENZINE, 
CHEMICALS AND SEWAGE. 


















FOR ALL PRESSURES AND HIGHEST 
TEMPERATURES. 





IN CAST IRON, GUN METAL OR CAST 
STEEL. 








Estimates, drawings and stock lists free. Forged Steel Needle Valves ; 
made up to ¢ in. bore. 


28 in. H.P. Sluice Valve with 4 in. bypass. 


ALLEY & MACLELLAN LID 


SENTINEL VALVE WORKS 


’Phone: 7 bai : a 
Worcester 15. ; Alley, Phone, Worcester 


AIR COMPRESSORS MADE AT SENTINEL WORKS, GLASGOW. 
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WENRVY WALLWORK & CO.. Led. MANCHESTER 


THE GREAT AUTHORITIES 


OIL-FIRING PROBLEMS 
LAIDLAW DREW «Co.Ltd. 


SIMON SQUARE - - EDINBURGH. 


§. Smith 8 Son, Ltd. 


ACTUAL MANUFACTURERS 
OF 


MARINE & ENGINE ROOM 
CLOCKS 


To some of the largest Navies 
and Railways in the World. 

















The illustration is of a 400 B.H.P. four cylinder Crossley-Premier Heavy-Oil Engine 
at the Port Talbot Electricity Station, South Wales. 
HIS engine, direct coupled to a 250 K.W. alternator, is repre- 
sentative of the combined experience of two pioneer firms, 
who for many years have been extensively engaged in the manufacture 
of oil engines, the reliability of which has been proved under 
continuous day and night running over long periods. The 


CROSSLEY-PREMIER 
HEAVY-OIL ENGINE 


is the most economical type of prime mover—there being no 
stand-by losses, whilst labour is reduced to a minimum. 














Solid Brass Cases. 


Non- Magnetic-Lever Movement. 
Sizes, 6 to 20 inches diameter. 
Suitable for Engine Rooms, 
Saloons, Railways, Ships, etc., etc. 


Awarded highest number of marks for English Watches 
National Physical Laboratory 1920-1921. 


We have been responsible for the installation of many thousands 
PRICES ON APPLICATION. 


of horse power in all branches of industry, and have installed 
some of the largest internal combustion engine-driven stations  ,,,. 
in the world. 


THE PREMIER GAS ENGINE COMPANY LTD. 





** Guide to the Purchase of a Watch,” 
1928 Edition. Free on Application. 


S. SMITH & SON, &? ber: 


HOLDERS OF 4 ROYAL WARRANTS. 




















WATCHMAKERS TO THE ADMIRALTY. SAN DIACRE, Nr. NOTTINGHAM. 
. “4 S Telephone: 39, Sandtacre. Telegrams: ‘‘ Premier, Sandiacrz.” 
6, Grand Buildings, LONDON OFFICE 139-141, Queen Victoria Street, ECA. “09 


TRAFALGAR SQUARE, W.C. 


THE FROUDE DYNAMOMETER 


Users— 


British Admiralty. 

British War Office. 

British Air Ministry. 
United States Navy Board, 
French War Office. 

Royal Naval Yard, Japan. 
Rolis Royce. 

Daimler. 

Sunbeam. 

Wolseley. 

Darracq. 

Napier. 

Armstrong Siddeley. 
Austin. 














roan || 


«+ 
=x 
°o 
= 
= 


{| 


FOR TESTING the B.H.P. 
of AUTOMOBILE, AERO, 
OIL, GAS, DIESEL, AND 
STEAM ENGINES, AND 
TURBINES. INEXPEN- 

SIVE, i O N V E N I E N T "t Thornycroft. 

BARE Harland & Wolff. 
SCIENTIFICALLY ee 
Cammell Laird. 
ACCURATE, 


’ 





Beardmore. 
Please send for free copy of new Doxford. 


John Brown. 


and revised Catalogue No. 80/1. Campbell Gas Eng. Co., etc., etc. 3803 


Heenan & Froude Ltd. Worcester England 
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A. C. POTTER & CO ere 
PATENT 
_ a" 8 OIL FILTER 
' AND 
MAKERS OF BORING PLANTS adie WATER 
GRANTHAM SEPARATOR. 
PUMPING ENGINES Over a H.M. 
pol ENGINEERS’ 
FORCE STORES, TOOLS. 
AIR LIFT / PUMPS Send your enquiries. 
KENYON & OO., LTD. 
ruse | AUEIANDER KENYON 00; LD, 
FOR ALL DRILL CHUCKS 
JACOB Pattern. 
hyve dalam Guaranteed to run true 
se within -0004’ 
CONTRACTORS RAILWAYS )DUTIES Three Jaw 
ESTATES sure and easy 
FOR AND ALL grip with 
WATERWORKS INDUSTRIES gear key. 
INDUSTRIAL O-—}” 8/10 
AND ESTATE a owe 
WATER SUPPLIES LONDON, E.C.l. 
BY BRIQUETTE MACHINERY 
FOR 
BORING Coal, Coke, Ores, etc. 
SINKING Write: Herbert Alexander & Co., Lid., 
TUNNELLING Charmouth Street, Leeds. 4313 
a CLYNE ENGINEERING CO., L"- 


On Lists of Admiralty, War Office, Crown Agents, India Office, &c. 





ee 











BT 

















3636 





Telegrams: “‘ MODERNIZE.” Tele. No. 4070 Orry. 
WATER COOLERS, CONDENSING 
PLANTS, VACUUM PUMPS 
AND COMPRESSORS, 

STEAM TRAPS, &c. 04.1451 
94 Market St., MANCHESTER. 


LOCOMOTIVES 


EFROmM SToc=kz. 
ALL GAUGES AND SIZES. 1605 


KERR STUART’S 


5, Broad St. Place, London, E.C. 








oF FIRE EXTINCTORS . 





Wali HOSE ed 
ANY yi 


w HEATHMAN @ 
[ PARSON'S GREEN. LONDON. SWE. 


\ 















GRIN DING 





& PULVERIZING 





OFFICES 
11, Southampton Row, London, WC1. 











Zi Telephione- Holborn 12778. Cable & Telegraphic Address -Lopu/co, Westcent. London” ~ 














WORKS: — DERBY — ERITH. 
GRINDING, SCREENING & AIR SEPARATION SPECIALISTS 





4413 








FOSTER BROTHERS, Limited, 
TUBES & FITTINGS, 


Main Steam Pipe Installations. o:oss 


WraDNESEVURNR.T. 



















NVA Ny 


} f 


Ma AN | 


OXNeg 7XGe)) aes 


re) AG. 


eI 


BEETLE YAN 


teres 





HAMWORT ENGINES 


PUMPS and AIR ORTHY 
THE ee eg ed 00., 14d, 


7 Veto Stree, LONDO 
ng 118, Queen Street, GLASGO 








DAWSON & DOWNIE, 
CLYDEBANK. LTD. 
PUMPS ™ 


FOR LAND and MARINE PLANTS 
SEE ILLUSTRATED ADVT. PAGE 67, June 22. 


JOHN GRIEVE & CO., 


MOTHERWELL, 
CRANE MAKERS. 


See last and next week’s advertisement. 8770 
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Difficult Conveying 
Problems 











The Pneumatic System of handling materials is 
invaluable where the application of mechanical 
conveying plant is difficult or impossible. The 
suction pipe can be taken anywhere and can be 
used for transporting materials such as coal, grain, 
etc., over intervening buildings, roadways, canals 
and other obstacles. The suction plant illustrated 
is conveying coal a distance of 750 feet over the 
roofs of buildings at Messrs. Edward Lloyd’s Paper 
Works, Sittingbourne. 


WE MANUFACTURE ALL TYPES 
OF HANDLING APPLIANCES. 


Full particulars from 


HENRY SIMON LTD. 
ENGINEERS - - - MANCHESTER. 


Please address enquiries to 
Conveying Dept., CHEADLE HEATH, Stockport. «30 




















William ~<a « Sons. Ltd.., 
Chapel Field Works. Dukinfield. 











2911 























(COMBINED AIR PUMPS & JET CONDENSERS | 


BENNS PATENT 
SINGLE OR DOUBLE ACTING. ROPE,BELT OR MOTOR DRIVEN. 


r 








Mill Gearing 
in all its 
Branches. 


Steam Engines 
aaa and 

eported upon. 
= 


Steam Cylinders 

and Air Pumps 

Bored out in 
their places. 











a 















_CANESIDE FOUNDRY, iT & ©?) 























MAXWELL & FACE 


(Successors to BRUCE & STILL, Limited), 
49, SEFTON STREET, LIVERPOOL, 
GONSTRUGCTIONAL EGGINEERS and CONTRACTORS. 


FOR STEEL BUILDINGS, BRIDCES, CIRDERS AND ALL DESCRIPTIONS OF STRUCTURAL WORK. 
TIMBER BUILDINGS DESIGNED FOR USE AT HOME AND ABROAD. 














4zu1 





Catalogues, Designs and Estimates free on application. 
Telephone: No. 1817 ROYAL. Telegrams: “GALVANIZER, LIVERPOOL.” 





CO.Refrigerating Machines 


MULTIPLE EFFECT 
COMPRESSION 


WITH 


PRE-COOLING BY PRIMARY 
EVAPORATION 


CNABLES THESE MACHINES TO MAINTAIN 
THEIR HIGH EFFICIENCY UNDER THE MOST 
TRYING CONDITIONS. 


SEAGERS L"™ 


DARTFORD, ENGLAND. 





37358 











- Automatic: 
Weighers 


of guaranteed accuracy. 
SIMON, Dadinass 
NOTTINGHAM. Machinery 


automatic & continuous. 


OUR SPECIALITIES 
FOR 40 YEARS. 


RICHARD SIMON & SONS, 


LIMITED, 
Phenix Works, 
” NOTTINGHAM. 
























Thise., : 


Telegrams : 
“ Balance Nottingham.” 


A Simon Auto-Weigher ina a Colliery. 





























Us 




















REGULATORS 


for. the automatic control of 
temperatu:es, pressures, vacuum, 
ao. humidity and _ liquid level. 


4 Sees . 
F s) DRAYTON MS TEMPERATURE oP The comprehensive range of Drayton 
i REGULATC Automatic Regulators includes air 
operated regulators for the finest con- 
trol, water operated regulators for 
fairly fine control, and self operating 
regulators for conditions where a close 
operating margin is not essential. May 
we send you our Regulator Catalogue ? 


THE DRAYTON REGULATOR 
AND INSTRUMENT CO., LTD., 


WEST DRAYTON, 
30 MIDDLESEX. 


































SPURS, SKEWS, 
SPIRALS, BEVELS, 
WORMS ad 
WORM WHEELS, 
INTERNALS, 
RACKS. 





REDUCTION BOXES 


25 years’ specialization 
has yielded us unique 
experience and reputation. 
We welcome your 
problems and enquiries. 





E. ARNOLD POCHIN & BRO. 
Trafford Road, Trafford Park, 
MANCHESTER. | 356 
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MERRYWEATHERS’ PATENT 
Water-Tube “Safety ” BOILERS. 


& HP ro 260 #¥P. 
{ \ For OOAL, WOOD, or OLL FUEL. 
lel \ The Ideal Boiler for 
+ Ha EMERGENCIES 


a and for all cases where 
| Lightness, Portability. 


ey and Small Bulk are 
) \ ‘ essential. 


















A large user of Merryweather Boilers 





= in the East says they are easily 
“A ( worked and kept in order by Native 
p : wh hg labour. The Boilers were used under 
wy % X very severe conditions, on bad water 
MerryweaTHER. Lonvon, W/Z ore and for long periods. 











This Llustration speaks for the Lightness and ; 
Pande ot Gexsucstar tes EsTimMATEs } SUBMITTED 


MERRYWEATHER & SONS, Lid., o5“‘Conr “acre, wic. 2, LONDON. 


With which is now incorporated SHAND, MASON & Co 4319 














Ty 


i 


KINGHORN’S 


PATENT 


METALLIC VALVES 


FOR PUMPS OF 
EVERY DESCRIPTION 











THE 
METALLIC VALVE CO., 


COLONIAL HOUSE, WATER ST., 
SUIUCUNUNNUNNDUONUDNOUUAUNONEOODsBAUNQUOONNOUUU GUEOUUOUUNNGGE LIVERPOOL, us 


FUQUAEUODOUAGLUAGEUOOGUOEOUOUOASSUOUEUOEDUUITE: 


QUUUOAUGUOOOAUOAGGUANGA OOODDOORDDO OU GOUEE 


2 
al 














pUIMPLEX 


ELECTRIC SALINOMETER 


gives you a direct reading 
of the amount of impurity 


There are no corrections or calculations 
to make, and it is compensated for 
temperatures. 


You read it just as you would a steam It will show the smallest 
gauge. trace of impurity. 
Write for Pamphlet E. 4485 Adopted by British and Australian Navies. 


W. CROCKATT & SONS LTD., Pollokshields, Glasgow. 














BOILER FEED 
PUMPS. 


ONLY ONE 
STEAM VALVE... 


MINIMUM WORKING 







































ANCAP AN 
GWE 
FF D70ces & 
Partycalars [70rR 
Ste —~ A 


Waller WColiman 
















Or 
Mecors | Delivery 
Central Suslable for 
BOILER Contractors, 
Works, Laungres , 
Loughborough Dauries, 


Steam Cranes, 
Jelegs eas Heating Purposes, 


“BOILERS, 
Loughborough Loy | Sugar pee 























mpi ne 
: aN Break-Dowh, fobs, 
ele, 


























“DIAMOND”? & ‘*KEYSTONE.’’ 


Illustrated Lists and Particulars on application to the 
SOLE AGENTS— 


a. LUBE, Eero. “™ 


12 & 14, Brazennose Street, Manchester, Eng. 
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“Sey AA 2 
2 b INETHERTON]g 


oral 


hs 
H.81. DANKS (NETHERTON 


BOILER MAKERS, ENGINEERS & BUILDERS 
NETHERTON, DUDLEY, WORCS. 











OF THE LARGEST DIMENSIONS 
AND WEIGHTS IN SIEMENS 






MARTIN STEEL AND NICKEL 
STEEL, ANY PRESCRIBED 
QUALITY, ROUGH or MACHINED. 






British Represe 
BROWN & PARTNERS LTD., 


GLASGOW: te er: NEWCASTLE- 
19, St. ncen' elaide Hou ON-TYNE : 
ERS Place, King will iia am St. 109, Pilgrim St. 


















On the job shown, the use pe Brown & Sha 
Stag:ered Tooth Cutter nabled the machine 


produce the same nu he of pieces in a tea n 
= fo rmerly requir ‘e ~ machines—a clear 
in pr ae ction of 10) 


s Sinaia: a 
| where production was increased 100% 





by using cutters designed by ] 


| 
_ BROWN & SHARPE. | 
| 
| 


The New B & S Cutter Catalogue No. 30 B will 
help you select the right cutter gal any job, 
Sent on application to 

















AL 
| 
I: 
Y 
] 
tL 
/ 
j 
Y 
mi 
] 
] 
] 
a) 
] 
Y 
j 
Y 
7 


&) Building material from our own Steel 
Works and Rolling Mills 


UCC ddd 





DDCDHy 





Fried. Krupp yore 


FRIEDRICH-ALFRED-HUITTE 


™ 





Structural Steel Work 


of all kinds to own and foreign design 
for 

Mines / Bridges /Buivings 

Underground Structures 

Shipbuilding / Hydraulic Structures 

Speciality: LATTICE POLES 6. 





KK 


WN 
oh A Ratt 
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l 


NERRRRAAHVHR_NAAAN 











JUNE 29, 1928.] 


ENGINEERING. 


[SUPPLEMENT page XXVI1] 





71 








ABSOLUTE 


THE 
FLAT PLATE VALVE 
IS THE LAST WORD 
IN SIMPLICITY. 






HIGH WYCOMBE. 


DEPENDABILITY 


CHADWICK PATENT 
BEARING COMPANY L™. 





















4591 


WHICH 
















"VER: WAY 


YOU L@K-AT-IT 


front, back, or internally you are forced to admire the excellent 
craftsmanship of the Foster Boiler. 
Everyone does. 

And then, when you have had an opportunity to observe the way 
it performs, you are satisfied that the Foster Boiler is what we 
claim it to be—Second to None. 


*Phone: 19 & 96 
Preston. 
*Grams: Foster 

Preston. 





4123 


JOSEPH 
London Office : 
& ’ E 134, Fleet St., 
. AND SONS. * ae 
SOHO FOUNDRY. PRESTON 




















IT_1S_IMPORTANT. 
When buying STALIFFERS LUBRICANT 


the original high grade machine 
rease—Satisfy yourself that it is 
e product of TRIER BROS. Ltd. the 
sole manufacturers & proprietors 


of the above Reg. Trade Mark. 


We frequently come across users 
of lubricant who consider and therefore 
use, the word “STAUFFER’S" as a 

_ GENERIC TERM 
for any sort of grease which has similar 
colour & consistency to our own product. 

Naturally. competitors either actively 
or passively encourage this beliefs 
though imitation is held to be the 
‘sincerest form of flattery.” we wish 
to safeguard both old and new 
customers against inferior imitation. 


Look for the Reg Trade Mark 





Sole Manufacturers: 
TRIER BROS., LTD., 


36, Victoria Street, Cumberland Works, 
Westminster, S.W.1. & Camberwell, S.E.5. 























4532 























MARK OF THE 





IT STANDS ALONE. 
Look for the Thin Red Line. 
Refuse all Imitations. 
Write for Catalogue No. 6£ to: 


JAMES WALKER & CO., LTD., “ Lion’? Works, WoxKING, SURREY. 


4140 
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Representatives for 
INDIA: 


Representatives for 
AUSTRALASIA : 
Messrs. KNOX SCHLAPP 
AND Co., 

Collins House, 

360, Collins Street, 
MELBOURNE, Australia. 


42, Gresham House, 
Old Broad Street, 
LONDON, 
E.C.2, 








9 in. CENTRE COMBINATION TURRET LATHE 


for all kinds of Chucking Work 
and Bar Work up to 2} in. diameter 


CAN BE SEEN IN OPERATION AT OUR WORKS. 


JOHN HOLROYD & C°L™: 
MILNROW, ENGLAND. 


Makers of Machine Tools to increase Production. 
Worm Gear Specialists and makers of 
“HOLFOS BRONZE.” 





4500 


Messrs. Jessop & Co., LTD., 





Specialists in 


Hig gh Pressure 
In 


ework 
allations 






ENOL 





This piece is typical of the 
unusual shapes we frequently are called 
upon to make. At Millwall we have 
every facility for manufacturing 
work of every description A 
cordially invite your enquiries. 


LE BAS TUBE CO., LTD., 
Dock House, Billiter Street, London, E.C.3. 


Works: Cycitors Iron Works, Mitiwatt, E.14. 





SUNITA UU TAD ATTA 





3474 









SHAM 


E.I.H. 


AS 


line 




































THE 


BRIGHTSIDE 
FOUNDRY AND 
Engineering Co., Ltd. 


We build modern 
Machinery for 


COLLIERIES : 


FANS 
PUMPS 
WINDERS 
HAULAGES 
HYDRAULIC 
DECKING PLANTS 
Etc. 





Other Specialities ; 
ROLLING MILL MACHINERY 
CHILL AND GRAIN- ROLLS 
HYDRAULIC MACHINERY 
CLAY WORKING MACHINERY 


“connor sola” SHEFFIELD anccis*anu 











BRITISH MANUFACTURE 






This mark 
has been adopted 
by the B.L.M.A. 


and now appears on all Sheet and Pipe Lead manu- 
factured by members of the British Lead 
Manufacturers Association. 
Look for it, It is Your Guarantee of Quality. 


Lead lasts ! 
—then buy Branded British 


ASSOCIATION LTD. 











BRITISH LEAD manukacrUReks feeociarion LTD. 
36, New Broad Street, E.C.2. 


(Regd. Trade Mark, Sheet Lead 473, 435, Lead Pipe 473, 436), 
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BoREHOLE 


UMPS 


Mitte! HEE ELE®! FEEZZEEZ? 
VV Vdd bead 








al 





For all Capacities up to 400 ft. depth. 


Pumps can be arranged for direct Motor 
Drive, or through Belt or Gear Transmission, 
or by any form of Steam, Gas, or Oil Engines. 





i Al EE 





Vide 


ttt: 


FOR CHEAP AND PURE WATER SUPPLY, 
BRINE WELLS, ETC. 


THE most economical Pump because it can be adapted 


Vdd 








to existing Boreholes, gives maximum yield and 
high efficiency, the depth of pumping can be 
easily increased, occupies small space, requires 
only cheap foundations, is simple to install, and 
the maintenance cost is negligible. 


Zz 








ws ORYSDALE 
. 
\ GOAT WOE .. 








NORTONS 


(eV EDALE| 
Lin! =o STAFFS. 


TIPTON 























In the NORTON patent 
AUTOMATIC 
WASHER 











“ORDINARY EVERYDAY RESULTS 


are far more accurate than in any 
other type of Coal Cleaning plant. 








Independent analysis of Anthracite, taken 


after washing in a NORTON patent 


| AUTOMATIC WASHER | 


capacity 75 tons per hour. 


Washed grains }” —#”’ ... total ash 3°59% 











peas fs — §” ... ... ... total ash 3°30% 
beans 3”— 8”... ... - total ash 3°10% 
Gas nuts BV ow... total ash 2°89% 
Stove nuts 12’ ae Se aes euaeil total ash 2°66°% 


French nuts 1?’’—23” . . total ash 2°48% | 
NO VISIBLE COAL IN SHALE. 














Consistent Efficiency without Human Control. . 
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At 





one of our 
maintenance. costs on these machines 
is O°8d. per ton of coal pulverised. 


Even with anthracite the figure is under 1id. 








on the 








Internal view of SIMON-CARVES unit type pulveriser. 


LOW MAINTENANCE COSTS. 


installations 








AND SAVE MONEY. 


SIMON-CARVES 


20, MOUNT STREET, MANCHESTER. 


Pulverised Fuel Plant 
Unit or Central System. 


MAXIMUM EFFICIENCY —— MINIMUM COST. 





the 


INSTAL SIMON-CARVES PLANT 


4307 














‘SUF Nee 









































The Hall-mark of 
a good Job. 


™ Supercrete, the choice of the 
super-critical,” is not an empty 
phrase. Supercrete has earned 
its enviable reputation by its 
solid unvarying quality and honest 
value. 

‘* Supercrete”’ is a rapid harden- 
ing cement of remarkable proper- 
ties and its strength increases 
greatly with age. 

We make no absurd claims for 
‘« Supercrete ” but it can always 
be relied upon to do all that we 
say. 

Our organisation is such that we 
can give prompt deliveries to any 
part of the country. The list of 
those who Specify Supercrete is 
growing daily, and we should be 
‘ae to add your name to this 
ist 


You are invited to write us for prices 
and full particulars. 


“ Supercrete” is manufactured by 


SMEED, DEAN & Co., Ltd., 


Sittingbourne, Kent 


and Marketed by the selling organisation 


YOUNG & SON Ltd., 
Africa House, Kingsway, 
LONDON, W.C.2. 4217 


























SME NT 
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That is a 
LOVENTRY CHAIN 








Decrease Costs —JIncrease your Profits 


The Coventry Chain Gearing affords a silent, positive, 

' yet flexible’ drive of maximum efficiency, combining 
the following advantages :—they can be runat relative 
high speeds in either direction; not affected by heat 
or damp; will transmit any quantity of power; can 
be used for long or short centres; economise floor 
space; transmit fluctuating loads with far greater 
success than is possible with any other form of gearing ; 
long life and consistently efficient service. 


The Coventry Chain Co., Ltd., 


Coventry England. 
Technical Representatives at : 

Telegrams: Telephones: 

Lendon: 37, Southampton Street, Strand, W.C.2. Apchainser Rand Regent 3311 





Birmingham: 195, Corporation Street. Birchains Central 1083 
Glasgow : 3, Cadogan Street, C.2. Ceaseless, Glasgow Central 3928 
Manchester : 308, Deansgate. Selling Central 4497 
Newcastle: Maritime Buildings. Trio Central 2198 
Nottingham : Ni tle Chambers, Angel Row. 42934 
Cardiff : R. C. Moore, Kenilworth, Moore Llanishen Llanishen 
Hillary Gardens, Llanishen. 181 Cardiff 181 


Representatives for Canada: 


The Coventry Company (Reg’d.). Montreal and Toronto. 
























































Production * 


“— efficiency of your productive machinery 
is definitely governed by the power 
transmitter employed. Any inefficiency 

in the latter readily asserts itself on the former, 
not only retarding output, but in consequence 
adding to manufacturing costs. 


“CAMEL HAIR” 


(Registered Trade Mark) 


BELTING 


the most effective and economical power trans 
mitter in the world, ensures perfect power 
transmission, it speeds up the wheels of your 
machinery to the highest possible production peak 


Sole Makers: 


F REDDAWAYs.@ b= 


PENDLETON, MANCHESTER 
BUSH HOUSE, ALDWYCH, LONDON, W.C.2 





2534 
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BROWN ‘BAYLEY’S STEEL WORKS LTD, " SHEFFIELD. 





8. | STAINLESS STEEL and IRO re) 
Made by the Inventor, at ad “aM 





























CRAVEN BROTHERS cuncustm LTD. 





Comprising :— 


Sir W. G. Armstrong, Whitworth & Co., Ltd. (Machine Tool Dept.) 
Craven Brothers (Manchester), Limited. 
Joshua Buckton & Co., Ltd. & Thomas Shanks & Co., Ltd. 


VAUXHALL WORKS, REDDISH, STOCKPORT. 
MACHINE TOOLS, TESTING MACHINES, CRANES. 



























HIGH GRADE 
Machine Moulded 


IRON CASTINGS 


Machine Moulded Repetition Work a Speciality. 
Enquiries Solicited. 


SMITH & GRACE, Ltp. 


Engineers and /ronfounders, 


THRAPSTON, WORTHANTS. 


ESTABLISHED 1850. 





ef Every Description for GENERAL ENGINEERS, 


LONDON: 35, Queen Victoria St.,E.C.4. |« 


ne & POWER TRANSMISSION SPECIALISTS 










PULLEYS OF EVERY DESORIPTION. Wee 


SMITH’S Swivel Adjustable SELF-OILING 
BEARINGS. 
Hangers, Wall Brackets, Standards, Wall 
x Boxes. Turned Steel Shafting, Collars. 
SMITH’S GRIP COUPLINGS. 
And all Accessories for POWER TRANSMISSION. 




























LONDON OFFICE: 








Dunster House, Mark Lane, E.C. 3. 





Contractors to H.M. Admiralty. 


IcE & REFRIGERATING MACHINERY 


Carbonic Anhydride and Ammonia Compression Systems. 


Land Installations. Marine Installations. 


RECIPROCATING PUMPS ANO HIGH PRESSURE GAS COMPRESSORS. 
THE LIVERPOOL REFRIGERATION COMPANY, Lro. 


COLONIAL HOUSE, LIVERPOOL. 











a 





f.) 


Alle- 
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Advantages. 





Low Fuel Consumption. 
Cheaper Coal used. 


Correct Regulation of 
Temperature. 


Practically no Scaling of 
Material. 


Low Upkeep Charges. 


Low Cost of Foundations 
and Excavations. 


NN Absence of Black Smoke. 


Vi 
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Fuel Economy. 


We illustrate above our new type of Solid Fuel Furnace, full particulars of which we give in our booklet “ C.”” Exhaustive tests have been 
carried out with this type of furnace during the past two years at a large steel works in Sheffield, and excellent results have been obtained. 
With this furnace adapted for heating small steel billets the fuel consumption, including that necessary for heating up the furnace, is less than 
1? cwts. of coal per ton of steel, using a cheap grade of fuel and without the production of black smoke. The design can be adapted 


to many purposes. 








We invite your enquiries. 


LEVENSHULME OWSONs MASG MANCHESTER 


GAS PLANT CO.LTD. 


























WORTHINGTON 









HE WORTHINGTON OIL ENGINE 

provides an ideal prime mover for every 
class of LAND AND MARINE SERVICE. 
A high - clas TWO - CYCLE SOLID 
INJECTION ENGINE of the CROSS-HEAD 
TYPE of simple, accessible and robust design, 
reliable, economical and durable in service. 


RECENT ORDERS RECEIVED :— 
No. and B.H.P. Service. 


One of three 360 B.H.P. 230 K.W. sets supplied to the New South Wales Government. 





1 — 120 a ... Waterworks. 

1 — 540 Standard Sizes from 60 B.H.P. to 540 B.H.P. 

1 — 360 2. Irrigation. Over 55,000 H.P. of this design at 

Z om = + work in all parts of the world. 

3 — 360 sia D.C. Generators. WE INVITE YOUR ENQUIRIES. 

1 — 180 

2 ae 120 \ oe hee Alternators. WORTHINGTON-SIMPSON, LTD., 
= TeterHones! QUEEN'S HOUSE, KINGSWAY, Teutonanss 
1 ani br = D.C. Generators. 4271 wanvemer 
‘_ = a a Waterworks. HOLBORN LON DON, W.C.2. LONDON,” 
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CAMMELL LAIRD & CO., Lo. 


STEEL MANUFACTURERS. 


SEF_ 


LAST WEEK’S 


SHEFFIELD aad 


BIRKENHEAD. 
SHIPBUILDERS. Ball BOILERMAKERS. pm 
8, Central Buildings, Westminster, S.W. 


LONDON OFFICE: 
ADVERTISEMENTS. 


AND NEXT WEEK’S 








GREY IRON 


CASTINGS 


UP TO 15 TONS. 


ROSE, DOWNS & THOMPSON, LTD, MACHINE MOULDING 
HULL. & SPECIALITY. 


ESTABLISHED 1777. 
Send us your ; your enquiries. 

















WERF GUSTO_ 


FIRMA A. F. SMULDERS, 
Engineers and Shipbuilders, 





SCHIEDAM (HOLLAND, 


Cranes," Dredging Materials, Coalhandling Plants, Oil Tankers. 


Sole Agent for United Kingdom: 


ANDERSON RODGER, 33, Victoria Street, Westmiaster, LONDON, S.W.1. 








Makers of Pressed Steel 
‘Tanks front 220 gals. to 
22 million gals. 


Braithwaite ¢ Co. Engineers Ltd 


Broadway Buildings, Westminster. S.W. 


TIME RECORDERS 


For all purposes on free crial. Write for free copy 0. 
The Unproductive Minute. 


GLEDHILEBROOK 


77 Empire Works, HUDDERSFIELD 


THE STEEL PIPE CO. 


KIRKCALDY, N.B. 


See our large Advertisement monthly. 4314 

















MECHANS LIMITED, 


Engineers & Contractors 
SCOTSTOUN IRONWORKS, GLASGOW 
LONDON OFFICE: 

10, Princes Street, Westminster,S.W.! 


See Illustrated Advertisement appearing 
June 15. 415 





IT PAYS TO DRIVE DIRECT AT RATIOS UP TO 


\ 200:1 AT 97;'/, EFFICIENCY THROUGH 
\ LUTH & ROSEN TOTALLY 
ENCLOSED DOUBLE HELICAL 
PRECISION REDUCING GEARS 


for unexcelled life and real saving in running and 
upkeep costs for all industrial low speed drives. 


The LUTH & ROSEN features’ make all the difference for 
unqualified success. 





For low speed electrical drives consider our self-contained 


4677 
Send your name for our mailing list to :— 


LUTH & ROSEN Electric Co., Ltd., 
75, Victoria Street, LONDON, S.W.1. 


450 B.H.P., 730/19 R.P.M. co-axial Cement Mill 
Phone: FRANKLIN 6119. Telegrams : LUTHNESOR, SOWEST, LONDON. 


Drive. 974% efficiency. 








Eee mam 





AMERICAN 





THE THREE CYLINDER LOCOMOTIVE. 





cars and still has plenty of power left to haul more. 
for all limited express trains. 
it surely revolutionizes the locomotive world.”’ 





Translation of part of an article that appeared in the 
Tokyo Nichi-Nicht Shimbun, May 22nd, 1926 :— 


‘‘Tt causes less than half the vibration to the train 
as compared with ordinary present-day locomo- 
tives—it gives a fine smooth start and prevents 
disagreeable shocks to the passengers. It pulls 
the regular limited express with four additional 
From now on, this type will be the motive power 
Imagine pulling 17 cars and keeping the limited express speed ; 


TELEGRAPHIC ADDRESSES: : 4183 
Locomotive, New York City. Sivad, London, England, 
Thaine-Lourenco Marques, Port. East Africa. 


LOCOMOTIVE SALES CORPORATION 
New York City U.S.A. 





flexible helical geared motors and flexible spring couplings. 
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= 
| HIGH EFFICIENCY 
| 
FOR EVERY 
a : MACHINE OR PROCESS REQUIRING PURE CLEAN AIR. 
| Ill h 5,000 CFM HANGING TYPE INSTALLATION | er a a 
| ustration showing 5, N 
| composed of 20 D~250 units. 99°9 per cent. EFFICIENT. 
Protectomotor Air Filters place at your disposal a wide selection of carefully 
designed Air Filters capable of sustained operation at high efficiency and 
with unusually low maintenance cost For any type of service which requires 
the protection of your machinery, your building or your employees from 
abrasive dust, Protectomotor Air Filters can be provided, ranging from the 
tiny Protectomotor used on one cylinder agricultural engines to large 
capacity Protectomotors designed to pass large quantities of air for Sketch shows 
ventilating systems, dust recovery, and similar uses. Every activity in Sketch showing 
which the Protectomotor medium of air filtration has been utilized has led construction of 
to the evolution of specially designed equipment for its particular require- Air Compressor 
ments, and the wide use of Protectomotor Air Filters is a striking testimony Type Filter. 
to their universal adaptability. 
4 a 
RANGE OF SIZES FOR AIR COMPRESSORS, OIL, and GAS ENGINES, ETC. X 386 
Model CO Capacity 15-20 CFM. Model C4a Capacity 150-160 CFM. 
os Ci os 40-50 93 os Cs 99 200-225 os 
—% > ge? S Stee 2 aocsme OG, ., VoKesacess House 
<a ne 75-80 ,, » «=BKS8O os 400-450__,, ? b) 
C4 100-110 95-97, LOWER RICHMOND Taylor & ote ig ert ot Sheffield. 
ss ss ° ie 
LET US QUOTE FOR YOUR REQUIREMENTS. PRICES ON APPLICATION. ROAD, PUTNEY, S.W.15. J. A. Dickie, 93, Hope Street, Glasgow. 
id 
Ss. 
or 
1d 
‘Se 
: 
ss 
N. 
ait 
Bem, ses 
This photo shows a 2,000 K.V.A. Substation 
* e & a . e 
The British Electric cqipped willie Che: inet |e 
T i: C L t a of single - phase air-cooled transformer 
ranstormer Uo. . on the market. Particulars will gladly 
HAYES - MIDDX: ENGLAND be sent on receipt of a definite inquiry. 
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I 
WHITECROSS 
WIRE ROPES 


WARRINGTON 
COMPANY UMITED ENGLAND 
SS —————— 


SO 


BARRY HENRY ® COOK In 


Machinery for Mechanical 
Handling of Materials. 


West North Street. ABERDEEN. 


The MACFARLANE ENGINEERING 


Netherlee Road, Cathcart. 


DYNAMOS 1 MOTORS 


See Advertisement page 56, June 22. 





THE WHITECROSS 




































7 "BUFFALO™ 5 INJECTOR. 
















A particularly hard wearing Compressed Asbestos 
Fibre Jointing for all Steam or Water Pressures, 


Ammonia, Acids, Oils, etc. 
THE BELDAM PACKING & RUBBER C0., LTD. 


Head Office: 16, Gracechurch Street, London, E.C.3. 
Telepho : AVENUE 4774 (3 lines). Telegrams & Cables “ VEEPILOT.” 



























= =e —_ I 
a eg oe — se BL a ee a —_! == — oe oe ee nt ee oe 
t___ = — _—J 2 





















ESTABLISHED 1876. 977 
































eS ee 


NON-FERROUS METALS 


I Brass, Manganese Bronze, Gun Metal, Nickel Silver I 
and Copper. J 


= See 8 ee ee ee ee ee ee 2 eee ee ee ee eee eee 2 ees 















Our SPECIALITY is INGOT METALS. We manufacture to your own and to 

Standard specifications for Casting, Rolling, Extrusian,etc. Send us details of 

your requirements and so take advantage of our wide and varied experience. 
Write us to-day. We be se you |! 

E. J. SMITH & CO. baa LTD., 
TYSELEY METAL WOR , BIRMIN 

"Phone: Victoria penton 6. Wires: my ner B' ham.” 


London Office: 
Balfour House, Finsbury Pavement, E.C.2. 


"Phone; 3430 and 3431 Clerkenwell. 























A in. by 7} in. Joist ... .. 33min. 
18 in. by Gin. ,, ... = 
12 in. by 6in. ,, ... “—— = 
6 im. dia. ms. Bar... a 
90 Ib. Bulb Head Rail o 2 


Write for further particulars. 











JOHNSTONE - 


REV OLUTIONISE Jour METAL SAWING 
“CLIFDELL m COLD SAWING MACHINE 


ACTUAL CUTTING TIMES :— 





CLIFTON « WADDELL 
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SLIPPING BELTS—— 
SLIPPING PROFITS! 


“ High Test” Belting gives - highest 
transmission efficiency possible, because: 


Specially woven 32 oz. duck therefore greatest flexibility with 
with frictioning between plies— _ greatest strength. 


Vulcanised under tension— _ therefore elimination of stretch 
on drive. 
Friction surface— therefore no possibility of slip. 
No seams at edge— th.refore no disintegration. 
Vulcanised under extreme therefore unaffected by tempera- 
heat— tures up to 180° Fah. 
Secret friction and absolute therefore longer life under steam, 
impregnation of duck— oil and wet conditions—reststs 
actd fumes. 
Manufactured by: 
The British Goodrich Rubber Co., Ltd. 


SOLE AGENTS: 
Bell’s United Asbestos Co., Ltd., 
Southwark Street, London, S.E.1. 





4316 











will 









solve your 
lubrication problems. 


This quick, simple, clean, efficient 
and inexpensive high pressure 
lubrication system can easily be 
fitted to any machine—large or 
small. The saving effected is as 
much as 924% in time alone. 





Let us show you how we can 
save you time and money. 
Wnite to 

TECALEMIT LTD., 


Lubrication Experts, 
MITRE HOUSE, SCRUBBS LANE, 











BOLTS, 
STUDS, 
NUTS. 


BRIGHT WORK 
A 
SPECIALITY. 


§. MARSDEN & SON, Ltd. 


LONDON ROAD, 458 


MANCHESTER. 














Telegrams— Telephone— 
Botts, MANCHESTER. 2031 CanTRAL (2 lines). 

















WILLESDEN, LONDON, N.W. 10. 

















EXCLUSIVE 











Exclusive in the best sense—exclusive in 
material and design, efficiency in operation 
and lasting service. 

Engineers of discrimination will appreciate, 


BOSS> 


FULL-WAY 


GATE VALVES 


Not only for their obvious superiority— 
wont yd a eee ee | for ties rarely 
tion. way passa ~ 
peor eightnie, renewable seats, no stic 
or grinding. 


BOSS Gate valves have bronze-faced parallel 
gates working against bronze seats and 
operated by cams revolving in wedge- 
shaped trunnions. In closing the valve the 
gates move freely down until opposite the 
valve ports. The cams engage with lugs 
cast in the body, bringing the trunnions into 
action, pressing the gates apart on to the 
seats without injury to the faces and rendering 
| the valve 








DOUBLY SECURE 
AGAINST LEAKAGE 


Boss Valves are made in all sizes } in.—4 in- 
in all Gunmetal and 2 in.—12 in, with iron 
body, G.M. fitted. 


British Steam Speciarties L?- 
Bedford Street, LEICESTER: 
——— ——— 
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THE BRITISH SPECIALISTS. (ONADMIRALTY WAR DEPT. ANDCOLONIAL LISTS) 


HYDRAULIC LEATHERS 


LEATHERS COMPANY LIMITED ALTRINCHAM. 














FAN BRAKE DYNAMOMETERS. 


FOR QUIOKLY & EASILY OBTAINING B.H.P. OF MOTORS 











SIZES 600,000 h.p. SPEEDS 
1-500 h.p. now in use. 250-6000 r.p.m. Pre teae 
Emery Hit Street, Pi 
W. G. WALKER & Co. WESTMINSTER, S.W.1. Ait r, . FA M L E s_ 
Tel. : Vicrorta 1622. F oe ~ —— " a x AN D B RAZED 





THE VACUUM BRAKE CO., Ltd, 


3, 5, & 7, Old Queen Street, 


; —_. BRASS AND COPPER “J SBS 
LONDON, S.W.| [Mex RODS, SHEETS, WIRE &c. 20s 82t- x. 


Telephone: Victoria 3262. 


Telegrams : yee LONDON. . = a. Tel ere) TUBES, CONDENSER TUBES, PLATES, FERRULES, &C 


AB © and Al Codes used. 3802 
For Large Advt. see page 31, June 22. 





TELEGRAMS: BATTERY, SELLY OAK. TELEPHONE : 151 (3 LINES) SELLY OAK 






























aia he _— Office). Builders of all TYPES of SHIP PROPELLING " 
uo MACHINERY, including SINGLE 
Tel. : “ News, Sunderland.” L a 
LONDON OFFICE: 22, Billiter Street, E.C. Ter ee e td 
Tel. : ‘* Nemerio, Fen, London.” ACTING. 


LIVERPOOL OFFICE : 
529, Tower Building, Water Street. 
Tel.: “Skilful, Liverpool.” 











DIESEL ENGINES 
up to 1000 HORSE POWER 
PER CRANK. Manufacturers of the 
**NORTH EASTERN ’’ SMOKE TUBE 
SUPERHEATER for all TYPES of BOILERS. 
Manufacturers under licence of the ‘* UNITY ’’ CRANKSHAFT. 


1 Engines, Boilers, &c., Constructed for Export, and Fitting Out Supervised, 























ROW’S PATENT INDENTED TUBE 





having TWICE the EFFICIENCY of PLAIN TUBE 
forms the Basis 


of ou CALORIFIERS for the 
HEATING and COOLING of WATER, OIL, &c. 

















BOILING BATTERIES 
for BLEACHING KIERS, DYE VATS, &c. 


ROYLES LIMITED, 


a ENGINEERS AND SPECIALISTS, 


Standard Pattern 








Fig. II. 
London Pattern 


General Ue. IRLAM, MANCHESTER. Hard Waters, 
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ORGANISED 
BY THE 
MACHIN & 
TOOL TRADES 
ASSOCIATION 


70, VICTORIA ST, 
LONDON. S.W.! 











A Verity Starter for 
Direct Current. 









You can obtain 
Verity Switch & 
Control Gear for 
every Industrial 


Purpose 























A Contactor Type D.C. 
Motor Starting Panel. 















The “Aston” Rotor and Stator 








ASTON 


Telephone: East 805. 


London, Birmingham, Bristol, Glasgow, Leeds, 


Manchester, 





VERIT YS 





Control Panel. 
Oil Immersed Type. 














LIMITED om 
BIRMINGHAM 


Telegrams : *‘ Verity, Birmingham.”’ 


Branches at 


Liverpool, 
Newcastle-on-Tyne, Nottingham, Swansea, Dublin. 
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TELEGRAMS: diy 
A PRESS, LEEDS. 


NATIONAL” (* 
| TELEPHONE 
B N° 26305 




















layton oe 
Sons ¢ li sterwane 


DESCRIPTION: 


Le Cc das | ~ Gasholders & 


Gasworks Plant 


Telegrams GAS LEEDS” Boilers &c. 
London Office 


§ VICTORIA ST.S.WI/. 


CC 


























a 











If fuel economy 
is your problem- 


—make a point of visiting the 
“Turbine Furnace” exhibit at " 
the Colliery and General 
Mining Exhibition, City Hall, There the experts in attendance will 
Deansgate, Manchester, July discuss your difficulties and show you how 
10-21. the ‘* Turbine Furnace” has reduced fuel 
STANDS 26-27 bills by as much as 50 per cent.! Full 


particulars on request. 


; ada | The 
FOR THE CANE AND BEET SUGAR FACTORY. i 4 Fare rnr=as 4 fis 
Beit, Water and Electric Driven TURBINE FURNACE 


POTT, CASSELS & WILLIAMSON, || Turse FURNACE co,, LTD., Dept. E238h, Gray’ Inn Road, London, W.C.. 
a = ro wigs f. Mees =f a 1 

















MOTHERWELL, SCOTLAND. 4245 
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* fie 
-HARDENS IN [4 


Howell & COLE sie Kens Sheffield. 
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Patent Steam Engine Indicator. 
Engineering —— 
Manufacturers 


HANNAN and 
BUCHANAN, 
75, Robertson 8t., GLASGOW. 


ALSO MAKERS OF— 

» Beurdon’s Patent Pressure 

Vacuum & Compound Gauges. 

Buchanan’s Improved Engine 

om Counter for Marine Engines, 
M Salinometers, Thermometers 

Lever Clocks, &c. 


RICHARD'S INDICATOR 





a a Wantic. 


PETROL 
PARAFFIN 


ENGINES. 


WISHAW, SCOTLAND 











MECHANICAL CONTRIVANCES 
andNEW & USEFUL INVENTIONS 


The Farrand Rapid Rule, 
Nickelled Spring Steel, 
can be let out 6 inches 
to 6 feet and held 

at any point 
for work. 













Remains 

Rigid when 

ejected from Case, 

but is quite Flexible. 

A Boon for Measuring up. 

Made for the Pocket. 
20/= post 6d. 


Hill & Son,4, Haymarket, London. 














WELDED (7) TANKS 
FOR ALL (2) PURPOSES 


Wire 
THOMPSON BROS. (BILSTON) LTO 
Works:-BRADLEY BILSTON ~ 























aA 322 











In Po idle ee JOINTING 
MATERIAL 


Permad 







"PERMAC JOINTS “ped HIGHEST 
ESSUR' 


‘PERMAC’. JOINTS DO Not 
EASILY REMOVED WHEN J REQUIRED 


THOMAS & BISHOP LTO 
37, TABERNACLE ST. LONDON. £.c.2 











Adams’ and Grandison’s Sight Feed 


LUBRICATORS. 
KEROSENE INJECTORS 


STEAM KETTLES. 
The Steam Cylinder Lubricator Co, L¢- 


for Steam Turbines. 4295 ° 








Gordon Works, Lr. Broughton :: MANCHESTER. 














aTAME 


TRADE MARK 


meant) pranp 


ho ii 
The sign of faithful service. 


May we quote you ? 








No matter how intricate or 
what material, we can ensure 
satisfaction. 


AN OPPORTUNITY IS 
BEST PROOF. 















AND COMPANY LIMITED 
Dept. ENG, Century Works, 
Commercial St., BIRMINGHAM. 


Adcraft Ltd. 























LEROY'S COMPOSITION 


FOR COATING BOILERS, STEAM PIPES, &c. 


Prevents the radiation of heat, saves rary and increases the power of Steam. 
It is reckoned the cost of the covering is saved in about six months. 
ALSO 


Asbestos Composition, Asbestos Mattresses, Asbestos Rope, 
Silicate Cotton, Plastic and Sectional Magnesia Coverings. 


TD 
F, LEROY & CO., bi? ened oes. ae Te 














“TRIUMPH” STOKERS 








j KIRKSTALL Roap, LEEDS. 


Simple — Strong — Upkeep low. 
Highest Efficiency—Smokeless. 


8647 














™ “DRUM PUMP 





DRUM ENGINEERING CO., LTD., 
' BRADFORD, Yorks, 


USED FOR 
HOT OR 
COLD 
LIQUIDS 
AND SEMI- 
FLUIDS. 













4611 “PY 






FERODO LININGS 
hold / 


HE continual raising and 

lowering of heavy loads de- 

mands a Brake Lining that 
will not only withstand the high 
temperatures which obtain 
through constant braking, but 
also give a positive “grip” in 
sudden “holds,” ensuring abso- 
lute control of the load. And 
Ferodo Brake Linings hold! They 
maintain a constant co-efficient 
of friction under heavy braking ; 
their very efficiency gives confi- 
dence to the cranesman, speeding 
up the day’s work. 

































































BRAKE LININGS 


FERODO LIMITED, 





CHAPEL-EN-LE-FRITH, via STOCKPORT, 


Depots and Agencies :—London, Birmingham, Man- 

chester, Brighton, Leeds, Liverpool, Bristol, Cardiff, 

Newcastle, Carlisle, Burslem, Glasgow, Aberdeen, 
Belfast. 


C.F.H, 82 Ges 
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ROBERT WARNER (PUMPS) Ltd. 






























Regd. Office and Works: POTTERY LANE, NEWCASTLE-~ON-TYNE. 





oo ' EFFICIENT, 
EVERY ECONOMIC, 
PURPOSE. RELIABLE. 


‘Phone: Central 2409. *Grams: ‘ Hydrological, Newcastle.” 


London Office: BROAD STREET HOUSE, LONDON, €E.C.2. 


*Phone: Central 7560. ‘Grams: “ Hydrological, Ave, London.” 



















MO i & 


MACHINE TOOLS. 


PUNCHER SLOTTING MACHINES 
For Cranks, Buckles, &c. 


GEAR GENERATORS 


For Tramway Gears, &c. 


GEAR HOBBING MACHINES 
For Turbine Gears. 


LOCOMOTIVE MACHINE TOOLS. 2178 

















WM. MUIR & CO-. LTD-, wancnester. 

























SUPERHEATERS 
for every type 


HIGH-CLASS 
STEAM PIPE 
WORK in SOLID 
DRAWN STEEL. 
ae UNIT 9 
Superheater & Pipe 


UNIT WORKS, SWANSEA. 


“ UNIT” 


of Boiler. 


—~O0-— 


MAKERS OF 


Co., Ltd., 








STEAM AND ELECTRIC. 


With or without 
Lifting Magnets, 
Navvies, Grabs, etc. 












Telephone No. 
1266 DERBY. 


Telegrams 
“COLES, DERBY.” 


ite 


HENRY J. COLES, Ld. tz. Deby 
Thomas Turton & Sons, 


MANUFACTURERS OF LIMITED. 


ENGINE, CARRIAGE, AND WAGON SPRINGS, 
Cast Steel Files, 


ENCINEERS’ TOOLS, HAMMERS, EDGE TOOLS, STEEL 
FORGINGS, SPRING STEEL, 


Tool Steel. 
SHEAF WORKS. SHEFFIELD. 


Telephone : re 25171, 
London Office : 
17, St. Swithin’s Lane, London, E.C.4, Telephone : City 4677. 







































Magnifying Thermometer 


STRONG, ACCURATE and RELIABLE. 





MADE IN MANY VARIETIES 
TO SUIT ALL PURPOSES. 




















ff t 
am | Mill 
~~ <= 


tity) 





f noma en 











Adopted with advantage in connection with 

Steam Plants (Superheaters, Economisers, &c.) 

also Sugar Refiners, Gasworks, Breweries, 
Heating Plants, Baths, &e., &e. 





State your requirements and write for prices to— 


T. SUGDEN, Ld. 


180, FLEET STREET, ate ae E.C. 


DRUMMOND 
Lathes 


score on all 
points— 


Handy for 
repair jobs. 
Accuracy 
guaranteed. 





Designed to ; at \, 
resist wear. si ” 
— For repair work— 
Scientifically maintenance demands an all-round tool— 
strong. ready for a light pin, an accurate screw, a 


heavy boring job, anything —the handy 
Drummond is designed specially for such 





Low price. varied work. 
Sp eae Send to the lathe specialists for details— 











+e “si Engle Works, Guildford. 
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CRANES 
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WATER PURIFICATION 


FILTRATION, 
SOFTENING, 
STERILIZATION. 


For TOWN SUPPLY, INDUSTRIAL & DOMESTIC PURPOSES. 
Also 
OIL SEPARATORS, FEED WATER HEATERS, EVAPORATORS, 


OIL COOLERS, STORAGE HEATERS, DEGASSERS, ETC. 
8765 


KENNICOTT WATER SOFTENER CO., LTD., 





IMPERIAL HOUSE, KINGSWAY, LONDON, W.C.2. 














EXTRUDED BARS 
“DELTA "BRAND 


AL, BRASS, RED METAL, NAVAL BRASS, 


THE DELTA METAL 60, LTD xare an2E¥¥ci" Eon 


a. KAY & CO LP , 
» 


Machine - moulded and 
Machine~cut 
Toothed Gearing. 


Flywheels and Rope Pulleys. 



















MAKERS OF 


General Iron Castings for the Trade. 


ESTABLISHED OVER A CENTURY. 














3 




















—— 
= UTA 
For BUILDERS, 
LIFTING TACKLE ev. °” 28553583: 
HAND WINCHES, PULLEY BLOCKS, paps Alon 


FRICTION HOISTS, JACKS, PILE CRIVERS 





MiU444U01GUU UUW 





RICHARD C. GIBBINS & CO. 
BERKLEY STREFT 
BIRMINGHAM 


“Make Light of Heavy Jobs” 




















= TTT 


2d iid iviiidialiiddviicitl 





JOHN OAKEYéSONS, [ 


GENUINE EMERY, EMERY WHEELS 
™ EMERY CLOTH, _ il Pues 
Hung tus, GLASS & FLINT PAPERS, 


“LONDON, S.E.1.. BLACK LEAD, &c. 


ENDRY 

















Sole senushiianiae 


JAMES HENDRYF 


Main Street, Bridgeton,Glasgow 











BRANCHES AT LONDON, BIRMINGHAM, MANCHESTER, ETC, 











GRAF TON & CO. 


CONTRACTORS TO H.M. GOVERNMENT. 
CYCLOPS WORKS, 


BEDFORD. 


Telegramse— 
Grafton, Bedford, 





Mustrated aerate Price List free on ais 





Ezy = 
Bead iene! ty, Pr. Wa 


pa MEDAL Inventions Extibition, sala 1885, GOLD MEDAL, Paris 190 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908, 
GRAND PRIX, Buenos Aires Exhibition, 1910, aus 
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Rotary Chuck, with separate motor drive for 
P.OW, Vertical Surface Grinder 


Something new... and better 


This new device is a plain or mag- 
netic Rotary Chuck bolted on the 
table of the regular machine and 
driven by a separate motor through 
a two speed gear box. 

With this chuck, the finest kind 
of rotary grinding is possible on 
rings, valve gates, disc work and 
countless other pieces. Greater ac- 
curacy can be obtained and as this 
method is much faster than milling 
for rough finishing, castings, etc., the 


earning power of the Vertical Sur- 
face Grinder with this Rotary Chuck 
makes it produce real savings as 
well as better work. 


Write for a descriptive circular. 


MACHINE TOOLS HAMMERS CRANES 
SMALL TOOLS GAGES 


NILES - BEMENT -POND CO. 
General Office: 111 Broadway, New York, U.S. A. 
London Office: 25 Victoria Street, S.W.1 


Great Britain Agents for Pratt & Whitney 
BUCK & HICKMAN, Ltd. 
2-6 Whitechapel Road, London, E. 1. 























THE BUTTERLEY CO.; Lo. 


DHRBY. — Estasusnen 1701 


Telephone—Nos. 75 and #6, RIPLer. Telegrams—" nenvein, Selatan?” 
Iron Castings up to 
20 rows. 9600 
Bridge and Structural Steelwork, Pit Trams, &c. 
High-class Machine Work of all descriptions. 


Special Acid-Resisting Metal for Chemical Plants. 
Large Retorts, Pans, Acid Eggs, &c., a Speeiality. 


Telephone—2180 Car:, 





Bar Iron, 








LONDON OFFICE—52, Queen Victoria Street. 


BLOWERS, GAS COMPRESSORS, EXHAUSTERS 


of the Positive type. 
For INDUSTRIAL PURPOSES. 








For Gas Works. 


For Chemical, White Lead, Soap 
and Oil Works. 


For Pumping Gas, Forcing Air 
through Liquor, &c. 





Advantages and Features: 


Absence of all Valves. 

Simplicity of Construction and small | 
number of working parts. | 

Working parts entirely enclosed. | 

Good efficiency. Silent working. 


BRYAN DONKIN Co. Lo. 


Engineers, 


CHESTERFIELD, England. 


For Azitating or Mixing, &c. 


Can be arranged for driving by 
Belt, Steam Engine, Gas Engine, 


or Electric Motor. Fig. 659.—View showing Internal Parts of Machine 

















COLD STORAGE. ICE - MAKING. 


1448 


Head Office & Works : 


FOUNDRY AND DERBY. 
SNGINEERING 6.192 Pesan 580 DERBY. 





641-3, SALISBURY HOUSE, 
LONDON WALL, E.C.2. 


¢ 
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